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Constitution of India
Part IV A (Article 51 A)

Fu ndamental Duties

It shall be the duty of every citizen of India —

(a) to abide by the Constitution and respect its ideals and institutions, the
Mational Flag and the Mational Anthem;

(b) to cherish and follow the noble ideals which inspired our national
strogele for freedom;

(e} to uphold and protect the sovereignty, unity and integrity of India;

(d) to defend the country and render national service when called upon to
do so;

(e) to promote harmony and the spirjit of common brotherhood amongst
all the people of India ‘-_"-,',. Fi nligjnus. linguistic and regional or
sectional diversities; to p j_ g 1 :

R
waonmen; ; N

(g) to protect and improvgthe affuril epvironment including forests,
Iakes, rivers, wildlife and o -.' g passion for living creatures;

(h) to develop the scientific_tempe m goism and the spirit of inquiry
and reform; - T

(i) to safeguard public prager -. n I ‘_' violence;

(i) to strive towards eXg FI Spheres il'ldlﬂdl.ll' and collective

- activity so that the i Iy Fisesioiigher levels of endeavour
. andiachievement; | i i
. 3 for education
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FOREWORD

The National Curriculum Framework (NCF) 2005, recommends that children’s life at school
must be linked to their life outside the school. This principle marks a departure from the
legacy of bookish learning which continues to shape our system and causes a gap between
the school, home and community. The syllabi and textbooks developed on the basis of
NCF signify an attempt to implement this basic idea. They also attempt to discourage rote
learning and the maintenance of sharp boundaries between different subject areas. We
hope these measures will take us significantly further in the direction of a child-centred
system of education outlined in the National Policy on Education (1986).

The success of this effort depends on the steps that school principals and teachers
will take to encourage children to reflect on their own learning and to pursue imaginative
activities and questions. We must recognise that, given space, time and freedom, children
generate new knowledge by engaging with the information passed on to them by adults.
Treating the prescribed textbook as the sole basis of examination is one of the key reasons
why other resources and sites of learning are ignored. Inculcating creativity and initiative
is possible if we perceive and treat children as participants in learning, not as receivers of
a fixed body of knowledge.

These aims imply considerable change in school routines and mode of functioning.
Flexibility in the daily time-table is as necessary as rigour in implementing the annual
calendar so that the required number of teaching days are actually devoted to teaching.
The methods used for teaching and evaluation will also determine how effective this
textbook proves for making children’s life at school a happy experience, rather than a
source of stress or boredom. Syllabus designers have tried to address the problem of
curricular burden by restructuring and reorienting knowledge at different stages with greater
consideration for child psychology and the time available for teaching. The textbook
attempts to enhance this endeavour by giving higher priority and space to opportunities
for contemplation and wondering, discussion in small groups, and activities requiring hands-
on experience.

The National Council of Educational Research and Training (NCERT) appreciates
the hard work done by the textbook development committee responsible for this book. We
wish to thank the Chairperson of the advisory group in science and mathematics,
Professor J.V. Narlikar and the Chief Advisor for this book, Professor K. Muralidhar,
Department of Zoology, University of Delhi, Delhi for guiding the work of this committee.
Several teachers contributed to the development of this textbook. We are grateful to their
principals for making this possible. We are indebted to the institutions and organisations



which have generously permitted us to draw upon their resources, material and personnel.
We are especially grateful to the members of the National Monitoring Committee, appointed
by the Department of Secondary and Higher Education, Ministry of Human Resource
Development under the Chairmanship of Professor Mrinal Miri and Professor G.P.
Deshpande, for their valuable time and contribution.

As an organisation committed to systemic reform and continuous improvement in the
quality of its products, NCERT welcomes comments and suggestions which will enable
us to undertake further revision and refinement.

Director
New Delhi National Council of Educational
20 November 2006 Research and Training



PREFACE

Biology is the study of life in its entirety. The growth of biology as a natural science
during the last 1000 years is interesting from many points of view. One feature of this
growth is changing emphasis. Initially it was description of life forms. Identification,
nomenclature, classification of all recorded living forms enjoyed the attention of
scientists for a long time. Description of their habitats and (in the case of animals)
their behaviour was included in this study. In later years, the focus was physiology
and internal morphology or anatomy. Darwinian ideas of evolution by natural selection
changed the perception completely. Classical descriptive and clueless biology found
a theoretical framework in the evolutionary theory of Darwin.

In the nineteenth and twentieth centuries, Physics and Chemistry were applied to
Biology and the new science of Biochemistry soon became the dominant face of biology.
On one hand Biochemistry was integrating with Physiology, becoming almost synonymous
with it. On the other hand it gave rise to Structural Biology (structure of biomacromolecules),
originally called Molecular Biology. The work of Bernal, Pauling, Watson and Crick,
Hodgkins, Perutz and Kendrew, Delbruck, Luria, Monod, Beadle and Tatum, Lederberg,
Brenner, Benzer, Nirenberg, Khorana, Mclintock, Sanger, Cohen, Boyer, Kornbergs (father
and son), Leder, Chambon and scores of others brought in and established a modern
version of Molecular Biology dealing with life processes at molecular level.

Physics and Chemistry dominated public perception of science for a long time.
Daytoday life of man was influenced by developments in Physics, Chemistry and their
respective manufacturing industries. Slowly and steadily, Biology, not to be left behind,
demonstrated its utility for human welfare. Medical practice, especially diagnostics,
green revolution and the newly emerging biotechnology and its success stories made
the presence of biology felt by the common man. Patent laws brought biology into
political domain and commercial value of biology became obvious.

For more than a century, classical and so-called reductionist biology fought artifical
battles. The fact is both are important. Ecology brought in synthesis of both approaches
and emphasised integrated understanding of biology. Form and process are both
equally important. Systems biology, using mathematical tools, is bringing about a
modern synthesis of both the aspects of Biology.

The Class Xl and XII textbooks in biology essentially were to reflect these threads
of biological thought. While the Class XI book dealt with morphology, taxonomy,
molecular and cellular aspects of physiology, the Class Xll book deals with the
physiological process of reproduction in flowering plants and humans, the principles
of inheritance, the nature of genetic material and its function, the contributions of
biology to human welfare, basic principles of biotechnological processes and their
applications and achievements. The
Class Xll book also relates genes to evolution on one hand and presents ecological
interactions, behaviour of populations and ecosystems on the other. Most important,



the guidelines under NCF-2005 have been followed in letter and spirit. The total learning load
has been reduced considerably and themes like environmental issues, adolescent problems
and reproductive health have been dealt with in some detail. Studied together, the class XI
and class XlI textbooks in Biology would enable the student to —
(i) become familiar with the diversity of biological material.
(i) appreciate and believe in the Darwinian evolutionary process exhibited by the living
world.
(iii) understand the dynamic state of constituents of living bodies, i.e., metabolic basis
of all physiological processes in plants, animals and microbes.
(iv) realise the structure and function of genetic material in directing the inherited
phenotype pattern as well as a mediator of evolutionary process.
(v) appreciate the profound contributions of biology to human welfare.
(vi) reflect on the physico-chemical basis of living processes and at the same time
realise the limitation of reductionism in understanding behaviour of organisms.
(vii) experience the humbling effect of this realisation that all living organisms are
related to each other by virtue of shared genetic material.
(viii) realise that biology is the story of the struggle of living organisms for existence
and survival.

One may notice a perceptible change in the writing style. Most of the chapters are written
in an easy dialogue style engaging the student constantly while some chapters are in the form
of critical comments on the subject matter. A number of questions have been provided at the
end of each chapter though answers to some may not be found in the text. Students have to
read supplementary material, upon advise from the teacher, to answer such questions.

| am thankful to Professor Krishna Kumar, Director NCERT:; Professor G. Ravindra, Joint
Director, NCERT and Professor Hukum Singh, Head, DESM, NCERT for constant support. |
must place on record my deep appreciation for Dr B.K. Tripathi, Reader, DESM, NCERT for
his relentless efforts as coordinator in bringing out the Biology textbook for both the
Class Xl and XII. All the members of the development team, the experts and reviewers, and the
school teachers have contributed enormously in the preparation of this book. | thank them all.
| am indeed highly thankful to the members of monitoring committee constituted by Ministry of
Human Resource Development for their valuable observation that helped in the improvement
of the book at the final stage. The book is prepared keeping in mind the guidelines of the
NCF-2005 especially the emphasis on reducing the learning load. We hope that the book
would meet the expectations of all the stakeholders. All suggestions for further improvement
are always welcome.

K. MURALIDHAR
Department of Zoology Chief Advisor
University of Delhi Biology Textbook for Class XII
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2.2.1 7CR, 2GR @R 2[A9AY (Stamen, Microsporangium and
Pollen Grain)

f5a 2.2 (F)ce @3 ol sjseaitas 1fo =iel it
TR | 7Y @ 7 T 5376 01 G AT 2 LSRRG N
AT AIAOT 29N AT | JATER SeAfe=ITea asas {
(f /
o

A 2[R A FOET AT AR T AT | [ifen aefes

e 2R RN @R Oy e 23 | s o meifo e {
(of Fom tertom) tf cates e oz e iz " |
3R GIoYTICE G FROTH Tofd Afeens 59, oIzt ofil afers
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- ] Pollen Products TéLQS
E‘ - | = Bee Pollen

from England

Natural Bee- collected Pollen
in Tiny Golden Pods

A natural food from honey bees
NET WEIGHT .45 OZ.
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2.3 f5-ft== (Double Fertilisation)
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2.4 Ftas 272t 9w @ Wz (Post-fertilisation Structures and
Events)
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2.4.1 77j (Endosperm)
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@fiTs cort e @fAfRare ¢ et Reas siwfs 1tF it sarwe
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@ 2.15 () g S 919 (1) STAT @ SFTIAN-GF NAFS T61

Q QR TS ACLCARHEF 67 (Parthenocarpic fruit) 0 | @5 G FCET
TviIRRel 7e ! | I TR TR TG AR S 1 QTS ST 43R @
R T TSR 2 |

e aifde zeaT NG Sfen 35 3R 71e 0 | 2ALATS: Tl 2ATFACEN @I 2=taictat
@ s Tat- s alfesan <1 2eiy, S i it sitees frsataion 23 | aziols g
SRPPREITHAICS B FCS Sy ASTR ST T SSRGS (FHENS (7l AR
R O A TSR SIw) DTG THAITS IS 519 TR I | e w1zl sifsncet A



)

gl

QW AP T FOHIANZIYTENE Tl #E AW FANZ FC ToH4 11 217 @ @1 e
(T ANCEPALCHCT s 2 | ¥ Jerg<d oFel QoIfbes sl awi 6 | S (1 Sefey
AT Tl T RETA TS Mg [erwore HfRRICel 75 2 T FeT AT T 0B |

TR PRI e 201 et | wifere e ot Rrarem @3 FRRRI e FETHER
Ty STy YTl A e T N TR A0 A AN A9 20 AT IR AT A PrS
Y BLAWCHR TS LS 20O AT | (ol et SeifRifers 31 Fier o1ota= #47 2712
TR STHS T G AT F! @S AT 1 G377 7 Jer 0 SR 2 ©RTe
A 52

RS 77 9o 0 Tl 7 NG TS A 2 G2 T S FIAFOII
fom 23| g 2eilfeq e et FES MO A2 G [FREeTel 2 @ 193
TR AT Ao (#12 g I AL G A | g e Fa] T2 A AGH IS
AN | 7g =T A0 [5G FARET @i e SIS ©= 2 A0 | 97 &G b
e zeT efoie (Lupinus arcticus) SfEwma e, Tt F0IEa g SIgeT (AT L=iIce o3l
farcafeet | Sgsfas 10,000 I2F 9% A o1 A0S SIKFAMAN 0612 GR ey Tfgm
o1 FIHCR G 2 AERCR | 3 A9 (Dead sea) 97 IR A @EHACH-G LA
Agoifigs Iqaa1ts1 YT& e (g3 9Mte (Phoenix dactylifera) 2000 IZCIS
AT et e 26 @ @ e TifFe @l Arefes w2 |

5ol SEMR (9 Sed HEHhe SR (<1 [ 217 WHferiie esiafret feream
FAT M g A2 TG SToifes aieeie wore! (@A Ty At @G e 2=
T3 ¢ @36 gepRiETe FoqE fTH1q Bofe Atw? @l [T Foqen gere
QCF ? G TEHIT Tl f7F 2ATH 2 G v+l o1 T TS AF 2 9T
JCF T e (P0G 2 29pifr 3wt .. |

ol 5 @ g e FA SRS 2R @93 et 75 ARG 27 | qerormT
G5 o1 271 ST 3 wfFTes 2AfSfh e zrea 2iens Fw e T 27 | Orobanche €
Striga- @3 o g ARG 2eion Sfgma Fe9ase €8 4RCIR &7 | (oIl & Ficus
w<fie 35 SIS JCFF {0 FH NSt (MTTRI 2 (12 F7 Ao (TS Ko 26! Ficus Tfem
o fAferzel et Bl 22 2 COTTAl 6 Sy (T SHIRACEI S Foe] F0O A @RI @
A Y 9o TRFF 917 T2 47 @751 9 et Ao % e 2

2.5 seaAfEe «ak 9ggeret (Apomixis and Polyembryony)

e e JAiReTe NEE T Sesig I, %ﬁAsteraceae R qItT O ]%? Aeifeq
e s 2oz T SerAmte o @3 R sieifed Sea 0o, i SnitefiiEm
0T | TS QO1R FCaa SRAVICS S ACE 2 91 STTHAITNERT 267 S Sretes @ (0 e 1t
T S0 STl FCF | STAIRRO 17 9100 92 7= 00z | [5g Aifes o, 29
oo woR e Tawn S 27 a3 e o @2 TR @ gonifde
2 | ARME, Citrus '8 SR I3 GIARHTS AR BRIZTH P FATHAITT (@Ii9[CeT=
g g @i Rreifers 20e ¥g I @R FIRIATS AT I @R el 919+ I |




F{PAT BIG (T Sl

9 @ Aeifore afel e g ARG 23| b e 9FifEs go TAPers
FCE ©ItE 33991 (Polyembryony) I | I g & (@F 0T NS @3]
GIeftaIce freaRe o1 | gfeflt e (it @R s [few wiwlw ¢ wigfesw 73
TRAF GOTF e 39 | Ao e T sifvrs grer w2t oftet e | s
queid fomere agfs g 2@ GRS (FI9 91 (@O AT [

SR AT @ e 93 RS 1 71wq SR fbe isiwoitd bl =0 |
TP BfGTE BICIR el AW STeyfds RITH IR (TR | 3754 & g bitas @3 (o
PRIl 7e (@ AfS q2A2 T NG CAT FACO T | AW 7T TfEw (AT W22
FASYTANT I I T O NAGJ To0o GG (ARGPTET oAFew qH 3%
FRF (AMRTITE IS AICE M | A S GeoA e Y32 AT IR ©f FIFE
FICR AT e E0 Y72 @ | M 93 2R Signaeies et Siem
AfRIT® T 2 OC T AG) G CIRTISTENT 7 AFTeq Ol | O¥ FIFA
TRLAT #IF T2 ACF Tl T G AT &) G2 FHP 9] (eT 2T HIfeTea @re
AT G FIICT 2dfe = AT NG 00 2 | AP A TeAMA (K
SHCARHCR g AT, SHCARNRHIER fGaog @RF 932 79 deifenee
ST & RATISACeR Sty 7w [RTeF Ig AT TI911TT ATFT I3l 51w |

I ARCHA

e 29 S ANE SFETR (T2 S ([T (I Tl 9B | 2RI TR 5K
R ST TS FTIT 261 TAFC FOE <G Sl @ Fl Gl St | G
v o farewgs, - arER RS 3 s @gse wive 73
MR (Tota 7RIy 5ifde 27 | MEETRifEas K v aibhes
2TF QTN 26T — MR, UOITPRIN, S G GHTo(GIN | M r=iRifgieTs
@@ @R IR @I FNeihe 2w et 2w @argow 9% w3 |
AT @ 9 Ao T AN 5107 T |

ARSI 7R Tt SO SoRI7 R | FANHYYENT 9 fa-wat 2Adi
AR, IRET ea @IRTT Al @i R (T M @IoTeTs i THie |
FT2ee A @R CHATCATAIE T 21 5ifoe 27 IR TS @Y TR0 | =9kl
(TS AN TR Qo) 72 RIS (40 Srenes (ot @k «@3fh (Siioe
@) 3 o @HRIG (93T Stenrer @i @32 96 712 ITI5) 20 AR |

TS fonf i T aifde — SISy G, oISne G TS | feFFoeT TSIt
SRR T | TR 930D I, ! eMiaaial [GRres «3R G T AR | Taihes
G2 JT ¢ TYCF IANFC T7qe ¢ aaay e | foaeea Fhe 34 2=
FATHARE T @A M [Rrefrs 27 | Ssr=ifmee it @ wiefie
F-@erar Feie afFam [eiftre 2o «ak Sesw Fageren Iry @
Faq geret (7 et @) 10d 303 | 2AfFers gerR@it 7 @R @3] 8
fTefFaiRis = e aeaw atg 1o = @ 8 o6 =19 o
5o FSTF ARE |

C




)

gl

Crye A0S foai dfori PP TrRITR | gopRe @ b coileta fefr
RS G 2L FRIT P TR |

AQISNTI 25T AQNLI (ATF ASYTS 2IN9NE TSI (S | sfztst AAzsoen
GG (IR G &) A GRS (A efFhon 23|

FSYLG AAIIT 2IfS© 2eTN (ATF ¥F FE FPREATS AAISANT AT (T4
AT FRAATEs 2) A AT TG A2l Qe (I AN
SPRAIfS5) 2R) (IR BAITRIR PRl S SR R St | alfeo)el »Rioiies
7 TSYCGH THF AR GRS 27 G2 G FeTwg A ARG SrenTess w11y
I (oI 0 STeTaE AR T IR SR 0 T (IR R G oCe
52 TG g6 YT 27 | TG Sfewm fa-fwss ordt I et @il gev=ieics g3
T w0b wefie Prsiifi @3k o fRresia <06 | 2 st e S IgoET 26
feme Tzt o3 Grwe aiefis 1 Mo (2 77 @ e =2) |
RN (AT ol 1P 27 @R AARRE I @I (AT o 1 oA 2 | iR
ST 2[T8 ¢l sifde = |

FfRier et sjeforaifem o[ afifi g, ol @3k gefires sgfes g4
TiloICETIRT ST ffe vl wifeast 0 | #ifere fa-Sereral gt ufo el @3 Sesiaifaies
8 e 2[RI RS G0 QoI TR | GRS S ZelofTeT @ ASGRG
2 | IR 27 TSR e @ fomajratl e #Ifiere =7 |

g 9| G! Sigmw, R T SIS St ST T6Te (il I | 97 el
e 2o e sifde 27 | Swmiwt 432 FRF Spicenfifem g jfka qwe |

g oGt Sfema Stw «3ifss 9o 210 27, @2 Tt Iggere! |

1. GG Y LTG TG T (372 SIRHTAR I BTa T (@A 52 TR Fh

forestag 7z sifdo 27|

2. MR TSR 8 NS N0 ey et 51 @

TOI9JTENR BAR AT (P {HC (@1 [ere 906 2 2 gf6 1697 <ItT 575
STOTITCRA A1 GLaTe T+ |

3. TR *F oA RPIIR A5 0 SRR NGNS ¢ AN, @ 4,

RITS, #1Ie] TSTP, 7J2 SIS |

4. a3 f5 ol g e Sfer featea a3l sifavzn, Biers foq wee stz 93

ffom wres gt <57 |

o F orentatas (e NEIeEss e <o1re 1 @[



F{PAT BIG (T Sl

6.

7.

8.

10.
11.
12.

13.

14.
15.
16.

17.
18.

«3f sAfaven Braa MRy F-FretEa ¢izd 7- @R, 8- Neimisg agfs
[T |

SISTCIAITSIT et 2 TFTBI0TIT F0a 2 2Jl9itatel T6ce 2ita 2 (o
T Ao Sl wfie |

A TN AfSHEF 9l e S 9 |
F-SRlfS 2 F- SPRaIfS )l ereifere F-ARIIaiTs s w0 A Afde 2l (@ 2
el T 2 B et TP @ft Freita St 2z 2

Tofet fRPS 1 2 @ (I 932 FISICE A0 2 Giofet P Al Sieiaizesiat
e e S 39 |

G T ot SiRrIGH (e g T Sy JRIRRIT 2T AT (O
Sk

oAz fgold 9

T) Aerogieles € olaifemie

<) ITFEARFA @ FeEnFar

o) foress @ Fefzees ( (5361

) colfrmint s coifaapist

ST 2P T 0T (e 2 FOA (el WA I SR (AT T 9ifde
27

FAPTFET TS I QRN 2 G SGH TN I IR (o A2 A6
JARTRCIT 2

Tt (T I TS AW AT MG AT AT Sl fore F09 2liea
S CITF0E (O (I FAYTENE G Gy 15 A0 G- (o1 2

ARSI 2B BrS HITOITR Sl 1 37 |

SPCATIRERT F @R @7 97T Fi 2




S 3

NIEA T

(HUMAN REPRODUCTION)

3.1 -G ©F
(The Male Reproductive System)

3.2 E-em o (O T (@ T I S 3R SRS A1 | R
(The Female Reproductive System) e fre wele T S e {1l 2
3.3 oDCCOICSTART A et el T R I ST [ il

AfFA (Gametogenesis) Coft (AMTABITETARRT) e EEGERGER RN e

3.4 EedS (Menstrual Cycle) ﬁ?ﬁT‘jﬁ SI%’ il mﬁquw IIER (A ) R
3.5 faee g ke feag R 8 F T @ FeTes e (Es) SiZelG ot |
(Fertilisation and Implantation) SIZCNG IITTT 272 FEHIFES ofF 2 @R @7 et 9%
3.6 TSI @R I [ @32 @b TARE 9t SRR 2 (MR 819 @isie), g
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Development) AT @R ST (2) | (SR (SR @, G TS

3.7 2P R P . ,
G2 TOAI9JCT TREAPICH CATRITAIR #IC38 W0 | 57 e F (702

(Parturition and Lactation)
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B0 IR | BTl S, 5j2 93 F GATogo (=S 7Y QeI
S |

3.1 RGO (The Male Reproductive System) :
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5.2.1 &/%614 34 (Law of Dominance)
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5.2.2 2j2Fred= 94 (Law of Segregation)
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5.2.2.1 W‘f a5l (Incomplete Dominance)
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5.2.2.2 7Z-2F6%! (Co-dominance)
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ey forafoer a1t 2EfReT |
5.3 qio fertaa qediprae
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5.3.1 RiF=T-Agae 3@ (Law of Independent Assortment)
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9:3:3:1 Sgsitels 3G 2o 115 s 1= 3 caeiigls ¢ 116 Fige wigfon mF=wm
T RO e @TS A | 98 Tgw FFanizretli fNafei¥e eei @1 @0 Al |

(3% cErgfs @ 11 T =gf®) (310 2o @ 116 33w = 9T colrenpTs, zeqw : 316
e wIFhs, 2o : 3 ceNghe, e : 116 Fige =ighs, 71w |

fa Gt G375t ST elTaa o fofe 303 (7fb e ohefy aaeg @
7 Sfewa W& A GIrwe ol MFAFIET G5 (Set of Generalisations)
-7 AV (@R, ACE SR (SR A Aol 5 31 | @2 @b @3 392
[T I (T I 46 AT GG GRCG! 259l i (FRTH TR lol 705, ©L4 GF(SIe!
SeTFel 1 GG o &eTHel J @RCH (Sel (AItF TSI 72 203 AR |

IR 5 F, @ RrYy Sfema (@ fF1q 932 #/R1o109 Seoiva icet
TREIT! e R 9j2F 20 e RAwl SR o) A I8 929
T @CO AT | &\ R @R 1° G Cites 2 qFFq0Id oAt [eapal 7 | Sesig
GEAFRIHT 50 *SIHTF THCHICe ‘R’ & 93 IR 50 *oigs] Gamepiee! ‘v e
QT | €3 CFGT &fS MG @re AP R’ WAL ‘1 SHAST Q0! Y S y SO s
I | QLI S A T g7l [T 251 @2 50 *roies R @R 50 *1oie r @3
ARG, 50% Y @R 50% Y I FLISICTR (ATF 771 JIF | §F2OI 50 *roiexi
R SIS 2 ISP Y @R A 50 *1oie*t R 72 FIF1 G y IR | 9
STICG [CeT BIF 4RCR fEraiBigst [RfG 23 (BrRe@eaa At @R biReseas fomie)
G2 BRGS0 24 RY,Ry,rY,ry @R @fofs s0ieGa cwta (6 Sesi aiieiss
RFCRICAM 27 25 =i A 1/4 | T4 G @2 R 4R 819 @3 29T A0
(A AT TR 02 TRCANET TR ([T T 472 AT 2 R 2 Si30alG
(AR F, wega Sfen 9% 203 (bw 5.7) 1 afre 16 G 3o wcace ot @ for gqea
(STCAIGIZ G3% RFCAIBIRA IS 2 ? QoTeT 27s T feTfolawt 71 |

FhETY  F, oo i} GabiRe g e (A4S dopifie aibize W

TS 395 (AT Al 9 IR I 9 [ F, oragat Senoj et feraiizione sigeiie
(T TACS 3R AMS ZHI 27 FACO A 2 GUF [SAGIR19TS Sey#ire 5 9:3:3:1
=0



IR G ST ASITZ

5.3.2 IATF TSNS ©F (Chromosomal Theory of Inheritance)
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ah 905 | fog vifias (@D SRyl CRFRSISITER ACHTS 260 23| &S0 (A0 TR
TS AfZe2AD TCo T4 WIFICEN @O SRORNTE AF (AT 79 | 2T=ALT
5ififes (ARSI (FREIG @ITNIGIRAN SRRITes aFifRe X | @BITAEiRA SRR
il CARSPTER SR e 9o, wiefie @3t TR @6 werafba e s T A
GG 2T=ALS (AT CRBICAISIR AT SRR AfRe 2T qHH, RITISIRAN SRR SIPCE
SR @2 ERGIR afzeas q6re #NCH | oAk MG T TR bifkfas @RSPEe
AT TG (FAFeeI 79) |

7R piffes @GR age ebel amiq FTa 911 5y @D ST awhel sk g
22! AV L | T (TS G2 AN 715 (RIS A iieprcetsr Kb i FefeeE,
4 @Bl (vt et @, FEeCEl TSR SIem 27 3R ABR 7K & [ReOIeT @6
SR A [T = (T AFR @) | SCNG e [ien «@eag FRBe sifgreim
@3B 5T ATANCS SoRioiT 1 ZCACZ | @2 I5(FF AN 2N 991 (Punnet square)
I | @FCNCGHRS FFFRZ (IS e [ 2ffbs) @orat siftfas @iy s
ool 03 GRS etz e BT (ARG o[t A1ferss 2t Reaibies I6 | fEmejeat
@A FICSER CoF SR I G2 KA SR 7 (reErs @dfe] Nt
FIICHRCR SLFCIPIE IR NS & AFRT GF TR G0 S [@iPTg F=Rsfw
41 foITReT | ISt @R IHRPRER @ISR oF 2ot [Refs oo Fafed | o7ae!
I (T CoITR OB TR AR @Al G2 GRICNITSICN SRS G I [Eoj ez &y
BTG X | G2 GIa]TAIS o1 &y A0eT | afdreita SRl fEmeten «<52 At A4l
2 G YT (recombination) FIRCH A (ACF IF SRS & FAczae F&=
FAET W0 | O3 TIss s @F6 @R ToF SRS G Wred [Ranem e
Aenifoolel 277 | g o B @ 797 i ARie ki @<k @s)fets Fret sikeaifers it o
forere <01 | @b oral ot @@, 1T Fcels (593 ¢ B) oFeag @ @ites ¢ wifer =3
R 9T TSI o6 erentem fom «ataa 23 112 fefres Gt @ fom «atas @ ieeen
15 AR GI9TENCR (I RICAITEI 0T | SRS GRTITEIS GBI A0 SIBIS | N
(g G FelRT N (s afold @i 22 (el ¥R GFteiel (@9 GICNTes
(XX) TR | 96 2FEF &felt @0l 23 (SIe! SOeas 32 XY I07 9F (@il @
ITATSI TSN | (5! (FF) 932 TN (F) O @ GRS 26 INST (22) 9%
(zw) |

femare TRz “ARRETRCe FME*A 1 R Feelfre a1 &2 | AwS NS 2
DNA (% @36 43F (@ (GO AfRas | RritaiRies f <o @ife: a7 o=y widt f&m @
@3> @R ARTSER T Bea e sifafir S 21 @3l o 3 oifert tof
FE I AT 200 AT @ WSt S 791 @0 2N | [y WS

~




)

SAA

T TSN (16 G2 IS (ATATET) ST GRS TR AR A8
(TS 2l 905) | «ft fomare srEreieen RS« wfie fefe Stk Fare A=y
FE| 21 R (SN GRS S Thew BFiecgs ol (o @A 21
FCSER G0 AT I NPT P (T (S @GSN 72T 47 20 A |
Bfie PRI @36 X @IETEt qitfe AiE @3z @ @IS @ X0 3o
AITF | FIRACEOR TG (9 NS G50 XXY 27 @ea ifebize |
TRTSRITERT MG QYT =S S T (@CS 2N |

(TSR AIFR Ty W09z oo S [9fTen Trard 41|
et e #id<y o <=

F) AF0O] @R AR |

) RITASIBANA GIR OISR |

%) ¢ FT GR @ 7FT |

@3 fTare &7 5 EIFIER & OISR | GUFE F© 4A0F S0
5 20 IS |

4., OF T G AR P60 A6 I 79 |

W

(536 P91 7 e fore @2 @1 GG 2T AP 7 |

6. NG I IR T G GFF @R Gl G0 (RITNSIZANA B G @<

G OISR 2T GIIR T AL IO A 2L S9] SGeJCS A BI2 oA
5T® (AMICo (3 gl (7l AT o (7 5|

v S [{ARES A Bfew (Tt Yy) @3 At 1 e ({5 o Sfema sz
TOIC! Z0ET S91e) SR (FAGIR191S F SRyoire si1eq (@0e 21T 03 S 41 |
F) A 43R 7S

2) A §R G

7 @OITAERa Sy Sad g AT WOIc 26 | T 4o @ ery forere
AF OF G aoF7 G & F, Gejee (Feivizolste [RRETse [Rafs Rt
22

AT T. H. Morgan &3 SRV ALCHCo BTad I |

10. coifSfe Ko [ 2 [Feim @2 gatas [Eme o 20e 21, G A=E o

YOO Wi |

11. SCER (FCq forent szl feita 206 2
12. @36 Rz aces i 2=t 0 | 7 MRfoR forom ares @ifd <A’ @3 Srelx Ftew

@&t ‘B’ =, O frel-ele fEaioie a9z < ASme J8y Eeitied @«
|

13. faferiie sfemtea Swzge 712 <7 39 |

F) AT Ao
%) STl el

14. AT FIET=H 2 «3ls Turgze wie |
15. (3 IPRCE @IS ©F SR FARET ?
16. @ 3 g6 SCHITSISR Ig*i97® Srareiiime] Trard T 3% Wi eFhapR fo1d |
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Fisifeg Sws fofe
MOLECULAR BASIS OF INHERITANCE

6.1
6.2

6.3
6.4
6.5
6.6
6.7
6.8

6.9

DNA (The DNA)

[ T ST

(The search for Genetic
Material)

RNA @1e (RNA world)
afefaraws4 (Replication)
areiEoa (Transcription)
e @ (Genetic Code)
greiceris (Translation)
fercarsr erspa ezl
(Regulation of Gene
Expression)

RS feray efrers

(Human Genome Project)

6.10 DNA Rrearzf2f¢

(DND Finger printing)

ST ST (O PTG TR IR G2 GO LAY
fermare fof6 T=ItF (SR | (NCTETT AT IHNPRCIT 41
g TR @ TNFD (factors)s TN aFFS F=9{(F TAF gigell
e 11 | ATS! G| TR LT AN 92 (Eetafe 957 AT F o
SEPTI 41 TEMRE @R (T AT @2 4N Toiare 2e fcafze
@SB (@ Ol G femaie I 251 DNA-TE wfsmize Refes
ifore | @ ifdreg comat Riter @ fNefes Smifrearen 2=
fCipebiRe s wifere |

TG IGCe AT AT G 73 &7 [TefFs =ifme 2= &
SRR S SifFe (DNA) «% 1201 s wuife (RNA) |
@RRreIs W& TYre DNA femste 7w 2o sie 361 | afre oy
SRR &9 7g RNA, ©03 24ive «ft 811z 07 316 03 |
@3 AN RNA Sifsfzg giieie et 63 | 96 (RNA) SieieGia
(adaptor), AT 935 432 5y g CF0g @36 SHRIGRI SOl
e R | @ T ol 2o N HFabizs Mras 519w
R B TCANF GFF9TE PO TT TR (ST SyifTe siferszrscet
91O I O T4 | 43 ST SIS DNA &7 919, i aiferfereze
( @), DNA T2 RNA (ofda 2ifdan (Gfsomie), (i
IS Tl (2N 1R SHIRC SHfFeeER Feaaw Mdad 0,
cAM e Afha (Gt Gk ane g iefi feofe o
B FCS BT |



IR

9IS TR SR TETCatst 7 o7ov)ef TS e Bize stesmignst foleffaceiar et f&ranifsrat (Genomics)

Q GFfG T O Il TRCR | 92 S (¥ SR AL T @7 PREeafg
(Sequencing) €3} U Ferfs fCNE TG 1 201 |

BTAl SIS AT GRMCET A TGmiF G wigfie DNA @3 919w (@RI &)
AT STH SCAG X F | €2 ST A7 BRG] TAITS S IS 21 (3
DNA SR @ ale f&mere 3 &9 @3 @3 AR RNA &3 572F Ji?

6.1 To=fa=izcat FofsFs =nifFie (The DNA) 3

DNA feefSmizel Fefebize ea 3 M9 «femiw | DNA @3 7 Fgaere are
Toifrere FSFabiRe Mres (W13 g3 ete! FeFebiRets @1 32 07! @RI 23)
TR AR i Rl 77 | «af @D Giess piffae CafGre T06 | SriRerEe ¢X 174 [N
RbRewTs 5386  MFebiEs qwtz | #01e! (Lambda) T b RewIts 48502
(@720 (BP), 205 @S (Escherichia coli) TS 4.6x10° ({72 TCACE | WCIF
DNA 93 ZJIZTTC AT 267 3.3x109 (@AY | 5T S A3+ 66 7Y Afesieaar stos
A B |

6.1.1 #AfTfEfFebize Weite@ %15 (Structure of polynucleotide)

5T SR @3 ARTEFEEiET oeR (DNA 519l RNA ) IR sioafo St
T GH! IR | @ WEFehizT foa SoAmitag AN ofFe @k @3 SoAmwee
25 G TBEEE I, G0 (AToE =1 (RNA @ CFF RS AF1 R
DNA @3 (57(g oo AiR0ars «i341) @33 @6 A I | NRESTTS FRYEN 73
4R = — el (euiftfam e xifam) 3k FfRfifea (Eitm, Te=ilte
@322E) | DNA @32 RNA Tox (NS Sifres ARCGIm aoue @2t AiEhm
G DNA (S 3319 | RNA (@ AR #AfRa0s 3810 2E | 9F(6 FREGITee
I (TOIS *FAT AL FIEC TS OH 2ToF A @6 N- 2ZFHiEfs
THAT AR TS 20T G FEATT 519+ S0 | (@ - SSCAH 1 Fwifr-smifeeifm,
PACAIRE A & SHCRF, ARHE at Toriztien 3z 28R w2l
foafaizfifen | 747 @3t s g7 @3t FoiFeniEres sgw I o OH
TR AT FPIACFIPTR T AR TE 2 09 G0 Sl FCPebiRe (Wl
Toifrrs = Toin fofe wea & wify-eipebin) +ifve =) 7t Refpebize 3' -5

5 Ty~ IPICIGPDIR AT AR IS 2 G0 TRCPEBIRE 515w T |

OH

5@ 6.1 95 TSP IHRE e



Texisifen e fofe

TN 913 GG AT 97 G AT 21455 L AT G FACTD 27 ATF G 3
S ARTTCPEHITG %o 5 AT I | TFEOIA AT SR I PO Pt
G5 I OH 7 TS 2 =R AATEFEDIRT ¥eler @2 AeBr 37 A a0 |51 e
s A SAfFfSiFebiRmes Mot (back bone) 91f5® 2% | ARGITEIT HH9E!
AP EHIRT e/ Tl (A T *FaR AR 78 A (57 6.1)

RNA S[0s 2t e prebizes aiziie i fadin S @it sfefis OH 4 At |
RIBIE RNA ¢ Qi2f (5-fize seaifm — 2iiRfiema siom «ib amfas wi) «F «fFcs
TSI seR |

1869 AT PG G351 (Friedrich Meischer) (It S {F It SR I707 DNA
T RIS A I SRR | fof o i i e (Nuclin) 196 @3fgors
TR Tl €721 GG 7Y AT SIS SRR 52 w1 € DNA G 5193 141
ArIeT a1 e | 1953 SAICeT Wi Teafen (Maurice Wilkins) €3 IS efer
(Rosalind Franklin) @idl #g® X-raydiffraction data G fefe a0 (oot @167 (James
Watson) '@ T/ & (Franchis Crick) DNA €& NI G S 7T 3% e fge
C2feT8 S0 (Double Helix Model) €3 29811 0 | OIwe 21i® DNA «F faedt c2fer
ST RO JTRIR N Sre (A5 foet #ASRebiRe /e it w5z TR (@1
CoRIFR N @ YA 907 19T DNA G 91 <R 3 2I_(G %2 5751 ( Erulin Chargaff)
G R Toe fofe w0 aifefve zmfee | b Al A TR ©f & 98 @
3G faedl DNA &3 (e Sifefae '@ RRIR SRR Sigeite 43 9316w ¢ ARGIFT
I SIS G 20 'S G T 2T 1 |

(R LA 91071 251 AP EB BT W&/ OTey @ Fog I 451 | (PR ([@He)Ie (1
TR A7 T IR (IR I I DNA 3 G35 O (@97 FeHZ Sl T O S
S (&1 eI FIg7 203 O S 1 IR | S AW @6 DNA ef (7 «afb «lo
Gfee DNA) 2ol O Gl Ton O AT &) GITAE ©F RETE e T O3 S
i faw@! DNA (47 @9jTe1 251 591 DNA) &felg DNA 3 Seg7 203 | 43 I DNA &3
NI TEToS Sl STere o1 ZTAe |
DNA &3 fae@t @feTeset a1t 1 (@R rSyojren fsgst s—

(i) <6 96 AFSiretiRe ema Awee sifde @I -0t a- «F et
9/f® 2 G ARGIETT FREN (SRR WiT Sfefre AT |

(ii) Tao& DNA @7 o9& 77> eyl = widie @it ©F 3-57 Sifoqrd A,
SoReEn 35 SIS AT |

(iii) ¥ OFF VRECETIIE FH9C 2I2GISH ¥ (H-bonds) AR (& (&
T 910w T | 43 s iffae e ¢ Rsifte wu ARim i Ty
7% 2Rrgitem 3% e W @R Reifioeiae o 9% | «FEe@ 3 oga
PR ST O ARG Y oG 2lRGIe T 2l T ACF | TG,
afefb fPefim @rr Rt o HRACA @1 A4t | @7 @ DNA U7 faedl
el 7o oga I e wifen e ok 27 (@ 6.2) |

(iv) DNA 7o g wf3isS (Right handed) WM FofTe AF | DNA  @feraba
2SS =i #IF G 3.4 nm (& nm == 1 FHEE 1 [ferm SR @ o6
wefie 107 ) @& 724 o1t @I 10 & @y s |




o 6.2 fawd “FREEPSDRE e

@ 6.3 DNA faegl @

EINGIEEEL]

SR G0 @R 2o EERTIR IEIE 7Y
Y AW 0.34 nm |

faed @feTts @3 @-grIR oot St Bog
AP AP | 9T ZIROGITEH T4 =ITre DNA
3 e e PrfeMerst e 03 (foa
6.3)

foefae ¢ ISt 91t et St | DNA
AT IT ACF O ([ FACS 2 F 2

DNA 7 f7e8! Zfeiaret 1ot awid @) a3
fere19re Sieoita F=et i (2R faet | qa e
T ANFEF ©F 2P FRARE | @2 ©F
SIS fEmare At DNA (A RNA 20 (Ao
(DNA—RNA—> (i) 2Rz 23 |

ERIn| G
DNA ———— 5 mRNA ———— (2liftw

TGIeT Al



I SR fofe (\-.

g o SizAI0T femste o™ oew Risidre Sfeyre 90 wigfis RNA (T DNA (9
e qrdie 2ifEe =70 | ol @2 afFiha g F2e-v7e W frre #iw 5 2

6.1.2 DNA (2fe3 @ 2JITHeR (Packaging of DNA helix)

A Afeere 76 (CAF IIFE 779 0.34 nm (0.34x10° m)
72 e i 9 (% vl T A (et Soifeers faw @t DNA @31 07
A1 1 2 (CPRICHR (NG HRATCE GG 547 7131 Ifeers (PRCHH
NCTPIF 721 TG 2o S0 A +A1e3 AR 1 261 — 6.6x10° bp x
0.34 x 10 m/bp) ST 97 O WeiT 2 2.2 Gt @ sl
TSR (2R 10 m) S STa0i2 @ | FreTta 9t
ARG G (T IR (ot Afeers A2

I E. coli (FITT DNA 97 (757 1.36 mm ZF, ©C< (OINH) E. coli . .
(I TR (FERICAF T Vel PAC© AN 2 fRTBI SRPTER (I S

DNA H1 fRe5H

©9'8 U DNA 3731l (10 RIS bt So=ie e <1l | DNA

cEIRebF S, @ E. coli, e 37o=S e ig A 1, 5 6.4 () TSR
(s ST RS 2631T) g (2B ( RoyTeT) e S = R S
RRG) G AR @ S I I e Herme’ (Nucleoid)
30 | [RSTPetae-9 DNA, c&IfbTas At I = 08! S
SIPICF TG A |

FTIREDF @It G2 A9 SIfEres Tibe AFoa 23 | €2

CRITH LT e RS i (@ifbea @ o AP @R - da o o H .
9 ROBM (Histone) A0 | SRS wAmfjee mfee [y T et T

L e O A -!ri}rr‘_-

SR SIS 2p i Seid frsa e « (6 (o e ";-:u e e A

H 3 W e . - a )
iy i s T A T S ]
5 N iy

NS T | BB AR  Sfem A e emige Lt s e

1T T 2 | TSR SR SO OIvR M AN 5@ 6.4 () BTG S e - Afew et
Sl 729 07 | RESHaE Rafs 2w =it SRS a3

G N I IR T OB TR A | 418 SRS DNA (s S fs

TREBI SIB SIS I @ 16 5 I OIS e ereis AT (5@ 6.4 F) | 4316 S

fTefFarars DNA @y @7 200 &1 3o sifes 23 | fMefgete fNefgamters «it

TR TAETTE (@ 933 Cof T OITE GG 01 | IS FT 7y ol vt s

(IFFT) WRIHAGTAR 2 @O | ZCAFEA NBFCHITAT A=W  &FwifHates

TS fPeTamee I 2o W7 TSt (Beads on String) SRS (2T (59 6.4 %) |

I gFeIta Gb B (T Toif=Ie g7l 7o (Beads) A< T B3 0T S G
T2

@I Aoz e o= a5z at s 2 @nifoa ez tof w0 @

@ RIS GIBITRST W11 SRS FSHAITS € TGS 20 @IS 9199 I | SH B
IR AR G ey S (@b GI6 G LTS 23 A AN (TSI




IR

T RS @SS c2ifoa (NHC) eot otely 31 2% | 6o siivef S gt ersifbeera
g S1gse1 MifeTeItR M5t (Packed) ATF (G I TETE AES ATF) @R A&
@I (Euchromatin) AT | @RI (@ Si4geT wifgrog RGeS 55 (APacked)
3R 9M1T 06 IS T I LSO 0T | TSTBACE GrAfFsiiieers s (2t Al
e A0 | oS o E T

6.2 ﬁ:ﬂ%?@? S (The Search for genetic material)

G TMe (IR 7R NEFET SRER G2 (TSER ILNPRER Sifs T
A AT L AN qHReT ©8 DNA T Ixiaifs g fRaits s e ©f wiifasis @
ANlel FACS 7Y I ETCAITRET | 1926 AN Wy fEmare Iga agHiiepraed 2o ez
T P SRS BT oI (eRfRet | (o (TCet, S0 Ao, &5 25
RN IR SR S RN SR SRR (AF B =TI @R
e @, @RReIs @R eI @ititesee SRl o6 | g @R anbe
TG OIS (NI (T, (I T[6 AFEATE frmiore T |

IAGTSIA A1 (Transforming Principle)

1928 AT @SS AlfFFe (Frederick Griffith) GHToIFaI NG (Streptococcus
pneumoniae) [@ WIS @ial 57 wey Wi | & = @9fp= oK1
I 3R ARG TR STg @i AT 2 SR | M 2 rmiee
SRR G AGIAG (TR Sgfonrs e (@ s zoafe |

U G FEBI (AT CHAGIFED ol (e v Jiwniam g
HOICA! B O R WK By AR 37, Teged JIFCH R I (S) 38 SR
g AFORAT =Pyl JIFCERA FCEE (R) T I | 97 T4 291 @3 @, S OG
FRGRETE w93 TS (Afrmmmize) S A, Sv@es R eo
TR GF7 I SEN A N | <R IR S 5 (Feqrers) 7 Fsaifirs Zqg
TSR Ao TR AR AR | HAAMCE R GG 7R F© 2067 TSCHife
G5 T (M (|

S PG ——> TCEEICT W B ———> e i e
T2 B0 (e T ZCARe

R GG ——> TE I M0 3 ———> S G A
TR PR (el s

fr2l O1! 2T IR 2GET CHAYEICE N0 AL FRRE | o «itet Fcafer
@, Ol AR TO S GG FIFCH AT SACTINCAT NLGCH SRR (02 GIFCT
TeeT =1 Zqe] Tl SRS 2T |

S @5 _— EWW WG ——> el @Fo g
(1o 21 ©) .' gﬁmmmﬁ
S PG

“[Cae
S I o O ——

R GG+ meT Tl
(Gifze)



Texisifen e fofe

Tl wist 2RI 9 S (T G2 &G R GG RIS ipCs it i 2erereita
TG YRR (R PR M (TR (@ 2q@o@l 1l oieeT | amiel fofe o 2qae@ e
(T2 (TP G S EEARMS AFCORAITE! R (AR |

T @2 PRIt Toidie TRMRER @, R TF RS (GRSl 4@t o S
GG RS TIRCHRA AR GITA 7 (RIS oS 2rIfee | Ol 2RIt 7o S GRS
R T oy el 2T S ¢o RS IGRam =Mk s g
GEFE R G RS (R G0 o AlTiieRize S (off Fce 7 23fee
6 TogTs (G 9 i 2rifRet | @i B2 fEmere I FRINEHCe TR W0 iRe | O,
O A (A Emoie TG (o AR S g7l o ke i AR | GrEReRR
fefroller@s (o I 3%y (Biochemical Characteriation of Transforming
Principle)

SIS (Oswald Avery), I shFE€E (Colin Macleod) & R P A
(Maclyn Macarty) (1933-44), aawaﬁm% CWWWW | NFRT
IR (@ FERFAR S G Rl I ZRReT O (8 AR aFfs iR &y 2 fon
Rl @M Al BifeTRET |

S O AR o S EHARMST WRFGRA @ (ATF M92® (& IR
MR ( c2lifod, DNA, RNA Zwift) @EG & 'R' i @it S
ARFERAT (@I FATBRS FACS CoATARE ©F (IR &) G2 (& AR 2mifojgetia
Rjfrze e | oF SRkeT FEREW @ 'S AREGRA (@F @FF© DNA
GO ‘R’ IFCRAR ot wibefes |

Sl GBI SRER ICAREE @, (@I o iFe S<EmTz ( (@brre) ¢
RNA #fF57I[ STHEFT2 (RNA ase) 7171 ooy 2wl aeifve =7 1
IS B! T&T AR (@, FoATBTOIRIA! TG0 (2B A RNA f2efdl | DNA ase S
AR S (1l Pifeet @, @b Forgseae A9 S0 |1 9T F0E 96l @[ AT @,
DNA 2 Foli@qed+ Iibcafee | S g3 Pt Soiie TRz (@ DNA &9 ag@isifs
7, g S ReslAal @2 AIGITe TGS 241 |

DNAs €38 DNA ase 43 S (I 21T F (O ORTS o417 752
6.2.1 f&%® I DNA (The Genetic Material is DNA)

S F0H (Alfred Hershey) @32 ieft (5% (Martha Chase) (1952) @& 258 o752
(T GBI Pl 2ifie 2fs @ DNA 2 29 femars 3 | a1 (2 sizamieje
S FRARE @[T TIFERAT G0 L T | G2 SEAAYENE JIFO ST
T |

IALRETIEIL TIFCHIRAT (I SNCE S 2 R G I fereqole I 1ol
(T A T | IR (T SRACHE femare TG o foery Tsimi =i
(ST (T G 28] T I3 CIZAM 5 0 | BIZAPT (A TIFGEA (FIeef oS
G AT 1 DNA ©f Sifeia S0 G2 20 € (58 Oitn #19{te R0 |

ST (ST T AR G AT g SIEA 9% (SGIE AT AR ATq
ey g SRR I DRI | @SRRI (oaiE T RrIeH CoifRfers i
HBICAl 2CAMRE G9JTaite (oEza DNA fert f6g cowfzRr c2ife feet /1 Siad DNA 19
TP A, (I FTFaT AT 1 | ST, ([ SRS (TG H ATPIHT
ToifrIfere I =11 20ITRe (19]GATI (el (@i T foeT, g re (oef@ DNA
2@ 9l 4 DNA (9 AT SIS |




IR

CSGE FEATe E. Coli URFHRAN 9GS 2ReT | G991 T TOICI
A HeTCe A ARBGRAYCEIE GOIF G TR T @I GO (A ©IRACR
SREFTACS oA T AR, SRAPYENT GGRFeS (e ol ARy
FRFGRAT (AT 7J28F T4 20 |

PR ARFBR (TETET DNA RSS20 @il A 28 S N (STl
SAfFeTFS 2| «F (ATF @RI I (@, DNA 2 261 (12 I T ©iRA (F IR
(02 GIRe | (PR IR (OEET (AT FufTe Sizam qi[l AFhie 27 oI
T (SGETel #AfFewe & 9 |

G (AT @R AT (@, (2T SIZAT (A0 IFERRT (02 AT FCE | 912 DNA
3 7 femers I 1l oAl (F IRFGREE @z Al =3 (b9 6.5)

cooFT PP gl bfee

1. 7Fwe

2. fifdresad

5. e

GRS (I (o2 @IS (oatE 2P
S hire =i« g 4 facafze
+ +
%%WCW@? FS e wmm@w@ﬁﬁ
g 6.5 -ve AT

6.2.2 femore I #3f (DNA FI1% RNA) Properties of genetic material (DNA
Versus RNA)

ATIT STED (A @fb = IBOII LS (@, 2TH- (6T ATHEF 77 DNA
@32 (AT Weay (@A Fwareay ¢ [Raafs for Retda w=ate qesfea ¥k
GTB T BTs T Aiare 27 fatafee | «ft «ssfh afefre sey 2w Stofea @
DNA f&aeedsg R F1e I | O3 2[7o1 70T @fb =% 2r3fee @



BGRICEASIRIESIS
g SRR feeore a% 261 RNA (Swaegst GRS (NS ©igam, QB

FFbReweE 29i) | 93w g ARSI 18 @I (T DNA & 727 &ware a5
o7 2T (@LITH RNA (F AFTONI ARNTT IR TG @ FIY A=A FI0o
@l T T oyt e wifte wdw Irres i soaes A& (At
JRTS A |

cotat i DNA @32 RNA 7 Sedia 4f6 Ipfass soaare #iee S Fa0e
A2 @I OqE I fGmare I 2oMt7 e F90e 27 O O [WHferiie
TArGoTeT SR A9 FACO 2 3

i) otz oy afefafe tofire 7 2o 2@ ( Afsfafmae)

i) O AT ATTSIT @R NS FefoRe 2re 27 |

iil) qre fgaifore s 7z (RBTH=I) T61= A9 AP 20K, T TS o

Gy TS |

iv) «ft farets crean @RS 2 Fre T 2re 23 |

M (FC @ AT @R A7 FTOF Aot AT @04 &fsl sifewits «aox
AT G 2T T 00T T A (@, ToF e g wificeas (DNA @38 RNA )
fteror afSffs oo Fa17 el TR | ARG (R0 S SEPT2 @ (2fifoe
ferm9re IGICH IS IR G (T 2L NS AR EI02 A9 FHC A 1 |

femere agre «obiz FfeAl 2re 203 ATT GRAbcPa [Rfow i, T391 @38
AERIGH AT TS 97 @A #ATFTE 71 705 | fErsre T ([ TeT [0
@3H 251 @7 FrifodeTe! 1 AifFrad Grerwafs Afisie Sty 1S foe | Aifrrem
ATTFIT @51 (2l FTRe (@, 19 &TRICe B RAT W= (alcere o Ewars 97
g @RSy @ a9 AW |1 DNA @3 e re «ft a4a ~Geia
91 AT (A, DNA GF TF& A9 AT 28R ©19 R0 TGO A4
(AT 52T T (MES TATT ARTI (AT G #7717 ISR 5T WS e
|

9RT RNA @3 afes e faebizre SHiffae2"0H 2sift ze1 aafs AfFw oo @3k
@3 25157 ToifRfoaemy RNA #Ifiee 2¢ 237 @ 520e RS 203 (@0e 217 | RNA
(& 94 TGP FCAS 07 I 2 9% 02 «fb AfFy 2371 92 T DNA, RNA T
AT AT TS (AT T ARFT @R aoaare e (A0 wifes Hfedie 221 42
(RCT e FT SIfTtwa Wy DNA, RNA ST SIfaeq © 219 femsre I |

TGEATT, DNA (9 TR A0S Azl T+Fefss DNA & wiftsed
FrifSeTel amie 03 | (@ T~ifF SNCEs-IT &5 DNA @3 gfs i afsi @i
ATITG G3R AR (=T (ot 92 AfFIIYCeT w07 F07 |

DNA, RNA T332 #f5fSTs 7% | 799, RNA Siffenie zeqiw @3 «<fs
YOI ICT | TS (T SIZAR RNA Sz AT G3R I GIwF1e 7Y
T (12 ©IZAPTEN e To*w A1 AfR=yfE 906 @3k Srorwige gozng [Ras 90 |

RNA @9 (afoe SOt & (T 727 FA00 AT @R O FZ0e3
CRARDIYCEITT AP FHCS SAICT | O DNA (& (2B AT I &) RNA @F
G717 fToq 7979 20 | RNA (3 R (216w A<Ctaa ey 2tieranT € #[6ael9]tel $go
ZCACE | B 2T IS ST (ATF BT (@R I @, DNA €32 RNA To32 fEmore
T 0 IS I |




W
,.-") Gt
5% DNA Do S FRIoAe 2€317 EmaIe 6] AP &) ST =3 |
O fEreoTe TR AFIFCR CFa RNA Tl Sifdss S |

6.3 RNA -93 7719 (RNA World)

[T ST (TS SIFIPOIE @ 2T B SeT @1 =& — 22w fEmore 3
@ ? (& S AR RS 90471 11 2= (P2 Wi «affs Regoeita Sitenba w41
20 |13 SR QLI B =S TBa1IfeT @ a0 Ted [FRoI B2kl ST
AN

RNA fea1 229 f&mee g | Ataieey G 2fFaeE (@ Reie GeteEmE,
=22fi Tonft) RNA & e @ oiRfSs 27 o7 @3+ IS
2 FRCR | RNA G315 f&97e I @28 G 2AN=AI Seqats
(TER @It @ 57 gl T armafass R[isat 9% @oen
RNA SR S#AfRIST 205, (2Nfbm 45 S<rivra Soifrifsrs
9 1) Joole e I3 | g RNA S5 26T @ft wifs
e Teet @R w2 ft w=feRle foet | ©iE <=1 AT @, AT
AT TCT RNA (A DNA Bg@ 2007 @R @F T
DNA geREFeitd ofs F=ifeRie gz | DNA faed@ aioe
RS @R O AT AR 28T 6 AR e
Tg® ARTEPIIRCS St (@ Sty Fro #Aies |

6.4 efsfetsiFas (Replication)

DNA ¢ Zeg @ewmie s1oa 2% I A998 TG
¢ {5 DNA 97 afsfafaaria « o T3 2w iR |

St 3o {36 (e Swifeb el ¢

“TS @RI TS SR o7 ol fGmare awga
& ey Afsfrforae smifen Joiifem T 2ol o7 =@ @i
TAR e 117 (SABH @3 & 1953) |

S ¢ [ gwIR® M (AT B! @RI PIeafest @ g
I Sp——— e s—. G R ECE R S B S SR R
S - (A GG GACAG ©F 0o IS 703 | DNA 91 afoferfsiase
1T RETF #f7 AfSG DNA W43 76 O W03 G5(b ©F Gy
@I AT T ACHTS ©F 27 | @2 THWHTS DNA @
SERFERe afsfefoead 3 (5@ 6.6) |

6.4.1 i AFeTY 2ia (The experimental proof) @f @4« 2wifds 2CC® @ DNA
O3 AAfsferfsmae o1 erraier 23| «ft 20 e @it G RERT @i
BT G 3 THS IR (TR ZRTRE, (A STEn (FHPTR € N (@ R




Fsifer S fefe
1958 AT MIAT @ G FieHloTe Foie (AR AArFT e |

i)

ST ARG GE T AT 921 NH,Cl (5N =eT MZGIe=a oIt
SIRCANCHIo) FN(S 417q 75 &+ 43 E. Coli @3 I afbrafeee™ | €2 sidrwiz e
A MRS (@, g9 @ DNA eI 20afRe (@3 o= ey Az giees
TS (@99TAITee) it N S@es 2afe | Fifems @ize (CsCl) @3
A0 SRSCH (GRS MG 92 @ik DNA Sigibe Feiiis DNA
SFF (ATF ST T @ACO AT | ( GBI T AT 2@ @ BN (@A (O&Hq
SRCAMHI? T TR AT GFNG 09 o7 G T N (A7 525 1 @TS
A1)

GTAT G FOIRE “NH,Cl FES 4I0h (FH9IS TSRS S G2%
T kgt 3@ AT AR [ifew wea [fdS T weq @R w5
81T IR @R @ DNA 9JteT fawd) @fermia stow [IRS feet o2 DNA
YN R 0 | DNA 9 2 ARSICR & Bifeas @Rige (CsCl)
Sfesar [ifeT Tt Fifeita 22 w1 Tl (57 6.7)

(SR & TS I F O M FA00 A G2 SR AT @ T
/9y RIS 936 o1 germerei go SikeERd 232 fod 6.7 @ @ T
I R |

Generation I ESERCT|

15 14
N-DNA ' N-DNA RNORNORNL— n-pna

NN\’
—=p —m e

'* N-DNA

'"* N-DNA

" N-DNA

N15N 14 leN 14 N14N 14 N15N
NREN REET 2T REE
GIFGRPSTMITR WGt DNA @7 7j2@wel
54 6.7 (EEPH G 351 97 A

iii) ©i8 DNA & 5N i (A0 N e RIMEICR @F G o7 (S 20

G #1@ E. Coli G 20 WA v [eifere z3) iie s (A
fFIf*e DNA 22T agfon a1l Sraas! 9ag iy 23 | 9917 «F g 77
(wiefie 40 GG 17, TSR &) ifeTe s (A fwifae DNA sl @
23T DNA @3 2l DNA e &3 |




IR

M E. Coli Irwcsizzcs 80 WG «txr I <OIta1 23 ©C1 2Tl ¥y @
213fAT 99099 DNA €3 S9/1® F© 2(d?

@IS TgTod HHifTs DNA u7 [{gfe fofes sa7 o cowfEw
Qi2fNfSs 927 F0T (faba beans) €7 T2IF (Vicia faba) e (oaxr @3k O
TR 1958 ATA AT OF3 4T AT T SR | @3 29T
(ATF 951 amifde T @, FTATHNFLS DNA @7 qEMRTwe_e Anfores
Afsferfoiae w0 |

6.4.2 W@‘ﬁﬁ g @Q'CW{? (The Machinery and the Enzymes)

AER @FHECE, @9 E. Coli, afsferf+zad afsaia sy @9z w6
(BB TR) T ATANGH 2T | G LTGH9[TEAR [0y 2 CLEbHE DNA few
DNA #ifemsiitas 3ca, 179 «fS & -wfufrefFebizuaai femi soars Seo
FAF & @36 DNA (G030 I92F FCF | €3 ObH4[ e WS FIF| ST
I GTHT oI N AACH [ M4rs e fFebiztes Afmia sotaw o
SHHG(PT BIG FACS 23 | E. Coli WP AN (I JCAF AL 2T (767019 4.6x10°
bp (4T 6.6x10° bp FH® G2 Naa MY 9aiel ) | E. Coli WIFG AT
afsfarfomad afemft =il zre 18 N G T3 a1iter wefie 1w sAfemia o1otag 27
afS GILFCT AR 2000 bp | 92 AARTIIS TLEHRCANT (FIETIE GO2AT IS
FICEAL 20 1, ATHT AL AT IGv8 IoT¥ YOIty FITo A |
Afoferfsmaapitet I o 96CeT 97 FerL A AR 160 | 9viel *IfF TR
s (At «ft sro =feraaid afew | TwRrizrieiFenze Girwwwseen
7% TG I | ARCGRO DA I 391 QEle G AT sg=eis [iF s
oy (S s iFenze GIRFIEooTE AT TACHoET 261 TwHHIfE Toiw
FACE, (A A ATP T CF0@ ACP) AEH @SN (77 |

DNA f¥$3 DNA #ifersitae $<ooms wiote Mdeei dfsffsrmad afsmi
5ol FIR G A I BLOBHT ATASH 27| @3 T DNA SF ¢Fta
@AY 9T =5 ) IFRT 4o OGT LT I I Al (VT SHHE pifena
Tey) ©12 DNA @RTER @IT5 (At siseet aifsfaformae 906 a3 @3 wiifors
@2t % (Replication fork) 3Te11 DNA f€3 DNA #ifeitae Sermah
@G @36 Sfoyrd AAferR siow afsaiice sts a9 @ e 57 —
37| @7 @RTEIE T3 g wfbererd 4% 27| Fites s wgre (57— 37
Gt ©g), dfsffsmad wikbzmeita 905, o oo vgta 87 (57 —
37 BuCEt wy) afsffrad [Rifzmeita w0t | sikibemeita Meeifs DNA ass9tal
ATT DNA #2056 b HRoR IT 23 (5w 6.8) |

DNA “ifefitae Sermaaten e (Atse dfsffs g afsmil =g sare
AT | 9=ICI DNA 93 gfsfifsad DNA @ (@ (S0l RAITH GCeNTIeeiiie
*F 27 | E. Coli WFERAT DNA @7 @36 WS sgta afsfifsmarem spa
TG | 93 G TG CeTF Afoferf+Facem e=1q (Origin of replication)
JC&) |




Texisifen e fofe

RIS DNA o==ite ft @36 DNA 49037 5;
sifEwl 3% 267 G (TFET AT 2T | (STATEN (AF
AffeTfoimaeR oA TG 711 =1 A |

el Afefersimse Al Rgoel [@Re TeTsE 2 |
3THIeHd S@ @6 'S ™I DNA @3 afefkiisimae

9 | DNA @7 2fSioaae @ (FHiva Srors MEie A
e | DNA 47 2fSRifsiaaeia =i (o Rere =1l w50 @3 5
TorfoTe ~Af 2R U (43l @rIERb TRl | 3 \ fafos
T (=TS (O @2 R AT A B e o el
afsjETR Rige aFfo wmeE | \
6.5 GIT(&G#MIS (Trans Cription)

3 TSI RS \ .

© 3’

DNA 93 @36 ©F (4T3 f&9s ¥ RNA (© 5 g
afofersiase afeite GrETsoHi I | qrFtae s FTeld
S (Principle of complementarity) @12 GIsfE =M+
Al ~Ifvifere 2% | wra Wfoas 261 43 @, GUFea Suifefie
R 2IATS TSR AT TT 20T @ LA 910 I | o3 Afsfiformaet afFn
AR ¥ 20 GIRF 55 DNA @7 fagel 906, (@A G af$aim @<emig
DNA @3 ¢ ¥os @32 46 ©gF TR0 (Feg @3 ©F (AT RNA 9ifde 23| «@fb
DNA @3 (12 i AceifEie Fa0e ARy 0 [ GEToRITe Sieazeiat DNA
@7 S S1geT @k DNA @3 (@I oo Grerf«iia w603 ©f fofze |

GEIfFoMITHICE (9 DNA ¢ % %2 SrR¥I8ize F(F 1 ©IF 4F6 7S 741
Teq AR | AT A DNA G99 T ©%8 (GICAT W7 & FF < 4o fom
Tegia [R5 RNA &9 @91 95 203 (&6l W (@0 (@, AR=FFol 00 ANl
QR 932 G2 AW G (AT AP 72 S O (2T SR
e eees fon for 2a| ©i2 DNA @31 @i et 4ft fon w@em cafbea
FFS I24 FAC G2 @ff fEmore et sifiazet AT Sioel 763 9a1id | fadizre, T
Vb RNA @3 99 138 AT AT 2T OCF G (T SRR SARTF 2@ G 97 T
@G @ RNA 915 203 | G0 RNA (T (2B Aeemr Qe e 203 @3 Grtisomiie
AfF RNA 935 foaefe 20 8od |

6.5.1 FHFMT a5 (Transcription Unit)
DNA f=[e GEiig=ie @3(0 e foai Siget TEs 27|
(i) 9= 26T w1%a (A Promoter)

(ii) oNof9s f&= (The structural gene)

(iii) 9=6 & Sga1 (A Terminator)

(GwCa% DNA
(TfTgoTR)

9 6.8 @RI TF




IR

G @ Mo ™=l DNA @91 4f5 oot wieeifis 219 @b abfere
TR 0= | AR DNA G 76 0% A e RTey 3 23 @3 DNA 67 RNA ifericaer
8 (TG G SRS N IFEBIZTTa 2IfeTi a1t SeEoea e @ wefie 5 — 3
o4, 12 DNA 93 @ 0% 5— 37 SfSyre AT GG (GCRT BT 3 F 938 98
CGHTF (BCZG ©FS A | DNA 97 9917 ©%f6 5 — 37 Sfere AT I3 97 oS
RNA &3 001 27 (T 2T R AR AF) EIfb Gis=isie Fie =ipre
o | RIS 26T Ao g 25 0% (@, 92 0O (@ OG0 @Il K5gds 7o 32 F
) @IS OF I | GIEIF2MIT G AT FAI 7 I SIS R, @ojge
GiRo Il R B¢ P19l (IR O 2R 410w 23 | 2 R 1<yl F0e Gtfremiia
G G0 I Feeiers] O (el 247 |

3'-ATGCATGCATGCATGCATGCATGC-5" (e’ w3
5'-TACGTACGTACGTACGTACGTACG-3' ifes v3
THTa7 DNA OF (03 F<ere RNA el (ot fo1ats st 2

G g9 I
> SrfeasE
3’ < il _ fEEb ey 5
5’ 3’
I o
4 6.9 <6 GIHFoMIT G AT T

G35 GIEAfFoMIT GFF AT G DRRTHOR LT N Mofe i S
I | 2ATABI G Mo et ((if: w57 (g e AT «ft Serd 331 TRR)
5' AT T (SNHAPEN ) SRR B | 2 DNA FeHIF o0 RNA #AfTiEs @3 7kyfE
R AR 32 G 2o G G G0 (TR Toib=fs [t (@ifes o @3
(BCRE oFLe AKeIfRe T | BRINCHOIR S BT AR AT R A6 70 (iR
©F S (GCRE OFI TSNS STH! 20 ([0S AT | GRAT0R el (if: ©oga 3 aites
U (TITARE) SRR 7 =R @fb AlxiFers G AfFaa A o s
(5@ 6.9) | u=iT! g wfsfiE GEtfesmie FEged Teaiss AR oG (AT s
%@‘{RW‘W@N I BISPGCN AFCS AT | fortaa 21 (Gene Expression) foage fac
TEAI I 2 ACHFAYCEN g 43 ST 1 27 |

6.5.2 GFfFoMie @5 @32 {1 (Transcription Unit and the Gene)

s axxisifon I G oot Feeelfre a1 AR | TS T @I STl (72 @
fem19JeT DNA (@ SRRII4 (93¢ DN A FESHIHCE NG G0 e Sfzimeid eiie
T 1o |



Texisifen e fofe

tRNA 3 rRNA S9F TS 9] 7273161 DNA Fegigaivere 3 fEmsea
FeIe T A | OF G ARTCATIZT FCHRT FCFoqzFIa DNA 47 GFh 4T
ool @3 g cwiftre a0, @3 GEF T asshers fas b
TMAIRFERE (s TTFfrels &) at AFbeEi (aue ke
e Gi@) 761 @ A | TeTiRe T G NPT ol Fmeeits
4fTe (iR Tewiw A0 wefie THIReHE Gt fmee dfes At | (@ ife: e
Il SIS FHIFITANT G 07 SN T© T 2 | G #0002 KIS HY AT
@RI @9eT 2IfFere At afFaete RNA (0 (el T | GHF9TAIR FI0E FIS 296
FEHIF ACF | 25 Al G5 GHET TS| Fee AT AR 3t @lfFaeme RNA o
4l | A & el (Split gene arrangement) G306 DNA 4% GI(0
T MRAF WS T I (SN |

@35 BIffas ISR AP, @3 stofess feraa et «k fFagermiS sesiaw
RIS 2elfe 2 | W T W FRgelpI=l Teaia=oj i Fageieial femgreie weliie
391 27, M8 2 TEHFAYCE &I RNA A (BT e 729 S 1 |
6.5.3 RNA 7 207 G G 2lf&a (Types of RNA and the process
of Transcription)
RBRATS, Al Fow AT RNA 1 T, Q95T 261 mRNA (6172 wielfe (g
RNA ), tRNA (G RNA ) ¢ rRNA (RS RNA ) @5 @Ieet (i Feits
ey @7 RNA TR 2TIe 27 | (I ACHIFE mRNA - (G0 2 i 903,
tRNA (2o FL0aT R SIZC SiifTe S S @38 rRNA 9156 € Se€6iaa
T 2T I | AFCGRANCS A9 GHCHT RNA AL S0 IS T &) G516
W@ DNA 787 RNA #feitas I0z | RNA SAfTsiaer 30w SR S I8
¥ @R BIETE T SfE e (AT W) F0T | @B TSt e fF etz
GRFTHATAIS AREES 2 92 F6F 3% Ao mFor NS Srpre 301, 93
Geea fTow W MefpebiRusEm et sidic RNA ©F 5o (|

DNA &3

RNA

@ 6.10 = REITe G afFa




IR

CRITI A (RIS € TP DNA < farogt 519 Lot <R 31 il BIAITe € 121y
FE | TG RNA GF G0 F7 4G5 SO AR IT SR (A0 | (T JZ06
ARTIIES TEHIL DNA 7 SRINEOR ST (TR, Smsie RNA 4S50 46T 2108 T
@R RNA R #AfeHIEe SEmne St 2= ¥ | G fore Bt ST 90 |

qUHGe (@ 2 HRIF Sus T (I 261 Feid RNA ATitas: SR Fiesie
sz foqu wide s (initiation)ﬁfﬁlﬁ“ﬁ (elongation) =R A Il (termination)
G FRTDTS RGPS F0S AN 2 | (TG RNA A= G638 Giro™iie
A1 R IR SITRGIS IS TS AN | 42 THBFL SIS 2ffelfis wiga oidfie
ST 137 (o) R O F1FT w1l SRR T3 (p) @ AT TS 2 T
Gtmemie A o @32 ST WO | G W SN TS LS T G
AP o=l A FNUT T RNA SAfTiEe S<rnss-Firser sifiass =t (5@ 6.10)

FRAGFAT (FCq @RY MRNA G HFT RS & O (! L0 el
AT ARG (2 R (R G52 G G 8 G Tox Az akabe
o (JIRFBRA I AZBI2ET @ TR N0 2L PR (I IR (+13), FS2
JRFEEA @I Gerfeeme ¢ GreEmie e ffereeia wire «iw | Temiels
et =e i wifefag fbet sl oral T —

i) e s 3 B RNA wAfeiEs S<rns it (@M e Soiierse
RNA #IfeTItae Srms QUNe) GUaig 7% «¥ oo @4l I 1 RNA

iR i / e —_—
5' Gppp »
akil N /" RNA=fi sifErenieIZTeA
m 3|
5' ppp Q
Q 0 O c s
0
5' GPPP
3
"G

IPE 9 e RNA

o3 6.11 TTHIR e Gia Gfom« 2fem
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[ FRRITENT RNA oigfie rRNA (28s, 18s @3] 5.8s) @dk RNA ifis:
111 tRNA, 5srRNA 3% snRNAs (Small nuclear RNA, igfile 5w i
RNA) @3 02T 9017 | RNA 2IfeTsicas [I mRNA 3 (eI RNA @3 i
oG wiefie @BICAITEPT FefEFT RNA (hnRNA) @ F<0ET 9017 |
i) fasiy wiberolld 251 €2 @, GEIfFsmie afFaR FeT Seom atelfid RNA
(Primary transcript) (8 3G+ @ @I« TOUZ IS AF @R ©fz @b
S 2 | O3 @2 RNA @F 23R 906 @3k @2 2fF9 35+ Sesofiaa
AT A @R GHAYCE @ TS F I =1 hiRNA @7 wfsle
AfFTe TG @R G0 FifPRR (Capping) 8 (B3R (tailing) ICaT | R @
@3 SrFrels MefFebizy (NARAsRIRT §i2 90w5) hnRNA @3 5'
AT T | GFR @ SNfEAIBES SR (200-300) @36 (GRC2G
frRCorF s(fere hnRNA &7 3' 208 I8 27 | «@ft 7o =)ot afsere
46 hnRNA ¢ @2 @5t mRNA o7 271 @99i9 @3 mRNA &
Gt 2fae e efEant e MRk Af[ifze =7 (Ba 6.11)|
€ {AT ool wlesiy Qe Sl JATS XY IR | AfTe-fEm sesia (Split-
gene arrangements) & 8@ feaitas =it ARG Tomeisls w1 BAGTRA
TRl zo1 smifraicea s @R ~2iEfR afswfe RNA 9 (RNA World) @3
SfEsreE SovRlIoM FH | IEN i, FGRAGre 7AHBE RNA @3k RNA faga
AT @O ST 7Y #S FCACR |
6.6 (SCADLT (IS (Genetic Code)
aAfsfaforraet (replication) @3} GHAFHI FiceT w7 @HiNeiFT wnifme
tefza oo @t efge wibites sefafs toft 2wl | ©ff sifdsgwer fofers (On
the basis of complementarity) @2 @fFMATACT H2re2 @R AT | GIFCAICTH
AT T G IR TS AT 0w Fre WeiFehRres Al (A
fEmaT® ST RN 2RIEH & | FNEEPSHRGTR € SHE! ShifFeejTat e
@ @I SAfReFFOR W (12 (S ©gore F (ATHS Gs=s! O[T 7 | S
@3 NCSF FATF G I3 2 IR @ (AT IR SO Snfires Asa
ooy ST SifTe (fermars 3%) @3 sifsse wifl | 9 FeefSres (wihs @Is awie
o T e (@ RIS SuIiEia smifres ey e =3
i fErmare TG (o AP 2@ DNA &3 919w feiizel srore o 28 ora
(STAF (FITTT AV IR GF AT ST IR et | 2ps ol @7 ooy Reara
e =i e @It e 41 A | 2 [ifeq =i Reiom e T@E —
simieffm, (o IR, AW @R fEmregfv | At ot it (George Gamow)
3 AN I T 2 919 (530! IR @, @R WepebiRe ¥ 4 6 @ awme
G T Ol 20 T SyiiRe Snifies Aue 92 TS 2 O (IO [IRGI0E @
R RfE 91fFs 20 7@ | fof @2 s @rifeE™ @, 20 & spiRe suifces sk b
AT % T Ty AfelB (@Frecs ot FefFesize am s ate 21| uft usf
TG AZA 2B o1 I 43 (4 X 4 x 4) &7 [{eppT 8 A 64 B @drew 3% w0
SR AIETCTT P S @ @FIeE 7S 27 |
RIG (@ G5 GT2I5 1 T eI O FATT 2 (@H9NT 1 G0 ST F{oe S |




IR

27 (i (AT 2RfSs el ol fom ARGTem @R eifrs i
(RTHfETIT @R 772 #AfeTSIF) 372 RNA Se[d LI (G G0 I8 Sramie] (@eafes |
caNfoa SatEs ey wfier fAtaeaief (Marshall Nirenberg) @3 (FHINT SAfFca=t
SRTA (T 2T HRITS! IS | TS SRl (Severo Ochoa) TLHHS
(AT IbiR TRz aaft Gueb e Awifere (S<rma AR
RNA @7 FHR) | A@I® Feqiasl 72 RNA AT Joroe ARR) I | SR_eE
(ST (T T GF GH-@IC 2P T ZRC [ AR 6.1 @ (e 2R |

et 6.1 Rfey Sz snfites o @ed 75g

a4y SOk
P M SERlin
GSERC RO

l U C A G l
UUU Phe | UCU Ser | UAU Tyr [UGU Cys (U

u | vUC Phe | UCC Ser | UAC Tyr |UGC Cys |C
UUA Leu | UCA Ser | UAA Stop | UGA Stop (A
UUG Leu | UCG Ser | UAG Stop| UGG Trp |G
CUU Leu | CCU Pro | CAU His [CGU Arg |U

c CUC Leu | CCC Pro | CAC His [CGC Arg |C
CUA Leu | CCA Pro | CAA GIln [CGA Arg |A
CUG Leu | CCG Pro | CAG Gln |[CGG Arg |G
AUU lle ACU Thr | AAU Asn | AGU Ser |U

A AUC Ile ACC Thr | AAC Asn | AGC Ser |C
AUA Ile | ACA Thr | AAA Lys |AGA Arg |a
AUG Met | ACG Thr | AAG Lys | AGG Arg |g
GUU Val GCU Ala | GAU Asp [GGU Gly |U

G GUC Vval | GCC Ala | GAC Asp |GGC Gly |C
GUA Val GCA Ala | GAA Glu |GGA Gly (A
GUG Val | GCG Ala | GAG Glu |GGG Gly |G

(SATDS (FICCT A CIRycen gt s —

i)

Vi)

@Ies g TEEFw {5, 61 T @i syize sniftes wewe a2 F1
@3 fo @I (I SHNC ST AT I2 FCF I, ©I2 G 7Y
(PG 07l I T |
g g SHNEET SUfTes IFe GFifEF @Fed 327 I IR O (S
(@I fOrsHItas (degenerate) JCA |
m-RNA FS (SICT9TEIIE ised 2I0 (0O 8 | (PICTER M) (&I
ISRISRIGI

(EAGF (FIG 2T Afeae =7 (Universal); Wﬂ'ﬁ{‘?{ AFERA (AT
WY IE T 7€ 3 GR0F ST UUU - (e fFizet SyietfeTa (Phe)
FCF® J24 I | G2 Aifed Fg o MSGRFAGIR e I @
@GS, € 5y (ABISRR (7l I |

AUG @I% 32 FC e 367 | @6 WNRISHER (met) e 329 I @R
ARfET (e e aig T |

UAA, UAG, UGA & Wif®} @ee (termination codon) | m-RNA f=ie
ACPEBIRE Faras Mewlers gl 70eT QojTaTl (I S SRl SHifies Ao
% FAE O BEd 9 (9T T (BT (@GS AR )

-AUG UUU UUC UUC UUU UUU UUC-




Feeisifeq S fofe
Qe AT 65! 9 | FRHRSH 267 m-RNA A0S S Suiize SufRes

el | @ Tofafefe w0 m-RNA (9 EPebiRres e gl 203 ©f ford |

Met-Phe-Phe-Phe-Phe-Phe

ool eiFebizres Feaa fdre P cor@l F @l TemF TYAT
TR ?

(TS (TG (& Y6 &5 (orEl FITATRl (72 {6 4T SR AR IR 791 =lisiw
TS AR b2
6.6.1 2IfFAITE 9IR (STCABF (FIC (Mutation and Genetic Code)
AT SR M & @ DNA @F S0 791F F_AGE SIS @R[ 7|
A TG (O AT @GR 97 ASR FE SgE IR0 | 9F% DNA 1S
2 fEfemiie @3 sRiareT 3 2eR Tere SoEk Tl AT |
93 (e GG Tereas g S Sl 20 #{1t 1 fEmiva At g =iged I@ 209 A
R T T I PG AT 06 | QT ST NEHHITTR g =ieet 171 a1 23 |
AT WNSCHHIR @3 TS Tnizael &1 - Rt % ofet Cofsa oy iRt e
GF (@TYCIR 2176 | @2 NEHHI T B @l %t g5ifS suitre enfem
B Ao 277 | G2 FRC @ @R 1S 23 O FRp a1 @t Suifafr I | ARG
ISR 2SlF, T T 2MofT & FEGITe @R LS 906 A €3 & (0
TGS @O AR D06 O fTHRS FeT Srizdeleted MR SISl @i
A
e =meten fa ifde 3t [Kgfer w2t Bl 73 @ afsft == (oas
@ICed Trol fonib o@Fg TR |

RAM HAS RED CAP

It SR HAS @32 RED @3 NI B SPai60e Gy i @3 [igfefba safe
3 Gt ~fere fAwgel 21|

RAM HAS BRE DCA P

GFTGITF, T ST 42 TR 76 ST B e, 47 BI, O3 @2 @2 [igfefoe
AeCe o 577 27 |

RAM HAS BIR EDC AP

Q= Sl 3 9hE R oG *w @68 A pfec e, «f BIG, wea [gfefbes
AT ol N7l 2J |

RAM HAS BIG RED CAP

33T A TfERe RS (AF R, E @R D SHR9TAIE 45637 49 @56 «@3
N Sropiiet 03 (6 98 *Itwa (ofia ooy [RYFefba e sae oy @3 T
#JeRIgTE SO TS AN |

RAM HAS EDC AP

RAM HAS DCA P

RAM HAS CAP
TATAIT FIGH (AF G0 ST oS PIITE =P T | G310 A 76 MBGIcee @R
TG Al AR s (@ R G2 AR A SR qo0E Gz R (AT
&t 219 PO (Reading frame) #FS G617 |




IR

g 43 @ AT A FSTHIE @@ 16 gt (Frame Shift insertion)
JIfEfemis fRISTH=I (Deletion Mutation) IC | TBLEITE (@ HeHIFCN oo w2l
o 71 SffTotre (PRI ARG S THCT (b S| T (PO LIS
I S WG, ©f2 IF A g SR SHFTST ALCAS A SR 2 IR ([T R
@2 AR A IALANGT FCOCE (12 TR (ACF *F IR AZGIT @O Ao+ SNl
Tif7afET 2|

6.6.2 tRNA the Adapter Molecule

(AT (FC ABRET ACHACT ¥F (A2 FIPOT S (Franchis Crick) @3 g
@t oIS et (T 93 (ITTT Ao G TF SHNBCH ST Aol TG T4 Tee @36
AR SR AHCZ I (STCADF (FICYTANF FOFONA HAITHT &) SAZCA!
SN G5 (I slowere [y (12 | fof «a o smwebr sgg Toiffs «x
TR O M @ (ST (I I FRITF 2 G SIS WS Szt
TR Ao T 200 AT | (SALS (FIC AFRTT 27 tRNA, sRNA (Soluble

RNA) It #ifafoe fesi|
O GG oY 2
a7 i g HAtT wiel
foicafes | tRNA @7 @3
BRI 51 AR TS
THARRS (@AYCE (FICA
G (FICCTR AT 27
GR GO G5 SR
SIIFTE o 2BS ARCR
3 T AR tRNATS
gl SiftTe F[res
@ 6.12 tRNA GG =g Frel gv Tw | Afefs
SRl SitTes &wy
ARMS (RNA F00= (57 6.12) | TR 2fFa g F99 &) 999 @36 WS
tRNA IR ACE AREF tRNA (initiatortRNA) JCeT | 71 (FIST (Stop codon)
FACFAC & (FICA RNA e 71| o 6.12 (9 tRNA 97 Tl Al Gieseifa
s1otTa foa (el SR T 7w sArel A @FreR-f7e (clover leaf) S+ 23, 2FS MoT
tRNA  «3{b 7P1R2® B A (100 TTHICA! L @3 (0ol 23|

6.7 EW“TW (Translation)

BT FeTce @ SAfRTeibiRT Tof Ty SumRe St tes Afe ot
Al (sAfeTIRETE™) & @RI (5@ 6.13) ISHISIRCA STt Ky @38 sTesiss
m-RNA f=Ie @ Mced Feais a4 =211 sumizcat snfesmE @ axaw
21 T AF OIS (2I5A513T I AT | 46 (219513 el 91507 Ty =i eftarer
2| Of2 GIRTEMITTR 22 MITeg SHiE! ShitTestE ATP S Svfriore g
20 @ G G R AARFS (Cognate) tRNA &7 el I8 0 @R @2 2fFe
YIS tRNA AFTFI (Charging of tRNA) T2 wiwe At Sea tRNAGT
SOMIECA SAZEI (aminoacylation) I | a9 o AfFT (Charged) tRNA &
T IR IPFIR S 27 O T AR G0 T (AR 3@ 1fe 21|
SRR GRS (A9(GIZT T 910t IE GRS FAE |
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2o FROITTT T W T
IR 261 RIS | AZEIEN W
RNA %% (Structural RNA) @3z 80 5
(eighty) Rfew (2lifoa e 237 | RIS,
a3 TE SRR g6 Segs oo SR
I G0 IT TRGFF GRG0 (RITOT =2
G | A ARSI (RITH! S Ao
mRNA &3 0 S ©29 mRNA (A0
G (A AT Soy GIRTCeTie 2R %7
o | ARSI 28! S SHifTeeeet

YT QST G G GG (F1#{GRE T o O
el SR SOPTCSTE Tt 717 08D
FRFIR AFCe AT o Afa*ve FITe
ARSI IC S GFH TS G5 ST AR |
G (oABIRT XA SHoTTT T ARSI
@7 SEeT (IIFHRATS 23SIRNA 61 @3 T<HmF- ARAEIEN) FrAS FS
|
mRNA 527 GiseIis €35 ( Translational Unit) 26T RNA &3 @31 43 Teeiss I
35 2T ARMET @IEF (AUG) @ T2 AT Tl (@IS AF 3% [ sAfArsi=ibize
o= 0 T2 0 | 6 mRNA (9 fa5g SIfofg Sesizans QTS AW GITceTiie 27 1
@G3R QJTET SNGPICEToe ([f&R [Untranslated regions (UTR)] a1 | 3 UTRACT
mRNA @3 5 2% (AT @R tF) @32 3 2AF (WY @ 2t7) ol
T 2T SRR I | Q9ET FRGAOII GG 2ifEF SIEtE &) eitaiee 2 |
GISTEETICR S5 Wil SIS RE &+ ARCIITESN mRNA 7w 2i=fes (e (Start
codon-AUG) @ AR T 2 IR 2 ARTF (FIGIL0 (FIETE AR tRNA (initiator
tRNA) FIE I AR | ABCIATSI (2o F0eitaa I w17 (Elangation phase) Wtz
T T | 3 I HETIRICA tRNA @F AT T G0 SR Sifre sufEs (@i
tRNA e SpifStaieta At A7 @1 320l FIF NG FAFE mRNA
e TR (PO el IE 27 | ABERCHENH mRNA GF O AR (@I (AT
(I B0 *[F IR | SIS SHPTGIIEN GG 77 @ T 20O ATF 938 DNA @F
90 S @38 mRNA @R Sop=ifoe RRHRIAIGERS *jeeT AT TR | 77 <
a3l fferer g T (@O A IS ¥, G T GIEHIER T 906 9]
FiRITE (AT 7o) SAfeTcosibizet @Rw S|
6.8 ferta @™ Tg@e (Regulation of Gene Expression)
TeTeeTa 2] oTgel TeTCs GTb STors ioRe R (@R 31 Ko W #iga (e 2re i1t |
i e 21T Fereffore «lh ARTrei=bRe 21fde 2 ora «ites ffen e e i
QA0S 2IeH | 2CHIRebT Gita, 3 g faferfis we oz 2ol w9 @re At —

i) GETEsMe @ (2N G5 aow)

i) 2fFaea w9 A 2R B9 (=RiEhR a7 fEge)

iii) SFT (AR A MRNAGT SRIEe

iv) GRS S|

o 6.13 G
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G35 @I G WS T A AF9PR IS AAMCTI Sy ST AP 906 | Tvizel
Fg71, E. coli TFHRATS ARG B oIS PiRes: [N SR a1 eTRbIrsa
SURERE I AT € LR AfRee TR IS JIZe 2 IR AFORA!
R (OIS S LIS > T oA T2 0 | ©f, I AR gind™=
T G B RO 92T FAIF & FFCOIT 1 AF O GIOHCE q7d B
ARPEIAIR TS S FKCAIR ARG 27 1 | ©12 728 S @it 251 @3 (6 RoARI,
RIRFER WA AR o< Al & Fapres 2o foRrgerecs | i i femees
(Sets of gene) AFHT ARG (TG T8 99 e ¢ fArefre = 9L°ﬁW
G Afere =7 |

GEifpomita 2fes wi 2 fEees e Y2 fes e fagd s =
@F GIHF2MIT GF(F 2 AT RNAARTIES @7 T Sk Sigafes
C2ITBw IS ! G ST Bl fwiEe 27 3 GETie=Hie GFeaa ARes Rt
AT FIOI(F AeIRTE | G2 g @IBaefie dares () @32 dmIess
(2SI ) TSI F0o1 IS FAC® I | IZCHE (AR SHF DNA-GF (@R S g™
aers! (ellfb MCEF ATl DNAGT Teeis e Sesfat aa foafge 25 @3k @2
FEHIFALCE AT 0T | ([T V9] ST (2ATIOR IR A2 SAIOF SIGeATs
R SR (G AR Ao G0 e ceifvcas A I8 23| afel
ST 96 7S Soitata «R S frer™ it | Swizgel J99 e SAIEsa
(PTG FF TR AT @R @S (@9 Mg 1T [ePE @3 Ao e
T

6.8.1 “Tj{% QTG (The Lac Operon)

AAGN % Francois Jacob '€ (& FRWAW Jacque Monod &% &y Gl
ST KA I @9 AT FfETeS T ST H=AF G TS 4l
5 zrafee | «aiE e {6 GrETfer B fNafae swifs ~Seia i FrEfeeEr |
G35 T STHAT (9L Lac @IS SHFBISTE @RIC 20R) @3(6 77 Foga
RS (Poly cistronic) sWofa &« (Structural gene) @6 Aa ATNTIT
(Promoter) @3} #¥&F & (regulatory gene) @il g =37 | GFORA @I
@2 Fot RO 2R oral AT @R GTF €2 (Operon) 0 | @277 g €oTR
TwiEde 76 — sUIE €eiae (Lac Operon), fG# ST2F (trp operon), ST €THA
(ara operon), & @T5@« (his Operon), ©JeT ST2F (Val Operon) 29I |

FF SoiAw (Lac Operon) 30 fa@s &= (i f&w- atwtg i #ffte™@if inducer
& @RIT 1, @fb @F©2CF inhibitor *¥ (ATF eI TRCR) @38 3 (three) T
M &1 (2, y IR a) T 9fd® | 5716 @izt i fomit e (oo sisers 7z
IR Z TG B aIeIGmizees (B gal) SCEHE ACFS 72 I Al ARSI
Tl sTFBICET oY Rese 9o Wit siwhites TewifEs (monomeric) €<
PARPCBIS G LTS 21T TR | y & ARMS SLETHERT AP 24 6 A (G
B DENFCIARCTE SABGER (ol TR R | o Gl G SyIFGIRETS SLribea
TIPS 2 IR | ©2 TS KA Gl FF GCoEe P foaib e el S
R TG TG 2 | o) SR TR (G 8 68 ST I AN 7ofFe Rty
ALYYTE BN G ST P & Ao uatg e 11 ardie (oq 6.14)
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N ) '
RNA AfTIEe @3 FI0S It4mi I

-TWIHRNA TR G =7 Al
@
P i [p[o] =z [ [a]| wiomamsurs
l[ GrAfF o
/\MNA 7 mRNA
4 | e
iRiE ) SRS G SpRiERES
0 P
5@ 6.14 571 ST

B SIFAIRFCEIZCTS SLHIRT ARELOL 261 TIPS IR @fb STt bie] 2et
(Switching on) €3% I RE (Switching off) fTTg FF | B2 ITF@ FTFOISS
BAfGCAT (inducer) I&1 2T | I O T I G e ifefers T
AIFCHTAR 2T NG FHFCOE (ST T O ARMNETS (Permease) SEHAGHT
T M TFEIS IFERA @I AT I (M @RI @I A2 47 o5
WG 20N FHPETAANCE A APCS (A 1 20 (P FBCOIS AT FACS AR
) | G FIFOIS ST (FfARTeNT Tmifsre T |

ST e (2foaft i fore (et skeeifo =3 (All the time constitutively - i3
FITICSIR (NfeTe 257 |

RC2PTR @G0 TRt SAIEOR S0 I 2T @8 RNA 2ARTSIEe St
IS IV R G G ST G2 05 =1 | FHIRFCOIST 12l SIEEn R UoI0eTa
T® ZAESAR (inducer) Goifrfsre faramz caifta 2nfTes wiee wie:fmmna
e W 20 508 | @7 T RNA SAfRTIES (AI5E SG0e I8 200 21 @R
GeTFoME *g 2T (B9 6.14) | SIRMFSIR TIPS TZNF (A SR
ARCHLET A1 (12 SR AR Fage =aae el ([@es A |

A @Al FHFCE ST &) LA SR RIS SGEAR 2N Fier
TS A 1 | (O 5 SRS A7 SHFCITE SARRISTS i St Fomd A3
HeTCe AIPCA 2 [T I AN ETHAICAT TZACH oS 1@ (negative
regulation) fZTT TTard 41 AT | TF €A 49 (TG (Positive regulation)
fgentine 27 f5g 2 B @3 KA SCEma JEie &2 |
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6.9 fae« TSI 2Ts3 (Human Geneme Project)
SRS ST (SI F#ITT=™! (@ DNA f=is @97 43 Sesias 2ve it fEmare
S| e I | TSI IS (9N (@I GRS A GF G fEors 6 DNA
eg! S iR A | 7 4fs @ G #1147 AF R G0 DNA TeHFEE TS
g I 2018 Al / fome!l AT | G2 @R Ferfors MeEe s
35)ef DNA esigsft 08 (77 T (SIge 16 20afee | fEmare 23 e e
(genetic engineering techniques) RSFIIT FCeT DNA @3 RS @36 4GH(H
52 9 @ 9T (I 31T 9 T8I TR 93 DNA Fewigs| (MAace: e 9H(6 e
8 YO P& FAIF ST (FIeT T2erwTe) RENR 1990 A/te eI fercars Prrmicafig
T Gy G S THIFER! 2w *[F 20 |
RS ot 2tersfs (HGP) ot «3f 32 os | af st @2 astara Sraeioien
ffeiReei weifte IR ORE (o 2 AF0ER AT IR ATAGT TSl S
FACO AR ¢
S e & 3x10° @ I (bp) 00z @Al &fs @ o Fiesitm
TR 4F6 3US $ Tl 3 MR Teila =1 (77 0 s 416), O3 @2 2755 o/
AT G S 9 Ko US Taiw 436 203 | Soig 3t 2l STesises 1[2es 512t
(A 33 BN 2 1 27 932 I3 &AfSB o 1000 6 3¢ A @3k 2o T2
1000 5 72! AF, @ G @FF AT @ (AF A DNATEIFER 0 A4
FCe 93 33007 RWET 2w 2@ | @3 [ YT e 92 (Data) T,
O AE @ ST 9% SR RO & b 271 17577 (Computational
devices) 2T ! 2ATAGH 20 | GRIRWIT @6 Toe (Fq Sl AARBTFAHOLH 47
7o R et HGP w5l JifFe e |
HGP 93 ST%*J (Goals of HGP)
HGP @7 5% 9771 Soomly s oredl ze1 —
i) M= DNA =@ 27 20000 - 25,000 &g AT AAGII 1 |
ii) ST DNA a1oeiidt 21w 3 Rfere aminfas @1 goam sresi fdize 41 |
iii) Database @ 2 © HFT 1 |
iv) O ROIRTIE o) TFe R01a 3g9iifs Ia2ia 1 |
V) @ FEe YT TR e SRR NS S CFCE RIS 401 |
vi) @2 2 (ACF BLI TS AT AT (0, SNBHaS G3R AMEE KFgefenies
(ELSI) R fRese <=1
fRe feram 2<at feet @l 13 quras a9 a e =S wea
3R ARG FRy AfePE (U.S. Department of Energy and the National
Institute of Health) (/7 721! 31e FCAfRel | HGP 99 *[3 i I==9]C=1I0S
Wellcome Trust (U.K.) HGP -4 2] SAMIT f&e1 @3z #97SIce Sitolie,
T, S, 5 @ Sy (e (e (@ g srrifaret sivewt farcafee |
2003 A G2 LI IS (< 20AMRE | 9% GIIF M DNA SFTIF 2ol
TR T ET (02 S ARSI 2l @il IR FAergrael, e
@3 gt ey oot Aty T0S g A2 (RITS A |
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E SRR SR T (L@ AT 2Wie 91 QSIS ST 0T iy G
DNA FEGIF 7={(F Tl ©Ind FrelfRS el @RI CHia AR FACO AT @R
R @I FRY AR, FRCTE, *(E SeAWH, AT TN G Sg© TRl
FIRIRET 2 T4 @S AT 1396, Caenorhabditis elegans (936 FHTE @t
I 6 A G [E), G, (i), Sfew (419 @32 Arabidopsis) 2enfus
TS T 7T G I T GIRPR[Ced DNA @3 PR @ 391 20z |
7S [ (Methodologies) 2
@3 Awifeg ufb 34 S A0 | 97 W@ @6 M G fEma@a A ac BoF
SRR FCACR @9 RNA 2 e 2107 [T Expressed Sequence
Tags (ESTs) F&1 =) SfBre 72e ST 7)< fTtais (6 Aeeiss Srasizieiid
@F T TEE T AL T2 G TR T2 I ol G FeGIa e et @3
ATS! AT 2 AHFR [GH S IRAPA WS 1 20302 (@ e
Sequence Annotation 1) | DNA PIHIGRER @7 oy @B (A va DNA
(P 52T T 2 8 AAROICI SCHFIFS (B! SN 5 DNANSS #AfHere Faved
(T @A DNAGST S1er® A sifersiig @k Sre® 719 DNA 4%td P F419
CF(q 2YfToS Al TER) G} [T (037 II2F I T9TT (AIE 9T @
3 77| 3 @I 9T et A DNA 4ee [ (amplification) 96 | €1 T
FTTSIFIA 4T F2& DNA 403 FFGEPR T @0 ARE | @2 2T oama
RZ (2T TR Zo1 — (IR 8 T35 G (@FF9CNICP BAC (Bacterial artificial
chromosome) €<% YAC (Yeast artificial Charomosome) <& |

ICOIGIEE DNA ICItE™ S (automated DNA Sequencer) 9219 3 DNA
JEFCEANE PIHERR T2 2@Rd @3 G2 SBIGIES DNA FISEiEfs Fredrick
Sanger A1 2f$® s A=for Nfex Tow Fier I (T @A (2ANBT SR
e Tewigw N oS aasa
3oy ¢ K@il Sanger ¥9) |

@3 FEHFIYEAT 9999 DNA (S
e g wifdgwacaiay (Overlapping)
gt SoifRfen Bom fofe wea et
3 2| @2 [ieR owg Praii a3
Ge) SGACANN AT AHF AT |
NRF 2I0F 2 AGFAYCA! ASIA| TSI
T | o2 [eeifre FF=eol fefes Ffb7
CElRq 331 2eafea (6@ 6.15 )1 92
FCHIFAYTANE AT NG WV N R
@R 2SS Aees S T
ol 5 a1 z@fRs | 2006 AT May
WOAF K (FIETNG @ ACEST 1 @9
R gaie o ZEfee | (@b fem

T 24 6 corora Wi 22 g 15 gy e eiveg fage Sopt

SIS @R X € Y , 97 Prraicafn 3
et BT |
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AT (T IS mcfw BICETCET foe @ 261 feaiess ol cote Wist (Physical
map) 8 f&=97® M9 (Genetic map) (o7 Fa1 | COINSFERS BT AT
X9 9l recognition site 9 IZFOI R TBCPIICeeT26 (microsatellites) T
Hfafoe Py s[7=Igfe T DNA Sewistm Soiw w2 I G Gt tofd 2rifee |
(s/gf&ET DNA TS g0 G5 A9l 78! Sroen DNA finger
printing & AN FI FCI) |

6.9.1 T it Aggsiel (IMSrTZ (Salient Features of Human Genome)

REIA FE 2ters (AT A fFeolel Rl e ey g 2o gl ¢

i) 2o feram 3164.7 [feme @1 g swfTe =3
ii) ofefb & 5itw 3000 (91 TS 27 6 G SIFICH iis fomel sifertare
o | RGE +iffbw gze M femfs ze1 fGifea (dystrophin) TS 2.4
fiferre =1 FCaCR |
i) IS PRt S 30,000 & TCACE A STE ST 80,000 (ATF
1,40,000 f&Caa G&IT SCARH8 F | 3K AT CFC@ 2T 371 (99.9%)
NSiPIIRT (PCed Teahy @8 2T |
iv) wiftgs fEerees 50 =reikere @ et wia g¥me sl 270 |
v) TEEeR 2 seikeRe W oikH (@b AT 377 I |
vi) 7R Aewisw (Repeated Sequences) R M3 fEaitsw wifegze
X o1 A |
Vi) SN GTeTE TeeFNS]Tel 25T DNA Feei@aies (7 SiR*2 ([o)te g1
G TG PGS G| (AT ST 1€ 7J==19f& 96 | @B S 1 & @,
QYT AP IS AR AR A (I SR 0 11 769 31 @ets
5194, SifoReTo! GaR RRSTR ToF AEIFoAS I |
viil)  GRITAITE 19 SRR @ &= (2968) (1T @R Y GICICSIE &
G W AT (231) 1
ix) Rl T s aw 1.4 fifere Siga 7Ws F0a0ed @4 DNA
(S @FF @UAT NLFT @Al AT [SNPs- Single nucleotide
polymorphism T S1Re-H (Snip)] €2 U T FICNCENS
(T TGN, (191 T A eGP @ N RIS 262 I 72T
G2 SFHYENE 05 @ AR AT Ser 21 [foe |
6.9.2 2T «R SFFTER BICEEIIR (Application and Future challenges)
DNA i (ATF 2ie Sgolef Taim oSt mioflencs aiaeeia S S
FAE T SR SITFE JATS AR FAE | @3 e Fieer Ko shifd @z
PRI ToR CFLas [ */I4IE RIS RIS Relts wFol 6 e ileTels 2TeH |
R & Fesiga T v 2okl 7 @3 @, 9t S s
(LG g [ STAHA FACS I 200 A | OO AIITFA 98 7T o Al
w731 forg TR FETea S FHe | 7)< st sesis™ ¢ Srepyfa Toq 2y
AR SR Amfosreeitd ¢ [ge #feies @2 KRaca auiwen Sisiq Fae (i |
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R QoA GG TeTsIoRIe 311 fere Srerey e 2I1CH | Smizgeragst «f NS et s
&) 124 fHTNT «F 71 GIHF5 S G TIAT PRTS I Tel) RIS AT
TIfFS (FHETNE AT G T @ (2o G FT I |

6.10 DNA TFel[Ff2if5r (DNA Finger printing)

SIS SERAATEICS T AR @ AR FICAG S (@ A 99.9 *oice]
2T 2 | I PR A 3x10° (@RFEIR SRS A0z A6 471 2 O
FOYCEN @O TP A AT TRCR? DNA Feslpesl G212 Moz afold
GTF GRE IR AT RRTHR 7 (A0F FoF I (OlteT | TM (@6 Yib G G
W WA GO AT FRPTIET W& et #1197 41e ({7 FA0o bIF, O
AfSTHIT DNA @3 PR w1t 3t 30w ¢ aregs Iiw 2@ | T3 1 36 @,
3x10° (331 o SIS g6 GIUOH N0y Weiell 17 (50! FACR! | (A (Al 4o 95
G DNA ST K Qo S GF0 SIO% TS G 261 DNA fRresiizr 2152 |

DNA esigts 5y S Siget (@ #A1efey IR ©f FeFAeE A0 DNA el
252 I8 @} 9B TGFYENTS AIGREETE DNA (repetitive DNA) 061 IR <3
TESFAYCATS DNA GF G5 F& SR 7 719f€ TG | qo0es fowat freq
FGRFeTa™= (Density gradient centrifugation) FCeT €% ?ldanf@m@ DNA
[T =5 feaifis DNA (/T T 5ot 0ot 7j2dige &% | 571 f&aifss DNA o
28 b8l (Major peak) TSR FCH @R S} 5FH pUPTR G20 DNA (& (Satellite
DNA) = | TRGITSH @0 9199 (A:T & 912t G:C ), DNA IS
O, ATRIYEETE G AR Gl f6fe I AIGA1R6 DNA (& N3 FGeNzs,
I E=1Es Tonifua wret g FHHRTS Sis T AT | G2 AEFAEN ADKS
I 2T s T2a I A g @alten RewE famicr «:(6 fReiie sigt stom
I | @2 A SHAQI g0l aAvef FF @3 DNA e fafte 3 fofe
Mo I | ARG G0 @ GI7F 2fSfs Tl (AT 218 DNA (@ 7%, [
FeTRe, G, 2N, A, A 2971) 952 AR I 2S! (T, S FCEHAPE AT
GG Q9T STOTE SN AT T2 AR IS I | “ole @Ry DNA
e Tgg-TornR Pomiel (AT TGS IR Al 27, o Fefles cFig
forgg ffaer fofeR zs1 DNA Reeta 212 |

@Y DNA eI 931 e Gt f&msre sist tofs e oA
DNA fFreis f2f: a7 fofexgst, o2 DNA Igg7iel o1 7=1re wir@t F 3 ot 72w
ST SN STl S | TN (fermiare Wi 2ieael) I35 NS CH=Itera FeceiR
06 | (COIE1 S0 FCq @0dl, WETHta [fen a7 @R a2 T=0F (ol
AP I R G2 YT FFTS! SIS ST TR FCER) | 936
G G el 2GR (FRCHI9TEITS A SFHAYTEICS ([ @R EeTSereiat
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HUMAN HEALTH AND DISEASE
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1 w32 SIS S Bisimme «gse (ol T |
@Bl 7ol T 2RMRE @, 371 FceN /e (Black bile) e
e 82l (hot) TG 7=/ 2 G O GF (eIl | Rt aAfozrlets
owl aiaiz @2 airellbs Tea 9ebfee | o[ “wfs R T
T3ferw =TS (William Harvey) @il I8 A<glerl SifRee @22
TG IR MG Fee o e Jfewma qrelics o=
NI A FERR ‘Good humor’w_\gﬁmfw aifie FafRe |
TS| ARFYCENCE SRR TG (ACF SN AW @ I Fgoq
G ST SLE NG SN SHFOHT Al T 9%
SFIFIOEE 2F (12 OF Il SN PR IE AT | O3, T @3
PR SRR TeRE SR TGS LIRS FACS A | FHET
@ e[l Al FRy deife 2% et 26—

i) fema® srRreiReel (Genetic disorders)- @b % (@ Hwe
oG 7 8 gih N T g3 S (A0 @ AT
werRreieel At gft Premre! (Ate TeifEe e AT |

i1) SN (Infections) R

i) 4y @ SR A S 2ol I, R @ =i i 3w
(T IR QI &) S AR (ST SR IR Al (73—
T SRR =S |



Gt

FRy @2 ARSI 2T AR AR IR | SR FISIF IF AN
T 2 TR IACO ¥ T[T SR A ANRARFSI sl AR @RI 1|
FORIF @ T (@ AT =0, A 932 AMGTSIE F={oR{e Site
RFICE (@R | T AT IR AF T4 SR IS NS @ 7% 27 | 6 SeoAmeTaorol
AT @R NLASF TR S | FRY AGIT SNFE AT @R ] € NEF g
|

SRR IS AT I AW, Afgere IR @3k fFafirs =7 561 srore
I | “AFEES FeT (ATE MRS '@ A IR ST FCF @NSIIOT 561 2052 |
IR G FA G @IPTR G2 (MR RO FIS G0 2Ol 910 Aooel 26,
TFINE @RI TIeeael (SFrrael) 1, 87 2T Afow ool
(TR 7Tgel, < I3 2R TR SRR TR SRR &R AL 2T |

4 (TR GF6 Al GF RT PR A OrFd FRFA g geifie
o w1 (02 Rfew @0a omeel @ Topiel (rall TR @3 SR 3o G, S R g
wefie SR @M | QISPTRE RGOS MFE I3 SFRFNT G2 g2eitl Ol
T AT | @ I @9l @F JE (A S0 TeT (02 7208 1SS 2 Ot RGNS
G191 T | FALPINE (91T FOAGR (A 2GR SR ATOJCRE Q[T R S| o)
AT AR SR A SNFE 22 | FFHE @9N9TAR Mg AIDS @ ol [vg @l
A} 2 | S-FRFRPCANYCER TR FHAF @9 R JF G0 27 I | Gl
3R SPETCPIRE SHIRICH P8 FERIT Gt =l 2eld #(0g |

8.1 TTCIA AL (AR (Common diseases in Human)

ORI, SiZA, @i, (2GS, @@fr=e 2o (PR sl e
RS G TRA @I PR 200 A | G771 (@191 TR SRR AR 0T |
@ARY QRS ARG (AT \RT (T (IR (2T S IR I @]
R TSN IR, O3 GRS SRS I | ANCRITERTR [T S Sisiwe
(02 GO 1271 I O 93 SN FreIRS TRl FRFATH I IR G3R 97
FefSTe SN (12 S@l MRifee qaR Fifare wwfenifae 27| ATATeE @
AT G CoAITF (MR Srey@el AR 7ee Sferifere 2o 27| Snzaasqs,
CTSFeTe 2fRS 2FRITEetE siReEce @8 pH-a 03 A o) @R G
T o #Ii63 SRR =l afor@in T &) SRH2 G0 SR ST I |
RN PTG RIS (o g 797 @R T 31 975 (1! =o/TE sl
T 22| 3 @I AT @R fFTTge G- TS FTHC2| DA T
EReey

Salmonella typhi T8 &3 ANTATSE ORI T AL HIRPEC GF
AT IR | G2 SICRITSHTE AR G [ S Q7 8 el GF A0 FaiF
A I TR GTAA (AT AT N S SAPTZ TRIT | AT g (39°C
(AT 40°C), Ferel, (sGaniall, @HRIfden, MARIA, FAM Qo e @3 @R
T | SO AT (0 S0 2% 96 2 =R I {918 W60 1T | TRFPRC G
R 1 ©f ST 28w (Widal test) @3 s fARFeeSE it @0 2|
fenTFa @ 93971 oA ©2It Srard 331 20 ©f 261 @I 7w (Mary Mallon)
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faf S2we @IfF (Typhoid mary) TG #f&fw | (et s (At fof fate™ @vem
Y 93 BREFRE @ICIR A2 R 77 727 403 I (o IR NG SRPES @il
SRS RGN bRt |

Streptococcus pneumoniae 93R Haemophilus influenzae &< NCOl
RORRIYCE M7 ez et sl 3% awy wifll @9t PR gt
(AGSLel) A O | G FFACE e AR S0 ool 200 AT @R 93 Torfors
AR 9397 SRR S 2 | RO seseiaia =6 g9, =199 Sl 203 qel,
IR @R AT | TS ST (Hi5 @R SMGLFT LN R (AF Nerre 9 el
FACS AT | @Fee FFhre Afea 2o A FfHa et Wafe F7 et/ SHiste
AT LT AR TCE AN G AG© GG IS 2APT G=R I IR
TG G PR AT (02 FF 906 | forlG, (2o, s Tonifn 21 weag
wicAle fag WIALRRAEDS Cil |

TTRCCE I3 Sapie @i 95 03 | AR Sz 26 @9 @36 (NSl
SIZAPT @Y MR SIGJG IRFINE @I T G (il Sreffe gt Afwatfet
(Common cold) 3 I | G2 SIRAPETE AT IR W 0T 7FA WO TG
POTGHTR TG GO 1 | AN AT STFel9]ToT 27— Wi I 20 SN IR T
G, ARG, TeE, FifH, ARG, FE Topift @2 9% sFeejret e 3-7 e
E RN 27 | FTre TReT S w12 2o et Fefe sl TR 2P Mg
5j2re 2T A N, I3, F7l, TG @I, FTHIET F-@IS S AT Toifud sl
IS TP NG TS 2GR IR AT (02 FAFwel T |

Wyead g g @t cAGicem witoe =) (ol SRR St oAt
TATE W AR, @ @ G @19 @ @A A NG IZ T2 40T 0T SR |
AT T3 @0 FW CAGITS 92 @9l o7 Sy il | A [fen
oGS (P vivax, P malariae, P. falciparum) RfST €00 SUTAR @0 S IS |
I SRR @9V N Plasmodium falciparum PR 75 SfoITHG Sy
=5 TG @ TARE 3R G 9T T g 7S q60e 2 |

B, SR PSR AT Giawpv @i (5 8.1) | AFhe F
SRR PR WA T ARG (FRFNS 51) I0o Sz
(Plasmodium) STFRM(E AR FH | AT SRR ARG TFL (TR TSI
Rreifere 2 MR I @R G217 GRS TTFEPYCEACE NG FH 8 IF T
@i Tl Jmie <0 | @NRe TeRarEes [mmd qore (Aes RenceRie
(Haemozoin) FIN% €3 L3C< A I (toxic substance) f:97® 2, A7 e fox (A
I SIS S8 (72 9% I 071 8 SN G ST | T4 G B SOICTIRRIOTT et
GG FLHNS AECE PG O G2 ATGITH P (02 AT I G 2GRN
AT [T TN TE] BETCS AT | TP (T2 SFGIA9YTo 710 IR ST CoATAISTRG
5 I @Y TP FNAIRITS A AT | T4 9B THJITHA (@I GG [T
TG U B ARG O (R A T 4R TARTE TG 47
O | T KW 2 G2 @, VAR A&7 GiReb 7194l T e 9o (AR
ARG 2T IR QTN TE— ST @R 50 (B 8.1); B Syitaifefomy s syicafaat
FAGINTT (TTF (ETRPA NGNS G |




ST MATH  ATSA
(CITATSTRG) TFC (AR |

.|

TR @I ARSI ST
G ARfeTe, RS

: .;-;_ =0, il R = qa ace

ColT RITL

Ry B
o129 I & 9 s AR eTifze
ol & < T A _gslen wieeEs
a0 —/ 1 e emfere e w0,
W - ‘)( : TS e R
giol | ‘ o, T AR G 8 A
f& = ik SE LR E
2y ARG Toa @iz
(TS TEFFIPH G TTFTFIATATS T
VHPTICRS (SBCCEPAIRG) faeeret O |
foq 8.1 eSS GHaoT=ea fafeq HRifEE

Entamoeba histolytica T N3 QRGPS (2B (IBIgT 4 &<
| SR Al SRR (amoebic dysentery) 5 | G2 (@I ST 2o
@RI, f5arat  Ripf, e i wfefie amt ¢ oigs 7w fofe zent | arwia
e TS 07 S I3 R WFE JfEF TeT (AT 2GS A @ AW AN
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SO M QTS 1R TR | 56T GO ST 7l 7S 2o &rat
GRR Y TET FGAC o1 B |

FHAGT (ATF TACT AR Ascaris G2 FREERA
@RS W Wuchereria 7@ @@= (idigs g =A@t T
AR @19 AT I | Ascaris TIF SifEgF A7GE 2l
IR (Ascariasis) @191 5 0 | 92 76T @NTIF ST
251 SepERd e, (oIS e, GF, TS G2 AfFgF=ce
YfoTHel 95 | ST A TR A RGN [Taejeen Fofe =
71 wifS, o, Sfen Teifucs gfve w031 1ive o@, w1fE, T Toina
T GFeT TR [T (02 92 A WG |

BRI @IP]oHA FW Wuchereria (W. bancrofti 93%
W. malayi) LIRS (5 AT APIANL T2 AT IR I 'S
T3 AT @ SepTred O 2wz 7S I3 9% 97 T @ @i
T ©its @fTFr=atm (Elephantiasis) 9121 FiRTa<aitm
(Filariasis) 301 (6@ 8.2) | 22 SRAMAAEN SFTE 27 @R
GITETFE AT FiRFs T | @2 @io fTFIF GRIPrE A
AITRITSTITZ. IR A2 B IR WRHTT ST @I = e ‘ﬁ’ :
(R RS &7 | foq 8.2 «faifrraoifm a7 Frace

Microsporum, Trichophyton 4R Epidermophyton St ﬁ'ﬂT@Y?jﬁﬁ? T (F-CHIC GFBCe 2z
e I3 Z@IF T A6 IRGE @R 74l I G5 TP fBrad AT AT ST

AT T 4B FRHINE (@l wiw 2t {7 eqesa
Tl WIS | 9, WY @G3R T e ToIfaes (scalp)
(b@ 8.3) @z “Ivel (v R =K ¥, ST Fo
forea SSR @2 @R 24 T | 98 FOYEITS
O Gl 27 | il @ WiTe! {3 TqReoIEIR JRTe
AR I G G LA Q9JTeN I A AT
TG TS TR TS T SIS ([0S
T | A0S T (21T S SIS TR ORI,
TG WA G Yol MLGTNS (HIeeTl 772 TeCe
2O AT | foq 8.3 < facems wir® =i foraa Jr

g TSN @ Afotaiy o2 Frgem oriitar 2R
ey TFTe TR TR TE Al 372 g9 |
RIS #{fv=erel IER AN TARCEN 21— (7R AT A, AR 2T S, 2w,
A, e 2129 1 | TR TS I8 3R eread IR fife, Fafieea
TER, T, T-TSR T IR TAKIRATA 2TFIT 8 FRYTT a1 GR @Al _
SEIDIT SEPIIRTER SC W) @ AT AR TIcet Sivf gio=iifafar (e 5emtss @R |
SRR, SHRRIEIR Gae SyFmIRRIGH O Mtel PR @I A RS GaigsE e
Wy 8 SCE AT =S AT Go (G ool @3 FeRifRfaewE oo s
S | ST @G3R e AR Trel IRRITRS @RS oFE THfTT
[T AR A U Gl Aied st @<k s fafameitas e afew
5ol Bfow | AR @R FRERNTE @7 TCo! @ioPTE, @9IE A2F FSTHlR T,




Gt

e 2 EIeFE TG TS TIRIT 251 (937 4R St 2o RIT fawge
L R A | G0l GEIR @R S BRI T St Al (e, fere A9ge
Wﬁﬂﬁ@ |fFa 41, N I F491, Z@‘RWWWW Gambusia-
T TS WG (T (ST, A, VAl TS LS G TG TSRMCS o ¢!
T 2R MO 92 IS I (AT 2T | G=IT! W T AT @K T G el
R T O T 2T 31 B | Arfoaamite sirren [Kfeq s e
(@] (dengue) oI (chikungunya) TSl (SFIR® e F @IPTE 2 e
ST T A @0 QAT 2foTaK TR el T STere ol 20 Wiere |
GIRIIR 291fS IO 0o PRIGASICI SN AN @0 Ry et
0o e TR | Bl 9T R SRR FOYb A2 w0 sEt offt dires
TSl GFH VRTINS Tl a1 Face e 20z | Sl Ig FRFNF @I9PTR
@ (oifere, fosirafzm, e @3z Boam @is Siesacea M aganees faage
T (102 | (5 AP (@ FATE T 12 -9 (SNl e eI %td) M
AN Toa wgd @32 F7m TerRR (ofiw I vertz | SHfGAhE IR Swiey
BT INRFIET FEAS ST PSS A @ ez 7w 2z |

8.2 9ISl (Immunity)

AfSfia S Riie 1225 sicgwel oI IGF Aot =N | o7 @Zeid
TR SR GRNYF T+ T O T (TG g CFra3 @191 9375 27 | (@12 @
Il 7ET G2 (@, SN (R (@AREele) qfEgiene g oI g (A0S Wi T
FACS 2T | SAFTOES TR (@9l o[ GRIGF RITH (AR 1812 I
ANEF G2 TSNS SIGTe! 6 |

SIIFSTO! Y2 LA 2T i) FTS SFsre! (Innate immunity) (ii) SIfee
SHIFS! (Acquired immunity)

8.2.1 712S® SIE1ol (Innate Immunity)

AZES SIS (M2 AfSTHT @9 @ 9 I AWHS 77w 93 «@fe
TEIETH! (T2 (02 TSN AT | SR (R 2R IR 2t 7t [ifen qerm
IR SHAPRIST ML G2 FISHT 7 23 | TR SHIFWOR BT L MRS
Ol I | G9JTeTl =eT—
i) A4S ALWITS (Physical Barriers) | SIS (02 G 261 G0 I A4ARS
ql (M2 YGRS ATE0 LW T | W21, (TSN G (Fo-Srelel
S TN T ARG SR SRS SR (102 2fRS SRt
IR FACO AR A |
ii) =NFragera Ar4mE (Physiological barriers) : 7RENS SiIfFTE, JU5gaH=S
AR, (BITF e G2 A2 SGIR JICS Nl (7T |
iii) (MR ANTTF (cellular barriers): FTEEMIZE (WBC) @ TS SIS (T
IS @ cooassiida @ oo e ffSwitiEs [Polymorpho-
nuclear leukocytes (PMNL-neutrophils)] €<% WW ¢ TS W
ST (45 4R FICHINEE) GRIAN TR MITHIFCS TGRS ST
P G RO A |




TICEE 7R G ol

iv) AZTBIFE ALWITS (Cytokine barriers): SIZAPT SFE (9T STIRCT
AT (AT T I @ AR SAAFG (ST SIRAPT A
O (YT T FI |

8.2.2 T(Ere Sig®! (Acquired Immunity)

S, Siférs STl ARt AHFS 23| Sfete SmiFre &R
2R G (IR A YFSfen | 97 oL 761 @2 @, SR (7 T4 SRR [0 !
ARSI AT SN O SR (72 (@ AT (77, OIS AN Sy Al
(primary response) I €3 GG T S| 5/ 2T | G TSARE SR (W2 932
ATRITSTAR AT ST TOE (G2 WEFeF OIFgol T (9ol LA SHAI6F
(anamnestic) G 35 2 | @b ¥ RIIHTS 71T S @, Sl (= G@epyRGR
GG TS 2L (PRABE N @R |

N ACE BARS ¥o
R q@qteg feeeies widie B
PITEIES @ T Rromemgcss | 0o e S
AIRICY AT G C3TIel S Aol ;
REbS 27|
T ARfoTe et ity @93k @
B Firwhies @ifea o3l trwe e 18T
(army of protein) 5199 FTCF | @3
o9 cents =mfesafe atat| T
IR (wejTet e e
wyifesafe tofs sta M1 5% B
ICIEs iofTencs Sifesafe
tofare ey w1 2fel it
w19 51 (AA-fGiET Woa A sifdw |
qUA W (RICH! 4D % ee1es 2erat 5@ 8.4 @5 =nifeBafS vz ow
*ee (Light chain) @3% Y *e
160 il *ef# (Heavy chain) 9051 | G&+) 450 SIfFBCCS H L, 071 &5 51 27 |
e (e fafes gatee Sifehaft Sevis =31 | Qojtera sty oy Sifehafe &e IgA, IgM,

IgE, IgG. 5@ 8.4 @ @35 SIfGARTT w30 (e ZCACR | €3 SITGAMATE! T Toifvere
AITF A0 G2 TNF AEIF FfSfeF (Humoral Immune response) SN AT
0 | SR (. (@ T3 LA SIS S AT (el I O T G0 261 7
fofes sy el @3 Gt wifas fofes | e el @xifeles sy el
T2 (FHfefed smigFre! [Cell-mediated immunity (CMI)] 6T | =K (T02F
@I S @ g, G, TF0, IF T4 ARHE TIRGAFSIE FE FACS S
2 I @M PRI I A @@ SRS 2e1 Sreniaferiion | o2 @
TR Mol (4% W7 2 | TSI & @@ IS (AT ol (8 @0o

[
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AT T (P2 GUFCG BB ) AT FCEAN 2 (@ZY 9] AfSTRNATTT Te Whol (AT
T3 TS o1 Pl At orenl, Siefie 2 2fSRoItT 79 sealie 3t St 22eiF Al
AGIIS TS 2T ©F AHATE @~ T wi2fie @ Aldh, Sy @ Ie 220
T (TS T 4RO (702 Al 1 (@08 AT N | (@I 4F0 25 /GG
Af SRl S{iF el @ aiZrer 5o wifbR (tissue matching) @3 FE2# 31IfHR (Blood
group matching) I ST IR INF 2 2SR 21T @NE ARG 4T
SIS SRV (immuno-suppresants) Giot 226 FACS 2 | (2 T G3R - [
IGF W AL FACS A 27 IR (I [SfGF S AT A 2SIt S
Wi |

8.2.3 i @3z Mg w w=igret (Active and Passive Immunity)

LA (AT (TR SIGTSCAR AT ST 04 (AT (MR SIGAE Toofey
27 | @2 IIfGTe A& A o GRIGFCA A = (AT (AR TR0 Shice
ST | G2 A ST A Syt A0 | AT SFaret faifors o1te $to
3R 377} TSI AT T Af SBT3 | AR (02 BT
N AHIFOOIT WGECTT AT T P01 N FSIRS FAPAAFICE FALPINP
SOEIRCE (MR (TOCH AT T A PO 9T | ROy 91 2o
(AF T2(F T FAF &) T4 @CEC (Ready made) STHGIfEaTen (e 7amiE
YT TR 2 O3 ©OICE WiFw Smigsret 6T | (oAl & Tl (@ Ngney e
R &) So® eI A0 [Eah® 232 7orwaceld g M MomR (A @
ZEMIS 36 T2 FTEAPFIN (colostrum) FHS T OIS AW R J! et
AR ST (IgA) AT | 4 b (foetus) MITS APRBISI A ATBR TEGT
fog oGRS a1 35 | QojteTl 2o M T Sirely ey Swigge |

8.2.4DIFIFA9 G SIFNFAY! (Vaccination and Immunisation)

SHIFNF I DI Ao SHEmreR G (memory) A TS ST
(I T IS IR 90T B0 | DA CRig Atite @ shifefess (b
TR A S /7T 2T (vaceine) (T2 2T I 2T | 3 S rareaf e
R (12 ot SIfGAfGoie aFe TFIRE (R kS @il 5w G-l i
ANTATTTAIS 23 FICT | SIS (vaccines) (2 B (NG (i @3 T- GG
@S (O T @Y AT (0 2T ARTETHITAT GO FAG I 4R
A AR SifGafS Cofid N (g SFTFS! TS [vS 0 | 7
T T (T2 (RITA AT SN AW B @R A T TS STy ey 35
! AT, (@I- AR (g TP SAEHITTR ST 327 Suifafsten
(231 SIGEREE (G afSti snifetafe e f2siit=i) iz 2t TR 2T
o | G F5f TRHTF CRC@S @IV (02 SSRGS 2 o
A7 (AT @S AT [E afsriat snfSafe e 271 @3 @R S
s St 30T |

16 DNA 2 TRITei TIF0E1 1211 25 ARISt1 Sl re=e
ARTCoI5BIRTTH Tt TSI 22 | G2 2YFE IR NG WI9HF A SR
Cofd T 7T TR IR SHISTIFACE Tol) SO FTorel I (AR | Suizdel-
35 (AF AFS @GR B S |
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8.2.5 eI (Allergies)

CRRITN TG SN (1T BN 2 TN el =Iwi2 21 fvs =g 9 1 (@i
(@I AT @ @R @ SR ARl T (ONIT (02 €2 Toefoftan o (7l T
| ORI Aol & FIRe GTF 2R 2 ANTR TR (O (@S AREed ToAfore
fog IR 2ifS AR 27 | AR, Sfom S5 Tonifun afS weifea e Toifass
AfeferIlG 20 it 3t e i for for 27|

AR Toifre fog MG emfSretam afs smigwegs 2 Tafsiks
NI T 0T | (72 (T I AT T o1 SIS ATG! 95 23 Sl SIS
(allergens) JCH | 2 LTI YIS A (02 (@ SHIfGafGejtant (i 28 trofent
IgE 2foq 2 | SIEiteicas fhg iz Snizsel 2a1 gty Soif=ie N5, 2/,
AN (AT AT AT SR*Z (dander) T | G aifsfmmz Soisfaen z=1 2,
o1 AT oo oI, W6 TTa e 2Bt G WP SPfidt 26 | PG (9T (AT
&b @R TR STol AR 73y [Meye 2eas IR = ifel 25| «@@nife
B g I T @INCE 47 O AT TR SHACS T AT A1l 27 w2l
IR (TR EACGTFINCA LT 2T T L G G T 75 2ASIR1s]CeT] Sz a1l
2 | iG-S, spifgeifem 43k chars arsre! g SIr@ Ia e Sopsft
TS I O | (@I Tl @ISR SN G A Feefore (eed Smigret 29
AT @R (12 SIS PR AfS SfFed FREmmie 20 Sritg — SRed (G
*2F9YTAIS @Rl i 2IRaea 2ifS S Ao SR Ganfer @3k 2ot
(Asthma) GIT oITR | 1T AR AT aWITaT FIRCEE 973 20 2T |

8.2.6 I-9IFol (Auto Immunity)

e (R @M (A0S R Iges (@F-#I0RITE) 72 FE Hare
AR TR T ol 77 T (el 2ifite gfefsfes wftte smimrer Tga
oz | Tfte @3 #Rf® W7 fofe St @ieny 20 ©ge @2 e 1t Sefmie
I AT T | AT 267- TFo Rmed! 2 IR SePTCed AN afziare
GIRPTLRIRE 7RI Bt 21T | @FFolel sSrehEre smigRm @3 b [
e (| TG 2- AR ST &9 Tl = STt FIAEE (R Ol e @9
P B | 9T T (0T 1O ARG 27 G3R T F-IF0 (autoimmune) &l I |
Rewite SRR (Rheumatoid arthritis) 251 <0 F-SWEFT (@9 @R @2 (A0
SR ANCE 75 (A SNFS 20 CE |

8.2.7 (MT2A INIFog (Immune System in the Body)

AR SHIGNOF TR SOpfE, FEPZ G2 SIGIGH NTol TIaRT
¢ e 91fS | corR Sitey, SiETrey ¥ oty S (@ «ft AR S reEE
e 30, 99T &fS Al (7 @ U7 N0 AT | Swisreg «Gaife afsimm, F-smigsy
@R GR TSR (Feae 96 9797l Sl siieT T |
ferartEe e (Lyaphoid organs): G5/TA1 251 (372 <19 (LT ICEERAIRE (MRS
Terlfe @32/l sifere @32 4 I 906 | AT frere seieeE 2e shes]
3R B &R @I SARerS FIr=riAiRboe Rre s 20 Siifbrem A< Fie=riies
T ~AfFere 27 | AR 217 FTTIIRs @9 A2l (spleen), FRRAGH (Lymph
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nodes), G, FRICES PRI 2015 G2 SHITAFH @ 3Cel (T fore e
SOIYCR (TR | (AT TP Sl oJRIT SI{GTeTCeTa A0 feTCpPIReGe!
e fFl W0 @R GFHAT PICEPIRbAwE Wkt I T IR I
sAfFere 23 | MR (2 R forere snem s ba 8.5-9 it
R

Tfreses 26 47 oTee wel @A BreehiEs w2 9
TECIISCE] TeAT 2 | AP 2o Gio SRS ol A1 g<fores ez
@32 FFIPLT TG TP I | SCAL AT ABAR GRS Sa01 TG
2 g T I A1 0] G AP (RITH 200 2TF G A
G S BT (T ST S 7 S RIS 20 i | wifveisrest @32 A2
TowE T- FrermiiResa R @3 sAfRenieas o=y SIat s @ (micro
environment) &wi= 3 | Az RA-SFFeRFT @l 322 5@l | IT@ 2iTe
foIFTEs @32 FCABTIRS Aewmad @HrmE AR | @b TeaIe
SEEIRATAIE S FAIF AT AT G0 I 07 I (A | ARICe
(@IfZe TTHAPT 46 J2 G SIS AR | TS At shmtefGoeE
T 0 SRS 27 @R G9fie SISy IARE Rfen Sigte sl
IR | AR 2JfbofTen PR @R (72 SACE AT FACS ST @S TG Al
S SHGTEAEIE o AR I I | SR YBoftaiTe =i
SIGTSTR GIICA SIS TR LI AT &) AN 4= ST Sl
Al 76 |

SR (=S 2T FAALPTRT (1L, (TG IR (Foe-Sreferelanl

R) ARPE (TSRS TTHET el TR I IR I e e e
&1 [Mucosa-associated lymphoid tissue (MALT)] 9C<T | u‘ﬂ%m e orerEe
TR 2R 50 #1915 FCH |

8.3 92T (AIDS)
AIDS *=0a (&1 ¥ 21 S SRSl (efhieaf™ Frg™ (Acquired

Immuno Deficiency Syndrome) | €< T 2 SRR 95 A GFe AE O
GIRAFIE OGw F(F GR ©fF, @6 @A AR*191 @it 73 | “Brecgr = (o7 wief zo1
9IPZ 5T | 1981 FATET AL AIDS F=9I(F il faicafest @3k [Rore sifoxt am =izt
o ARe @t e [Red 2w 20T @k @3 TR 25 fifmee @@ IEE Ty
TR |

2w T (wiFhraf SRR (HIV) @0 AIDS 231 HIV
(AGEIZAT (Retrovirus) AN G0 SR (1B 797 | G2 ©IZAM0d RNA fSwes
7 @ wiwzet qcacR (o@ 8.6) | HIV-93 - (@ (@ ST =T 2108 Gi9jtet
2 — (F) P JEF AR @ AR 71 () RS T @R TTGTe Il
GG NG (o) AT 35 G2 NGe A Mz 5y ey wiol ezel S0 @71
Tl9l SRRRRBIRAR MG (el TR | (F) 3R TS MR (7 (AT ACTHE M
O ABIT N | (R IR GIfa (o1t e, VTS s 1 i i
Glol &70 IR, e A IR TTAFCT ARG G (@ AIS B0 HIV




0T FERY @R (ol
@GS
;-—-w,‘_@fiam RNA @
@ el @I SiZATH
feren{ Aol THR
2T S{r
aNFrcer
et @T@‘TWRNA-?WW% o
RIS ‘ AR TS Sz C
ICN&Z I DNA-T S[®$ (% W07
T SR " v e i 7% g
DINASTI ©iZSIE RNA
L
TG CEAPPRES
Tesife
! @ ©0
@ T SIBAA T SR el
T RSWe It A
5 8.6 AGISIZATR elfefafead

SPIG EE (ACF GHRe FE— Ol (Cg HIV AR i orepe (@ | (ot
G- (I FRET (MR T AT T AGIRACAT ATAE 3 2 G TPIPTR Y08 ([
T R G 43 Sifere (ofd 91 GB1 Trard T el @, HIV/AIDS &g &3l
T AR R NG o 9, O @Y (7R S NS 7O | ©ig HIV
SIS IECE ST @R TG (ATE W T Tow T @k @t @Nig <9 e
TP RO & SRR | HIV 3 oG G5! 3% AIDS G 575419[ (519 A1 2P0
S A, (T IR I A | G2 AN FIFAT (AF I3 I ALE (A4S
5-10 =) 20O AL |

GG T (T2 ATICHIR 917 SIZAPT IS G A IR @A SIRAPR
RNA s et Grf«ither S Ao ©izamt DNA 910w &=y afsffs

\y




Gt
517 I | G2 BIZA DNA (7ITF (@I DNA G TFGT 2 G FFIS (9IS

SiZAM T4 (ofiTe Twifsre 0 (5@ 8.6) | TIHFGTE SIS SiZAM (97 F4CO
QAT @R G2l @i HIV ©igan (kg SiAl 071 e 30 | Gheaaeied, HIV
SIEAR ARGHA T- BITRINES @Ied 2t FAF #47 2AfSfef sfon I3 @R SIsiey
SI2a A% 0 | Weiey SiRAMATa e oo 27 @3 S ARG T-
TTPIRGATEAIE SNEwel F0F | 42 AT magie wor e AT (e i
T-TFPIRGT (Helper T-lymphocyte) FR<7 1916 21 (910 TS | G2 I SFIE
I W W G € TR SFE 27 G OIF (M ST g7 A | ARG T-
TRICPPIRCET 72 FCN ST Fed HIV 9igs s sl [odme sz
ORI, S2a, 2aiF @3 TR GIAANTIT T© 2RGU TREFAC oIS *F
IE @A €2 T HIV Sl 1 6o 202 I (@9 | @A (2 obi2
SRFNOR TSR q @ (7 EPe €3 AFwe (ACF 56 900 AT 711 AIDS
TG Tol) I3 IZ© 2D 257 ieiie o1e® SIS FAC6 SITH [Enzyme
Linked Immuno Sorvant Assay (ELISA)] | SUif5-((G!-S3A1& (anti-retroviral)
BT AR AIDS TR HIFA (i@ S e FIEeal 0| @9t “g=ia
RN GRAPIECS ATITS Al g S T 2iferaiy F0s #I1ta i |

AIDS @3 &ifetaiy

@Y AIDS @R = =% =1, ©i2 qrwta Aforaiag 2o Ared SHAlT | Sifeeg
ARRSIs TRE HIV A& Ao SIBAER IR 7o @<k et A bizwmrea
TS IPTE SARATORS (TSI TUIT GO T = | S]] [He1 SR FIAT
T AFEACR TG @AM, FIeTe ] (M 209)- G TP A Fo00 AT | G
GG T ZCO AT O] GR 5! AT I61 TER @ - “Te@OIF PIAT WA
I (Don’t die of ignorance”) | ST (T SO AIDS foz@el 7132l [National
AIDS Control Organisation (NACO)] 3% STei1= (a1 717=19/T [Non-Goverment
Organisation (NGOs)] SIRCE AIDS F=ATE FHoe FACO ([ g FS I HTAR |
T2y 71321 (WHO) HIV egaiel RS #1101 g0 (1 g ws01fo reaifie e
¥ FCCZ | HIV 7F @I ([e] g 2MTFs19)@0 281- T80 (T IS (AT 2o
T®) HIV 3Fwe T A4, TG IR (PRSI P @l ik FRE @wemg
fAeriferaian (disposable) @ fHee @ Fiftg-ag IaR FRRve w1, KAy Fce
Rzl 21, WM TR SRR el S, JaHEFe (1 fe WFve =1 93t HIV
TGN TOC AT G TTaDBICe AfSHETe HIV @ T AIHIF 50l 41 |

I A HIV 31 WSS 251 w21t AIDS @ S ZE ©F (ol 3
Tow w3 I, T (ATF2 G2 MFN I (A N ZfGW TS AT | HIV/AIDS
FT JEW IS (AT [z 1 The 77 I8 G ARRY I R GO0 &lfo
TRITIHET 2€ YTACH | T4 [l NG TS G 96 F071 oo s e
AT IR TG AT T4 ST vo= 7T G2 @1IfF e 2o
AT AV ([T 56101 | @b @3 936 fa A (<erslia e @ et Aot I
IR € AR GG IS T MO (R T (@S AT IR ATSNI 3
QI RS (@14 1 @0 A |
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8.4 194 (Cancer)

YT TG NG @AY NG G0 261 WA G3R d3 @G el
gl JoF @3 2o IR | @3 e @ Ser FEIE gaite @R @fs
IR G2 @M et (6 w1ee SR AR | SRR 932 et =tEe i srors
Pl QTR W g (g 25 IR R @R (19T SIS i IR
s @ vt a3k fmge |

MR (702 (RITAR IR @) Rreriesel srore fafge 27 @3k frfieeiE
06 | FEIT FHEITS G2 g TR (S T | FeliF @R @i af
251 99613 2RI (Contact inhibition) T T AT G T2AF S (FHPTRIRT
FAT ST O3 OItrd ifefErs i Aaieiial 23 | FE @HeTa @2 45 T 2@
I | GFFCE T G (0 e [eifens 20 (@HRRe 96 w63, ACE
Dtz a0 | B 12 420 20— [eizs @3 iferaitae | famizs Hemtaeren e
ST 3o SRR AR QA G3R ST S SR RO ATT 9l 938 47
AME Ford 2 | WoRUeE oS BN 251 «Fofpz IFR e (@i A
T2 w2l BTN M 0T | 92 FHI9TET 33 T© I AT @R SN el
FEACPHYCAIT NG| B € KA A | G2 (TN ATl [Koifers 27 @3 I
AT A0 G 977l 2wy e T TS @IeiR e afswifae e ek T
T FelfRE @MATAITS %7 Seid ol o | @2 Beeren (2t [ifvz ceitafrett
AN 20 THRS, (@ RIAZ (TR 7 (& FTRIH Tl Z g HET 919 IS
¥ I | NG TR @2 (S (OB (Metastasis) 03 T G
FRGC Sifean 4 |
HATTA FFPTR (Causes of Cancer) : (MRI FelRE (PP (STe IS At
e 2ifsferfol arl IR oI (e 2lifTE @i gorefEe 2re #ita | @2 efsffiqEie
(agents) FAPTCATSH 6T | X- I @G3R 91 FRE (C0! el AfeS (Ionised)
Rfeaeietet @3z UV 3= ol Sizee 071 A2 23 91 @34 (non-inoised) RiF=eiajten
DNA -G5S T | G701 Frelis (@i (Re 2o (it orsfe 27 | oiwers
TR AR oifRre AR SRS RO FHICEE 2 Fe | FER SRR
SRR SCSPIS BIZAR 0o @RS SIRA Srifer AN & e |
GG FSIR FHTIE (R ST e (cellular oneogene) 3t (2TH! ST Em
(Proto oncogene) TS 7% & I 391 200 | 42 Em19jTen 94w G@Iel s sl
G 2 O G| FOIRE (TR SIS S oS TICS 2T |
FIE @R ANTFA @G3R cAvifacy
(Cancer detection and diagnosis) :
2AARF SR FH @R ANTII0 STHF | FIF GIHCHA I3 (F92 HiFAR
Mo @2 @iaifoa AT 787 | 79 8 FAPHET AR G FFAPRIGE SR
(Histopathological study) <3 eIz fefe wta wa st fef a1 27 @k Tewfime
R (IR RN IR oo ey SifrisTes e #1161 1 270 | AR A
@G ANCRITAIETS (Pathologist) TE (ATF GFLIE| AHEGTS 367 2AOF! FCI (F0O
0 Tl 0 SRR JEH AR 2 IR | (C2F SAOT@e SSPRRF AT
TR & @Sl (X-IMF I3927), CT (IMCTE GraiallzF) @32 MRI




Gt

(MANAGF RN TSR ) G TS (@Mt 7o 2oyt Srere Soitaial 27 | S 1%i5e
BiENfF (Computed Tomography) X- IR IR SULICH GG @W‘T AT
faaife=s iy 315 303 | MRI #1=ifsf =it (Teacra @32 SIReRCe! ifEe 21 71 @i
fafesael e T TG @IfRmIsTe @3 =IFFger RaeTrE fRgerei e
A |

g TS i fRdfacem cea @ i RS i rempres Ko e
SIIGICACEICS TR 1 = | (A HRECS TSI 0 A Ferma[Teiics s
FCAeET] fefCa Ty oMol GRIRWIR e 2ATiol T @09 AT | @Il Ars
TS TR O 9 LR FATER Fesa, T AfSrEie oers 7RIS 2o
AR | TS SIS &S Fcameie (Suizae T FHT @9 CF(g OIS
93 (&) TR WS FfeITsmeen afSca s s oredt @S it |
AR (AT BIFSA (Treatment of Cancer) : T B svapa a<ge
ARSIl 257 #1571 ofFeatt, @fermia caifs ek BTl | @fberifa sifors
T TS | T | IR (@FHETAT [T I G 73 FERABSHS Giot a7z
T =W | G W g gt g [WinS T ovig Reiwei 3w 33 | @ et
Tl9l IR TCE eToil, Tomre! eefon Srel sirfafsfaar orat a | =y fofee,
@G (A% G @A A0 IO @RI TR b w1 23|

@Bl (rl (9T @, BN (FHPTERE SHISTeg @il Fe T A a1 @3]
G RS T | IR W SPIE GINH (17 — 2R 0ol 57 I
AT 91, WNHF GG AT AT I I ARARGTHIA @919 e e
@Y @R SIS AFT I IR HEARCE R FACS 2R A |

8.5 [ AR ICHZCAF AANGIRIA (Drug and alcohol abuses) :

TN @R AR Ol (102 @, il IR SETRIRER I [Reee
T3 IO NG I A1z | Il «ft «sf bR e, @rey Wije I72==
FfSTE NAICRH G2 Ig FIOTRT Lo %08 | ST Ml 932 AR et
JIF IO B AR NN SGHOPLRR G (LT WIS TS AT A =%
TRl SR SR I |

@ QAT FHAIGT S2RGIRI 2 EI9I0E 261- SRS, FINIRARe 3]
(IR SITHRREH | G S @S98 A5 T (AT Aeq AR «: g g

N




\y
NI TR G- Gl (‘-..

Tl Z@IF (AP 2T T | SATIT (Opoids) TS G2 GINTENE @RIT @ajTent
ST (PRI FITOF @R 2B 5litg Toifers G esme izdae= s A I8
=7

@RS GoifoeE (5@ 8.7) 54153 =01F (smack) 06T G GF JARTAE IS
TiSIAGIZet Safe Tl Al 0 o2, cere! FMRS i (@t | «ft @
SIAGIRETNS (5@ 8.8) o1 S T A SN W= (Papaver somniferum) STRIA
(AT FTEM 1 2 | @RI AN 91 % @R TACERHAITTT T 22 F1 27
G} @fb @6 SR TR Fiot @} @b oreed FaEieTst 29 |

4 N\
OH
X
=
& y
foq 8.9 F=fFTCRE W9 Aore FIT o 8.10 FIfeH Fifbet Bgwna et

FRIRAES Z&1 AP 9 (b9 8.9) T 9o
g7l eyiTe A Teifere FAIRTES Az ot oire:
I | Cannabis sativa (69 8.10)W%F@CWWTUW L=
AFoF FRERG e AR | FRA (Cannabis) Sewma
PR SHARTOH, #lel G @R [Rfor TR 72w I
eI, 2IPM, 53 @3 Siie ege 1 7| G2 Glalae
AILICTS 2RI ACe] G2 JOT LI 22 1 2 R Qoj =l
(M2 QM-IRIRAOCE G2l 07 ZOIC &) 21 |

(I SHFECC S (FIEeA Erythroxylum coca
Tfen (20 21e3l T, @ Sfgnioa =iife IPPRIA wfwe S,
FIF SRS I (2 NORIGHIRDIR (OtAfa siffee
i | (@I A BAB (@FF A (FF e Affoe «fe ,
TS 0 (67 2| fb (FHR FROTCT SO Tafe o0 17 o Bfe
F(E R T ¥E 8 AT TS S | (R
SFoTQT RN FCel P (hallucination) i 2¥ | ylelRieaitefas
(Hallucinogenic) 457 (7211 7 s SIS 15w Srpiey Sfewea 2e1 — ShitGi=it @reeie
(Atropa belladona) 933 4971 (fb@ 8.11) | wNEE g Feifv, FIRaEe @i
YIS SPIRRIT PR |

IRRGEET, SHFFOINIEH, EESTCRITSTART @ IO GITPTZ IR S €53
LR GIOPTE @9 SR G SaR Ste! AR @I SIFS @A A==

=

i‘i

"Il==l=i=if
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TR T AR @ RIAT 7770 &, GIoTERe ARME 2RI 28 | T3 oifs
AT Sree LB GIR JACIA SARNFI 46 Giel @3z @it =7 it
TOACZ G RN T Y32 SATIN | YIFICCS o 457 AR A 75 Serma o7 @
T TR ST 2T 40T AR AR GLo AT ey, (9T WHE ST @R
SifeTfers a7z 2z | TX PR Tfema To R s B =T S @I STy
TS T TN G AT G T Z A (A G =S, XK@ o=
WP A AT 5 S0 O G0 Gl AR 0 |

LA Go! SIPITER 21QTS FoIs 6 | T 400 IZEFRE ([ T L0 O
AR TR SR | G AT e, HRET wi==1 9 weel e 91 27 | Ot
ARG SHTHERGHE SF R0 IR B3y A | Wil spifgeier afes
Tmifore TF T 21T SHIGAIET € Fa-Sifgifer-a e IO | @2 ifgaifen e
TF-SIGATE TEOI2l AT G2 L 21 I 0 | GRS el i, JaLlfed
R AT AT TSRO, quFishm], Feam 2% fBfem, umts siemia 2o
({8 BICH A |

OINICE CRE T JRNZCET IR I AR @ A | oA 08
I ARSHNZCCS (CO) it i 0 @R RreanfRies Rem et 38 wfee=
g 2 IR | GFFCA (M0 SIS W61 2G|

I GFe T FANCHET 20T (P O ANCHCOH M LA oA
(TR FRIEPTS TEFSI9YTE @R YA FISIE FIERIF ATH FOT7 (2 FFE SN
ST FACS A 1 | SR AN T3 G2 J TSR [ LA PAFSIR #AfeTre
T | A IR TIF ERT oIS AO[{ 8 G SPTS FROFIE! aFfo S o7
TIF G I TOA(HE G2 ST GfSTR bal 2ATRSH | (@- (I 40T SIS (AT
AR T @ e o= @R et A== atass =31

8.5.1 JIYSIET G Qi /SHCHRCTH TG

(Adolescence and Drug/Alcohol Abuse) :

A FBCS “G(0 T 8 “GFs ARFACE” @RI, @ TR G0
AT IRIFASI A2 T Tof) ST MAreR @R R o ey sifdere 231
AET (FCE 12-18 IR NS IPRIEAE IT: FeT I67 @O AR | el
TS (AT AT ZeT-( I G AT SRR G G0 (@N9P]E | IR
ffon Tl @k Sibeare #IfFass 906 | ©f2 7R @I Tfed Mk ¢ Twifes
RPITA (F0a STy SRIEFS IR |

I, @G 6 SrasHis| Fea 2o ST G Tga [Fg =712 T
TR PRI ©FoI-SFAN Glot € SRS AR 2SS HFS 27 | 9T Mg Ferere
(FTOZET OIS e [P 7 T (TAITS SfTe S | ol S SRR RIS
T S ARYPRR REGes A Tenifes wime wiber w0 coiteT | ©ig gial
PRI IR AT SRR (FT9ZeTH® i 2172 T &) 20 TP, 5
sigRrst o7 | fS SRR TR 28T GUITS Giol AR FA0S WF I 13772 RrwiTstg
Tl 2T R BT G AP Biot (AT SAT 2l ©0Fel-FaNwR S SR @
Qo IR *F FAF (G I Oieokfoll ShA oo S | oFel-SgANME NG G2
S® AR (@, LA, Glol A SHRTHRCETT IR T G BT (cool) Sl
YO 2SI (A IR IR WG QST IRRIES SIS SIS TIIF (gt «fbe




I HRY G ol

G5 32T e | I, BB, FAME TS 8 GBI QIR RPITet A2y |
A RFEAIRITR S 9l G3R SRR SRIRRIER A0 S Syl FIRe o[
ze1- SR SRR A R STRRemE T 9 AR SO el @R I
QR BIA |

8.5.2 WS @32 fFeaet (Addiction and Dependence) :

TI9l TR TADIR G AR — G2 (RO T @b 3 I 350 27 |
TG e~ [Tl 261 €3 (@ Giol GR SHRRIREE 9t SeRe SIhfE o AR
T (FC JATO A 1 | TP 2 SNTWoge SR IR SIEl AFF 4 o=
STGOF TCo! Y FEARPER AR TG® FI3ies 7T — Glol IR SRS J2IET
T TR ACF | G2 SISO MACE ARG RTINS Glol JIRER (2=l (@9 G
G GO AT SIS B0 AT | QT 7 71 IR ST (MR S
Qe S et AfRgera At AT COle | 97 ool 2 AR @I
THIGE SRR A Gt G (7, T Gt 2R Sat SR A G3R Q9jTea
S ST I (O | O, G5! TSI N TS T (@, 3 QAR (@G
GIIF IJALRE G ATS BTG FCH N0 AT | O Gi9l G SRR SIS
TR ! AFT I TG TG T GR 97 T G Qoo Fafirs
IR (SPRIIRIR) ¥ I, @ (A G SN (@R AT A =11 |

@IIF ARG w21 RN Seim @ I iR 2fS wee 2w
A G QITENR IR TofF [TSaIe 20 2107 | Qoo Al s =[iw @3
#4316 @32 M @I TS T 21 FE GIIGRE I I (R 02 GF6 [eeia @
SRYRF SRR 95 2 OItE withdrawl syndrome 3G | €2 withdrawl syndrome €3
ARGt 257 Tras!, FeriTAeTel, Af A O @ IR @I 2SI Gial 9 XY
FACE 2 FFFATEAI (AT S ~Ne IR | g g (0@, withdrawl symptoms %1 Sig
20O AT 8 IS AT PN T STI 3R {2 BT 67 iFemaa ot
TS ARTS 209 AT |

MIRERCLERC IR N ReD N CI RIS EREG RS G ERCRIR R A R CRIE N
I AT TN STl 307, Gte [ifoq ARG AR Qs AT (Fq
S IS 27 |
8.5.3 G1%/SIETHZCETI AAFIRTCIAA &SI (Effects of Drug/Alcohol Abuse)

Tlol QIR SIS SRR TR FRAYE (| TG e 7o S,
AR 2ROl 93] el 0o AP A | SIS i GRG0 (@Iea BT
XMAFI WS, UEFRTET 26T T2 JFAEE TTFA GR GF T @ AT Svee
SRR BTeT @O AT 3R TP 200 Al | 12 Il OTolfed QI (a4 GR=
T2} SIECFIZE G- Gl GFBAI AZE FIE (L AITS Qo[ Mq! STy 20
R AT G2 G TS 20O AN | OFe-SFAHR K o 8 SRARIRE AR
(T IHAGT TG @ Oral T G TOF ST STl Z6 AT T
(G SIS, (A B RG] FoT FCENe Ao A, it R Aot
AR To, AT G2 IYWR (ATF ST AR 8, Gt A, SAW, YA
T G, SRRT BHFe 391, AR 8 I AR T9IFT SIS 96, OIF Jfors 2R
(Hobby) €31 (g SM2TZT SIS, YHF AT € NETI SN ARRS, Mizs e,
4l Teyifng A |
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GI9l/SEACFIRA SPRI[RRIET T q@esial doRe I | AW aFew
TI91/ SRS SRR Glol /SIeTCZE (R Gl BIvl =1l 511 ©4e (3 7 FA0o
Y A | €3 FFAYE (FIENG G971 '€ SHETFIRA JILFIT N2 AR LT 1 |
G I G5/ SRS SPTE I ©OF 2[R AR € IR R TP @ SN/
MO el TR O |
TR FIRITS AT T Gl (17 (335 '@ Fifdg a2 03 R st
AR TAEIT (eT) O WG AIDS € (ZAGIRGA B G ol Tibe AN
CAloISJCET RS AT (I A | G @I9NCEIN &) Wi SRAF Tl A 3§ @
fifdg I9ET MO 9F I (AT o AR 2 2108 | AIDS @R @I6EH B
Tox Eweld 7o ORI 3@ G AR Tra et 20 WSl | &7 @olz &
e w12t FFHRS 0T NG ST AT 2T |
T AR SRS IR AR 2SR TR | 99 IR G71 AAfere
AT STfEF AN FC | Gl IR SRR A= JRIET T FITOF IR
Tgred (Peaifm) =S 209 S | SRS Giol @ SHERIREs IR IR 1S
IR T2 T FoPT 2O 2[Ere (rdl AT |
TR 77 G310 ST 26 G2 (@, 7 RTEARIT Sivd el @
Gy GI5l IR B | (AR IR SR AR > @ (M0d Sed @R Smeiee
AASR IR Ty 7l SRAVAIIE @AINE, SPARRTE EHAET, B2 2SCH0H ]
g W SRR T 3% G S8l AR g el i 117 | Sfzsios
SRR I, (S AR, ST, 7675 SIS, YL € M Srejfais
AT 251 F9, SAFATSF AT I, MR “Af7S, S, G5 @
P 2T NS, Xl TeAmw Z, T € JFF T I AT, BT I,
I B 2181 8 ATHE aAfRE I | RO 403 Giot IR T 2 Aot A
20O A | ARSI [Foi oA JLsieset @ @z Sroyfess IR e 9%
3R TsifFere SRR iR IR (FarTR I 29 T qurE IR 3 e R
/TS 0O Al |
8.5.4 efetaiy @3z g (Prevention and Control) :
‘Afotaiy AR G SiiTes i, @2 wfe dibl @am Al grRtas
HOF | Bl T (X, I AR (BT S8 IV YA, Gil A SHECRIZE 22017 5ot
SEIYTE @ @R SITT BT | ©iF K- ReFiens Giot Sieil SieTeize 2@
U Ot @ @s 2SN TS T IR ANCIF M AT =0 &7
T TGRS 2 | I ool @ s RURTWIRY TR | (PR (Preire
S TSI T 3R T iR fEeiz Seg i efSeiiers S @72 71 TR
) G2 IPTRF (SEACHIZE/ Glol/OF) S2RIRIR I STroie 7 A | =g
FRCATET R T TSIt R Reeifions S0 Siettarizet € Qo SIwiaEd
Af Sty « 3 fEER @Fea 37l o St 91 7
i) TREREWMA WTfC‘gE Btot @fST 567 (Avoid undue peer pressure) : 2%
Rz fFerT omw @R IREICE T T @R AT F91 Tow | G #S
ST, (KENET A S FOPITS SR IKfF o A2 (5rat (el The
CEl




S A @K o
ii) P! @ 2l W= (Education and Counselling) : 43 =T 5701 € Bis

IR T CFg ARSI R e A orewt b, Ate (1 zeml €
FLOITF SRR = AN (0 TS i1ea | o S sreffze =(fees afw
3 ST, CAFAIGE, ARG, @ISR @R Sy Sfog Asie 014
TS TR RIACEICS ARG el 2 O GhI€ Fee s 2(F |

iiii) Preie! qae 23w AT (e (Seeking help from parents and peers):
fomrel 8 FRARWR (AT SICHFHIT AR vreTt Thw e o Freo=
TGO SAfRBE Fa00 21 | @R 9% ¢ it I%7 Aze et
(TS [T | AR 2T AR IIF-ITO I FITEAIE JIATS AR
@R @b O TR0 LS 3R PRI [T FACS AR FA |

iv) Rom ICFSITAF 71$ F41 (Looking for danger signs) : foromisl @
fRrFRomE Sl SraRe Rl AT ST T 8 e a1 ATeH |
G YN AW FICTP Gio @ SYIETCHIZE 27 FACS (MY, O Ol SIEAR &ely
Rl a2t forone! sie@l frmeom e =i Bfoe | G2 iR
3l ST Aol ¢ 97 ST FIFAYET AT I TAYT T 22 F4l
ARG | b T AR Rl @3 e %7 Fre Aol T |

V) CoMivR @3 fofeet =Tt (et (Seeking professional and medical help):
(T T3S IO TS I9[S G5/ SHACHZCE SRR 2TE AT (S10R OTH
RO &) S O (NTOPT=f NCAIRW, SCaicial [ieies 93z @ fe €
ST FY> 2 ITEEETe) | SFE T AN AT ¢ TR (@T @3
SR (AT @R SIPICS AR 32 75)f FIeIfF @ 7= G FAC AN |

ATTACFA

JERY FEICS (TG RIS AFCRE @RI =1 | «@fb 26 ==, It
AT @R IHIGT e (ATF Toefqret P @36 o= | HlRTEs, T,
e, St zaiwaite A, SYTEART @ TS @9A9TEN @R TS Syl
IS ST (R @191-Tgell 3fBa 4 FR | (939 Jf2® @ Tw&g [Redwe
AT reThieers wel wfbw cialba 7w e i w1 = w3 @
TR 71 417 TR0 A | T wAfwzmel ¢ FERE =i Ty Awicd
Y f9if, ST St ARG, S Scet (S35 Fage @3k S
gofe TaahRy AREIRTR 98 @R At o T=RE &% | S (72
T4 @19 FTFIF FIGT (agents) AT ST O SN SNFTOF €3
@IePTER AfSTAT U SR 22 S | 5%, WSHHT A STt S (s
TEEe Ao AR SR BT, AR GR FEPRhE @t Ssifere
Gl 2Tl TP SNWT (02 RIS 2T N O | #ACRITera19jeett
SR (102 AT 2T 2re RS onifSafe (wifefes smigsy o) @3k
PR (ST SIS ATl 3 2FTRATEHENE (T (T | SIFeg
G (i FCACR, T SIGCECAT o N FATS AT | AN (72 G52
ST AT I A T, (02 G© G o S wwigsy eifsfzma 7S5 =3
Gt TR G SRR N I (oG (ol 0 | Sl G@iormees
GG AIDS @3 IR 97 I R0 Mioie R4S @ Iy 906 | Resiw
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T (SRR SR (HIV) 96 AIDS @iai alierare: 27 g 7w g e
SRR 1 2 O GG R0 AfSTRIK A @S A | T Al SRR @R
TR G2 I BFIA R 22el T AR O AT FIAE R |
AT A -0 R FCAR-RFCITTE TR0 Giot 9% STEAIRER SRR
TR G0 DR Fle 20 WIfCRIR | SRS € Gt S Lh1 I 9<%
GO RIS P S g® FH[APTR @ IR SIS biof (AT F =%
AT @ 2fSTRIfoTel T Bi7l (ATF I (7T @I T AR Al Glot 2= =7
PACS A | GO GIo € SHEACIZE &12e FIF T (FIA G QoCeta & S 2
TS AT | Gio! S ST FHoFT SO HATS Tl G2 AT qR (o=imis
8 DA FHIE AR SIH T T AN (91T (@I JTETS T5fef I Qofte=
T (AT YT I @CO AR |

1. I (@PF GReRy 2REAIEE [ien @ @eR [Ryex T 5b =2
AR G COT A 0 2
2. TGN (FTPTRCS oagel FACS SRR S SIS SN HRITS] B 2
3. fawfeiie @ialeER afol @9 Frei 2w 4t :?
F) SpifsRIcfR, <) it of) syermfce, @) St
4. TEAIRS CAIPRERS AfSRITK (ol I F =l 879 T 2
5. DNA Bt eivicet ‘aafb Bo1gg f& (a suitable gene) T61Ce J @RI @t e
CoISITne e/ iRt AT SCETH= 61 |
6. 2T @ (Ml TS ST@l9fTeT =N 0 |
7. €% I IS TR @5 g Foifafoe wefwagel I men 2wy, 99
ATSIFOF 5l I (ETCAl |
F) MALT %) CMI 9) AIDS ¥) NACO &) HIV
8. frsfafs siftees ey s FoM e g afsha Srzad me -
) ATGT® R SIS SIFTS!
¥) T g% WE T Sl
9. ¢ SMfGafe wx FrrBera fbfes foa wem Tt |
10. F F [Kfew ol RTwim-3[MTw ofhraf sizam =fow e
11. (I #=fore AIDS ©iRaPi( 7GR HRE (102 SIHIFrorEs qiohe 7S w2
12. PR @ T 90 FelRE @ (AT 72 272
13. GIBRBIIPRT F@1Ce I @RI ©f 15 6 |
14. SO A G SPRKRIET T (@ Fhode AR (! AT OF 4F1o
SIferRl ARG FCA |
15. (o1 7 N0 S0 @ @I ITECE Glol/SETIRe 229 F0o Ok IF i
FACO AT ? (SN T&AH M 2l 27, [ Fe@ @l IS e aq7
AR (ATF AP QTS A 2
16. (I T G Giol/ SIETCHIZE 27 I W[ FACE, G2 S (A
e Fo (@ 2 @ R (oM s/ FRRPI STrent SEtsa 6 |
17. comitns 7fhefeits (i (@i RIaeE 395 T SIecHRe a1 Gisl a2l
TS ATRDS FH G FSIF Q9T GOIH] @S AR 2
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A TAWMTTR TS AL cﬁﬂw

(STRATEGIES FOR ENHANCEMENT
IN FOOD PRODUCTION)

9.1

9.2

9.3

9.4

AT
(Animal Husbandry)

e e

(Plant Breeding)

G35 (1% CRNGFTZ

(Single Cell Proteins)

e FAlferey
(Tissue Culture)

AT TRIT FI9TS IR AT AT AW SLAMCR SHRSHI
GG AL ArATE [ER 2 Wiz | QW Sesive IR F0
SR 2ATHBIYTETS o iieT 8 Bl 2ot oys Se Aoz
@3B 24N Sl AR | 9ol R0 2T ¢ IFiloie A=fox
ol [fen wgd 2oz 4w Sesmaa SIRe Tafs AT J47
SfRAl AT FHCO HEER |

9.1 ##*l5W (Animal Husbandry)

AT ZET ARPT=TR I S G P AT A | O3 7 ey
TIOR8 7 RGN ARG IR T 00| eelel A0 0% wobig
TRIERReTIS ARCR | LI Gy GATAAN 9P 370/ (=1 2T, 917, *7,
AT, 211 514, (T, BB, B9t TOnUR ef 5ot @ e s sAsT
T[B5S | A2 S0, (AT BT @R T HITS AT SE5(S |
M2, (IEF I TR GIBITT AN (HEFPRE M) @3R FIEsHR
IS Al (52T, Fiw 2o afssterm, ez, ke 2w
T BT SRS | 74, TN, Wi, Tet, By, Wy 39517 @@ oy
FASTOHI (ATHE N G, Eriswe, B2, Fiwel, g, i,
=3, oI 5, (STl 3 STHH FCSl AN IR FCH SACE |
@G 21 R (el (5102 Q@ SRR AP0 AT 70 2SI
QR M SR @ i TR 191 9fb 432 Srbr e @




)

IR

SRS ANRGS T BLAMTT 2 A9 (FIETAIG 25 =02 A7 205z | wdffe,
Afo G (G TRAMTRETS! Y32 T | 2 7] T[T 9JoITeN G TATTRETSIT
(R0 CHISHILTAR o)) 47 2erel GR 2SR 2fbfore Awifos|tet RIT A
Tor AYTTRE A FACO A |

9.1.1 A @R AR aferiifere 2ifitra F<=i? (Management of Farms

and Farm Animals)

Y ARATN AT ARTOTEAR GeRT (o197 (FTEPTR S SifRwine
YR G2 JRTS AR I | RIS o1 ANHYTAITS (@ IR T ST
] TRCR GI9JTeNR N0y g RN (F1iet 0 bt sl Siitetbal S |

9.1.1.1 7% Q5T JIRN? (Dairy Farm Management)

(TN 28T NI AT T2 G TS I SLAMCAR ety 51117 AT =041 |
(ORI (GRS (FRIC 2GR T ICeT ) T G ST CH /¥ [ A7 @ A 2
G5 (G I (/T 2 T (I TN [ AT PHe® TG LI 31 (0O 2T 2 (3
AP 47 ARISTENT I TC4T TEAva] 1 G I SIS 4 T T (7902
(G T JPRNAT TG T4 Beoive AfFeita AN afosifers oo
51919 ST G TNS7 0 | BB SLoAIVe] 0l AT (TG0 SoTIg S @R €53
AT Aol 2SI TP/ ©feT G i 432 g7l | 91-1W s el RIS
203, 91 ST ol fATe 209 3R IR (@191 LTS T(F | 91_1 oM Resiepraresia
QR T 2@ — G0 AR eI @3k 2ARICR SoF R o3 frce 203 | a=rel
THIAIES, o4 T 3R 8 PGS AT AR e ST 9igel sAfamaret @< Frryffed
(1 7] 8 7 ~RBARIT) T A0S 7S TTe 203 | SNerleT a1y 2 2G0T
RFSI9E TEHITETe 20 (510>, T T SeAlre I 2ARBARIRIR TR AT ST
FTIRI B (ITCZ | G RS9I IR 2 A0 T B2 e wwifasst
ARIATR ©2 AfIgTF LTS | G RfeT TR = G TP T 7SI GO
TS A T | 956 71 fFearra fazfire #fimia qrorpe zro 2@ |

T Col (SR TPairrres [fen s e 9t erasien tofa st ik @9 #==s! 41wt
TR (oI GNP 4T (TR 0T A1 o1 A A S0 @R G2 AT e
SR (B! FCA O O (SIS FITZ ASIS BEAIZANEFS T(A |

9.1.1.2 ¢olfeTly ATaF JIRIPA (Poultry Farm Management)

AT 251 9F i 9zelfers T2 TR Aldt [siif (Fowl)]) MR 4w AR e
FAF G A G (A O AN ey 2AfSsiieTel 1 27 | (AT AR FeTc SAlers g7
8 F @R T M I @ AeRAmae (geese) QRN | (AT *T AR @<om™ig
R AR T @RS 7F 2 g S Aliel SIeef G 211 S+ SR qiotws
QR

(TR I A 7o AR 02 (ARG A IR (e g7l [agawa ==
RIS © ST TG o {oe, QINITER TR € folsiv o=li=ia, SoRE 2wy @ & @3
FrRifE 8 Ry AR |
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(O TS (GRS YT I SRATAT NI T I I 7P
N 27T (7 R I ACG [P 3 T (e S FT PR
G} T P O3 @ JRANT KT IR AP 2T 203> | 4
[RRIG3T @G ©R e (I PR G GG SR 2SI IR T
[T (Pl ©F SCEns= FA | 37 7 A JIANC NG a7 TS G
©F S RGN G2 GV @I 2O S AN

9.1.2 2iN7 &T== (Animal Breeding)

A G5 gl 77 2e1 2R oiere | 20 eemEg o7 =&
AN Teolve Tl i 51 G% Teol I S 9JelRfer Tafestiae
TN | F 4RAT (AT ST Gy SR FAHI 2ferere Wiz ? [iew
2NN G (ARG [ 3 e fomy 23 2

e Az @ sis@ F 3R 2 ARl e g7k A
B2, @Y, I, IRAER 29l ool @RS sifRfer @EoR
ey RS @ 2 IR @l e sags 391 =1 | (@mF GERT
PEICS 2T 9707 2 @ (NG R AR {reT 915 e &7
Secll

T G2 ST AN TR AT TOITT 2, 02 OIS Zfor
(inbreeding) I | SIS, fon [rea MR N 2w FOIE, O
=THife: (outbreeding) T

G ST 56 H=o1FC G SIRPTZA N AT @RI | (=) @B (Jersey)
AL (D 251 @B (F, UG 9 e TegS TeF5 77T (%) @19z (Leghorn)

@R TP Fl AN * I 1 2 9% G2 2l (ST N G

IO 2 | G LR AGHCAR T I S5 AR eI TR a1 2 G G0
T (AT TF FT S TFH Fl ANTRE 77! AGHF G *1G Fa1 27 | aiifie
AT (FCG (T 9 A NI AT Foermaelpitet Sfes sifzsel you Sesive 3 @A
TS F A R REbe 2@ | smfes, T3S 537 2t Fere ¢ et
QAR @ o= 7T ICTT PoTa SFed TeFh 2] JHo AR 76 |

A FeIE @TIEaT [Fomr Ig=i«@t (homozygous pureline) 5 FCATRCE
Ol G TR (501 FCA A WGIF-5 @ Ief F1 20afee | =i s oFea R ageiaa
TofiT T (TR UF2 (FIE 9T T Al Wo 9MTRT (R R IeidEl o we
A2 A1 AR | S AGCT FCE RITEGR (G Sefie RITeizanst Giaa Sesiime
3 =it | of2 st T @I AT @ R axiart tofd TS 512 @ @3 T
SHRAT ST | (T 7 FoFIS 2bzs fGelafien Fivee ot wspifiie arafee
CIYTeT AfzeeFiee 3R ey 33 | @b T<FT Fwatam sffsgosac ¢
AP I FIfOFS G TP ARG I | ©IF @2 912 @i, @A
AfSf aiTiE 161 906 CTate ST@seem e A ey Sesmeiere! i AT |
TR, FAMC AT, [T 5 71 F© Fag Iy TS 2Tew TS
AN AGATFNS! IR TS GLANTHFASE ZH F(H, TF ABLAGANG S FHAT
(inbreeding depression) JCe | T3 B ATAAG NS AN 7{% EHICEDEY
AT ASCEHTR 1o AN A 952 [TTo7 Tegs TFRE TFs

S)
G2 (Inbreeding) 3 TIER 100 4-6 & AT €T ROOT 7 .1 ot o @ sy 7 T



) .

AN 2ierae T 2 | TS e AT LeerFTel G2 ToAMRIETel IS ALTS
AR R |

IqIT5fEf®R (Out-breeding) 8 TNTHETR Z&T FA=FRIT AR N AT T G2
fTTa SWYT O SRR N 200 A AR 4-6 T 7T 7523741 fom @ =7
(TG FhR) At for fFrea sresfe Giwa e (91-FfER) 3t fon awifogs Giwa weg (
B FHA) FOICS 2N |

TESFER (Out-crossing) 2 b 251 ¥ RTwa wFeT ANTR W&y 2o =S,
@A T A7 IO 4-6 T 211 (@I 72T 9F 200 210 1 =i fom
B | @ R LG T 6 ] GO SNCH A A | (@ A7 AW 2 75
TRAMCR (F0a GRAMRIETO!, M SRAMCT T s 27 2971 1@ AR gemr
TN PR (Fg @b AT AN aewe A=fS | T U G0 GFF SATH 97 TF:
AGwwsiee 70 (inbreeding depression) FO TITe AT I

&= fafer (Cross-breeding)s @3 Awfere aaﬁ%m%&gﬁ»‘ MGG 2 A = [reg
TP Gl AN AGe ToIa 2 | I 1[fr-a7 e qft fom frew Fifess @ SRiem
FRfNe IO ST 2T | oSy A AR AT BeoMed &y 92K I @09
A | st I, @2 {Tes s «aea TR a3k st Mg @36 T
Ahrre T Tl w1 T, Tt Teifrs fHrea wemin Saees 200 S | @3 7wifs Siaerae
(A 73 Tl 2N fae S a1 2= | Hisardale 26 AIGIRE (o7 (S0 (6 Tgw 5
7 [ & oot (Bikaneri) @ (RGN 939 (SR (Marino rams) S 2 Q0GR
7 1 TR |

gseEie FFaEs (Interspecific hybridisation) ¢ @2 @fFa ﬂwﬁgﬂ@ o foq
ASIST 773 8 F ANR TG 21w Foita 27 | g [ o, Sioiey i Tox et
(T WS Fiferrs (RGP A W50 SAT G ZA0e! G1oftEn IS S
Yo 2T AT, N, 5181 (Mule) (6@ 9.2) | (OISR {3 Sl (] LT AR
(T W8T (Mule) 935 2R 2

Plaw SS9 (artificial insemination) #If IRIET My g 2Eww ﬂm
ST R T | 2R AT AR 2o, oot 2t faiifos
SfFR AR *F1 AR € O TAEHHR NG 110w F Ao
G AR T IR (TR | ALY TG /401 Sl A2
T @S AR 3 BT I A @S A @R 27! AN 72
F @ AT | Rfe SR P/ <5 & Aifiba sppREs
R A @S AN | GBI Bifew] ST 2erae TBITa I | Flas
TSI SINTRE FeIRT eeeeiore g 7y FBE Tore A=
| (ol & @ @R [y pniw 3 fifekw w0e ¢ @1
FTATE SNTAG FACS A2

A2 SRR FlG TSN MO 21T 577 @ F W= [0
AT oI TGS ANFEDT 2T 472 797 27 | FH AW 3726
AT IRl AT Sy Afea|ienie 2o &3 | 73 g e
e o RIS wigffe Multiple Ovulation Embryo Transfer Technology
(MOET) 2&1 ##PT=tvd TRoT0H 9210 FOIHITRT T&) O3 | @2 A=ifsre, a3
SIS FSH-F TS! IS FCF G+ ZAENEEN 2Tl I3 foxafera ofefet aife g @
@ gl o wiefie Foiin ofSrEmEm  Tmifste 1 231 @3 T 2@ o afel
A 6-8 6 T Teom 7 |




YWy CRAACHS G LA (TR

TTErey, S0 FreiRT SR O 496 40 fGHlq o I | «2 selivg
A 93 AR F1 FCTT fETw IO =7 A Ffaw S 91 =271 s
fERIYIYTAITE 8-12 FAT T SCHIAGT DT (@ FCI S 2 @G3R 419 I
(Surrogate Mother) GRIYTS AR 41 27 | FCa &t = (A0 T NG
s TR TR (ATF [RE fTH1g Az 79 T@fee @R el AReice 57
STECTETHTAT &) & 2o 27 | 2 2o o1 #R), cowl, Jeait, e, & carel
O (FLaS AT T ZCACZ | AT T8 AT 2T A4 I F0 oIfes
oY DA AT Fl ST AL TH T~ (I (FIT b2l TeH)
T TAMAFIS! FCTT AP 2T ToICe T |

9.1.3 (qwifg afesie™ (Bee Keeping)

CfRd fSsiieT 1 AfRFFER 251 Ty TAMCAT o) GBI THCTH 71 |
b @b 35 270 o Fs F=AC BreT SITCR | 514 261 ©F 5 B[e1oriy @7 2wy
G (IR #RTSTS Cofd @S OF TR AR | G (NN oA T, Al
A ¢ e 40 Afer T 7<) Co e Weol RETFas|elice Igereitd I
o | T S HIfRVE FCe12 A AFRIH G 51T 1 Z00%; FH I JRAPICAT ¥/
157 Wige @it @ = @Ieei AR R AR g |

CTITRR 2fOARTH Q4 (@ (FITA SRNHE S AR @A EUAfRd viaarg ¥ 2o
g I @N2RTT, T A9 G *PUCHG ACACE | G I3, A ToF IR TCICT
QTR AfS AT T @TO A1t | v 30 71123 2Afafoe cinfer awife za
Apis indica CeIE AfeT Trored, Afes AT I AN=F 2Hd THTe o
A @ACO AT | CNifRE afoiier =wspiyy afsw <3|

cnwifes afsofie afre gamereita ¢t 72 wfeo v3e arwta g R
TS ATATE B G G I3 RN FCACR @A GNNIRF el o{fere] swifs eeI<iea
o | AFETOICR GNITeR afssiiertas ey famferfie ezt 433 e ¢

(i) CTifed 2Ffe 93z FeIF 7=IF i |

(ii) GTIBIFYTE AT el TCA2TT R 15

(iii) GTMfRE e ( TR weT) F1ceiz e @98 GBI [

(iv) RfeT AgTe CIHIT (AT @

(v) Y 8 GATITIR e @ wralz | SR, A, Srsie g3 Tteiifes wret 75
=7 AT 2A9NTS 251 GINIR (ST 2 (72 | ST TN G
ARSI 2T AT I FCH G T A AT, Tl T © AW G Y
T el T U (ATF2 ATTwF 27 |

9.1.4 WBIE (Fisheries)

NG O G5 51 (@A g, (AR 218 A S Terer Ao <7, 90
AfFAIeTesad A f[oiaw T 2T | ST STPRAT @F 6 T ST AWK &) T,
NS I G B2, FFe!, semifbefT, dmcaia) R 2ol el Syt swie
ANTTE T o1 (ST | AT 43 @R @4l T @3 g Fg S0 (g 261 Froal
(catla), T2 (Rohu) @R AtaRet F1+f | Amycaien 5y Ayfes sy z&1 3fem! (Hilsa) |
AfE (Sardine), TFCEA (Mackerel) €32 ANCEFG (Pomfret) | (ST oI AGAB
(IR I SM=ofCett vy 2Tt 592 23 of 1@ (79 Sl |

~




)

IR

SIS ALNGTS TTHICIT G g 70 TCACE | RO 7 © #AFaras|
TEIYTEAITS AITHIT &% o7% AITEIAN @R FISUF (FGNT 43R FHATACAT
AT FTF (T | AT G2 IPHIT ©Itwd Gkt 1tz 9F=g T |
JGICIR FAILHA BifEwl TR &y S Im oes [Rfew s=fs azd 711
TR | SRR !, SICFRIFAG 3% (ARRIeTs T @3 -4 AT S qigere
@ W TOY N2 o1 Tfegn gk ANfwd SesAme Ifx Face el 23R |
FARRFEBIT 93R SHCFRIFIAEIR -G M0 AN T8 @ FCA | 97 et A7 i
Rfre @ e 2R G3R MO $IFTE € MRS (T S A 6!
iR (AT | SR @3 et {2 (Blue revolution) =it q@if® a1 9w
@23 (Green revolution) -9 JCol €32 72 FIET FCF ATIIRO 2% |

9.2 ©fgn aw== (Plant breeding)

Abfore TR T 3R AAHR 1wy AT (FFeria e Greqg 35 7 |
THe R oz 3R FREE s If @wemg 36 [ws S
%2 Teoive I FICe HtT | Sfew aemiwt ayfgare eI wors fge
AR T TS AR F0F | SROAE IFS [T FA (@& =1 %0z A
ST (01 %4 31G SIS ITH T M7 AT BIfEwiE s{7e FCaf, @3 oAmiiofifa
SRS MR FITee AR FE0R | 7@ K21 919, 419, SO 2hifg T
T @32 (@9l AfotirmTel W5y epRial toSE Ty IgaicTH Tfen e
FHEPRCET B 27 freae faet |

9.2.1 ©few a1 12 ( what is plant breeding?)

ST HICACATCAIN, SIfET Fererle] qaR (@119 Afetaigrre] 7=y Fifere Tign
% F917 & AEifed HTET Ariemieies AfasTws 2o Sfen areme | i
AeTe! FH AHAIPI (AT, TG FIEIF I2F AF A6 T ©fen AGwaa ifostai
IRTS T PR | Bfew arwEma 9000-11,000 = 5{Td9 wiggase 00 |
ABIFICH *P SRR Fergfores I8 ftaa =p7 Sfernes onffer abez |
ABITHITE (T A1 =30 G2 BT G141 ZCACT GI9JTeT (ATFE TSN SR
eI AT 315 Z0a (R | FHanfre Sfen araetas tia Remr acsiaiaeeas
W G A ORI WHICAl 2 GIR 9T Ffaw [Fforas sapes sifess
ST wefie wifis Ceofmerma, offS aerToT @R @il aAfSTAiETel s
Tfgw 3% 41 27 | AT, SRS SR 932 T AT CFea waifod
T SRS fGeore TN JIRCTI ML TEACH WA Sfegw eiee T4
20 |

Tfen eiemca sTRaatel =7 S (T 2 A1 [RRGER TR (530! FERE
SR A CIoER G SifeTal age 1 O S 22/THE (@ EARREEN oifeigs S0l
CTo[TE 25T ¥{TTE T STl R T 2JeII | G210 SAI Biote)TeT (FTol, Sreyfes
SIoNIl, 4T T2 T TR I, (@IS (SRR, ZaI6 43R W) AR Tl
g G AT (A5- G SFwe] gy T ! I SR G2 OIferpla AT |
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SN TR AfeDeETe gk AT ARNeTEITS FWTS sifswsmmnies Sfen
AT SO AFARS T 2 | AGATT M GF0 ACIF Toel [Ewre Sriafs

5 2 dleAs|CeT 2o —

(1)

Afgaenerer ez (Collection of variability) ¢ @I & SO0
T 2o fermare sifiadarere! | 73 *F7 Sfewm @ fEmere sffasaRieTe! Stal (A2
AT ©F {3 AT AN TFYT SR ot e she aw | [ifew @
R fer SniEfG, v T 7w @ue Bfew awifen M o gw Awfed (oimE
I (RRTER Gl SITHRT eI T 7137) A2 G AT 28 A7JTeTIT SofeT(
AFfeT [EmofTeTa TR IR AT *16 | 93 2@we =y Tfgm Tl 377
fetes 73 Cabarm euifere sTwfers 7)< Fzerzfor (Sfew/ o) sizie 7keg
A |

(ii) wfiw Sferra yemize @3¢ 4157 (Evaluation and selection of parents)

2 Ifee (ARSI TR TR I SR SIS o) SRS eI
T3 27 | fifoe Sfemsraa st i a1 20 @R GO 0 TP oI 2T |
@A R Il 9% 1 ARG € T8I GTAIR ©f T 27|

(iii) fdifbe wive Sfewmrza ey @1 22fEwZee™a (Cross hybridisation

among the selected parents) s 22 ¥t foq Cfen (vl ©fen) (4=
5S oo ([R5 LB IO 27, SHRFT7, 43I Gy Sema O
YT (AT TAM O Gy W 2T A 2 Sfevg Sfgmwa il
ARSTAY FTOIT &y Tl Ao IR FOICal 27| wfo &g G [ S
2RRCRTEH THTR TG 7T Tew 3 T TeI9T & GR 97 FER G
S Fifews QEOIRER Simere i 906 | aft 4372 TRONCHF @R IFCIE
A, P GGG 7R T AN @R (e Fifews Tien(b (A0 #1910 HeZ
TS T 43R O Bl TifeTg 2ot s S femra Fems oSt =itoiq a0 23 (e
FAYTE O 2T O T -0 R@ifFesin 3@ 731 2@®) | 737 Sfenajreice
@ ifers ARG e T6RE G T, AT FEF (AT FEF AT
FOR F(E ST T_FF SHATAIRT M (FIETIG G0 AT Sfemwd M3 Fifewrs
CAMICTR AR (il T |

(iv) 8<% Fafaras-a7 Ao @32 aov A512ea9 (Selection and testing of

(V)

superior recombinants) ¢ 7] 2ERC Tfgwe=R T @R Sfew Fifews
RICER AR AR Ot b @2 «isifbre a1 & | e Sr ARee
FA0e i 2 orore geeld ¥R 93 T SIeey SfEwee T9 FTIIE
Remfefes Enm awrem | 2 4t Tox wfve Tfen (A Tghea wiorey Sfen
e 91 AR (AR Gl SeFhed Seiey Bfgn 5o Tl @O 2I1C) | To=d i
TGt TR (RIS SRR (AR Tomd 917 I3 & 403 G0
CG FHARCI O 27, TS S2ey G QARG TeTs sj2iasel a1l < |

T DIFCAY CFIEHF AIFE, DI Ty FAIAIRPA Gk AffenFad (Testing,
release and commercialisation of new cultivars) : Tgvei@ f7ibs
IR ST eoermeTel I3 2o, (@5t 2fSrimrTel Toiifna o Sy
FR e el fofers e w01 23 | @2 Bfewe @ s oy i 3iReea
BIT IF 3R ST AR AT, TEAET5 €SIy =P IR ARSTZ AR
AN AT TR T2 FTo] NG T NG, T TR 31 2 |

~




IR

SRR Gy RIS FRETCG STl = S| Ui 1K 919 G2 S @S
creei R =T wreffe *97 Sfemetet s (@R FREERIY SE0e S R
N ST FAATT for] T 4T BT (G762 F1 27 | TATH TS
B e @ THiE 91 2R At @ @7 AR YT o1 Sferba e
T *T) SEH0 9eTell R Tl CfGn (bR Joee 1 27 |

TSI IS G FRL (71 | SIFIET GDP «F AW 33 =it FI Ao @)
«@ft IS SPRYIT 2T 62 *SIH FAFT @IS 9T I | SIS FEToR o1
(AT (PICE (R TPPICEAR YA 20e ZRMed ©iF 5y 27 wppifs foet s
TR o ANG A B 1 | ([R SIFSACH 43 Ao A sy s
ARCE O 2 Tofet FRGHE oS a5 (g Teoiww I 707 TSI TS
2T 0o 2002 | Sfen deee 2=fex MO0 1960 @7 T ARISIRI AN 215 8
YICTR 73 T FEeIle SIIIRIR I Tl & GRG0 SN (0] AW SRAe
M I (IR | A TR Sesiive I @2 siiafls armis? s [{ekgst
i 1 271 B9 9.3-co g T T SO W *FT SR’ @RI

Q)

(a0)

5@ 9.3 g SRS 15 =P () Bl (X) 915 (o) AWM= W67
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M TR I 8 1960 (T 2000 AW, I AT S o1 Geolwe 11 Fiferis 5 (e 3
(I 75 TSfeRm B 2102, SIRIMCa 41CTs Saiive 35 fiiferi 5w (g (o1 89..5 Fiferm B
TR | 51 R I S 2 a6 (semi-dwarf variety) WW % Tesve {@T
I TR | (IS &2 [e@al Norman E. Borlaug, (AR 51 @< S Safemiea
el SIS ST oF (P ( TORERITIT CTOR T 326 SIS (3138 SNLSEG) S S
<& ARG 95 FERET | 1963 AE GIRNETRR 2R FETINER T 35 T T IeT G-
@9l 2SR TSI MR SRR ORI T 515 TAMR G 51 1 %3
2T | IR SR 4 SR [R-8 [SIgeifess 4 ol &fSais (IRRI), fefatfoep] @&
ORR @0o-1 (SRS (T AY) = S 7 TR | A G2 SRRLYER 5T 1966
N ¥ 2R | IO SIS TRl R G- TS SHFIFE T Foteille] S

< GRIELA 3% I 2@= |

R ¢ Saccharum barberi Y1 Ted Oi0S T, ﬁ@ I oSl G WA Wl
42 T 2 | WA ORCS Sl SIS S 2GS Saccharum officinarum SFRFFOIE
wfRreR R PERHT GRS YT 2 g ©f Tex SiAre OETelE SR A | T
AR, R I, BIfE *FA IR 2 TER CIATOR B4 TAMHIIA SRR SR
ol 39ifra Tre! Ffews Rl SNted ARG FfN T Sy ST @2 1o
GRIBHS Ty ALFSIR 2ferwe Toi! TR |

TRITeT5 ¢ SIS TRATOIE 1 AT BB, (S =R S 95 1 ZRCZ | ST NG
T G 5 T ST 6T ST el T T e 9% SRR bd 715 411 A |

9.2.2 (A afetatrTet WWWW (Plant Breeding for Disease Resistance)
¢ BRI %P 2Gifeq Seoliwermere!, R<ae PRI SHaIg SIGE S <P Seolierwere!
D 91 2P 2AIF, IO IR ORI GO RIS @Il AR 2 | G e AR
TR SR S 200 A 2 FOT @ ¥R 20-30 *I1¥] AR 20 A, SR A
FAC! IT5fef %P2 75 T @O AN | 3 2FFRSTe @t afStatews vy <o
aeae @3 R TR Beoive I B0 | @2 A=ifolt zaiea=s «32 AR
AR Tl frSaeie 2T | (o1 B ot efSratermare! Ie70e @7 2MTITS-mE
Gl YT A (ST FHAONF ([@RNT G 42 Faro! (AT S fEmare a1ow =it
fsifre =21 | Sfema s eerme THIR ofiS, c@iol fTHI[ Gl 3R @7 [ T=1E
(STCT (6T 332 g7l | S zarsaibe ol 2o 3ot ol (Rust), vz, —aiGR
mifs wf@T &t (Brown rust of Wheat), ST (512 o161 (19t (Red rot of sugarcane)
@R SR Rt =1 @iet (late blight of potato) | IR Sfewma FifEfarabe @roteena
R G0 261 — FOEE (IaeS Sfema P #i6=1 @9t (black rot of crucifers) @8
Sfema Sizar|te 55 @i 261 - SINIEa (TE3S @19 (tobacco mosaic), =9
(TSEF @19 (turnip mosaic) TN |

o afsragrsTet Tjﬁﬁ el AT "WW (Methods of breeding for disease
resistance) 3 25{eT® AT FHIE (RS TGN (‘{(ﬁ/ 3ffe) At +f7ifs 2omee e
A oI 20 2ACF | (191 A STaRrFTel 500 Aemig 2bfere 2o 26 AT €
o5 | TR AT LI SRMIFSIRE Tt FeTaold ol Sy FR-RFE
ARG FATST Tl TOIT! 2T LIPATE SO 27 | AR fem iotofa =1 ¢
AT T TR &y SRAISTR =R, Wb T Sfemmrea e,

~




)

IR

T SR -6, e 3% Tgel SIREHATER o181 @ BITTF S IR |
AR @R e 2R gz, TSR g3 siEapRe @ afswic s
g =7 SRR S A 2R GIR BITE o) v FRRAIR 791 TR ( (BfReT 9.1) |

Gfet 9.1
w7 S5 liia @ a9l eferaty
L Aot 3 FGIRCA T @it (Leaf
Qb f2sfaif@ (Himgiri)
s and stripe rust), &1 S G191
Pusa swarnim .
e / et CISNRG! @9 (White rust)
/3 AR
& Pusa Shubhra LI 6 R e 126 F 6
A Pusa Snowball k-1
EEai Pusa Komal ENEERISIESRIEY
HeH| Pusa Sadabahar i ez sizam, GRIH
(TEES ©i3APT G3% o7 et

i =y el A goR AR TiFe wxfer gRiEbetETe Trifee a3 hiew
T TRAF (@19 AT ST SRS (T 2ibfero 2ieme o=fsfb &im=is3 AR YA
o3| RfJx Goiiea B «ifaafe aibcw vk eier afstaty e it Sferm armize
T R AR oS fEa] Tl =11 21 A7 | Fifesrs a5y Twfre Sfgnetena aa=i
SRR A I QTS AT A 2T I T2 I @CS AT | AT G
S @R ARSI 2 T T G126 G SNfRTrBo e ey foioe
R (ST SN GTTRR |

TRTEw @t (b @ifeat i AR e (@1 el Aifiade vl fEmore
23 IS T 2 (SO 5 (T | G FCET G I gl (ARG Al AT 7 27
YT e ST 2T 1 | AR ofmief At coerra R[fdet (st [ifvael) a2
MICIR FATSIR FIBTHI I 7SI 3R 3717 FfeFe (QHOTT Sfena T fioa
T 2 3R A B R I 91 2 | 3 2fFiess Freeoa f&ifes a1 Aifyfe
A 0 | o O ST GG SR (ST ©I2a Gk STl fmfbs et
] TG TG LHHITTR ST Sl (7S 11 ZCTRE |
viCAle ffen Sfgn aeifonters 73 e epeizl arte @oETs Sesrwrel 33 T
2(a18 AR S S 6y il alfStaiaess @ Snafe acate, ©iF T Farea 5IReia)
WW Ao ﬁﬁ{w AT TN ATGH | (G (Adbelmoschus
esculentus) TS TERE (TEES ©izam afes@id & « 3 wefe awifs A
YT FACT T G GF T A. esculentus-97 43I0 T SR 9T 2R ACH
‘sigeif FIf® (Parbhani Kranti) IC |



Ay SRAWC SHS LTI (FHEPTR

Tl A TRl teR 2o et fome)tena S (@ femajret et afSrtrmrel
5 T 2Tl TOITS 20 3 G358 *) AGITSTe St (372 F 2 oF AR T2=F7
I TRt Aefors SRRl 03 | SfeS Bfen @ Tt S Sy e 9o
9.2.3 Afowl (AT35a R afetaiy el 754 Ty Tfgw &ew (Plant Breeding
for Developing Resistance to insect pests)

= Tfen @R TR XU AWAT FIHMOT ST G 324 I 257 2[SThF R
ACHTATHT TP | (TS *P Tfetwa el HoRI, (SR At e
CRESRTER R GO Ao A4St el 36 20 AR | 73 Siem Soifre @
ST AT (2195 AR A ST | (T, TG 7w (jassid) -4 RF=gen
SRR 2SN TS| G AN AR ST 9T CARPI Ko o1 sz afstaig
! | 915 9NTRR =0 TG GO A PR (stem sawfly) -G SRR W G2 T3l ATOITT
8 AW AR SRR GTaTl SFTOIA ASTH A SIS (bollworms ) SFH FTS
AT | 90! e Sr=AGF SR Shuia!, AREITE G *F Twua eE e
feuIdl srorels Rgr et 75 e |

Jiosiow! AT ol ATST Ty AT AT Qi2I9]Ta B, 9ol @R
ST SIS S Fi-REE 2ol AT Gl IOICI ST K199 T02 | SR}
SRR, T Sfae ez A T skl e et wreigs ot
T 200 A |

AR @ Ao @il IS Aewt (% Afetaid 5y =or eraiRba aw GRe 9.2
TO (MR 2 |

Bf<et 9.2
> SR Aol- (257
I (Brassica) Pusa Gaurav @G (Aphids)
(I AR
AN Pusa Sem 2 e (Jassids), afFw
Pusa Sem 3 (aphids) = w1 o
€341 (Ocra) ((5w7)  Pusa Sawani 5ol @ 71 BuiR
Pusa A-4

9.2.4 AW YETHR TAFSALTTA T+ TfGw @& (Plant Breeding for Improved
Food Quality)

e AT 840 RfemItTare Sfes AR Wega O 2e)fEss 2 @ 2AfRCoea sifzw
GIBITS Pifie ARG SART Tl | SR G361 98 ikt - o fRferare) siiegar- wamafass sifdvstiess,
(2o @2 FEBIRT =TIt At ‘hidden hunger’ -4 AR (SITa e ST 2= 2AfF=e
T, I, TIF-SROI *P7), N7 3R HT F T AL (72 | AT TR Favali e
AR R iRz, oI A, s ¥k fEres-«3 sro ez (@19l 9ot e
I I IR, G 291 I 3R N FoTol FHE 3 |

~




)

IR

ATAIHB R TR CAS NS TP Fiat Aol 21 Tovwifess fobifie
@ 4fe7er 1 TG (2D 8 PRI SIf TIPS 6 A= T &S |

fferfie cwtg Safontiata =10 Taw offSars aewe #Ites &y ages 07
oy ¥ W —

() AT AR G2 9 gJeloresi;

(i) Coe QIS AWl “Afwiel @3 @3 eloros;
(iii) Bt e ¥=g

(iv) FEiE RS @R Aftem s |

2000 T, @31 73T B! Sfen Cofd Tt zrafeet At w0 @ GoAbe A
SR STFTSR sifmel 7{tde 7 98l Sieneena weriw fasjet et | =ifess sifasiel
CAMHTIT AR SIARIT SO 66 (Atlas 66) (F BRI AT SHANSHILTNT ey WS
TferCe 2 91 & | (S SREATE AT G SpiiEfs (ol e e A [
AT JIZ© SIRNZHTE TS ST o1 A6 YR S S AT |

R fER IR PR ST FH<RITS (G PRI ol 26es) febife
feler Tyt g * <TG B oAe 1 BT R SSNCS Q9T BIF <511 B, (X, FeBifse A
I SN, AT, FACS!, fCBIT C T e, I, AR, BOACH!, S €
PRI 2AFHIE @ IYAN GR (ATTTT= I - T, FREN, g 9% AT
o |

9.3 9FF (I (AR (Single Cell Protein (SCP))

Q@ BIC S S A G227 I #1THR OIT 2ibfers R 7S THGT iRy,
T, * AT, T 2eifu Sesiiva IR Sifent sface e e 7re #iied | 4 2
VAR SRS O 7RI ¥[F 28R TS AR bifent wifgees 3 ol
Je AR AN Tkg T TeoAT FACS 3-10 kg WNHTI 2T =7 | (=1 5 @
RFoTbe LM els AT @ @i oo SETR! (T SRITTR SIS I 00 A 2 el (74
TR 25 SRS @ T et @ NoffTEfoe A1 oreg | M8 A {5
ey (AR R SAYENR W@ 9Fh 261 @< @ (2lifos At Single Cell Protein
(SCP) |

TGRS (2fbTaa ©ie © < 23 Al fEnreita v 34l 2% | 257 AR
Spirulina-93 © S -TI& CHAT TLAT FACO GRS eI AFAFI 2076
CATF ol I8 & (ISR Af®), 4T, AT, WG T G2 I THAT0S
TR I I (@CS A | a1 (@foe, 4 e omiel, 705, Fei2iEegs W3k [
SR 4] 2T A79ZS 20O 2ITF | oIS I I 4 G0N IR 6 AR
7S I AR |

Methylophilus methylotrophus -3 Ste! g ALRA geifer I @ AR
TRAMTTI 2T ST 2T, €1 25 5o (A T T G01 S 4 (@CS A | 4fb 7y
(@ I AT ATICATN TS Ay RO @20 R G S N@ g 57 @
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FRIE P 2ifere 2wy @it e e @ Sidrsias gaiee 4w 2
BTN 2T T |

9.4 1! e (Tissue Culture)

@Ry AbfeTe aewe rifootsil vifenta 1t oie Mo @3 Werw Tafenacas
e AT F© 8 FRFA! (S (@ FACO AN, O T AT TN AT 9T
FTHTER S 2= | Il AR @00 F @RI ? 1950 @F wite et afb
TS (AR (@ @26 At Sfew st (At sy Sfew S w1 7iw; wieffe,
@35 ST @RI =%l (Fo (197 77 3R of e siffcaest R oAfesiiss
qiq e (B35 T @31 I WO 27 | @CHICA Sfegw @/ GHATH (AT
GEa "'l"’?i‘f T S FF 92 FIOIE GITATE (Totipotency) I | @2 @i
FICIT A6 G TCF (SN 779! (fATs Sz I3 | 92t «@fb ceiw orewl
Pl @, SRS Ngabre SR @l FET T @ BT @R HED
=1, TEBIfE, SRRl ShifTe ¢ SiHm, ARG eejiuz Are! 3 SrivmTRe
PFTS ZCA | @3 ARFSTE 2ATH FF Y7 I A2 16T WRAF Sfegw AT w1
T | FE AR TG TG ST Sfew SAMCT G2 2=fofbre SRyt
(micropropagation) JCeT | SRR NN CeAT 92 Sfgwatenar aAfsHe 3@
@ T (AT SIS TR (12 77 Sfemwa AR femareeita M« 203 wi<fie, @3
T (NTCEF (Somaclone) | G2 7S IR MLTH GLNCH!, Fa7l, T 271w
o g PFg A oAl Sfgr AfferTeid viT T 2| 92 o
A8 TSI (@R @R T FIT &) (SN (SR FFFa T @6 Tt
Al AL 2l F917 651 I |

@2 Awifolba wsia a3 Fg7iel 2t ze @i Tfen (A0S PR Sferm 75 |
Q1 SEn(t ©IZAP- 1S 2rare Tiuihe ©ies T (2 8 Fifrs) Siea I
N | Of2 SIRAPTT Sfen 77fT7 ooy Fiaw AR S Fa17 wopiad o @3
FENF I TOICA (TS AT | FeTl, B4, Ml 2ohifnd e Ferq afssiieny Reia
e RCACRA |

G ResiRl Sfen (A0F 93¢ @F9EIE 7243 I @STF 57 qma @
AT 25 AT T2 (ATHI RTINS (RS 91| 71 SAF) 72T FA0Ee 7L
FEREH | Fifers ([T foF orizba Sfema afsl (At (TIPS 58 I
T (2AHIAPE FACSF &) EI9JTIR BT HICA (0O 21103 | 93 FFF (ABIANToR
SR I G T Sfew a11e 11 AR | 92 2RI Giifos 22fae (Somatic
hybrids) 301 4% FITF 23 tofta 3 2 e zn embs 2izfEeiRrem
(Somatic hybridisation) | G351 {5 ST FA G T4 GCACHI CATHIANTIH AT
e (ATCBIRANTH feTel qOITA & 9% G191 Qoj e I wib e Geaeh! @ wiiega biffas
CATrGrRe T o T S fen (of T 71 27 | 2 2AfFAD FPeTe I 3700w 200" @R
T ST SR 9% 2R | TotaiTe: «2 Sfewibre Afifens g IRzrEieicat
il 79 CAHBIIfeT R Se TCBH |

~




ATTALCF

Jo{lET 2e feaeTae Moz AR AT 9>Aifere 2o it ¢
G #(O | T AT AT @I eiseafe ¢ #ifsieiae Tex s
(A2 A BN 2N 8 NS TR SR BifRwt 5170 1 78 TR | 43
ARSI S@afe RITEN 277 (1) AW S <ANF @ifsoiifers alfiom =iist @)
(i) 2R oo | 47 T B @R 477 874 977 RKw= T G afestsm
Al GBI 5% (apiculture) SERINTSIR IR (ARCZ | ISTHIT 261 S27 G0
TafeRiieT Mecwg Tl N, W (A T T IR S0 SoTe A0TSR
SifEwt 7j7e I BrECR |

TS € O[PS etz ez jHre Cien eewe 335 200 Al |
G T AR o I 2% | @3 Awifefb S Wi (2iibes wia Jwros
AT T IR 9T T AW o I 11 | SiFedd, [feq =mn Sfems 73
SR 7S T 2@ | e ey @3 I ARFSATENR AR SesAe IR |
o] AT (FHEPTR @3- EIE 2ReRTeH, Ffaw AR Toq o
AT (L ST ARSI Sy 11 BRI 75 I |

1. S G MR SisRe Ko I 0l |

M O AR G0 (TR P (A ACF, =0 (O] 724 AW
AT S YR eI SHACTI ST | ARNS SeTHe P 2

3. T e F @R ? AW ST STroeT 2

=

e A

p—
— O

1

AR PG ARG ARSI A ST FCA | (I 0O (i AT T

TN 2 (o 2

GHPEBIR A GTH F 2 AWTE G @ Frei JFesof

Q7 Bes{e JMITS ASTHICIR B SAENs A |

Tfign eieme Awifon Srgsfs fAfen distayren Aewtel a¢fa Tt |

JCAFH PG S ot 71 6 |

ST Sfen 97f5a Ty Bfema @i oieifS STl Soigs @R @2
. SRR M Sfew 335w 2y ARG [
Fiaw AR G2 A Slewiea I 7gS Nt [Riew Sommeeet F
Jt ol 4t (@7 A |

2. =Py Bfema @ @I Ao ke eraiEia AW S I @ eedr S
T TR |
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SNIGRS SIS

(MICROBES IN HUMAN WELFARE)

10.1 2RI 58] TANTT GGG

Microbes in Household
Products

Rsrene FwE} et @G

Microbes in Industrial
Products

NN ST AN G
Microbes in Sewage
Treatment

AT TeATC GG
Microbes in Production of
Biogas

e g aifemfegre
Y&

Microbes as Biocontrol
Agents

GIer MFFCA TG

Microbes as Biofertilisers

IfeTHIC I Sfew € 2@ Ari=if, Sediae 5fiTite Ge
©0Ed (biological systems) G {6 AL Soiiwe | @l ifelte o=t
GRS (Afbay R e R | (ORI I STz &, Giaemived
(I ATy, TG SRR 2 O DT IR %@ eIl
(microscopic)? SEIRA! Wi, &&, Y, T, SHiey 2 e Sfema
TESSTHE— a1 R TS | 42t G (@ Siaa =g
Y SPTE GBI - SFLECer (TF i) Sreraaeis
@A 100°C 7 (ATPS T Sl#@l CF, [T Teielal, FEE
foR 77 I NS 432 ororg OifEs AREe Soifre wte
AT | SGRR [ifog w0 21 (AHITe, FFERT, 2a@9,
SIrFaT AN ¢ Bfegr ez, Sizawe ¥R (@i Fat e
forme SGREIRT Seys | qo@ S 5y 57 w&es foa 10.1

93 5@ 10.2-5 @t =7 |

IR 9. I3 ZAICH ACo! GG AT P 27
@3 FCEAR (5@ 10.3) & G 5415 MG (nutritive media) I
I (@CS 1T | QLR GG AR AT NI TG
ST AT T |




)

Q)
o 10.1 UGS () MIP 1500 5 10.2 SRAPRE : 7) @l FRCEReTIS; (<) WPRET
3, () (MR, 1500x fRAfHS; (4) @RI aferreizam GRS ez
A s AP @ oA (9) TOIFT
q A IR R IS 2l wigaP (TMV) | &1 100,000 —1,50,000x e

& 50,000

BRI FCEAINL

&) (F)

5@ 10.3 () 930 =iGEE Jred HERTT FEA (1) 9o
cIBfom Ifwiate =@ FEd



TRFETI SE

TSN S (SR MFHCZ TGN I S IPRAF @9} FT={F SR
IR | G312 932 Tegn (ree @it 3% 303 | g, @7 (AT SR @Bl ol Efbe
@ 4 QGRE T oFd, WRIF 7Z (several) TG [ s e Mg sicF Torraat
o | RIS G g2l SRMIRE N 5y Smi, @2 S
SCAB 2R |

10.1 WW@ T SY&IF (Microbes in Household products)

@B (ST (Ol BRI 20 AT @, =l SIER A SR (AF Tl
sl afofm Iz 1 a7 @3 e Srizgd =6 51 (AT w2 A4S |
Lactobacillus €33 Sl FIFERIAF T© SAYGRPRR AW AFNS 0 SIS
LR (LAB) 0, SR I SR 8 FRA IR 3% HCF W2l #AfFere 3|
IR, S SpifTe AR, ST Sesim I A 1-@AibaT sigs T
@R SRR #AIb® 0 | TR sIivS SHIFTe WRRGRAT NS w5 sl vg
f0a ©ItF =16 (inoculum) 3l GRS LT ©iet At BB TR AT ERIT! 2T |
oA G2 FIFEGRA THYT Si7aF [Relfers 27 @32 14t wew I | @3
G RRAYCET! FOBIRE-B, , 7 wifsriel i s T iRER 55 qwe TFo 0 |
NI #AFRACSS LAB (15 oI GIRIGa AhaIce] T4l (7 @R Gl STer®
TP SNl Sl T |

BT IR @RI o [few 4 AN age F90o @ W SiF (dough)
TR A T IR WIFCGRA AR ATl 2 | 68 @ CO, MO TeAm
26T T TR I FCET TCo | (SR 7§ FeCo SHITal @ RAF #A=G szaifde
26T TS CO, T2 22 (ol Bl Fa0e Al & 92 7 afmriajeen
OISy ATAIGTA WIBBREN @I (A e 2 135 @3 6 AR &) @
EMIF OIS 2T I T, OIS @I 35 (Saccharomyces cerevisiae) IR IR
e 23 | g WF HABRS AN @3 AmAwENSe SRIGF AR T+ o0 2FS
T 2| R SRed g Sk @36 fHanfae T 25 ifE’ (toddy), T ©IER
S e tofd a1 27 | Wy, R g3 Foeia S ey Awy tofze e
SAGRPTE TIFS B | 2ADITON LMy N G0 2e B (cheese) 9% G AGfOrO
SETIE I9ge 2oet | [Rfen eraiEfa foote siom sifafas atom Kmum, o @
IO AR (o1l TR 43R Torers G2 il S 2pfeon Tom fisa 0 | Tnizgerg,
Propionibacterium sharmanii <15 GG FIFGRAT LI 2ps 2N CO, Teog
RO T2 2 Brer (Swiss cheese) T IT 91063 75 27 | GF(6 KT 2517 2@l
TANFTS % (Roquefort cheese) @7 B9l Jrale 20 @ sifFoigol o @R @3
foers s R 91 2wl ST |

10.2 MEEie AN BeowTa W& (Microbes In Household products)

G RS, SR Sy o RIS AN AL ey, SGRAN
RZS 2 | AR A @R SHFGACNDS 2o1 g7 by Swiiezel | s SRR F2ea
TRAMCT Tol), 43 T G0 AT SEROE I TOIIRT TS 27 @R €3 I3
AGBTF FACN6K (fermentor) 30T (5@ 10.4) |




10.2.1 341 efFarere 2Pz

(Fermented Beverages)

m, R, 33, Fifs 1 I0R T AR
TLAMCAS &) AN e (AR SJEPTR [eere
TH g 2@ PR | G2 FEE & 6 (ofite %o
3R AGALT (T[T 35 (brewer’s yeast) e 27,
G 35 Saccharoymes cerevisiae 3ATE SRAMCAT Trelf
QU * P T 8 FCETH TACS SN0 J97© 2 | (ol
@iz R RS 39 I S0 2ita @9
TfOTe 3H QI ZANCER Tl T 2 Tl aAfFa
Gy IFS PIGINCE e IR AP 1 (oo Al
AreaRE) ToiF fofe Fa [ifen axitas syiReeTeR
AT AT T | (AT T (fermented borth) St
RHIESE R CCRIP I EE R ERRC R Tie R SERIS Gled
W 8 R T 41 231 57 10.5 @ G PR
25 SR A FO! (TR TR

10.2.2 =5t %A oa (Antibiotics)

TIGR A2 I SIFGAICTRT Tesiive, [exi
WO FIACHF wier sl SNRERER Tr& I 0o
51ef] R T G3R N TS FENIC! I T2 W AR |
“Anti’ 251 @30 8 =% T 5L 767 (i g [Rgo, @3z
‘bio’ FEICS GIRAGE @RI G2 6 AT GFANCL FACA
a7 =g Mo, (@i g q EReE [GUR© (against life)
S IR (@91 O SRR (2FINE); oM
T 2Pt @3 *7m{0 AL SR FATF (@I 57 @R, SR [{gee =301
SSRGS T60e IR IS *MLAYTHAIE @RIT, @I g S9ER 92
FE TAT T T G G S SYERWR (Clol TR @A FAC A I [IEe
T AN |

oAb [ GRS CoARFIfEcT= At corl »ifafow | ot
I @, coififere foet e wifgs sniftais @3k <6amE2 (chance) @&
SIREE 2RREA? Staphylococci VIR (R Fier T 7T SIS GZFhIL
GFAT AL FRARE (@, ST TS FeriieT (269 @FHre (78 (mould)
WWWW% Staphylococci K @TT Tt N | fof @@ FElReE @,
(IS B! TS AT SMITT AIRE GFF IB0= R [ @ @S Penicillium
notatum €3 ©o7 fof6 I, @7 TEaet I (oAfBAfer | o1 «fb SISt sy
fROTR, @7 79} ol SAE AT, TN (B3 I3k NS G a1 2fofre zrafes |
TSR R IR WIES SRR T i< @2 S eimiiba b msiweia
LR T TRME | G2 SNREIET &) 1945 RRIBITw GFhi, (b2 @R FIRE @
SRR g 41 2R |




TRFETI SE

AR 213, S SIEiRa AR Sest sifSaraibastee s
2RfRE | cott & =y g SnifSaifbers @ w@1re ¥k ot S 4w (@7 F0e
AR 2 AR Ry fiferaeae @ S 2id Tt [ifea @iot @a- caiel, 3ok 3%
(e i), st (s )« @i (F9 @) 2o @ T e
SRS, SINiwE @ed afetaty Fwer TS Safemies 0| IS S
SSRGS KEm @b ffadia T Fom Fa0e siifawi |

10.2.3 AT M1 LATZ, SRR AR ST CEAATS YA

(Chemicals, Enzymes and other Bioactive Molecules)

TR SIOTG, SRS IR SEHEE 0ol FoT IPNT “mITEs,
qifafens @ RisTete TAMTTR &) SERTE <RI 1 = | FR6 SIHG CeoAerpil
TG W TR ARGF SHTC SAMCTT S Aspergillus niger (4FH ZQF),
SEADGE ST SAMT &) Acetobacter aceti (S FIFHE), oI =niftte
CAMCTI &0 Clostridium butylicum (G0 IFIFHR) G TS SHIC SLAMTT
@) Lactobacillus (436 JFHEAN) |

B AT SHAMCTR & 235 (Saccharomyces cerevisiae) I35 2 |
TR BRAMCR Sl€ TG T2 1 2 | IR (detergent) e FAC SNLTHET
AT T 3% 32 AfGTS (=T ol (stain) T FACS A FCF | (O SR 575
FER @ ISR (AP S ([AGTSS T T, G (O Tl P T (AP A4
Jo2 2 | UL (AFOE G2 (GRS 770 26T IR, (ATES T 97 T2
27| Streptococcus JIFBHRA (ATF T e eyfea Mgw «ififee S<rms
CGABIFIRCTG (streptokinase) MTHFETE TAFFHITT SFE AT TA1Z (AT
TTOLANG S ARTIF T G0 F6 IO (clot buster)’ RETR I7Z® 2T | BTy
MG STFRHTTR Ferifore s 26 it 23|

2T @0 (& AP O 7 Trichoderma polysporum BIF QA1 B
ARCHFICHAIR A, T @M (07 Sl 2SN T G5 Sy AfSraies
(immunosuppressive) ‘?TWTQI/Q'C‘VI (RO | Monascus purpureus «F BAIF (ATF
TR IGIIGACE (statins) FCE (RGO wAfNI ZEFRT I~ AfelfemRimae =1
2R | G (RIETCERE AT &) 1l SR L0 2SRl Al (e
& |

10.3 TS G AT T&Iﬁ? (Microbes in Sewage Treatment)

R S @, aifsina 127 8 9107 AR ARSI I57 oot Tl 27 | @2 I
G G0 Y2 THAMIN 2 NGRT ToTq@ | (T GBI TAT G2 IS E T
TS (sewage) I0ET | TS AR AR (&7 7ief @R WG 002 | 3 SYERYTET
R SRR @6 R SYGR | (ol [ T @b (ST S_F 23R @, 2fsiue
@2 e sifFeie T o Al T G e T, (@I ST T @3 e
TEACE Wl Al (RITH! SR ATl ARFoF TRAME TT 1 TS A 1l IR @7 IS
(OISl JRITS 2% | S SRR 50 IS0 ST 130 21 FA &) I & 2ATeH1
@™ A IS HEES 2TG (STPs) @ AN 41 2| 87 T(el WP




--") Gt
Toiferre sRTSG! &R AR, @2 e Sed 2Rt
1 T | T T 3 SARTeIE b AN Ao T
B

2telfsis 2ifaritys (Primary treatment)

FETEE AT G2 A T oAfTmRel @3 =g
TR T TS T (TS (910 LG J2R 6 FH
FAIYCER SR TG | G2 ISHYCENR SR Aot
4ICA 0B, AW LIRS ARSI NG S
IRAICAIR ST TOIC B | G248 ST G
. - - . IRFGHTAE (grit-AMfeT @ (= ) I87 & (AT
R T i ool 1 2w | FRST sfel i smiLE ez e

(sludge) 9107 I TR TLTHATIT ToARTS w2e1
e e SR (supernatant) 2ZIW TGS SHIFTS (effluent) QP
JC | (N ARTNACTT Ty, ANANE S02(Foiel ST (primary setting tank) (ATF
AT JETOIE AR T T |

(e AfFeites It Sew Aty

(Secondary treatment or Biological treatment)

AT 27T T IS Y Gl T 2 N @I GITSF (aeration
tank) #MICT 22 (5@ 10.6), @A SIS, TFE SN 4 ST (agitated) 2
GR AAFART T 0 AT T T | G & BICR GHTIN 7T SRy cal
FoRFeIta I (IR T (flocs) (RAIF STQ9TEIR AT AfAfere 2pa 7R [
TSI I 915 TS B | 7t BRI, G291 SGREN A2 87 A0 TP
CERMITR (TTSI9] SI* Tl IR | GFPCE 22 IS7eFEF BOD (biochemical
oxygen demand SI<ffe SIS o IRATE Sifzwt) SiesiFsjeeira 2 #i | BOD
TS G G2 ATTNNTE @I/, T €T B0 SeT THARPRIS 7 (G TR RN
IR SEIPICE AAF 2 | THAIR ISR A1 Tt 2127 5o Toel ) & G
BOD 2R I8z | I RETR (€T Ste Soifere Se&iR @il SIiHes 824 I 20
BOD =3 Sice e a1 20 3R iR AT 9 AW @, S N1 SoifRe
(eaa @G #IfF 7 261 BOD | Ie7&ed BOD T ({ff 273 ©iF 73 9% 17 Forels
©o @ 2R |

@ ZCS Wl A1 ITETSER BOD SieoR{o@Ita g A O3+ 2q2we
JETSICE TS CF4 TSI (setting tank) AT, @A WP RA TS T
(S T | G2 2T T (AT G OTSU TS (activated sludge) 6T | SFHTSHT
FICE GH6 (RICH! S<* =16 (inoculum) FRETE 95 REAT &) Y AR HIeT= 1 =7
G BITSF, AHARFT AR @R AN 27 | FIEH SRS 328 SRAGTE A==
TR TG TS AN T AR G2 T G TEIS TGN FS BIZSEHI (anaerobic
sludge digesters) 0T | G2 SIS AFCIC I AT G Sy RPN Fce
Toifeere FGRT € TR AT (digest) I | € ABGARIT WIFCHEI I
@3 filel TofF 03 TMTo FRE, FRGITE ARTHRT Gk FiE TiReERe Ssifee



TRFETI SE

QT | G2 AN (& MO (IR 76 IFF 9]
@fb w17 (inflammable) eI *If¥F T RETR RIS
209 A |

(Tt AR 2075 (ATF 2R ISTSIEAT
(effluent) RS Tl GR (! TALT @ AFloT
TN AT 2T | AT 2ToF 96 SN[ 74,
5@ 10.7 @ Gt 2= |

AfSTte RrIgTT o7 o1 ot Jeiea AR
SR T 9 J4 SR A F0F ©f ColEl

TofeTl SO AR | G2 ARG RO 2 SR g 10.7 @l 17 T AN 2ITHT A

€T SRS (@ T (07 TFS 2 TR A g oy
ALBE TG A THHK ISTET AN AT (!
SRfe 2fE @ = AR |

FAILA TRACH T S QoI TETN TN ISHSaT (F L AT
Tofi TR (772 R (oIva S5 SIiTRl 1903 3 Reiet sifistiet s aeieret AR
Ty WA T AR (@ TR (SIS AT | ©fF weifReifae T 3w
TS 2R T FAAR (20T (63| 27 Tl Temel 43R TeaifEe @I ASR AE
o |

SR (CA 2 TCEE R 2N (ATF T FAF Sy, AR @
TG, NN ST 21 G T SPRF 2T Il FCA | G2 A S A
JEICE AT T 20O AT | (ST SNHAT SRS (@~ G T e
AN (T 2R 9, 9T (ST G Sy ® ST @ et wfoees!
2 |

10.4 T SLAWTH WG (Microbes in Production of Biogas)

OGRS T STPPTCe @3 el (gaiae feee iEs) 2@
TG €3 @b GRARFC I7Z 20 AN | (O (SR (F, SIEGA! Sitns I @
fReiites s T a@es 0 S smief 1S 7 | & @@ 9507 Teom 2@ ©f
SEIRPTZ G3R (@ ARCES SYATAIE G FICS AT ©F SoiF 67 0 | i Oite
I, ot (ofF @R AT SAMCTT (F0g (@ SRIZFEI9TEN (reT TRTR OIS (72l
IR (@, 9B 2R T2 A4 2GR et CO, 1T GRITEIS SR AL S SIS
AT Tl oo FIFERA CO, G H, G AT &pa AfTICe! N0 251 Sl e |
3 FIFCHRAYTENE AT FLATATS (methanogens) 0 G- A3 GH(H AL
TR 2 Methanobacterium | €2 FFCERATANT FTAS THHF ISTSA
AT LRI SIS TN A0S (anaerobic sludge) “NS AT | G271 IFCHRAT sifoR
FEES (SIRFREAT @ D) ToifRre A | sifrem At Sobee apa sifasie
CTEICATS TSI I G0 JACS SIS QT | FACTR ) <2 3 (IO T ETyieres
Sl AR FI | C@W%WW,WWQ&WM,WW@W
RIS AT 5% 2 ©i8 91 M7 SoTd, (o 51 (dung), TG AT (NRT
(gobor) & 2T, S ARFGRAPTI 2 | (3l TETH (SR BLAWC IR I ([CO




Gt

eI I, A RS AN 91 T = |
= AT 2GH @B FFH
fafife Ses (10-15%05 ToR) @5
(9IRF Ced el (slurry) FLE 211G
e aifde =7 | S5 s Tesre
o) AT 2 4R I 2Na
CNRAETeTs e s At | @
(RS ™R Boig @0 e
DIzl SRl T 27 | SGRE Fia
T GNSFHTS ST SeoH 2o BIFG
Toitaa i T A | AT 20106
a5 fasfS=ote (outlet) AT, A
AT ACTIYTITS ATTIATA
TR &), G0 T N T
1 AN | <917 @ FaSaiEa g
RZe (MR FifEe w1 sepife 23
@R Gfb M R IZ® 20O A |
152 10.8 <5 e AT 201 ARG A, {SR o oAfiory
LS T FTAC 2Ape ARC Coll o
wi<fie (N e [T | ©fF AT
AT AT 2715 [file =37 | ©iF TerAm AT AT T4 @R ACEAIRFS T IS
F7ge = | fod 10.8 @ 4 A0 20CH7 2R I 2RI | SIS I
Tl 2 eTes B «fawleritast Re1b BAPGHEs (IARI) €3k it @< fotee
FAGIoE ST (KVIC) 2R IR [ReHe 2t | 3 (omime Ruiemt @i
SIS A1 AT TS STaT SR FH O Ol o0 ST @I AT 2715
WTg [F O ST 1 393 S 201 | @ AT AT A S @<k

S YT AR G| T ©HE IR TS IR wRe g (e e |

10.5 G9% Mageriat aifeffagret s19&a (Microbes as biocontrol agents)

Gl foTgel F0e Sema (19PTR G3R (ASIECR &) Gt 2RIoa2a
(biological methods) IRAE @RI | S ST, ARSI 92
A1 Sl ACHIHT @ (AT FAILA AT AR G2 TP e
T 20 | G2 ANNE ST G @R ©F ANCNAT AT 2108 [{As @3e
S TR I Qe SR AT (ST, Sl e, 2, (i G2 =piere
Tfermas 7RIS 0% | Si5iIR] GRS G SRR FRICHE 0 SN 6w
TRORCR |
(715 @ @Tﬂﬂwﬁ?@ﬁﬂaq (Biological control of pests and diseases)
FRAAE, @5 @3 (A5 fmgel »fs Tz T AT SMitRE AREE M
SRR ge AFfors Raifde FFTE (predation) ToF wifess g w67 | @
BITR (ST HIRRM F Ot @3 2 i 261 @, (eataba FIeF Tafs
oI | @ G (landscape) TSR (A ANF 22 To@H GF73 2T | IS




TRFETI SE

@R PRI (o) A=foTs SRR I O @ 36 2 T AT Ty IS I
@A, RfSm @@ (oS a0 wfefes b orowitm ssjeigest ffe 331 27t | IR @3
ARCE GF6 TER @ S aale] IRGOFT N M G RPN TR G0 Gfoet
AT AR G R4 Fafers T A 9 TR A T | 20T B =S @A
AR AT =S T7F 2, I T TAIN 3 Ffoaa Gz MR @<
= | O RIS, @ft. av @6 A omreret Tt eFfers @Rt 8 el AIFaFIal SRRy
ST T TEAPPIF NS SAFAK FACS AR I | (87 AT SRR I G
FIFME YFOCHN 261 @2 (T ARTHZ (S0t Ao TG I STsfef fsfeiieael (FaeTsg
@ SPTER O 77, Gft SFfeFes 06, P GE SoFRIOTS g SoR A S
fTSMet ST RIS 2t @3 G (A1 RRETE A9 0, A o7& rs ot
gFfore BrF AFTe 7L 71 71| O &7 fgel JITRCS I F4¢, [
INTRE € AT Al TNm ST SR 2 AT | (&9 Aw=ifors siaime
T 9J2E AMCRCHT @3 gl O™ 2H @ e PR [Kfen Giea wiefie
fRBIF ATCE AN enitm S, AT 3R ST ARWES IR
e AR 26 | b SR FRgrER IR AT R0 AR T |

Y32 SAfABE A6 & BT (@ATT (NRTIACARP— (FITAIS €3 AR TS
GfEFT @ T TS (ATF T AT CF0q TN 27| G fmgerdidt s&ia
afsfafama @ Swizzet 261 Bacillus thuringiensis (2=Z Bt 0o T4l =F) NS
PR T AT HRTAFIE g I T FICS AN (@C© AT | Q9)Tenl
(=B ARG =& @IFCA ST 2T | 92 ([FYAJTAICE Sieta AR R Azt e Sfew
(brassicas) 3R TEWMI JCFA MO PG 200 AT G SgWm = I 26 GO
AoBIMS S Bl S 2 | ARSI wIg SRR (toxin) f9fe 27 @R @aweteT
SR T 906 | FRFGRAF FeFwerers @il SrEitiy@E o@ @@, (g
I e[t o 7 91 | [ore i A wiRe @ TR 47 [Gmere egfen
R <o P Rt B. thuringiensis @7 SRR HCF I27BIA! [Gw9ToAE
Tz T2t GO | OB (AR SfErdl F5 foniti S AfStim 27| ave
@35 Trize 28 Bt 9ol (Bt-cotton), TF SNWE (TR g ST 51T I 27 | ST
12 (5 @2 I (ot siws vy f=e |

Sigrees BT IRYE@T & Trichoderma FNF ZARTE G0 GG
Srgeiat afef e R tofd s 201 Trichoderma 2efeat go1 FATEA 24,
QIR AN T AISE AN T | Q9T 7% S 2T el Sie agereiat
afsfafa ReTR FIwa gl oiem 3 |

IFSESIZAT 26 G @PYTRRA TG IR Aoe! R Sl Afsi7
AT Sl I | G fgeriat afofafd Rei aage s afFerrezant,
e sfaigrezariiry sefe 27| «2 siRameeE awife Fis Fu «fer,
AGAHFICH ATACR (TG IR Gl 2N IR | <71 Sfew, FHAL, 5%, T
G (A 2T S ML (@0 AT A, O SR8 G AeAISIF 2 (74ll
T | @ ReiTe weeE Fifers 23 74 G ANET TPRES (215 RN FOIHE
(IPM) 7%FeT FRIT G SO 2SI TRTHe T 20 L T4 Irgogare
(AT GFB TR ST ARG 1 27 |
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10.6 @W"f@ﬁ? (Microbes as biofertisers)

TSI SN RFAFAICHT PRCHR AR 72! <ot Sraveia a5
27 FFE T ACER | FRETS AT FHRE pifewt SR 0w ol A
TR 3 7 T SlewTsyd Sl 2iFw 03 | SIEl @ S8 /TS AR @,
AR AT STJEF AR G2 APTR AR IE IR GF ToT7Y7l, GG A7
ARG LT (ST AT G %3 F &y SIS bl I Aoz | Glarer A
e (12 I GRIWE @RI AR N7 2JfHare o I 0 | Giker AR 20
T[0! 2E AIFCB N, R GIR ARCARGIRBCG 1 | FrCaiiar Sfewa e Rhizobium
G TG R e 51 3e SIa]TeT ST (O S (g | 43 A
AT TGS S FC (SR AT 0 A 2RCARSI oA Ten a1 I7g®
27 | WfbTe TG PROPE! S FFCE (SRR Azospirillum G3R
Azotobacter), IAFIGAT MGITTE NHTe WA FACO AT @R GFIF Mot
FRGICSTCTR wifiel i sifT |

ZARFORS S T MCAGIAT A913w (mycorrhiza) 5154 F0S @21 AT |
Glomus 9T SFET 7% ZAIF NBCIRBE 91071 ICH | 43 FRAIFTETS Soifo=re W&t
AT W (A T (<1 I IR OF STMTeE (29 I | QPR 8w
«Fot MG (el T o g RS e I @, SEF NG FFH IO G5
AT Rgrat 2ty o= o10e Tat, el @ <47 sarwsre! @3k S 3w e
I AN TAf 96! | (SRR F I6T00 2R, @3 FRE10 (ATF 20l [ 7 oo
FA?

ARCIRIFCE A 267 (IR Froid! S&IR I Terer 8 REe 2ARFCIce
AT Y | ARAARIBEERIR g 2O IRHNGAR ARG FLHT FACO
AICd, @ Anabaena, Nostoc, Oscillatoria 271t | 40T <3 gl e et
AT R TG | Toire 7 (<i7rere AGre ey @iol I @3 Miow
Tl I T | oAl SNiTE oot (ifg Sieni At Ao e
AR @R N 7A@ 2F g ¢ TARS A [Tl T FACO FIEH! O

SiCe oS gojEn IR TR |

sjf2Sice Swg I STGrT JFesd TAM 25 WG | I TGS @il
ARSI TG 7, I SEIRE NI &) SNOfS SHADI | S A Aoz we&ia
R G AR TeAITe TR 2R I | FPF0F TG FFCEE (LAB)
T +Affoe AIFHR T S G GHF w3 #Afers 07 | o ol &y (@ sRwid
SieT IRIT I T OIGF Saccharomyees cerevisiae T HTHF AR NS 27 |
BT G (IR o g AR SGITIT ARIC T MR e (AT Cofs 71 2 |
forer S 1w, FM @R 9T o) JIFCRA 8 ZAF IAZ 2F | TS Syifre,
AT TG € SRR T© FEems I Tt WG [Ig R | qrFeg
eI RIBRRIRRIATS R L@tas AfRRIFACeR TR 9ge 27 | T2l SA&GIR (A0
75 crAffeTca o epifGRibeme R[fen dai @il B wfowa QRipRe
e FACO 70 | AL, 3 Fif ¢ iz o e @iapes



TRFETI SE

e SR Te 20 Bl (73 | G0l RS (] FTRple] 407 GHLTehe
TG OISR AR THA S (IS AR TG [IF© 2002 3%
4t 2RO ST ARG 2R I | Sfges A0e19 RS MATSTFRE
TRICRE (JACN9T) o IR | TG AR G2 ANSIRTE 21T =7 @0
TR T2 T4 T | TSR R T IS TYERPTZ IJIZ© 20 AT @2
AT GRaf~REeee Sefze w1 & | IHma FREeEs g S Sary Fow
(ARG TR TR G@ICS GreTiazige] (7R SIS0 AR S | TS e afGireT
G Hifen 2e1 U2 @ TAARIE AR ARICS GRS I FIF Sefeiifers 3941 |
T [fen &g F0e WIS AR (A GO ™6 2 (@ G A[K ARG
Tt A 976 Jgell Shm e |

SleEeT=

1. WRFCERATR SR Q1T BT (rate 22 1, g Gor Sl I0aq A= @ il
@S I | SIFIET AR TYENT SRS evxfTe ooy oot wft «fo
TAICSE AT (AP (SN GREWIF 29N T @Te 28 O (@I T
(ORIl 0 A 9% & 2

2. RN TG (72 (ATF (@ 577 f5fe 23 ©f AT S Sz 7ie |

3. (I LR AW COIEI TR SHIC FIFCHRAT A0 2 itns! g Ga=ifss el
fere |

4. GG TJIRIT FC 91N, BleT G (el (T It (AT T IG) (AT AFS
39 28 @5 hg Haibfre SReRT It 1% e 31|

5. o SIS TR 76 @PTIER FRET SSEEl & B 7gell o
e

6. SHFGAIRNF SAMH IIZ© 2T Gl @ -] GF0 2aF AGifod 1 Srard I |
7. I T T 5 2 TSI SveIg Sl SIMInE AT e 200 Al ?
8. A @ (ATl TNF e TeT 2ARCACTT TG T 2NefH o & 2

9. ColTEl {3 N0 39 @, SYERMACPS *Ife7 T RO 9217 I @ 2N 2 w2t
=, o< e e

10. TG IR NG IRETE A @ (oAfFATT 727 TN @S A | 32
FSICT 7l 1 @CO AT WY 4 |

11. 717 &1, SR T qe T @) G TR qeeE AR " (A0
fefs (Tl 2z e — @2 foaf S 3t BOD i3 S ((e ZAfRs |
@2 TIEAE A,B,C ail Bfere w4t zrafee | g oot 5 @b &=
T Ot fo1ed A | A,B € C fosib =i BODR i IS 20mg/L, 8mg/L




\ R J) :

@R 400mg/L TAITT T 20AMRH | ST (I I FIG @ 7 2 i o
SCAFFOSIE To7 G2 SCF @ 1 o & sivme el ffes e
A ?

12. ASICART-A (SFTS! TP 8TY) G oo (7T (0BT Il
PRI efofifd) PR SYERPTIR (A 2Nel I O w41 (@7 F7 |

12. FEfere e SGRmE gl 4 (77 9 932 (oI Frweaa A «2 [
0 A 37 —

() @5 @ &l (SCP)
(%) G|

14. fFRTR@AENTS NFPNCET T GFGG ST Q. SEPNCE SK 0 (R
gl 2w AEe | (oI TeEE FHTE e wfle |

A, M2GF =i, eifvfifem g w2
15. GREEReE Foi it Sdael 3 = 2
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S<q2yfs famst (Biotechnology)

w7 - 11
GIERERm ¢ Aife @ ATy

(Biotechnology : Principle and
Processes)

E- 12

R 97 9F 2ARNPTHZ
(Biotechnology and its application)

e Mo T wifass, siftefv 8 Gfiv wwcew Wreg, Rene
Descartes -93 I 20O K el Ko ¢ eigfos el
TR WS 23S RAIT ooy »IfFpifere w1 2fee, T SREREs
ARG R AIAR] S SR RGPS T 01 e |
5ol A2 AFfeT ToRE @RE & Joifes Al MNcsias
(antropocentric) 2@ STofa | sl @ ToIE (AT ATE S
(engineering), a3f® (technologies) €3 FEF TT WCaRE | AR
Yol T FTW 8 TN IS IF(H HR | GRG0 J47
TARIANSE 20 G AT S fRota 992 | GRefeRml, [t =rsi
YT SRR @3 212, T SR i GiRe ACs e e
T TRITOR Ty RfSH 27 Al AR TRy € 4 SAMTTR (Fid
sjelse S IHRICR | @ Eifen T fefe i GRrayfeRme iz
3R g 2T TG (IR, U2 GI(F (12 TR G271 S BTG
91 27 |




Horbert Boyer 1936 AT Gz IR U3 ARG (PSR Gib Sk /Sg0e
@A @RTI9) IR G 2o (@@eiel @ Affsa, Gt (@Ue Sroferet | fof 1963
e Koot ReafieTs zre wies U2 @7 @R *RRSITs S (Yale) FrotHie
AR ST FC |
1966 et Boyer, San Francisco Si4t=@ Sifsiceriafaat e st
o A @iomis S0 | 1969 AT Ney foffy R Soidt ssbfs E.coli
FRFGRIT FEO QRGN TP TAF STl I | Boyer &7 FERE @,
BRI @ TS s DNA SHiwsfer SioR el IR0z, I T Sqiojfe
ToRr (@ GO A S 2T, © S 2w’ (Sticky ends) AR #IfRfow | @ 6!
AT (clipped ends) DNA S5 TG 49)fe Tt #7717 (S AR @it gt
PR A SR R |
@ IIREHIET PRI ATTSPINC SIS el Stanley Cohen @F 2w
2GR @ G YR 8 T FRIATATTR ool TR | (A 2ASHT [N R0,
; 51 DNA SR FERREH, i 67 TREGRRT (IR ARG [T (S0 A
HERBERT BOYER @} DNA 9193 (FIfER ©F (AT TRl 2fSfei*Fac (replicate) 7% | (IR <2
(1936 ) AT (P (AT A /LR S 2ol FARET IR A5feTe Seice
SR IR | G2 2[fo7 72 DNA =2iZFR (splicing) #i%(fs 7xgs 03 Boyer
@R Cohen Ffe[e ez DNA 1eofeidl 2 ATIGr Qb0 GIRBE (PIes wjstaifere
(Recombinant) DNA 2t S, i w4 i c2iifo Sestivtera oy Sestivees 0ot
I FACO 2N | G2 PANTHIR R ToiF fofe w0 Gegfem (Biotechnology)
AT *Mt 93S zcfee |
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GIRAT W 8 ERITS GIR ARSI

(BIOTECHNOLOGY : PRINCIPLES AND PROCESSES)

1.1 GFafeRms gemife 73z

11.2

11.3

(Principles of Biotechnology)

AstRIfere DNA 23fes

TGPy (Tools of
Recombinant DNA

Technology)

AeRNfer® DNA a3fes
2lfF379Z (Processes of

Recombinant DNA
Technology)

GRS M o e A IR i S @)
A TR &) AGIG | G 200 HR9J2S SRR AT
T IR T e 30 | @3 o, w3, 3% A wwereE
sl tofF T, @eifer TRl SRiguite afew, SRefsRoez
@3> 39 FAIE Okl e AR | AR @19, @ft 361w i Sifsre
w0 F7%S 2 @3 «@fS TR SRS @RI el S
AR TE IPTR TAMCTR & fermoroeita #fafes R
(Genetically Modified Organism) J(Te &1i9NT | dRITNS, FF8
S (FIET A1 2 SRR wwgs | SuizerTgel, Tv-fod!
I oifox il o6 B RrF o, o e @ @3 I_RIET
WG DNA oiife 2igfe S12al @il o feas ey i
Fopifir afege GegfeRwia s |

GiaeigfeRwig Fe=i9t 7k9 At European Fedaration of
Biotechnology (EFB) IaGGRtaifea @b ket frtiz qice
elgsifes 7ioeiel ¢ Sy oidkiT Gz Tee Ig =it |
EFB 3¢5 2ive JIGIes kel fwgol ¢
‘aft fAfSa oy il Seste @ AR T agfesie ¢
G, (M, (@I SRHARTR @3 SNARE SHNF9EAR GFaeaet Al
ENECCER
11.1 GRef$wa Mifemz (Principles of Biotechnology)
JgAIfed ey, 16 3[E1 (e Al Sy GRrafeRkmie e e
ol 26— GReAYSRWIT o freace of 7e—
i) Sraeg etFHe (Geneti engineering) ¢ @3 2% 73z 71




)

Gt
fermars Tomitaa (DNA 8 RNA) IR 10w At 2i35f #IFade @it Qo iiws

(T TIGT I TR (A (TS GRS Frraioizst #ifaasey w1 =01

i) At ffmifar (Bioprocess engineering) ¢ sifSariie, ehifdm,
TLOHS T TCo! GRAYTGT® T FRRT TLAMCAT G (TG e Segéa
1 BeIReb TR I ToIte @R iRk afiejEite SR s
TSR AN |

Gl G S (SR B RIIR Ao eeife e dieie #fR<es i
e FIce I 71 |
DS TH® ¢ SN Sielel ST G GG RN G2 FACE | (T Sl (S
a5 (Variations) 19 2vie S G ferwaie RapeR Fog T2 96i% | g oy
THa Gfb TG %Y GIR G AMIAIR A7 CFTae THRIN 70 A | S Gl
fermai® Ly el FCH, @A I S (% Al A1 IH0o MR I | Sfgw @ 2l
o5 (breeding) IRTS AGfTS FFAT ARSIl 2emice Fifefe it 2fare fEma
A SIS YIS T TTEF @R O MR To1 | fomars efeimm
(Genetic Engineering) (s J302= sz TR 7712 (@Ifere DNA 2igfs, f&m cifei
@ o RMERe “for ats A R | @3 FHElE T A FoiTe A=
F(F G TG e el 71 Wi Sers i i (oIFF GRS (@FREAg GF0
A @FF9Ypz BATS TR AP 8 TFSITS AR I |

(Ol F @FT DNA-GF T8R) 20l Sl At Fe0e AR AT @Il
AT ST (T G (Alien organism) RIS F1 20307 2 47 7872 €3 DNA
L (12 GITIR SISy (@FHIojTece e [eifere 2 o3 e <61t e = =1l |
g @3 DNA 430 (349 22 fEacR At I§ 23, 949 «afb i1 FCS
AT @32 (IITF DNA @7 71iee TERIRSR 2ig 20 2t | «F IR0, e DNA
G (ARSI IS Sehge 27 A7 AfSffst g Fa et Frc |
@3 TSI W0 AfATS DNA @Pesis A, A Afsffomaca Somes
(orgin of replication) ca, 2l afsferfeacea Al Ip1 TOITS M2 I | o9
I @0 G @S e DNA S R LOICAIR Srel) AT SIR012 @GS
SN 2O 2, T G ARG [@resss AT 93¢  ft ‘efeffrarces Temie
(origin of replication), HItx #f&fow | i3 W3H RSO DNA 4% TSGR
Afoferfimres TSP HIE 27, WO GG [arsl DNA (oI Fs §ita aifefiis
519+ FACE AT IR T AR THITS M1, @2 A= @i (cloning) &1
@CS AE, S @R GCzs DNA @3 IR0 et 2lfSfefsl (ot 1 @re
AR |

SRt @4 96 Flaw sjFscaiere DNA w1 9160 a2s Snears s wod
O3 | 92N sfeAIfere DNA @¥3feq sieizel Sfre (Emerged) 23 GG SHIfSAICaiGe
Afsci? e & Salmonella typhimurium @™ifers 2iEie (F5T 2feffs
SRR, DI, RSEHCTENT (DNA ) (& T S M40 | Stanley Cohen @
Herbert Boyer 1972 AAteT ShIfGARIT aferaidt wwrel s=sF @b 2ehie DNA
-7 936 B (@06 IS afstaid fomce weml st facy @2 e
Solvel 0 | DNA g @36 o=t 76+ 783 20afee seisfers s Hifs’



Gy ¢ Temite a3 ArferTg

T Afzfoe ‘ @RG T<rEmE WRFIET NG | e DNA 16 91 Arehie
DNA-93 31f2® Jg 341 2@fest | @2 2lfefie DNA (939 071 F1% (7, ©ite I8 DNA
JTHF RNTT FAF T | (O MBI® TG T, TN STERIT AFESINE AW
RN &) I2F (vector) 0 IS F(H | SFAIEE, G0 2ASHNOe (937 [ZAE
@G R DNA SF (oAITF GIF, RIET Fce 21T | it afecaid
e DNASIRTITEE AT 2ASHG (SFEE AR FIY 1 7S 2R | G2 LD
Ff6® DNA S9ife1a FeS R IS T G SR ATfoT03 GUT (T | A7 SSLG!
AR TpeT eIl TS b, (FoRi AfSfafsmn DNA w1 tofz zwfest @k @62
sj=:Ifere DNA (Recombinant DNA) 7T #if2fo® | 74 @2 DNA St Escheri-
chia coli TFWHRATS RIS T 2 O @it Tg (AT (@ DNA “Afie
TS TR T A&l F09 A 8 TPy e aifefeii~ eige Fce At |,E. coli -
GF (R SRS 2ot g agoids afefe+ tod el E.coli- e
RIS eferidl fEma @ifar 7o zrfes |

S[osoR7 (SIAl @ FRITE SITes Al @, foale (Tfers 4ist TR [Emereeia
“IfFfSe &7 ot T S—
i) Ffefe fermicre DNA 3= 41 |
ii) 7SFe DNA SEF @I (02 2T S |
iil) (A (702 A% DNA Sefg T9ITael 8 G 213! Gt DNA & RIS oI |
11.2 s=staifere DNA 2igfsa wagmemg
(Tools of recombinant DNA Technology)
S{TAF SNCEAGI 20e Qe Sl Sifel (@, T ST it 24 SR R @6 —
ARG T, 2ARTITES ST, ARCINE, (937 S (7T &7 2oiift Torrw
2 O3 (FIETIG SNl feare 2rdet At ssecaifere DNA efsfg fams s
IS FACO SR | BTl SR QT G2 AIGRPRCET TG0 g MRS g™
TE [wifde @RI 60! 3|
11.2.1 @G TLIBF (Restriction Enzymes)
1963 T E.coli. FIFWRAR M TRFGRETCE I @14 F00 7799 4o TEHE
5§23 (isolated) 41 2CAfReT | G0 TG GG TEHF DNA SRS R 7S 0,
ST TAT BT DNA TS T8 I | (KITATE SLEHFHE (ARG
arifeFrEe e |
Ay @REF qrelifSEFEeS =1 Hind I, T amarel DNA s 3RS Fefaebize
TEFIRITR TofF fTS7 I OITF 7j2F I TRRe @R b 27 77 o bifdfas 3k
el a1 =@lReT | @61 (R (2 @, Hind 11 5@z DNA S 6f6 (@ ieie wwfee
TS S92 (2 | G2 AT @Preamites Hind 1S Amaffai seaas
(Recognition Sequence) I | Hind Il gele I8t SisEl &l 230 © wifss
HRIGRAF GG 20 900 G ST @RFFIT TR 52T FA0O (FITAR IR AT
fafen HfRfrS famoifeia sTes IS S |
G2 SRR ARl T Abfere «iwifs 21 @3 391 -@ @RFieHs @ 2re @2
TLEHFENT 7J20F 41 2T, OF 9191 FI0R ¢ AT T S 200 SEHE
DI BRI EAR RS W@‘{%W s =T, (@ -Eco RI S<=ma(6 Escherichia
coli RY 13 o3t 20 fsw 371 20302 | Eco RI @7 T%q ‘R’ orwas @

~




)

Gt

IGEA CHEE N (A (FEA (R =K AGE #A0H SERS G R DIAGRAIT
(G Te @ F THEHIHL IS 11 2Rt iR 3 7o |

FRG Tz fRfFEs: e a3 32 TohriBR sl | Fekwe y3 @em
Z— qEeFEE ¢ aEiEeEEe | DNA S A% 2re FeHetiRe s -
TS TLOh, *MHEE qOeREs Terns DNA Sk JFS fear w6
| A ERT TrelfaeiEe T<rE 95 DNA STesisR o) I8 2Jelgefeiei
SPTITTR M FG I | (@ JZS SEHFD ©oF [ Fmaifersiey ezt drer (7 33,
«f5 DNA @7 312% 8 2@ <= faedt @i Torean 2ol ot “Fl-ireb-+=R51
¥eer (Sugar-Phosphate backbone of DNA ) @6 i =it &6 o (o
11.1) 2t @REN aeieEs Tene DNA Fers &GS opifemmes Fefmesze
e AN FACO AN |

@GN SermrEa Fiem
55 @S wgta DNA Ty EOOR THFH DNA I FEiHebize
ToTeIITe ST (0 o @ G 8 A-AF T FIE GG S22 T4
DNA S[(® GAATTC FeqI QI
(S DNA ferer DNA
§ §
Gl [a] [a] [T] [1] [c RARARAR
c| 1| |1 || |a] |a clitlT Gﬁ
i f
l EcoR1 “
ST 2T (Sticky end)
C
o i FL LR o)
IIIICA 2T (Sticky end)
TSI ATTTT FA DNA AGF0TT FY(F

l

NN Gl )\ N7

BRHA &S DNA (Recombinant DNA)

@ 1.1 @FEF i arefTeiFrEes B<rEms- EcoR| @7 SRR sfwswifere DNA 53 divbiz |

COITR S S AIFTGIT G I YN 2 A AP P/ il oz Al
oo @3 * @ SIS ¢ ReiFTe T 200 2ITET G2 *F 95 FA0o (7l W, (@5
“MALAYALAM” | (T2 @ =i o SIfSql (AT 1%l <3 *1% s\ew T,
©iz DNA f=iw g 2fiff=igiv 267 @ACEIIeS A9« i Ty T 2{de HeeiS |



s

Graergeam ¢ Temite @3k srfermz L“--.

G T (0 AT T SHICS G X #1812 | GriReel T, feee vemiw 5'— 37
eI 46 ©FR “ure ¥ 6% 21 | 46 3'— 5’ i AT THge A9 |
5'——GAATTC—— 3’
33— CTTAAG—5'
@REE TR DNARRS #fifeimigs Mesistss (@R S 209 A« 71
g e @R U2 (@ASITT N @6 @ | 93 T DNA g7 Ats aveg’
g% 915 23| DNA w193 &fefb waite it ues et ehifie oie (40 A,
@afferss =orE 2w (Sticky end) @ (Bg 11.1) | a0 @37 a9 Tt TR
el O OITrR 2o, 0 qeq 2AfeqroR (Copy) AR 2RTgITe It o6
33 | DNA 2739 2R S0 2301 w11 b DNA sizrsie: S<ribie sriiferm
AR F( |
SF:Ifere DNA o 1507 & (ereaiioss sfgfaafar swfere a@ge @hgae
iR iFRe Trns Wz [ T At e zre koge DNA fw «ifds |
a3 WS @RGTE T 7l DNA S 33+ 151 =7, Tesiw DNA
ATHYTFICS G2 2T SN 2liF (Sticky end) Tof 27 @<k @2 Aot DNA
BT TLEHS A1 #7747 TF (end-to-end) T @S A (g 11.2) |

RS DNA

58 ARG TS (el DNA @ (839 DNA
Tenwg @36 WS R &0 o

d

XoC X OOk

RIS S [ETolT DNA @
ASCF Go @

5@ 11.2 sjmsifere DNA 23f%a oagel Soiist



)

Gt

(ORI FSIRFSITAE S IS AR (7, 936 (TS @PgFw S 7t
T A1z DNA 8 Siife[e rmazm<eidl [emsr DNA i i e w151 1l 23, Ot
ssTAIfee DNA (937 w19 9if5® 20e AR = |

DNA <% 1zd 5jfediFad @ fa@ (Separation and isolation of DNA
Fragment):

@RI GRS iFTEe TS 7t DNA St 15t 201 1few DNA et
| G TTENT @ LI FIETH AR SeTml I @ATe A, ©f (Sl
TS GICHICACH 0T ARf5e | @Zg DNA ATM[Z AeliSs SRS o ©i2
S @36 S THTa Mt At 41tad (Matrix) w1 e ST Wi tere«5<
Bl S 72T I @ATO AN | Y faFHIca1 g6 I7g© @t 2e1 Siaficae,
AT SR ZCO IS AT AP #AfeTII= | Sialtae (ecers Pifer s
#oitd DNA IOz SIti (7] SRPIica 5j83ige (Resolve) 23| oregsi@, DNA
YO ST T© (2T 2CF, ©f ©© (4 =g feHW 9| 5@ 11.3 179 &3¢

FIINCIE (ecers (Pl It® DNA

& FYNYceNc ©F1 (loaded) ZCIATR S+ $F |

DNA ALFIF© Al 4fEe DNA 4TH[EF

l T BRI @RS T e S Ao
vg@:n 7 fmﬂ AR R @UHR (@TeTg G e
yom ) 1 I (o=l e s DNA
v mh VL YGRS I SIS G18 Af o
yyy | Y @HTS AR A1) | 2R @miEre

FfEe (& DNA ASMEE SIfotdsal

B9 11.3 9% oI emaNEs et G

HCEITS e Seget e Iced #ifG (Band)
FICT (O (MATS <4t (5911.3)

523Fe DNA ~Afmizes smisitare e

i eifegst e =& (Lane 1) ¢

§i/<fow DNA 4z (Lane 2 =1 209 (U5 0T (e (<0 fsifere

4) ot 20| 27 | @2 419G e (elution) Tt AR |
«@ZeItF sAfFreifae (purified) DNA &2
@R (ST AR ALATGCAL A s

@ifers DNA (recombinant DNA) &gfes &) Gve 3219 41 23 |

11.2.2 (FWR (SFFTZ (Cloning Vectors ) ¢

(ORI STl (T, 2SI G FIFWREIE FIFORA (@R (T @IS
DNA Sz fgeliRies = (At FiRTeica afsffsime s el 7w | afel @i T
R IR STIE A, WIFCORA (@0 TR TSRS Srope (@ #1221 #IfeTare
27 | ST g RS AGHCTT FEPRA @FIEg G0 A 70 2618 o @I
CFCq 2T alfefiTed M4 15-100 & 71® a@0= | Ashiezg S sime
@ z0e Sl | 3 St @ e DNA 163 0o Rewie 1 2 DNA @
AZS AFT FACS 2N, W (372 Ko DNA A& TS GG A RGRETEE
FEPRAIF AR ATICS AR | S IJIZ© (SFIENE INTeId 2AYfTAG
(O 2 @, <31 F2ree ooy DNA S 2% FRISPIE =R F-Feraens DNA
(S TFIre DNA 9JTaitss foibet A 3 |



Gy ¢ Temite a3 ArferTg
(9T TR N (IR T &y wletiie (@ Syeeet e 23—

i) afsfeatds T (ori) s uft s FSFetiRT Temaw @i afsfwe

¥ =W 4R A DNA (THE 74 @2 HeqlF AR T I 27 02
AT (IR SR AT AfSTTioe 0O I | 92 eI SR TS
DNA i3 fsp1art faageeia sene wid | ©fF, 7t 58 Fifefe DNA Si9z
T2 2GO FACO BT (recover) O (< 3 SR WX (@l FCO I
T BT IZIRATF F1 AIC TS |

ii) Freerersae maa ¢ ‘Ori’ s grote (30 @ fNibaaisy bizrewa ke

iii)

(PITCBRe ) AT, T -GG TG € AT
R FCF €% 1o GO0 JRITS TSt FC | FIraCsie At
AT G A= TR ARG G0 DNA LEHE G0 (o117 JIFB A
ST 2T TN 2 (O 3 A0 A8 S0oRH #IBTR) | ARSI,
CPR fom efeifSifer, armmreaee, GEREE 3l TAmEhF i@
o SIFBAIGT fSTIR A8 727 I, O E. coli FIFBRAR @I
ey ST PICETRCBTT SF rot R 21 22 | el E. coli DR
@ G2 SRS aforaidl fom 727 3= 1|

FIfR g Tz ( Cloning sites) ¢ EcoR I—Clal Hind III

ARSI TS ARG ST
CF(q (S3Ea e ey DNA k3G Faia
G (SFILT 43 I, AAFIS 930,
frps{ferie SigeT ATS | (Il (TFCH
e Rma{femia SgteTa Soifefs DNA
TS I ATFA IS FA, [ fow @i
AP SiveTox 30 (oitat (b 11.4) 9
snfSarnfbs afstad e @-@ e
«=f% sfSaate afstdt s sog
SRS @ S oo DNA
el Y[ TOICAI = | ST, (Ol

a3 Ao DNA wqre pBR322 67 11.4 E. coli 47 cfas (o83 pPRo22 e e
sgerryz (Hind 1, EcoRI,Bam HI, Sal-

I, Pvu Il, Pst I, Cla I),0Ori s @3¢
efBAGT afscd fem (amp R s tet R)|
WNEGACCT FAFAT Gy AET T

(ST Toifrre (GG eferad et
SRS Bam HI SFLE FIE FACS
AT | RemSr DNA Seaiaeed wgel
PBR322 (v3tx sjm:@ifers zefien FTFOANL fer T rop
(RGP aferaa wrel 2R @,

7 7 7I7¢ FERPICIGIRIS (GG N (22 (Plating) +
ST @I ol (ATF GrF 5T I VI | (@ EIHFACTHAZT
wifefifemge Mom Jae fow, ama agerm GEPRFTE o™
g w1 2 | FARroaren suifibierys s 3 i, g
GEPIRFTE T I AR 71| g, T -RaHarrsawe Sorasm
SIS N I AR | G20, 9T Spifvarcaes afecn
o BT W5t ARy S,

Pvull

~




)

Gt
@A =) SPFGARITE aferaid &t Remsr DNA SFF SRaEeR vgel [Ew

0 AT GR GBONA FHHITHF 60 2=y S |

wnfSarifbees fNfEeor e FERsE v st 3 F57 «=fs, Fiaet @3
ey 9 72 (205 72 SHFBACHITE IS N0 @27 (2t I 2 wet etae |
SO, G5 GG F ARG SAPRISTS Perehae MFHma 39 3§57 ol
fofere w-RRIomE 200 [FFRDITYEAT AFFe T4 WA | G30w0g 9T
FscAfere DNA S9TF B JIEFORIEIes A SLR6S o &) widl (IR
TEHIPCH AT IOl 2 | 97 o177, 93 SLEHIOF AT oy 7l f&miio
&g =@ +it7, 92 e SeiaTE 3nafgtess (Insertional inactivation)
A | O GRS ASHTE @Fieal 20 DNA It & Sgaca=! <oitet =1 205
FACES ARCGLEA SoFRFSTe ARHFERAT S Tomd todl 0 | ARRKS Al
e fEtag SARARSTS B ANEIFIORTIZTSISE SRR SASTo* W 3%
TR IO R FCEAATENCS (@I 39 935 27 71 G 98 WRFCE RS 7f1e
TIfere TSt (recombinant colony) fZ#ita fofere w1 =71

iv) Sfen @ aidfite gtk @2 w0 ce3wmz (Vectors for cloning genes in
plants and animals):

ORI @bl (&0 S[IF '@ @ Tfegw ¢ difitne o efemisiag Rl oimi @2
GRYENTS FIFEEAN S SRATR AFT (G (=Fe #edle | Sy TFBHR e
SIEATCE III T2 G2 ST 03 WP WLl TEHIReTF PR I
T G FrOF @ (FIet ToCaa STt THIe 7 @R P 3eifae’s
(PRPTECE TR S SIRANT 202! SR IS 0O N4 SR AR | IR Fg 7,
fifey BQiesiar Sfermm Aot S&ia Agrobacterium tumifaciens FreiRs
Sfgrcate Beuta #ife 797 &0 ‘T-DNA 071 «32E DNA (F RIFEAC @38
TGP SIS ATINGT ST A st GeAmTeTa Sy TN @r1oenes
TWlfore I | 92O, @CGTSIZIMYCE! TR TR (@FHF FRAFCHC
AT FACS I | 2ITRITS B Ot Femifefba ooz fEes sarca
W (&F1eT R S Sfimed @iasrst (AF SINal @ @i e F(9, ©f
AT G SAMITTRES T G & 370 | ATAGA TG S LTI Gy
TARIN (OFE AT 0 | SHCAPSGRACTT GO 7ore Sl aiaii
(tumour inducing ) 2l (Ti plasmid) €« @ (T3 “fFalSe T =0
Tl Sfgntrtz B @9l S w67 7, oy [fow @R Sem sime Fifee o
AT FACAT &) #NSITR IR G T | GFR@IF, KGRI
G191 977 el T I M IS AN FYS G St FAE &=
TR T 0= | 0, 956 & At @6 DNA ITHF G- TAN (©FEF
AfTe WIT T TE T (AT IR, Sfew € A (g RIS I AR
(@I Gft AR FC) |

11.2.3 ToYT (TS ((WTZ 2j727aITEre DNA 2 @6 &) [Competent
Host; for transformation with recombinant DNA)] 3

DNA @3> T&s! =9 26 «ft @i e fea s Fa0e #{It =1, &2
VR T ASHT 220 IR0 T 5T OIF 22T DNA 220F &) TR I
(Ol ARG | 6 TS T e RS WDRER AR SR T @0 G2 et
IR N T, (AN IR JREBRAR (iD= sy M DNA SeR S




Greegfefl 8 Jermite @3 Aifermg S

IR THCE PR IR I™ | (AT TRFGR @Hoffercs sjmerifers
DNA 72 JCF AR 211 (I (A 9T i 39 o8 e &) 42°C Sioiai
(heat shock) T4 @397 7a I I a1 @3 9fFsaifere DNA (& (Ses3s
G HHTI (oNTT (PHYTENTS ST FAA (@S 2 | 42 2RSS IR RANCEAE
scRIfere DNA &20e 35 03 (ol 23 |

@f5Z (AT @I TS DNA SI2ta™! ST GF1g 7S T | MBTIRCerai=
ArFST, 7jeifere DNA & i @6 aificiees ez srwbifacea Az
AT A T | ST G0 A=FSTS, (@A @1 A DI 4 7 417 G217 DNA
-7 2ATE (SR I O SISTS AT Bfegw @It DNA W1 BiFea (redl 27, @2
=S TS At foma s T «ifkibe vxz @t Sfema Twraz Ssica |
TR =fers @PYSrs S (disarmed) SR (937 2 IR
PR (T AFO TOIE (oA1TF (e 7=sidere DNA RIMgRs 27|
SRl @4 SsAiee DNA 2igfed ataieim Somsae R0 e | o
@ifére DNA 2R e qracg 9+ si=fesjten Wen e =< |
11.3 7[staifere DNA efefmia efssimz (Process of Recombinant
DNA Technology) ¢

sjscaIfere DNA 2R fRifen 4= (3 el 00 ©f 261 DNA o,
@R GrolfFEe T<EmE 7 dl DNA SF wSieds, Fifefe DNA 1S&@d
@, (T3 AfZe 4T DNA 97 A<IfE, 5[#7:ifers DNA S (oI
RITTRIMG, (51T YIS G0 (WS T SfgFi@i #iiee (Culture)
G e Toiee IPTRA W™ 200 T | @4 g3 Q79T afo «isf
fvgD! fgweIa Sepria << |

11.3.1 fEm9re 3g (DNA) Fam ¢

e I @, TeFT =ifie 2 w1 AGRERs TR e [emete a9
(Genetic material) | @R*FeI9 &It ¥2 femare G0 201 @iz Nefgs
=ifre (DNA) | Tt DNA SF @5 IroifSiFeEe Serens 2kl Fio0e
2 ST TP SRR R SRR QAR B(F, B (A 2 (61 O IE 200
2@ | @Y DNA S5 »Mige SIe=ii 2T, SR SNt Sl 328 (S S
791- RNA, @i, »fmmieize ¢ orzemd 7zee DNA Sipiz R 200 f5g 11.5 %285 DNA TS
S SIS Sy (BB ST S0 2 | DIFCH (1l/Tfgr 1 AN =ifee (Spooling) #wifs =il
ARG (JFERA), CRres (Sfen), FRHTe (2aF) T TOBF — wshme 331 @ A= |
TS Ao G (0 G2 FIG6 54 1 QAT A1 | (ORI Gl , =Bl

@GR RS el (interwined ) SRR 28 (&< ©1q DNA &3 301 f&a9)fe1

SRR I | ARRIEFES SR AR RNA SF @R (@ifbwme Serns

B! (I S0 SAIRE T (@0 AT | I LA HANRIC ST (S SR m
A A (@O AT TR SRCACT 3K I BATET ATATH 2191 ¥ DNA (<iw+ie®
I

i fARE 23 | I O TG 07 DNA SIrgecss foer=ea (Suspension) (il Qe
itz (fbg 11.5) |




Gt

11.3.2 DNA @3 @5 @igre w6+ (Cutting of DNA at specific Locations) 3
R4 DNA SRS @RGF S<EHS TS €3 SLEHIRT Gl HIACHF S
SR (A0 @G TS 21 ©le THITl 2 | @R SR AR
DNA &3 Sl S9ils A1 A6I2 T Tl SIS (S RGP PR A=
AT 1 27| DNA 49iF SIS o] 2637 (oS GG (SOIET) Sfoqre
5 3 (5@11.3) | (2%7 DNA 312 2 dfifba s[a=gfe woii &3
DNA 7 3t 33 2fel T @R | TS @REaE S<EHE AR @
DNA (7= 2fate femiG @ex 2@ 2 Teoi DNA € (39 DNA (F T3 79 T3
DNA Z[ (05 (631 33 o ¢ 36w (3@ it ez Seems I8 41 27,
9T PR #fEAIee DNA 2ge 23 |
11.3.3 PCR 27 A=ty Fifeye e «ifded (Amplification of gene of
interest using PCR ) ¢

PCR -3 5=} i1 2&1 #Afersicaer (b3 fiwaI= (Polymerase Chain Reac-
tion) a1 sifarsicarer wjefs1 e | 92 R, 2 fodgy e v o1 2w (ImRiRweE

@ Sgeoq #AfFadw 2@

I

|

5@ 11.6 ~femitas o= {aa (PCR) ¢ &fof voaa foafs «ist 7wz ¢ i) aw@ DNA 7 faw@ gooia
sifzae« (Denaturation), ii) 224 5{7e7gfBFe! (annealing) €3 iii) AR 7= (extension of primers) |



Gy ¢ Temite a3 ArferTg

TS Fu SCIOFetRT Tz DNA SRE NS S «ifFegs) @at DNA
AfeTIIES TS A9 FF & At DNA @3 33 afeferfst e 22| S<emas
g Tge FelFdbize © b (template) vt A9g® ifE DNA @3 Soir fida
I AR T=ARe TR | I DNA 71 afsfifeae (Replication) #fet a3
SJFRAIYTG Wi T, 13 4fTs DNA fics i [iferm 3 «iffafdie w1 @ iitg, wielie
4w DNA 7 | Rferm afefei=l (copy) aifd® 20| wisi =mist DNA  siferticarer
TS ( Thermus aquaticus JFGRE! 20 RIS Taq “femitae Sewne) I92EH
M 3T & At DNA oo #ifside (amplification) IZeTIse oerel 718 | €2 DNA
AfIES TEBIH TwesNaE Ted@ DNA Sw Freifie (i wifie fTegraw
AfS=IteT (Denaturation ) FiE SRERIR AT | G2 #IfF7fEHe (amplified) DNA A&
Q4 ARG SPAIE SRS @R AT o) (3T AR MIYGT &y I95© 200
oM (5 11.6) |
11.3.4 (oIIFF (FTH A G 7eTaifere DNA @3 Srgficat
(Insertion of Recombinant DNA into the host cell/organism) 2
A2 e 272IEre DNA SIS FAEIR 7 1= TR | A1TF @ 2 @2 3
®ifere DNA F=R0E 2R 77 2i%S @ @7 RS Tirs 2t DNA &6t 301 | 93k,
T @I G0 SIFBAIDS (@=-wif~ififem) afswidt fem azmmat seaifers DNA
T2 P G T E. coli (FITe RIS 11 28, O (o113 (i eyifififer afsrad
T I 2@ A | AWM SR ST el s At (206 (Agar plate) @
TS (YT RGN (M2 OCF (FIEG GIEFFTIIHH I 2N, SgoATeEe (
untranformed) 22 @FHPRE SR AT | O Spf=iFiem et famm Tsifafen
T2 Spif~eifferea Seoifrifore (Snf~eiffemgs =isw c26) i Foirefie @ Ao
1 | 3 CweE iR et e Firereser aefa 96 |
11.3.5 fRerer ferte efeita 7% Toimeag e
(obtainging the foreign gene product) :

T (ORIl 4G e DNA SIiE @R (T3 STO9E I, T ARG, e

AN RIS F07, RETSR DNA S-f6 7241 I T3 | 2R AR Sfeifers
AR, pOrs =7 2o FfYe (@i Tesive =1 | ©fF, sfmeriee DNA Seoa
AIe 29T AT IR | Ko it Toigs AR a9 | TR @i
e RGO s @ ere: [Rier eyfeere [aw 33iTe 7w F |
2fare 31 Fifers forma @ 1 @3k B @b awfe 2o o=y Toigs A= tot
TR 27 (T S NG Bl (2w Testimtaa [asa F0e 20| < S7e gy
TRAMCTT TG ©IF (FI P COITRY (ST F 2 @FT0 RIGCACENNA (AT
(heterologous host ) @& (2o AFe I & gifdte =1 o 2 (@
AsERIfere c2Nf5 (recombinant protein) I | AN el o @i Iz
(harbouring) (FFPREIE FHI@R I T @0 216 | e @I FEmts s
TN/l NG A FEHI (culture) AR T @ATS A G G917 GG f[fon 7j2imael
CRTIET JJRRICI NG AR 31 27 | (PI9ITAICS SIfifbeat wA1eTe e (Continuous
Culture system) 3= THITI @TS A, @A EHCENR “TTFER I FACHH

~




--") Grafwt
HIF w19 GHCACANPRIIE R vl TSI AN &y G {rs e 5720 AR N
(@ I (TETN 2 3R SAMNIAIR ST oTent 1 wgel TNONCE S (AT T 791 2 | <63
IR Al 2fore Ffefs (@b sfeTen Sesimiag oy Sifes ARSI A
[SHERE
T AR TGS IGF CRAMA FARGARG ARTHTS/ 21 NG TSI 7 |
i AR THST® I (200 B0 ATARTASE (01 1 ARG, @ P
IFOR*S (100-1000 F0R) AT I FEHIES AfFASTOT0 T @O AT |
2 ARRETITANST IC AFER AT I3 T QTS 2T @A SIS TR
TG ST SR Sfew, 2@ A1 A 72 76 (S Toere 3, Tog S<EHF
To7Ift ST Tre AT I (TS AT | IR 210 FATH! Sefpet SRl (SIPet
Siofial, pH, e, o7, febifim, Sifiee Toiift) F=aites Do 3 AR
FIfe[e ToeTs TG TAMER Gl S ASRCE @l fTs A |
SRR SPfen AT AGabT FIWE ¥ 7© 2, A oa 11.7- 9 (A 2= |

SIS -l
RRIAGICI \ - _
I Dt N P
: _ . C‘@W . qﬁ !:.‘x:_x‘.:'.\,_*._:__l_!:__- T WW
SR ' e e R
4 5% @ TE ‘Ql I -
- == (impeller) i
I ?Wltw broth) ﬁi > af*
culture bro " "
I/ e B -
ST - .
CFaFPTd e -._ =
SIS T | SIvEmE i ! .
g J
) (R)
@ 11.7- a) 5 SIS G ARSI b) “IST - SIS Hies ARSI TG N0 773 A SRS
IR JYIN DI 1 2 |

SHRIG Biies rmaafare SomiepTras (Reactor contents) SITATSITR T A=Ig
TR G IBIRIG G RS AN (AP (G106 Srol SI2] I il RS 27 |
ARSI SIS (Stirrer) %I Soizsae 1023 fiferesel ¢ SfHret=g 7=<@z
TSR AITS AR 7 | 51 ot aR) s1dwiz Rsiee s 9w 071 $ars #I1d |
cort 3 foaf® semigsjereita T I SR ONdl (I @ ARSI
@b SCWiere ©F (agitator systecm), G336 SHCT ARAZIIA S € G0 (el
TR o, @3 ©iel FEgel o, pH FEEs wd @ @i T R S A
A7 AR IR FROTH FHARAOCTR AT N5 Al 5{fHiags (WS 1w eres [{eaga zre
@ I ([T (@S AT |

11.3.6 TTefe Toimieaga afs@ac (Downstream processing)

Tera FRET Wl TN 23T 27, RigaieTw ol At Beotfite vtz a2y el



Gy ¢ Temite a3 ArferTg

e ARSTeFATT &Go (ST 703 SR FEF6 ATl ACoR= [2y ez
@e 77 | AfFNFACRT wWEeT AsAoffer 27 LI ¢ R @R G @I
R TofeTeagy AfFAiFae I TICAREN AR 0 | S HAlfre IRy M0 ToRE
TP g W (preservatives) GU3F TR &) 2GS B 700 203 =% f[fen
BICE (@ G Fiet e W frcy e 203 | &St Sestifts 393 &y SR
SJOSTIR SRl R ARFIE IS 2T | FRCHRS Soiere It aifesae] @ oo
HTFRIRI T T2 To fon for =31

ATACFA

GRAYRR A ARTIAAS, S N TeAms € TeArs Tara AT ST
GRR AERIE, (€ TLEHHE IR F(F AT, G2 [ (W e 30 | 92
T DNA SR 7RI 5190 AAffads 3R oferifere DNA ot F30e firafest weeig
FETE Sfes G iR femeroei #fRafoe Gits 2 7181 2fRe | 92 34
AT [ DNA GIEIENTE At taie sfgfiiik I | Rersk DNAGT
SIS (AR G G FRIMGACI &) @G TS h0er 7oz, DNA FiRof,
T AT Al SR (ST A, ReeRT fercs afzea, fecers i Seog
5 il wiefie BT (A1 Tl @ SR Toieie I8 ASRSSFAER F#ifs
Afee @2 AR AR I | S TG BAMTR &) AR ET 9209 2 |

1. o HiFrs g & @ 10 B seriiers cifbma =i i wee ARE 2
I I 2B @iol RN T7ek w9 2 o @ FE| (FORE0 IR IR
Al |

2. @3 @3 56 2rge T (baget Tvlisi) @A 3 @RTE S<Es, @ ARGES
DNA -¢3 7 BTt 316 903, (@ TS =i At St T<Emab DNA 6 I
GR (@ AT TeTs TY 4TS T, ©f (I FRCR |

3. ofit = fiaet € i, e g fefers Tormm F e A SaRkE Sigfears e
(AT TLRT5 @ DNA Sfefa! 3T (I @ 2 (OIR| S Ge 2

4. 0 M=K @CIF NG Aw7 DNA S S g9 i G g T 20 2 TONImS
TR AR SIS A |

5. TTHiele @HEITe @GN JofF SRS SLEha SR [ 2 (IR SerH FoTF
e we |

6. SIfiFed S AFGIE! (aeration) € FkfEe (mixing) 45 BGe GG SN SMCwIfeTe
TR PETIIR IBRNE B ACRRFIH =i i ojfet T2 2

7. ol R AR REase 6 S5 ~IfEugts DNA SesiRre Swizge 1908 ) | (- (S8
ToTTs] STeTarel 0 (Ot (T ATl Fesizsl (i T (570! A |

8. ofl i Fiifer Reiem afsl St F0 #IRTRl @3 B! TeT0e A 6 FiifieR @i
VIR s Ifene DNA &ge =312

9. (oival i om Tt I, GG RToiGia Serma FeRebas N IR QUiE Feid
TS DNA S8 it G (oliFe (SRPTIRR ARSI e 739 20O Al ?

~




10. =i RReffet ATl SNTE6 I
a) Afsfefsimaria S ™=e (origin of Replication)
b) AR
C) FIRI® e a7 AfFI=9l (Downstream Processing).
11 FRCFCA [T FCA—
a) sifeTiae (o = (PCR)
b) @PGI7 ST € DNA |
c) IO LS |
12. (OIF FFTa AT ST 0 Freita fsfafesfem St #ief/ g w1
¥, ©f Y& (@7 FC—
a) AEHG DNA 8 TSI DNA |
b) RNA'€ DNA |
c) qEfSiFEe ¢ qrelf e iFeEs |




(Biotechnology and its Applications)

12.]1 $hRcwra GaayfeamT
2CPTYZ (Biotehnological
Applications in Agricul-
ture)

12.2 fofesacmea Gefe [z

AR
(Biotechnological
Applications in Medicine)

12.3 Grsiceer e (Transgenic

animals)

12.4 (vfe% [FF777y% (Ethical

issues)

GregRmI e @ Jeaefer R sia a6 el Jore ¢ femaroei
Affee R[fer SRy, zae, Bfen ¢ 2 72w T SfwaE
GReme o, SR Fafefer Seoive Tonft R commt S
S Tre Bfennyy Riitel | §ReY® RmR @R S& e
RGICIAACE 8Ty (therapeutics), 5 fewis ©g (diagnostics),
FRCHE fFmare o «if7afEs, *7 (GMO) Sevi, sifsarers
Wy (Processed food) Z@%, (ST T 2fIF (bioremediation),
eI GFRA! (waste treatment) «I<E *E Tesve Zf\—?%l
Gz foab ggslef aecee 2 —
(i) CFo G I G0 SER A R SEBIICA IRGE
I G0 AR 41 |
(i) 9 (T SRIRGCRT FARETOR Tl ATF I IIRT @l
S[ege] SR I N, G
(iii) 2w A1 To A PTCRR R REATeR oy RS Soete
I AfFPACIT &el) AY TR |
SIS G4 S0 20, SN0 SRR e S [T 2 4w
Tl @ FRRITHCE N SN[ G2 R 2wl A IR TR |
12.1 3Rewta Seagfeime ez (BIOTECHNOLOGICAL
APPLICATIONS IN AGRICULTURE)
Ay TeAMCTR SifFe 3 oy (@ foat e wisal wom (2, o
ot R zei—
(i) & aPRT g (Agrochemicals) fefes PRy |




Gt

(ii) C=s R (organic agriculture) €3]
(iii) Temare ZRfeeie =pifefes PRy |

79 32/ (Green Revolution) W TRREIGER #ifFsiel fomajel #1<g 3= =09 750
TR, FG FETET SRR SRR FRET Gl Gl AT (@M (SRR G0 IS |
Tt ZelerRld gDl Te *77 iRiRiod TR S 7S AR, [65g «f6 1o ¢ 3799 2=
SfFed St AfRBIE Rl ¢ FRe AT G (1 S Foai) IR T | TR,
TRt 7JfRIS100 W Ty FIS APRE 2MiL (Agro Chemical ) &RME 43 WIS @)
TSI AL THIIE Rl 1K1 170 SRR AR ST 2T I AT 31 | SN
TeA9/fS ITFR Tl B JIPOR QN0 iy GiNCe Teiel e S (Tl i =12 I
e AT S IRT GER IRT IR AR I HoPE A T St I
A TR N 2 qUFg femsreel #Iff$S =07 (Genetically Modified crops) <2158
GG ] NI |

T, JIRFHRRI, 2aiF G 2R A0 PR femere 23R s s e
! TR ST [eeereelE #fFaf$e &iq (Gevetically Modified Organisms) &7 2 |
femaroe@ iiFfEe Eieme RfTTet Sl 2re A | (@7 e femeioel #fe
I RO 3
(i) fEmare sifzaéa séie Arge 1 GRARBF 57 (a1, 7w, o=, Tl sfweq
TR * (o PRAR |
(ii) “fEmore-+iass”, ST Joarwa To eaiieTel FRE ot -2k aAfsE =y
(Pest resistant crops) 093 FECZ |
(iii) ORI 2R S ZITT HERIO FRRZ |
(iv) Tfen T63 el 2w 4fefe AWt 2 GieTs el R IR (27 e
3 OITelE Tl 2 A4t ()
(v) AR 7Tt I FECR, @ (OIS AT el FEDIfe- A T 4 |
Trrels fess FRSRTI Bfen 37757 o femeroelt #f:afSs Bfew 7ge 20z |
FRCFGR SRegfwi [y 392RE am@e @E R 7S T M ATE, G5
b 2eT “fowl (°F% eiferEidl Sfewms S A FHAME A= FACS ARE | Bacillus
thuringiensis (FXCFC Bt) IS GG 200 Bt R AFO A | Bt R S it
o2 (TS i S @R G et Emfoa iy SOt 29 3R Foamicea bifznl 25
T &y Slgnnez G b e 9w Sleniioe sfowl (opb afermidl w1 23, @ e
b TR (Biopesticides) Todt 2 | W’ﬂi‘?{ Bt 9=l (Bt cotton), Bt ©GI, (Bt
corn) 41, GOICH!, SNieg, SRR 2oyl |
Bt 9T (Bt cotton) ¢ Bacillus thuringiensis JFGRAIR 5 (5 20 2t (S8 =i
3 51T (2fbw) Beot 27, @ofet EIPITEIohal TaE sfow! (S slites TSN,
wifsfew), @Al ((IRTE (oil) @R fGotsat (Mfy, i) olfa sferes T
g NS sISwlte G FGeT | B. thuringiensis  21e@iid e 3 WS weit 5ol
I (2B FA 00 T | G2 THAPPTCR [RATE 2SI 59 (2B (insecticidal
Protein) #\S3 T¥ | (7 @2 B Bacillus FRFCERACE WRTS AT 1 2 AFTF, Bt
SRW cefon MiEgw callbfom s A, g @ 1308 @2 MiEw 5Rm Aiooa Mg
G AoTHT (MR AT | ©¥ G WET SR (o1l ASrer #Abaaista
(gut) =TT pH - @7 &I TGS 2F I ARG R FoTsfre &7 | AlFw
SR oSt T oAGaaEd (Mid gut) SN FACHITNRT 9NTE IT 2T @R




I3 e e @31 ATIPTE
PR ¥ S (FITIF RIS TOIF, (PRPITIET ©I6 TOIF 3R SR 2T g

W |

Bacillus thuringiensis Z0 fif*re 715 Bt-5f3 o wraitalivez e e *pretei
T STt it 20z (Ba 12.1) 1%07 e wifeq @ak Sigaeaist siow! (o159
Toig fa I3 form fdizel ¢ A=l w41 27, @ el Bt-6fm srowt NS 271 cry
IAC f&afb @2 SRR e 27 I3 @R @3 & ‘cry’ At #if2fow | At “cry’
I sifafoe femete Rfon awitas 27, Swizad T, & cry IAC @3 cry [T Ab =l
RS FZRIA! (2o SreAalTE Iereanf Ao fmge S, & cry 1 Ab 98I IS
’@Eﬁ%ﬁs@ sfe%! (borer) Waget |

5@ 12.1 6791 ¢ (F) TSN BN RAANY, (1) G5 79)ef Ao FHe7ae |

7fe9l (25 ST Tfen (Pest Resistant Plant) & 12 Sfew € i 73 ge
CIRIRHAENTS (IFFH (Nematode) 2R&GIRIS! (A | Meloidegyne incognitia SIS
TSCETE O AR ST A IR IR G T SINFART SAM i St
T AT | @ AFe 2feTe T T RNA THREES (RNAI) @i Soig fefe
FE GO A F (T 27l T TR | GF (@R Ao oo 2
7 2eNehF GI@ RNA TTRCEE™ 906 | @2 7=fS +fFo7s faedl RNA
(dsRNA) S m RNA 3 AR T 20 G432 HRTETITA e v 763 [t m RNA
& gy 3@ o (fgwwaet At Silencing) | RNA I@ (@I SiZAM @1 FFNEER
T LA I TTFe] RNA 200 @R AR(OTe age bl Gmaie Somlw
(mobile genetic elements 3 TFTCAEH) (ATF G2 #AR57F RNA b S0 211t |

Agrobacterium 312F 3 (3 I 71 FAICETS - S Fwajten @it oo
TG0 (TOH (FITH St Faital 2eat (bw 12.2) | f=icee -ff% RNA
AT FRCT 9T (ATF (ARTF @I G @ if5-@T RNA okl 31 20a1=e |
@2 TeT RNA 3- #7703 #ARio[7< 2677 @31 faw&l RNA (ds RNA) 917 3,
Q@ RNA THRTFRACR b+ FCARE GIR G2OIR Waeoes WS m RNA

~
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Gt

were [E T T Metes | worgsl, WS ToreEiik RNA aFie 23 @ 35
TS S (NI (@A 2GS fTore Fivre i |  Te GIcEee Sfen
AIGIAT AN 200 e T 3400 “ed (o 12.2) 1

@ 12.2 FEIGITes MR R afer@ix I 90T (SR & (o1I7 Sfem 775 fawgl RNA -a3 {17

S 2 F) @I g Sl Slerm oreg | ¥) TRIFOSIC NATHITes A= Joita 5 e At
Geicaiae Bfeme ey, T 2 wrgerd swied T e T |

12.2 ffesiitsra Geefsiwa ete (Biotechnological Applicstions in medi-
cine)

foaitei @ wifieg FIEFa @9t faRIdt @9 (therapeutic drugs) 259 #IfFsie
TesAMtd M sscaifere DNA eigfgfwna (rDNA technology)  afsaisffer
FRIAREA! CFLE 17T AN (IR | 9=, FFNETS SFYoAT ST S
Gl (AT =1, Tl AT ore TPy AT Tt zre e At Maj2re St Soers
JGIYTENTS AR (7l T | TS, Rt aft-sIieras Iziacaiey & 30 B wifes
?ﬁmﬂ%ﬁ@ﬁﬁ (Recombinant therapeutics ) S« 41 2GR, IWH SOy 3 eNR
125 sjeraifens @a SR Arwiee TER |

12.2.1 femere effes 4T @Fe 2fe™ (Genetically Engineered Insulin ) ¢
Al ITF NET TRAERHER @2t et o Ioisi S e 94 Tferm
%9 7R O g 1 TSI 203 | I IR AT AR T Avewt | AW
T GG BRI @I F FA 2 corvat 3 @2 Rl weEwa e, o Awg
(O JATS AR (@, O 2 200 TPJfere el T3 9207 741 ([0S AT | S+
AT ZCE RIS TP F AFICE FAG SAPIAT T2 A IR IR GF FCA
Jl T I ST AT (72l (G = 2 Q24 31 A1, T @ @IC AR
e A @ N1 T o FATT AR, OIZCE (@ 27 2 T2 w2 A=ifebE
Y32 I 20 A | (O] 720e2 Reiet AR5 WG I TOITe AR G- (I
ARG SPACH T© A SPIoI (01 TS AR |

S (O, TeTC F BIRIEIGF 19N TS 2T 3l =) (@I 07 NS AR, A H
A2 (P12




G g e a3 atpTR

A Il @ W TON FE, S S (ACF SYfer gl
I CRIEHER Bl ge 2w, o= 2l Tt 20s wofe L G
TP (G (! AR (O ST 315 <o w12l et ceifbera : :

iR o o 2R 2SRRI R0 | 2ot 4o 5w #ifeTriebize
WeleT I aifde — *ori-A R 4B | @2 oAfoiobiRe %o

ST UR-eTRS 4= (Disulphide linkage) a1 g€ (5@ 12.3) | "-_-'%ﬂ%m
NRPTE AT BRI AN 2Pgfe (223 (Prohormone) 30t ——————

T (olofBize

+ B (olobizw

RS 2 ((@-ITGRER To  (@-2mmintae sEizfe ke =
26 7F I AR 28 AN, A GG Sfefs C- (2175Re ""'"""—a@rc e

oo TS | A0S 6 A Tor TS C- (7I70RS el T
QT I GIR AT NG (2o 200 PRI ST SO

C- (15512 sroPifFe 237 | e DNA 2378 (rDNA technol- 09 12.3 CAIRTfeTCera Zgfercet 2Hfetsm

ogy) TR NEGTH BT (o A4l BTGB 20 2ol JomR! Crafergs )

AR BRI Gaigs T FIT ¢ oAfFTs Tifer Codt 41 |
1983 11t Eli Lilly 7isre SICaeis (sl e Seppferas ARei=0Re *jer-A ¢
WefeT- B 3 0T I2idl 9 SgH DNA @1 es! (i Fafest @3z Sffer %jeie
Hgos ey IR (FIPTEEIAC E.coli TITHHAR ASHICT T 511 27 | 2IfET0oi=(BiE #efer-A
G Wl -B | 5T HAFOIR AFO I RN I *&ETE Sy Fwe aidl
T I W I o1 1 Z |
12.2.2 f& (2% (Gene therapy) 3
T @I SR 191 Al femore @iot fea S, ©wd @2 4AE @R SRINEE o
T A5 BRI (therapy) 228 1 @S AT F 2 & (212 2o7 @B @R
Gl RN &l GG TR A1 21 | & (=11 231 IR 2SR T8I, T AR
I T 31 I TG 2R 9o e 3t gfoeld & SaiE w11 97187 | @it Gl
fofew at e o= @i gibRes fGm axxiste @t s Jfed @ A Fa"
S 791 2 | fEmare g ARERR TG S femiba SHvRIfes TR @ et &
T, (T2 FIGT Tl T WG 22 T Ty IR TR & Tt oo ek ooy «3fo
FreliS G T 21 g (M0 S I 2 |

1990 itet SpfSrie fSemsizes (ADA) Q6T biF I28 351 @ (T (2
AT 3 @l ARRET Ty Hieedt 7ifFs & camifl aizet a1 zfest | SProE
AT FIIFIOR Ty 2 TLTHRL 432 w7 | ST fTeyisizte: < FwEa
ey A e felemis fIemme SRR 3 [Gmete srareiikars! (ral frefee | /5y Mg
WE SREEEd 2feiei (Bone marrow transplantation) @& ADA Qibfee e
() IS 321 TACS A, SV N SR Afesiton et (IR (enzyme
replacement therapy) 21 3 ol fRRIRI 208 A, @RI IR ADA SO
ISR T @M (T2 AN 27 | 775G (2 Tox <012 Hiveant sifoz syt za1
@, QoY g fRrRay oS 7w | fom i sifere e «isifo 2#1, @R 7%
2CS TeTCPPIRD FeE TR (MCRR JIBCH AT RO G I B! | G0 AT SR
IRl FTF ADA & DNA (RGieiEar (3@ 92 NIT) & Frwnizs
CHROF TP AT T T IR @2 TACHIRDEIE 7o @G (. AN 27|
e @B @9 TR SN 7F, ©iF @A WS T R4 @2 @ Agfeee,
femareeia “af$e FTrwEmZEEE @RNT (T2 S2t T ATE | T2 @,
ADA G331 SIFRITESIH (] 200 SR Gmojleiics A0 AL eI (@ioEcs
Afevelisi =1 A, O Gfb 203 R = s=fe |




Gt

12.2.3=elf7F e ot el (Molecular Diagnosis) ¢
(OISR S (@, AT TR T DR Ty Affsis SRR @it el a3 @ @
fRefer IamiiR= vt (Diagnosis and Pathophysiology) =i Siweie 332 9397l | ol
e s «wifs 2w (Frea Fas ¢ g Ko Toifh) q=t aifis s @il
G &I N | 2cfere DNA @3 (rDNA technology), #Ifemicas: ¢ R
(PCR) «=% @eeizs forens 3T 7S el (ELISA) 21 6 @t Fefem szimae
(S @ AR SRR el R S Stiee S |
(R TR SR (TG, Sizamt 2iin) Toibere IRz [l ©f Aizes
YR, (NG HCWE I T I G2 TGN &1 (Pathogen) GioleTs % 7 | @2
SRR W (02 TGN SISIEE GTg SR6IR. (08 AR | 608 PCR si=(fe7 g
e wnifte Sqswics «iffda s 1 k4t AfTw (amplification) 7 JREGRRI At
ORACE Y72 T I90Y (@R M2 @IoeT P 27 ) FeF=e 71 78 | PCR
(S Rl 73 AR DNA eI HAIE 7 ©f (Ol I F0e AR ? Ao
AIDS @R ¢76g HIV 741 797 G T8It fozifsre PCR A= a5 205z | STTvReiem
[ QN THGe e -+ (mutation) ANGREIS @B AR TS 207 | T
S q<¥I9Te 1) fErate erarelfae! fbfzve i & PCR &b =i s |
3% o8 DNA 3t RNA -3 A ¢ (95 1 (Probe) I8 = (tagged)
T g @R @I G 7 AR97F DNA SI9F AR AR FACN T GRG0
TGIETe AfFF AYE @ AT DNA - S8 Figael 1 2| #{f0fS 90z «ue &
RS AT ©IR PRI Reen e 21 A, i #Af0TE ez @w #ifsjgs
@ eI (AT A |
ELISA (Enzyme Linked Immuno-Sorbant Assay) #=fsf Spiftrem-suif5afe =i
o= e Toix o e afsfoe | enifSea (c2ifa, aRmita 2gifit) Teifeis sl
RIS AR (02 I SIFOINC Dresel AR TS Fwe] e[
@S AF |
12.3 femareeits #ifaafee fﬁ@W (Transgenic Animals) 3
I Sfefae 1 RS f&m 327 @ @ 717 &) @R 2 e DNA-93 #iffée
FERR, S0 GRS A I | QPR GCeTe 2l (odl 1 TR W N JHeies
3, W, W79, (9, 97 € W 29 Age T 2@, e qane +1T Teom
GETCS= AR SIED 95 *Ioied «Re @R 25 243 | ({1 2 IR SIS A0, Som
R ZRRE ? PN N 2ot SRS Rt (oIt 2N 2 S =il Rg Gemestas 2
i) FefF=fge ¢ T (Normal Physiology and development)
ferTa s Frerm frfee 2m «ie e femefsr (e Trefis e @
R 2elie FE ©f SRR T) GETsiag ARENE FAroed 35
T (TS A, THRTF, IR RS I SibeT SR S I Tffereas
T 3 e | e asifed fom At @ @eiReha (Factor) 910G siffee
O, O B2l IR I TE (@ GG AR AF OF SR 1 27 1%
(2 @ AR GG ke FoITEF 2 F)AZ 1 23 |
i) o A wgEs (Study of Disease) ¢
eIt Rfea Tl 750 ferm i 2104, G2 R Ssve Sz @ (@i




G g e a3 atpTR

I Ty @RS Gt 2@ todl T 2R | MR Ry @R
o T (Model) fRIita e F19 Tl @2 Gt aiaior Resreica
ToR 1 2 AT RNSPTER Tl DI 26 TP S]] TSI
27| IR, PifFeT wiREbm, Fenbae gt ¢ sz 72 73
IR ey GeTeeTtes 21T 0T AR |
ili) &9% wPTE (Biological Products) ¢ MR &g @R biFetw
el AT ST (S A GRSNS G TR 209 A, g 2o
TG R S A 2R [AAZE 2 | THIAN GRS I SO FACO
A G GITCGE AT ST PR TR et wiwa 2w
(o =NifSGeiFm) toft a7 &0 @ (@I ageR FFTE (codes)
DNA <% (3l &) (& GRitet 2iiits Sata it 23 | 38 2
T TR Feize [k (PKU) @3 Fif5s wizm@fm @i
BT Ty 1 1997 AlteT 2 Fics«a o @& (Rosic) T
coAIfoTR gox Bl (2.4 &/ fobr) smef 2rfee | @ oy S
o TPEIHE RS @R Gfb 7B W (AF FeRT TR e
i R ey Sifseed Jaw swiel (balanced product).
iv) epifsW J@ =t (Vaccine Safety) ¢ SI=amtz S &A@t 7[tF O
ISR I AR G IS GIRIT T Sy G o1 20 TGS 40l
o | GTCE 29a g0 2 (Aifers ShifHes gzt si[rwia oo | afne
@2 SRR 37 @ TR 23 Ota Bl A e bojTeTa o Al
Sire! wfee fioiel AGRER T ANE SAfFACs 297 I F41 T
A |
v) aeals Raieret 19t (Chemical safety testing) ¢
«ft RRafE/o 7 (test) MW “Re | @2 s=felb [fen eanm
(drug) RN +{51l7 T TIZ© RIS Sl F-GIES i AT e
s omited afs wifemes A e (sensitive) &7 (odt 741 FI
Reer fermpTaiae GreTreTa 2l &g T & | G357 GOl KA M
AT AN T R GF FENPE S A T | G2 F AN TS
Rafeeiee A T TR A2 ST FAFe (TS AR I |
12.4 t=fe< faaworrz (Ethical issues)
A FEF AEG IGro #AfFT6e (Manipulation) Fiuge 26! 917 @RS 5e1Co
A | MR RIS T (oo TR Gl g (Ao sewes 7= 41 2ite
QYT G TG TR B ST T AT |
3 ST IO A AR (issues) oo AR €3 TP GRINGEITRIE 579
S Sl | G fErmars sifsasm1ita (genetic modifications) 717 ST
JRGOCF T GO T | 2 O SIS e (72l TS #{1e |
iz, eireww@@ GEAC ( Genetic Engineering Approval Committee) &3 o
oG ATV TR, (@ AN fGeareeid +FafSe Gi7 T=ifFe (Genetically
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BIODIVERSITY AND CONSERVATION

15.1 GRCaday
(Biodiversity)

15.2 GRaba 7wt

(Biodiversity Conservation)

Tt (T TZIO! TG A BRI (AF @ (alien)
G TR B ¢ RFeIRAL 2@ ATre! | G NRT CFLae
a7 906 | ARATS GRS [lleT (b SR bNeFS € I
IR | GFG AR T AT @Ot gt w1 9 2@ 4@ @,
fol#iTT= 20,000 2, (o1 (beetles) 3,00,000 2SS, T=T 28000
#eilfs @32 SIRFTEd 20000 2eifs TR | ITHRW @32 Kada [Raw
Reiramatel et fRiieT RibTaa 79 @RIR &) ot el o=
FCAEA— (& G4t Ul Ig Aeifen avt? oS 2eneE g
zre2 N qret e e fee? e @2 SRcabras 3 zo1?
JSIF @R (& 93 3@ GRNSGE (Biosphere) &+ 93971+ ? 1
G PEARETFe T 2 O B 97 SRS for ger
AT ? QIR B e G (b 200 T FoIT ToFo 2oz ?

15.1 &3 (Biodiversity)

ST GRNGTE 98 SN @hw 1 [Kfewe
(heterogeneity) (TN 2GS B2 AN =7, KB} G
FRHIT AFET FRINITNS, T (PR JZ& (& O (macromolecules)
(AT A +T 2 @ha ol I | FRRGITADE FRASTH 74
fifere @fbTara e eefcest TS -§iRfw Edward Wilson
ARCTSRFD ARG T2 FCH QR | QIR NES
wIfEs sl Ry ze —




GR3b@ @ A

(i) femore tafo@ (Genetic diversity) : @36 @ 2GS ot BT ©F 356 A
ReUIeTR AR Sl @va @RITe 7t | Bslew sRiowss [ifeq st et
@Y g Rauwolfia vomitoria (A 9g) 47 PO @R qre Tob=rw
T IR MR (EERPE) T0e fefere fEmare @ba (reite «Ait |
SIS 2 50000 93 @ fEmoreeItd 5j2F AItwd 5 1 SFie’ @3k 1000
S 9MTR OpiiEt AR |
ii) 2Eifeare tafow (Species diversity) : awifears tafbay wce for for awifen
SRR TR @G @RI | AR, SFA0d e AREIEs Sobd
AR 2eifoore @ha gemmEFei Sas @ |
i) AIFIHS ¢3bay (Ecological diversity) : TR STol FWAGHIEAR o=
TR SIS [few IgolfET B, @Na— NFgiv, I6-2@ey, 7[/ay Sierm
SR, AAFAB, TG, G, Bfo THRITT 9o dgfors wiimes
IPeIET (<o ot T |
T o7 J2F (R RS Teie 2Ffore @2 Tyw SRl 7S 2w, g
TS (@ 2 &S Kol @ [y 2oz, Oite Sl w2 =rorRig T ANCET MIT @2
TRPeleT ST S IR (oS 21 1913 Snwsifess BT #iftmiore [REw (environmental
issues) ST @ ©F ATl FLoiel 2 MR, A 78 7T AR BT
Y T G B 2T FPRGT Ty 3 SR 3ol SR T =02
TR 0O 2 |

15.1.1 €% #fATS T© TAF LGS ACATT G 7 K F© FRYTF LGl

SIFSATH siheT T ?

(How Many Species are there on Earth and How Many in India ?

fRITe G4 T g ¢ FAfere G deifen @ v dFRS ZRE, &
fefers wmmt 9fgs 2wifs 7=t wimce Af, &g 3kt @b T W awifs
JCZ 99 T&F F1 372G 77 | [TUCN(2004) SIS, @i #1(® 9jf2Sics 2 1.5 ffemers
gt @ Sfew ¢ 2T awifs o 3 T TEE, g wke 9 awifs QU
wiRkgs ¢ I = @1 T=F 5 aell (2 1 @ FFS SIS Tl
fomel sifferfre 27 @3z ERFeINE 2R AR AT w1 I3 CF
fafIere (olPI (taxonomic group) «<FG NS STa PRI Aeifed Sifem!
AR IS TGO SFTET (IS ST TG (TR QI SIAF012
ool TR | SR WGER R GF eeifos it wifkge =wfd, @b @ e
Gl TS ¢ FER AFER 2ais AR 2P goml 303 [{fem
oo REIe O A FE G G2 GeRFEre S2iecs o= o 2fidt ¢
Sfgma At [Reawal I3 7jfikite (i eienifs 14 AT A1 3= (gross estimate)
2R facres | B @ @ it @, S 20-50 ffere &7 sjfadice
IR, [+ Siiwen A ¢ Remfefes g fofere Robert May-@ Iferre
feaR frcares eite orl Tor @ ey eierifs @ibeay wow 2w 7 fiferm eeifer G
AR |




..-") Gl
R ¥ A ey ¢ wifkge gifer fefers «f& GRtabras s o 7,
SIZCE (7 AT (@, T AT A oF Ty 70% 20 &, @2 Sfew aenifs (toiaie,
24, TS, EAG!, JSAGITR) @6 delfoq 22% <3 WES 73 | AR @,
ASHTHB! HRH HAF 2o TR @fiRmpste ¢, 3t @it 2T ewifeq 70%
e @M | 97 =1 7, 7R 2fS 10/ 21 awifen g 7162 291 Aowt dwifs | =,
SRl PSR SIewiTaidia «2 Jiet tafoar i Tt 2 @3 7JfR=ice s, Tob, 790!
8 TS 2ifoR (I ARAF TIIN =S aenfon 4 @ | ba 15.1-9 [feq auw
By TR Ao (Afbay (wRICal 2eeT —
GRS \\

B 0
AR

y f——l]

AT

fod 15.1 foy Gicarays foagal: Sragndl, (rawdt ¢ Sfegwradiz eganfes e
MR

<51 Trard T e @, Thafie wiEifa aenfs WA @i Sifncs At
ERFIReDs G ifFe @I o2y (12 | SRik@am gt fkvs 937 @ T aeifon
ERTReTF GI7 SfATe AT AR | GGG A4 TPTI 2e, Tolgafes @R
ARG TG AGS A MTFACT oy SHTHN 7T R g TG 2SS 2w
BT I (culture) THIT! FBI 7T | @2 (BT WG eSifoayTaE I S
YOI [T I T (&7 IR Al SACARE MG 22 I, O @ GFPOII
o Al Cafbay i FAR SIS 200 A |
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Ifre 2T (I 40T (@FIETG 2.4% SR SRS, O 7 A @b
GREAD@T ORISR SAMIET 8.1%, A 432 BT | ¥ FIACE O T
126 ereizeRB @R T @I ST o | SRS AT AR D
AT 45000 e aeiie G 9 A A9l FRAT A Ao ARATT TRR | 92T SRE
F© WAF GG AT SNREIR 8 AN ST AERCZ 2 IW ST May G GREA b
TRFE ST w2 azd I, qre ¢ AW @6 FRAEeT AG 22% 92 A
TRITT T TR | SRS GRIMDCAT IRA G2 S2AS(G 2T FCH ST S
FACO A @ AT T AR 100000 Sfew @eiifo @32 300000-97 @ &l aeifo
SRR ¢ I T I A TR | ST F TS SN W\ (6 G T
SR I 5o AT 2 2 SN 2ARFFetel el 191 P21 (taxonomist)
GRR 3 FIG 5 FAIF Gl ARG TR I R 91 | T4 S TS
A @ aeifon @3 T8 At @I NRFIET 72 [Reqe 2977 AT 207 O
TIPS SRS SRR 75 23 | 5] R0 Ao Gl 4= (Biological Library)
RS T 7T RRAICH Ol oge FA (32 =9I Sofa 403 e
T |

15.1.2 GBI 479 (Patterns of Biodiversity)

i) SFICAF Jfewial (Latitudinal gradients) : ‘jﬁ@? 7Kg ©fer ¢ aditaiva
S T TR SN 6 | 7 FAF Sfegw @ AR cwea Scabay @
o] Aol | SR A R e 20 (e e Sie 28 AlyRere:
AifS afb@ FCe ACF | 47 T AT QT FIET G (rwie [ghe
23.5°N (T 23.5°S) TSATOT Al (N NEER 9o SfEmed 2eilfe TRR |
i Rebae! ol IR A1 1400 awifs s A, @4 g
(41°N) #i27 105% eiwife @R ATE0I0S (71°N) 2127 Wg 567 erenfs qez |
SIASART (T T-40ET @RSl e FIE SFHI T[S @ G4 A
1200 2eifoRe @ AR TR0 | FIT SAFER G0 S (@ 2GR SR
TRACGT (USA) T-7AfRG3 SRO¥T MO TGRS ST I e
GERIRT 10 el @ 132 91 T e IToh AR | AiHF SR JRes
I I SRy 2T RS SReaba @ AM— @A 40000 938 @R
aenfed Ofen, 3000 2eEfsd g, 1300 2eifex #if1, 427 awifoq Ssiid, 427
aeifer Tebe, 378 deifer 7ap#l @32 125000-93 @ SeRmS! 21 geifs
I IR | R 2o 6 (etes (@ @2 JFRB-S[0eh FHATE e 2 e
oo Aes SRFR € AR SCFFR AT A |
FIET TG I ROART G (I GREQD Sfeded @12 @2 eiee!
W @ s+ e fRmiamatel; A Sm 255 (hypothesis) 2R FCICR, GO
T g el @99 @ —F) e ewifsad (Speciation) Z& @I
TR IS, AL AR SR 2RI 22 PARATS W6 G
G SEFicH o1F o1F I29 A7 QeRereld Fgaed et @3} ©f? aeilfes
AR T G Rl RASta AT% 2ws T e | (}) FIER Ao




Gt

TfSAToy SFrer ARCIR ol 27 1 | SV AR 7 Agfefes, o
rRifeHieT @ Sreiie FCo 231 | @2 L=t PRI ifscas oy Residiese (Niche
specialisation) O €3 SFeF &S [HTAR 76 FCH G (o) FIGR SFTE
wIfaed N (CTIRIE) T 23 I0eT G4t BTl (productivity)
SEFT, A 2SI A GRADG THICS AR F |

ii) eefo-T4g@T T9/F (Species-Area Relationships) : RS SISl agfolm g
g-ogfan Alexander Von Humboldt W&l ST STRTe SICHReRRIe #AKcamedl
FE (@, AR A TG CFgere] IR T AR e aphe i 7 oea
@ S J 217® | TZOATF, et &TQ"J/T (Species richness) @ GBI

frge eriEl wiEe wgrem Tt TIF

(TG Tfgw, =1, AT, FETET W)

SOIP A1 (Rectangular hyperbola) 515w

3 (5@ 15.2) | 9% ASIS- @il 1o/ #19{- (FCeA

THR e AR @RIfba shean I,

I ferfotie ARE=Cel ARG 7efeT) a0l A—

log S=log C+Z log A

T,

S= 2 AR,

A= G/ GABIT CFTe,

7= Sz et (e @I-afehiaes)

C=Y-ffozs 20l (intercept)

9 15.2 eEife-igE 7oIF @A 2601 79 (FA G2

IS AR 2|

QBT S SRR @ BICHCAS
(Nt At S @golR @F A & (Robea
CRICaTl Sfew, ifercpifafiie cieat AR, fegada
FCIS A G A&, AWF CHFG 19~ CFCE
fagga @7 wfe (slopes of regression)
RS Segsl 27) Z° G W= 0.1-0.2 &5
W) A | [5G, CorR I A0 SRIWH SCl
I ST T A -Sge o1 R0 N, @ (ot (i @ szl
@A 1S (slope of the regression line) SCFHIZ AT ZF (Z-4F W 0.6-1.2 € Y
) | SRIZReFT o, o o MRITTR SIER SRR (e Freré 2R (frugivorous/
fruit-eating) '€ WOAR AAT (F0g @UIHET [ BTG N4 1.15 200 @21 I |
93 BT ATATF SfFed ATl 71 (steeper slope) TECS F (@RAT 2

15.1.3 AgeCy gt (IDTare I99

(The importance of Species Diversity to the Ecosystem) :

ARFSCF T GH(b TR 2elfS FRT TYOR (Al AOI TR
Ity ARG @2 2 TS @Il T fre s 2w | g «taE ARl
R S SR @, S AU A AR ITEMITE! AT FePAF Aenif©
TS TRMIER o=y @ FfeRie 2re «ita | §7 sremis RfSTel 7@ te
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AFOATT N @RI ? @S w112 Fwifoe W6t Rsifermyzes (aAiFfes a1 wape) et
FACS AT L Q9T AR Aeife 2 =1 G b Afesiare genfer Srae ¢ emree
AfStaty I | SR Tifel @2 EREGIRE el GF i TRMIE 2wl AR ARe
TFYT TACE, g David Tilman-a3 A= 3o agelles 3 zrs
SR @3 57 TRy TR (IfR | Tilman #19%F FEE @I FE $UCS ST TRAS
ATTS AP I=J (ATF I AT (WG GRS 332 AN AAfsw =G | fof
ST 2R IRE (R (@ T SR SeseReTere R w0 |

e, SR TSI JRTS A el g AT ol IRForEa Tz
I SR G Wi A | SR SICATSIEE S IR @ 7= GRAba 42
YSCE PR FSIRT ORI @ AL gl 7, B AffRce Nweifon ey
IS ALTOS ST | 93 AT AL SN fRofeerarzita asifosta 2w =iy,
T @G @ FA0e AF— AW g WUT 2w [Red 2w AT AW ToR
AR T G (I LS AT 2 AW ARG ST ARFOCET A Wi e
Re]d 2@ AW O F ARG FRASTS 2ol 28w ? 46l I 20000 eeifeq
AT 7S 15000 2o Fis1@l AT, S AT GRANRCR A Frei[ deifie
22

G I YT (I AT e (78, [Fg IHINCRees AWM Paul
Ehrlich-943 I77® +%(fs SRl St genes fofere @3 e Afds gt sre
309 #AIfF (Rivet Popper hypothesis) | 4<(0 RS (AFSF), 9 7 SRS SRS
el RTeb (26fs) T2 T G T T & AW 005 al KA 96
ez fares A% A aRE o YT A (93 eeifen [ <o), *Jre [
e STt i Al ARES (ArgeliEe Fidew) A A 7o @@ oy [ieeh
Y (@6 BE [0 TIPS G3a1 20 2180 | S, (i [res et (e
TRCE FI0S PG 20O A | RN (SRS S A Sieien g [Rres SRy
TR R wlAiE {ret-ga SopiRe ([0 deife T AgerEd SRR g4iw
O 2 FR) T2 SRR R oIS (e S gl 27 |

15.1.4 S3cabrara g (Loss of Biodiversity)

ST eeifon AT SIS Mo gelfe FKrIfes 27 ol (eeifesrm
FIGT) (1 AR ACHRR S AR, O Afefzre @ TF eforres Sae](e 262
@1 R (@I R (72 | SN 2T GRSl 438 To 2T I0 A0 3R T Tl
SRS SNEE ITSIF NET FAFACHT P2 To0z | T 2 FRT 2NE
STRPTISIR BI7PT[CE (Tropical Pacific Islands) 91 A1 ST Rt 26!
A oeeiEE 761 AT 2T 2000 -9F @ =TT A ereifes [egfe ez | [UCN-a3
= Siferdl (Red list, 2004) SIS [ore 500 I=0d 784 2o (@A 338 2wifex
ML, 359 Ao SRS @ 87 awifod Sier Sees) [Refe 9hiz | et
)@ g A< Aeifon Sriggel BeT- (OITe! (i), CRicael (e, AfEeiie i
BiRaNa e (SIEleT), EhERe B FIS ([T @3k e foat Soteefs (Jif,
GO, WHAHTIN) | (@wmig [ere 20 =5 277 aefen [ejfe Tz Ffeer
RCsre! T o1 7=t T R Gy appeeitd ewifer [Regfe T, Sovtas wrel 5y




Gt

AT Repfem araea @ReieE T g | Reia SRtabas [eafes @3
SIS ARPROT A5 Tl 251 @] (@ AfeT=a 15000 @ @ et [ejfes i
T Z00% | AR 7JfRA[TE IS 2 (5 AT el 12 =i, @6 SO«
Ferifor 23 =i, (G Tebx ewifen 32 el ¥ (G TG Sfew awifen 31
fof<e fReyfea Jifce TR |

wifge A1 2ie SamEte s fefers #fiSite GRem wieam 2fog
S I SN TS (AR @ R S e [ejfe aiaem Srel SR,
G MET ARSI fre q0hfeat | 2)f2Kice SReTR Teoife ¢ @iva 3f%a fdmm
4@ (>3Rfer ag7) A6l A 7ga T awifer [efy wofe | @ siew
Regfessae (Sixth extinction), T TN LB HLECE, ©F FISICI 276! 2oL/ Aofcat
(AT for @ 2Ny oral otz eefs Regfem 2, ot (ot ieRenfs sjfRSics
TRES 2R 7| AR T Arefeaite aeifs Repfeia 219 100 (=t 1000
7 TOOF TR 3R U8 TOOF RH REff AT & SR G172 J2re 7l |
AWM ¢ eFRmal 7oF IR @, M TSN 26! Face AF, SiCe SNl
100 I2EF 5 AR AT SIS WA @S e 2w |

AT, (] G G SR IR FeTTLA-(F) Tfew SeAwe I,
(¥) 437 rel @ifeFe AR Br A el 21 oIt @3k (o) g (S rgeEs
FIPTE @ -Bfra SeoieiieTel, TeTd IR 4R Fo7ew! € @I e 29l
sifgasaaeTe I oI |

Gracafbe fReffea STz (Causes of Biodiversity losses) : T 3 it

TR genfes Rejf e Yoo TieEs Faieei=iR widl | @9 g4 b I TR0
QoI Tl T Tl T35 59 (‘The Evil Quartel’) @8 S« I<219 31 2|

i) TR 21 @ 4SS+ (Habitat loss and fragmentation) : &% Tfen @ 20

SIS [REfed »itd I e ooy @3 Srorg oggsi Tt | IPPRIA

2 3 R TG HIFeW SHIZFOPTE AN I S I SRy | 4371 @2

I wRey 7R GG SRS 14 ST ST S ge = FF ALAETe

TS 3 Tl RIS TG 6 =R (@ 203 = | G2 o= S T© R

B AR | 9 G SRR AT (o 1 #{7<8 & WS 1000 @I @ 6

ey 2R A | e 3 w1ey (4 @ 32 @ T @3 “A0EF P @

) (N 7! FT(1E il fod SR, SR (soya beans) BITIR G+l =1

Coll SETCTR T ITSRIE TSRS ForEfs Fa0e & SR 33 Tfews &%

8 AR I (FE e 70 | G2 ANET o A= qaceiw e 93

IEPRITTR [Tl S50, A 73 Aifor wwgrre 2fbrea 0 #e SRER |

S Rfew FITeR Ty 749 J28 IR (ST6 FX FX G- [NOT FCH,044

WA 8 2R A PRICH [Tgo Sgel e 32 by 2l Ao s

T AR O NARAFSIL 02 2, Tzl G SR Zeeel 10 |

ii) MATSTE JIZIT/ 7% (over-exploitation): NI FAZ AW S ST Tl

oPfe @ AR Toi7 ST, g ‘eraie’ 349 TP ABFe &,

O Yo A Aaifolie TR g = | WgF 7=l Vaifole IR

e [ere 500 I=0F I3 ewifon Ref(e qorz (EHe B FIS, @ #1731 |




GR3b@ @ A

Areifeaita SfAd gree S AT Ned SR afseieT 20, a
eIt Jgesi e g eeifex siferea g [Risty = werz |

iii) I271e erenfen 2T (Alien species invasions) : I3 (-(FICA RORIAEY
TS FEifors SfvRIFe q TRIFO Sree (NS ST 1 &, S
o fg A 2SS SIFTANE (invasive) T RANT aGifex 2 At [efe
I | ﬁw@vﬁﬁ%@rﬁmmﬁwww (Nile Perch) ®CT S
T @ 2 200 G AGIST (Sl (Cichlid) ME (@ ToF AFIEF AN
9T aiTRe ol [Ke]® 20 T | 9IS 937 (Parthenium), SHICGI (Lantana) €%
TS IRl (Eicchornia) 43 TS SIS, o 2ienfs T3 oAf@em
o G WMWE RN Aeifen T «qt Froib [ereewe ¢iR [aw cor@t
SRS R | APTARTAT ST ARSFHICA SNfFFT F6RA Clarias
gariepinus-GF SR TMI-EPTIE @SR (0T ST T RN Al
ORI BRI R JRF9 YA 2z |

iv) W—Wﬂf@ (Co-extinctions) : T47 &30 AGIfeq ﬁ@(\@ 5, O ©OF A
TRk fifen Bfew @ 2t awifoe sarrela Regfes T =7 | 999 @I
CoT WTed el [Re]d 27, O34 OiF (rRFPRS #&Ia1 GRME Fog ANCIRS
G2 ARSI | @R I Swizael 25, 352 AT Koo Tfen @ RIS
JzF @2 RGN TR CFE @- @I @3 Sieaa [Kegfe et wioig Sieaae
faepfe < |

15.2 GaCab@ 7Eawe (Biodiversity Conservation)
15.2.1 SR} (3 SACADE AT FACA! 2
(Why Should We Conserve Biodiversity?)

GREADG MFFCR g oD @ 57 Sroibl 7715 73, G5 75 I AR,
% Tox 2R FREPTRE T YT | 98 FIRPTREE foalt Ret! [oe w1 I
RIS TN, KO TAIN ¢ s et 1 Iiez |

SR FTRIFE (G TSI AN (Narrowly Utilitarian) Il
FIPTR YT TG | 2Pl (AT T AOFFoI SPRYy L tAfeTeitd gl
ToppiReTR, A (VIAMET, O, Fe), sl S, grera 1, ©F, f AwE (G,
foIfoeeTls, TG, To, 58 G2 B Ty Toimia SieFe 07 | AT ST
R ASREARS B 25 HoKwRS @R SR TAmE Sfew (T MA2e =7
@3 7JRIAGTT R T TS ARSI 3o FRETR CORITe AR 25000
aenifen Sfewma Srawie TR | S I ST WS Fo SfAeerrsin Sfew e
SCPPRIT AR S (6 S =1t | 7t wife (20 Sifted TTira G Seprie Fat
IR O TLASTIF JFFoll AT BeAWTR Ty Self, fermare @ oo s
SPTI SRR S (AT TR G2 TR (AF 2pF [ e FA0o AN |

eI TN (Broadly Utilitarian) Iz 211 AFRess gz SR
GIRCab@ Jgs1 Sl oMo 07 | o el Ssier S’y AR NG
AT AYNSGTH GG SHCSTR 20 =S @A W7 | S| ) &AFFoq G2 SRR
(services) SIS e oy FaTe MifF? (oM™ ol 2RireIta ST




Gt

PATETSIR &) F© 436 T O (AT 92 R (ol Fg0! 470N (2o 2Tl | 2Rl
Al AT (T =Sl Sfew S T e e Mt ARE) 97 SEE’ IR
(AN, @A IAYSF RN =S (Pollinators)— TR, ==, #1f € T
Tt Q@9 O ACER 2RIPIRERI 38T | AFoF 2RI9RIZS =TT AN =08
FACO FE FO A6 F0O AT 2 G A€ G S AR TCAC, @Y ol
Tofeif FCe A, GiofeTe SRl afs 2re (e Afe— = FEaifes A SR
AR R AT AT STiges, DT 5 2ghe Fa1 @2, Ioget o1 s ¥[T
COICA o (AT Tl | SR F G2 il IR 60 41 F0e A 2

GIRICAMD@ FRFHER CHG (110 I(eoT2 (ethical arguments ) T &1 GGH,
AR € GRIY IWACE e W @2 &g SN PR IR, Ot A GRED@
TS Rl (R | POl € IfT 7 (ATF SR S A SomAfk Fa0e
7@ @, 2f el awifen @mfs 371 Arefes T 2Ee A SR Ig AL ST To7 =
IS G ﬁfﬁ%“&?ﬁﬂw (intrinsic value) TR | GRF QO FVIER T
T 26T IR RIS SRIT (TE TR SN SRige aeead 66 @
(Tt (e 2o ST (1o Wity |

15.2.2 SIS ST G0 AT FAC 2

(How do we conserve Biodiversity?)

L S| G IAGOFT TFHA @ T 2 FAC!, OLF T T WCH
GRICAMDE @ S AR ST IECF T FACO (T e SR T I | @3
CHADTS 39 BF wawe (Gl ey Freifis R=It) 0 | Ifns, 799 @it @6
TS w21t @ TS Sfen At et sy a1 sty 20 «itw (66 SRyt @ e
TRRffe MBIl TRCR) X O SRE (T S (AT I &) T FHeTT9] A
e AR, G/ G 7T SR oy el AREER AR 9o g
AMCFA |

3G SreFarel [ @ s AR [ry YR 2w 9 w@ife i o
JATS AR (F, SR AT (&7 79/7 FRTHe T B GR L AT ST |
SHARTETTCIE, TSN SR FRIFHCIR ( Hie] AN T, CI9JTER ST
@ IPRYS AGIfS T 2IT=!, S A5 w72 [ | Keenifal, @2 sTomifs erarrs
RIS GO0 | FAES T T S @5 g GRCAfa 2676 sga
I IR @A T 2eifs Ay GaR SoHI@PT= ‘qreafies (@ a4wifs
o TS AP TR AR, Sa N6 T (o) TR | *7ee 257 SRicaba
257 e T Trles fog 0 @2 SR wime 7% 2576 Biers ¢ iy F41
BT, AR T 7RIS 2571057 A1 WifSTaR 341 | 92 25776 Sgeriae IPPRITE
SRE|( e el QTR | @3 2570 SggeTaTeTa S0 3% wget 2 oot @ dess,
- GRR RN N5 — B ST SN (o ST G @ys)ef Segeisgz
fac oifde | Tfne @ 7Fe1 25705 SIgePTz T ST (IS TUTH 2 =S I
GG Il L LY 2(ACY, 92 2676 G2 AToeId GReefeq Siem=i,
©i2 TF SIGEPRIIEF (Hotspot) FI AEH4 2 30 *1OikH Giaeieifien weare wiae)f
FAMC A |
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SIS, AGeIFF 1 (AF Fog ¢ GREIAB@ F (AF AT SGTPRZ
SRS AT RS, TSI Tyl '@ STeRIPTZ A s it | TS
ety 146 afeam fers, 90f wrsiy Swim @3k 448 Iwyeid saErealan
SR AR | SRS 4T ¢ AkFloT Aot 2feamie #3fea 7wa Tom
(& e (Rl (ol | @I ST AN AR, G ITg e 6y Siegat Siiaiwi e
A 20O G TG 6 OITS THAfR T Tigw @ IMAATRE W AR s{re
T2 Zro! IR GROIE U 2RISR T avie 1 20! | (IR i e srEl
ARG, AR TR ARG, F{53 © TRRAICHT AMETRIT S1ge, NHATTHT TS,
2], I SFEIT(R QLR A I A1 T (sacred groves) (1 I | (IR
Afq FePICE e [{eet @ o Sfen arenfoen 7w ez

aF B e G2 fore [Rer 2 ¢ S|t sl e aigfes
APTRIN (AT AR (@I G0 RO R A 2, @A O 5701 8 ResiT g
(TS AT | e AIF, Bfegw Svpiepiz, IV AR ARSI @B Sraeey
LS T | I AR @ e Al aeilfo A0z IR SR T @0o 21, 7%
FEENTHIA AE ST SRR SFFa A | A2 ETHET G B 17wl =N
GO T F CACT, ([ R4 ARSI S 7 (@0 (e AP sAfeam!
AT AR | TSN 2 2GATSTRT Sac! Al WICHGATANE SRR oS @i
JIFFTOPTH € fNRGFIrFIOPTH (viable and fertile) SR RLH AR AT
T (@O A | TR 2 FSG ST RS 1 (@0 AN G Fensiiere s
IR IR Sfema I I @ Nta | StafeFei Jgesl Sfevm fon fon
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ENVIRONMENTAL ISSUES

16.1

16.2

16.3

16.4

16.5

16.6

LTV G 9T [T

(Air Pollution and Its Control)
GeTrY G G [RF (Water
Pollution and Its Control)
POT-ITTIZ

(Solid Wastes)

PRIPICE TIZ© TP
ATITYZ G O 2@
(Agro-chemicals and

their Effects)

(O TEPTYZ
(Radioactive Wastes)
Ma2ITT 297 @ T-BFE
(Greenhouse Effect and
Global Warming)

16.7 QICGIFNCTT STGIVEHIT

16.8

16.9

3 (Ozone Depletion in the
Stratosphere)

T(Cng YIS G
IR A 7 2SN
PCeT W T3 (Degradation

by Improper Resource
Utilisation and Maintenance)

SR (Deforestation)

AT TPRYT TFE {9 97 30T Sreifes 2w I
TR | IR S AW, S, IR, R, A5, (N5 bifere Az
GRSy 2TECDR BifRuS SIS (0 AR | @2 W) ifRvl SR
) SR AIFRoF TR T2 25 biof ATTR G2 G FoTxg=A A,
T 3R G TS ABTR | TS T bifaw 26 @2 (7, Tareel A
[IFS 1 T SN ST AFOT T Sl @ e caifzpael g
Sl

vl 251 AR, BN, e WAl Wibe cote, A [l Give
TSR @- @I Smsifere 2ffaed | @R MY 9g7 sRifge
ARSa Ty Wit O 73S smiel (Pollutants) JCa1 | AR 729l
TRECR ST, OIFS FRHE SR ARTICR 75 @3 @7 el
(@Y, T € Yfe) Taae Sy 1986 Bt A (1) =iz
[Environment (Protection) Act, 1986] =™ S |

16.1 IRV @R a7 fage (Air Pollution and its control)

SR 2P BifEnl SF0R & SIs= IR AT feroaaiet |
IS ~AMIPTR T AGRAGA Fhonee 367 | 971 Sfema 3 e oy
TRAMTAR TSI TN (7 I3 SEWHR SfeT gy IO | IRMITTR
T GR ST AN PATSENE TGS T oA | 7 AR
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Tl TS AWML Fhoda 2o fleq 33 |

SR @@ e, 4y ARG 932 Sy FeRI!
(AT Tl (R ARG, SEeH-a7 T FieFa 77 9=
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N G G 2eT FEDGIIB0P RAFHEsER =i (ba 16.1) | 92 I0E AR

ATl Ay

e EIo

w2 L |
L o "f"

peeT A S
o & fg 0
eifReifEe L s R ':'-‘/..—p

o g wim = =
iﬁ - 1

AR AR /
ol
[F]

foq 16.1 ErerrIcobioe fRIFMTE0T

SIefRge @® (A0 ol @mm Teife Igai 99% are @ Sspfiie T @Te
A | @it o7 [fife ofteas wfee 27, TN FEF YT (©FF [ed Aefw @7
IR, T GG IR S GR 3 (IR (AT ZETRG TS 2F | 42 JERGFTZ
YeTRRelI 9T AR Y 2 G TR GIeTRRelloeT] el el 27 | <2lle (2bojtENt
(Collecting plates) TFI (AT R T 2 IR G SR (el Sl
| CEBATER SR AT IOCao] GBI 3 2&A FaiF A0 Yleraeliafea Aewa
S (W0 SPICS AT | G310 FRIER (6d 16.1) R AR GIZSHNZCCT T 51
SIS 20O AR | FIRAET = T80 (NS ST A Fled 5 T AN 27 | 5t
(R I ST FH 2T IR A 3 FARP050 TZ9TER AR Sope 1 I
I SITE TR 2SI ST S FICS (AR | (FRIT 79 2= (CPCB) ATt
SRR, 2.5 MO I SIF (A0 T [IER (PM2.5) I3 91 FIORT A
P TSI R | @1 I I MHARAFIET FAFTR SIS A FACS 2T
@3 RS 2111 2T @ X7 TSI TopTCof 9% FCS AT | QLR Yfermeli ottt
AN WATOCET [ROH S0 AR, @nig, JPRFER o G2 SFle 9IS W6ro Al |

SR, NRIFANCFANCS IRHGHAR AT G 32 el 2T A1 | AP
IR F R NS DR 775 G2 TN G 1) 22 CA00e (rlf A= |
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—sifeATEe )
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T GO (ATF f9fC (IS AMITLT W@ g (AT AT | FiBTEnEfis Faoinid
AT — TN ¢ @A TTF JRZE QPR SRS RO IIg© 27|
RN (AF AT SR ol 291 F919 & Q9[teits FioeiEts FTeitd
AN 2T | TR TAT IGGTE FHIAR0F FTOI0IET W& M 2ifes Fae
TWIT FRGIFLAE T TITHIZC @ 3G TRHBC IS FI TEOHZT @
ABEITE T 2FSS 27 | FOEARTF FTSHR AN =MNtE @9+ @oaifEre
PRIREN (PG 72T T4 T, T (AIGITE Tofre Fptl SR FET I

M|

WW?T{,[ (IR dfotaia @ @) [Air (Prevention and Control of
Pollution) Act] i3 1981 AT FFF ZCMRe, [5G Q0 2% ST *0
(Noice)TF IFb IATRFRENI TTET T S+ 1987 AT, 3 SN AN 1
Z(AMRE | WRER ST SEBFT = 261 SIFIoFe THAQRF =% | WAEE ACF SHEF
T N (G NP G *EgeT g e zox werw, ot Seefu 7t s
S TS € REAMER &) SHI@R * 6 I A | %27 T© I@ o7 ©OF
FIe sifdfde oo M AR G 2R ATF SFGH W% 08 (@ 2 | (SOCEN [l
TCFG T4 GCHHCR Gel) BTNl I O 150dB Al SR @ *17 (ofd 27 @3 43 7o
ST T 20 GG SHA@R *HF AT a1 35027 e 20e oA @3z
G HITFN] THTO 75 20 (AT AN | I[P *2FYCCS 5 SCATIFS TG
W AT AL IR AT ARG MR o] RIS 75 20 @S AN |
AR SITF SFEFF *7 Sfohl, S IR HPIFAT (RS AR IO 93
G LI 43T S0 (0T T |

HALICIT T TP AT FA ML ([0 (ONEI & (ST Bt
HAICI (13 FAGA SAYCENE I FACS AR @I (ITF *% 75, FICA!
@I Stafes e @t 7w, sewdle 29 T (@0 A ? SNwE FAPRLACE!
(AF [9fs THfFF «0s, MRS IY IR I A (@I [Fgd NG =70 Hisil
TR0 S (TS AN | SRS SAGICE RIS (ACF T3] S Sy =779 (Y 2ifere
ZAANZ (I 2SN % RIS SR 2oE SIgter A el w1, A
G FACT AT (AF 5 =7 Nl Seeifre W A, S st Fefie w1
T AT ACTAPE A @S AT TN FITOII I I 2ATANGH |

16.1.1 AR (ATF 75 IFwRe fwagel : fafea @b (@1 S it
35if% (Controlling vehicular air pollution : A case study of Delhi)

fufErce TR A2 Sy (@i 2e PR G2 NRIFIRHTS IRGACEHR Ml
(T S T4 | @3 T9IATS B ARt 9’ @ sAfRGIRem @i e gemm
@1 1990 @7 Wit Rees 4175 F:icorwl gfvre weifia sy faferm =i fest vl | faface
IAFGHTS FP 02 AT (T SIS AN = Rt a6 Sremiel et
1 2RfRE | g Rt e Sl oG T #47 A2t 97 FEHeR TR 3 b
TS SRR S 3 TGS T AL T A fTe 0 | 98T
TGP &) LS I IR GieTiell IR (L SIe RS S0 T
wiefie, AP9CENTS frsaa ARRTS FteTe Misias 17 (CNG) IR F90e A |
2002 AR S WiE 31 IR9TEAE CNG BifeTe AT +ifiafes w21 zuafee | o
A G2 2% SIS AR (@ CNG TOremet Seorl Siies e Gl | 99 Ted 261 @3
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@, AT FIFFASIT CNG @F W2 906 | (SHTGIeT 1 foremet giemia Rei a9ge 2
AR @ A smizy Awiel (ATE T, CNG IS 20 (R G G 3
Aol Smizy simiel (ACF T | GRTNS CNG, (G A frstema ey sfired 7w
@R (TG A fteted T CNGE GIERT sii2st M @@ 63 N S AAta= @3
G (TTHAE (T AT 1 | ARIRAE CNG Bifete Ttz kS waia aae
I 261 @ (@ ReFeIE®/ ST NG CNG FRRRANES Gl 2B AR =9 @]
forarafoen stz faee a1 472 S |« fface TmaRs (T 75 13 g
S G (TP AT 2T (TS REACR G AT 0 FRICR 2JCACA| IR
101 B B A 7 o Sl [ B S A S | S B o R G el e [4) 5 RO KR i RS S
1, AT TR TR 2 1, TR Srey el e gaersiiara Arsifeizss
T2 SOOI ATl 71 Togifit |

SRS * 2 CICS TR T A 21 SN Gel) SIS FP G el
PAIZ GIENAN-NSF N G AFIF NG (O I | (AGIET €=k Tt et
R AFR @ SHEREHE QR Tal e SR S I Sz et
9 & | TAIRRer T el ZOCI- 111 715 92 1S SIITH17| 0 (@ AT @l 02 forerera
STCKF 350 A 217 FfeTze (ppm) =R CSTGITER TP 150ppm TS ZCE | FRES e
T RIS G TG 42 *OiH 7T 208 AT | AT Aog Srgaial,
T 261 G2 (¥, (NG 8 Oreiet Soifoere AEicaa Mal SR 50ppm @R 35 *Foix!
S S | G AN AN (@0 AN 2GRS TRFT FA AT |

w4 fasfSel T (Mass Emission Standards) (SI7® 5% 11 91 380! 11 W @7
ANGET) SIFSICAI (I FoINTS A4 S ATIST 77 | NHF ARACS SIS AL
o fefae -93 Rage oreat =& (1 16.1)

Aafa 16.1 SIFecad ©F fForces

RIEEIRCERED] RIg| AT ZCACR A *ZPTR
4 DI AFRTPR OIS (6% 11 ST SCFR 2010 (CH
4 BT KPR ©F© GHF IV 13% IT91= (far @ NCR,

[ANTCEALR, FAT, IF, Sl
TR 3R GIETI=F) «fetet, 2010

AP
3 I AAIRPRR SR EB% 11 AT SCSRE 2010 (D
2 DI AAIRPRR SRS G611 ST SCFKE 2010 (AT

GRS TG0l T Gof) LA, Aecet fiziee AR oo I iz | @i
STl ST 1997 (ATF 2005 & 0z MErs CO, 9% SO, @F Nl S FACR |

16.2 e @R @9 Fage (Water pollution and its control)

SF SR T FEARRTAITS AR ISy ol T TR
SHRIARIT FACZ | SR Y G KT AR @ Tl g R W @0 A, g
€2 ITS] TATE ST B[R9I 2. (G SR 3% GBI SIel) HIe] AG TS
SR | corRl 5 T @ AiofTeR Mg i N aen Somes s e
fefem1ataa @l Sifel age F0e AR ? TET IR FIFACHT T2 [N
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@I RPN o 7RO B 2SR |

GERE FOROICE A0 AR KA 979 e 0 OIS T 1974 FE S

QR SAYCAIE T AT STaC S

(3¢ efstaty @3z fmge) [Water

(Prevention and Control of Pollution) Act] =2« % (I |

16.2.1 2R SFETIEH TR FIAL 75 785
(Domestic sewage and Industrial effluents)
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1. fasifeere Sfom smietmE, Swi-aife,
Ife1 @ W |
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AT IR

TR e BING 19! (T 13055, TS, Syl ARCANTS omiel, {re 4o ==
3R TG SMILOTRIF S2PIe F1 432 FO | 2[R O 767 2fiFei (erewd
(Biodegradable) terasimief e 21, ara sizre Rfere 2 aim— @29  teasimid e
GG (Substrate) R 92T I @R OJ& A0S g SRHTE AFERA @]
S TG O IS A FAIF S A S (oA | (67 A
TRCE 51w (BOD) e STt o361 I ST (SRewfF (59 FWICE wifanet et
33! 9783 | FeIR «ft T @S 2T COIsR 1t FAC AR & 2 FRIGSHITed WO
(SIS BOD, &Rl @R (&1 ©ofF #Mitdq ST S maf0s FtFe i
DY FAR |

f5d 16.3 @ TR 0 T T TR a1 g 216 1 SIisa 2Rl S0
A S CrATT 2002 | TEITIF T (S) 2T (oo ed R (Biodegradation)
@R G fEIfEre 2 Sl @ S (AT [oje 2ARmIe SifEe aze F (77 @R
GTECE TRfe T80 Ge TS SRStE AR SOPRE (ATPe TEIS! WHRIT
(down stream) SIAIHIZ T AR, Al AE G S TS GIIH I I & |

G WM SIS oA AR Amicd Sotrfer FIRc e (TSl
CII) Wiﬁlﬁﬂ? @TT I, WWW@QW@N (algal bloom)
3 (5@ 16.4) | @350 TR 3 Red 25fo7 20 T | R ey I T
QTR NI SRS 2GR GFPCE WA Q) 90 | vy o o1 (=11 (bloom
forming algae) ST IR ST AN T NS [KAT |

(ORI ZHCS! S S GfEw, 0 #11e1 I (mauve colored) € 2/FIF Fo1
CTCATRY | < SRGHYTAITE O 3R FCoTR S SIS [+ ST 20, g sl =ifs
T SN #IT= A 36 6 | S I AR o], SN =il ST Sonsel
I WS FIo! (ATPE @ | Q9JTeN 21— FpRA (Eichhornia crassipes), T
R _ewE @ﬁWWWWW, «f5tF AFAT G (‘Terror of Bengal’)
T 2 | O TGRS S TR AT G38 FEAMEE Aol oo
GTATE SPTO! H A |
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Gt

TR AR AT (AP (@R I T @i 27 eits
fafer aom SRl @iel 3w Galq Sofee AwTe wAlt @)
G T T IATL AR T FCT ST (=0 (ST 2 O
«F (AT [feq o7 TG @91 @, S, DiRwEs, ien,
FEA Tonifv T 2o A |

fifen Mm@ G, ere fosfiel e, e s @
AR, AP MY SesmTm 2efs (i fFsfs wme T
@ AT (AT Fofe e el 7 Site Aigers [1rs “nief,
(RT=reita (Notably) SIRATg (T (@ AT Torg>5 &N/ Gl
AF @I AW, IS, o, Fr1 Topifn) @3 [ifeq e o=
@9PTIE THAPRS QS |

g e sl T 2w fieres qe) SA0ER W0 SoiftRrs <iieE o
ST QAT (Gra<a%el (Biomagnification) o1 | a1 smite
TS AT A G AN [T AR TS (GRG0 |

F-y

GRS
(DDT 0.04ppm)

" ww
(DDT 0.003ppb),

fod 16.5 9o weTer AMPS/teT DDT 97
Cerafaage

GRS W [EE At Kol coaiea 9 a0 33
S 2 IR AT T GiFF B BT AT | @B ToII6 AW @R
DDT 9% @ J=ifibe | oa 16.5 @31 My «(6 eerer A etet
DDT ¢ (RRAE (Rl 2R | G291 Ftore off5%ca DDT ¢«
I (00 BT | 4 AP (o7 WK @< 999 0.003 ppb (ppb=parts
per billion) (A *F TRCR, @ AT THH AL (R © T
TeRfade smfere @re P 25ppm(ppm= parts per million)-4
(=R | DDT 97 Ot 9% 211 (702 FeThrs R atamie
I, T T G [CFCATTH 2Se! 20T T 3R TR SoiiTes
ot T, FETFYol SR A1 2I9# (bird population) FCI
T

T “ARTS 26T OIS TSGIFC (eutrophication) I |
GG T SR (young lake) T& et AREIT @2 =& AT
GREGRCR 0% AR 27 | NI AR AR VAL ST I8 @R
SRR AT G4 GO G RS ATt ol e G
R TTFA T TR, Al SeTe SRR JRCE AT 0 | S

THaIfE @ e Bfer @R AN RN goaifers @T BT (burgeons) €<% SHMTER
BT (oIl ST X3 TR | *[o¥© T2 AT Afe] 3R (GR2MIT RTG! S
SO I SR SN S T 20 AT, GhEIC] SR #Awe] AT TR
SR R TF Toe G} 71 aferiifsre 23 | semgli| $feml (marsh plants) ST
EICE GECR STSITE AR PR (R GIR AFS G [WHghiiE 774 0o
2T | ST SR AR ST Bfe (bog) Bt ©fS 20 fait R=teT “ifiafde =70
TR, SRR SR G2 SR *SmEd ST ol T aFlh s Ao
QFPIET (natural aging) 2SI TS Z0S 2T | O I € AT SeoAm TG+ miTLa
TS PTG TS AW LTR SRR e s Simes! @it F9re A |
ﬂiwmﬁmﬁm (cultural or accelerated eutrophication)
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30 | Rors wroRite, oI ey, FRE ¥R e Ieromiel aml {es sieas oo
PRI TR MAFSII SSIGIRFI qH0T | UG 2 TR 7wl 26 Ni20%5
G TG Al SR ARTATS BT i 6 | 931 RN JRIE Sfe MG Twpifors
F(E, T T GO+l o @51 Mg (unsightly scum) € 7ot 9% 27 @R 9oyt
S GG GRME G ({05 A T ARSI TG SABEGACS 27% IR T |
GFE I, SRS I S Rfen 73 7wl 7% MR &) [ 7S Face
AR AR Rre (R o) el wdrge A SHres Afeids I I | G2l
G ST SFFRFOICE g7 YR 7Ifow &7 |

R TeoAaR GFTE @ SRy @@ (A Nepe By Ieee @
e §F AP RO e ol | T Sioi@i FCav=ae SICad 7R SF TSeTeTa
AT H2PIS 2T [ I W IR TGRS Mo SPeeT Sfen 8 AR AR
3wt 705, g @ SRITTR e @R @32 901 @3 Bk Rl 208 [T |

16.2.2 TS ISGCER AT @FH (@ T A 351
(A case study of integrated waste water treatment)

Flaw G2 APlod ARFNFRONE GFCq G PIRZ® AT NG TR R
THAPTE ISR AR F1 TR | FfRRT Teq Sogpee safre S w2
2 RO AR 2w i @i Smizget Rt 711 (@0 211t | RIS G965
R R SRRSINITR TR 20 Il 2igios AREe 95 Fpiree Teiest
AR 2T Tere S0 | ISR AR 13l 4itst T 2m—(F) 2bfre
TAICT S CFolel, RN 2R @9 @Ife I N AN 11 =1 @7
IR AAtae [foT 217 NS eemiel (@ St 419 BIws SRR (A0F A | @2
T FTRRCR T @3 Tew Al (e zrfee 3k (¥) SRk wib W)y
TGRS AR 60 @FEe @R it few wremre g «afh Fifie a0 w0z | @2
G ToRE Tfew, (<RI, BalT @3 ARRBGRAPTIRZE IR 1 TR A1 736
ORI AL 2w, (I 432 SEIFRe (assimilate) TOIT | IS, SEASHR (marshes)
Tl T T4 T adifiee 27 O3 ©f AFfeTeid w2 I |

gl Gl STeRRTETRE S FACR @I PR [Kfoq a7 e, A
@R AR T @36 322 TRTAD@ AT IR | €2 GG 2FET @RI S
T ARG @ O W SHIGE I (FOAM) TN <6 FRIaE Malfs (e reat
2R |

GBI TG SR el oet (@ e i 7 FA T S A, el
JEeE 15 2 | G o AT T [T IS IS Gel) I S TS 1l 2Tl
R & 20012 (Ol F S FA00 A @ @76 AW ETHEE T 92 ol I
SR 5 Aol T e 22 RS, GBIk %7 | Aol TRy [Rae 2@ 3
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(case study of remedy for plastic waste)
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(Agro-chemicals and their effects)
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(Green house effect and global warming)
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(Ozone depletion in the stratosphere)
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(Case study of people’s participation in conservation of forests)
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