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(Gl 560 68lw6d
1. yergeruyd Gleoadiud ayumgib

Gensaflar 2 o gmwliyssr, Eiera miiy (Organells)
Simuiyser, 2 uliGaudiumryssr, Gewdasr, auaTi&d,
wryiuerysser, uflaormon Gurdrmamenp sy rmiks IBlbal
alers@n  gnefun Homer  Qoadlwsd sariu@Sns.
2 ufiflenriisaflsor aueridlamswmmmio, 2 ulfll QuTEsT 2 sl
ory, Caumunr@ser, umsd Bifcwrnd, Hed wry wrHo, uflsermom.
Syflwapmn yrskisst, AGurfysailé oflwkisst (RNA),
oy &all  AGunBluéeflls guflomssr (DNA) g dhw
e & miseflstr gjpliumulld Qamadlud afsréEdarns.

Qeadlue sl siopursd GCararmausnE wsrGu
gifleoLmiped, urpr@sahgs  GUTETMEUITSHST TR
2 _uSlifleorrisssmid, GTLmGIfiLTeT Lisw HistT &emiseflermsd o) ameme
sreor QMBS GhsarT. aerrd, Ijeurseflsr  mierGrmédl
2 5aflQuur sansar Qeasaflsr gemuoltlmar gflbg GClamsirer
@uaailomen. 15— proprerige Lreledrdl ererusum llw
QurmLsmer 2 GLUALMSS alvmaser 2 Hail 6l soor(higmeor
oyrmuGaem @b sterpr. 1658-1b syan@ Gegedr suambiiLmh
W aele Seasmeanuilsr GnSE HAaliumisasmar JLTTULS
Qeaelear gemwlmu ouflssri. @mSTHg BT ip 6T
graureiue gfliert @rruil an9s serusut 1665—ib ) 6morig e
urlig6d G&Hema eigullsir emwlismu st Gai’ HissT ThiSE!
LGS, g OCp6r &slgemer GumTearp IOODSET U6
Qareanng GUUMSS smr@h IeundinGs Sl SjenmE6T sTETEID
Qum@etuL. Qad@sst erard GuufllLmr. 1672—-b gy @
wrigaGaumord 152) rayuh @Sl JyfleT, greur, aflang
Hasaener FlamCamrsEullsh gominkg), jme mussT, G lssT
Guretn SiEOLLILSETTER ATl TP, 1710 BITHmT6mTe 60
L&a GreL& anibs el,eueT aurd searm gy rmiddhureed
st GEr&Eluflsir 2 galwire LGrm_ GLrCamaurkig:siT, Lmileflumssir
Gurretrp mieom 2 uNflssmar up@iud, greur, el Sl&isamars
upiliyd gy ominks Sjeubiist gy ellaréele. .
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Qe Qgriiurer o rmilFdsaflsr aeriéd

1658

1665

1674

1763

1781

1798 -

1824
1826

1830

1831

1835

1838

Gp  eveumbwiLmd  Goumeruller & @HS
daiugnsemer QrmiLerT.

@uruil. an96- SoHSMeSHHMTML  JLTTLHS
Qesmmand sem_fibgmT ; ‘G’ srerm Gl mi
slupsusiramnd qmemm Qe 2 uflfierniserm
urdleflr, yGrrlCLrCsrar allswniE smer
psaTsHiled HarCrrsdufidr 2 sail G&meamr@
&6uTL MG ST,

Goamwefly Lt  srags  salyusiflemeruh
Sjeumpilesr QumGmmiflstr uedTLilensr QumELILmESILD

exilem & eflenrir.

sTool) umemL et efleunmi@ Wer Ggmedlgm Glasasaflsh
2 _6TAT 2 L S(IHEN6U &6uuTL (i,

T aur(R Glsp6iTasmit sweuresmeTs SeuurL b
dl. difleurevl GlessT LiGLLmL SleTmeoT sTETMITIT.
Lidlstr  Gee  uglysear woL Gupiaimss
ST MG ST

afl.19. gLil & &IT6UITTE & 6ifl6b & (15 61| (1)) & 60
oL Glumieems s & etorL M g

@yruil Arejsir Wwsdr Yeers o L &dEailsr
Imuliou olméd, g JmarsgE GFaasflgib
2 GTETSHMTS Snpilurmi,

Sbludl&siv @ armgsr YGorl CLmilenra & dleor
mulimu oflarésd o5 Smarsg o ulifleefsr
‘o QU ER6T” 6Te0TE: EnpGoTITIE.

susmeL g Seumegid (Schleiden and Swann)
Smarggl  oon eufifarhisepd Qadaafarme
SLermel  srarm ‘Gl Q&msiren & emw’
9 _(HEUTSEIGTIT.



1839

1840
1841

1848

1854

1866
1868
1870
1873
1875
1879
1880
1881

1882

umisered  ‘UCTTLGLmflermad’ sTsiTamid Glemeamey
o_meursalearmi

urgeiredl LCTT GLIAmresmas serL HlESm.
@urul.  flurs  Camfib@Erdler &g 2ered
meoLQumib Criys Qaaiifiafamear aflarsdlermi.
Cammiinhull sroLif, wr_svsrerafiur Srauysslsr S
warhs  Oedscld  odter 2 C&@mailer
&CrrGunGembd gjmmilinL sevmLHbS.

ofliiQesr omardHg GFdasEpld GHsaTGa 2 srer
Qshsaflle @mhg srear CHmetmSeTmeT 676rml
&n_filGoTITIT.

Qanésm, o U s@mallar el WL LTI &sT
&L SsLUGSetrmenr 6Tl SnpfeoTmT.

an&eved yGymlGLmfermad o ullfleris afler
@i gpeliemL srer ailarsdlerm. ‘
Sl hhFsr Qeasafllds EBoEs 2L &0
yrsmsmer URN5QsOSsTT

SeTL6T  uemeTLE (ST WHNTHS
GCrmCurCamasmenr sauLdibg Seumammi upml
aflew&eleormi.

aumenr el Lsir Qasir fGumenesd sevorL Hinsm
afoulid: @CrrGomligsr gismLtimus sevorLpibgs!
Imagl Uy eflarsSlerm.

Qembiiis .16 Qesuginimear eflaflsg 960G
sl Lréleiv L@y ereor Gl . |
urspurafl Le GOrTéurcerusmensd (Giant
Chromosome) & 6w pihESmi

Liflstwy,  Slllevert GOrnGurGambsafie
@Gy GLombiui sener SLTTUIHSTH.
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1885

1886
1887

1890

1897

1898

1898

1901

1912
1913

1928

1931

1931
1932

Qemii e, sugpreuuist urmoufiugHsd o e
WS LRICsHATME! 6T6r FonflouTii.
r&per sl CLrGCrmamwns  ser@Giiip g

aureor el Lt @erd Qaaser Camearmud GuTegs:
GBrrGurGarhaaflsr aamamil&ms urdHurs
GonHaTmg erer SeuorL HiHSTT

eumeGL Wi Gl L@ Uil sor Gursi
Bl seafluedledlphg 2 @maumEGLD

e Gumsiry @leoysErsE GCTTELIGTISHT 6T6oT
@uuwfil L.

& e0L_Losir, &.Glusrem smol G masmstor flwimem i
& 6tor B\ 1g & 5 6o

srdCur Comng Gemdg o milyssmen
&ewrL ST

f.QuerLr s CLrllorres e 2 drer @lemip
Gurrétry ojemwlysHE sl GLrsrerfm serg
@uuufl L.

sugrLeufst  Qerren@Gur QL svwrssamend

SauorL_ ik SIi.
amiQuis QFs sarss5ms JLTTULSTT.

aflsCL L L (pLd, eOLTYID ULSGHEG &S5
sevurL il Seuri.

Al & um&lefliumeallsd Loy LI 6U0T L] & 61T
sLSBUILGIumS aflers dleurm.

su@Ligr, HflsLaT GUeLsdi LTHDSmS
& 6oLk H60Tii.

allev NetrGermeneaL GLmélon sevor MBS

[BiT60, [TEIOSHIT ETEATLIEUITE6IT LT 6oT6OLARAGT 6760 &L JIT6aT
m&BrmenGamiisnu &air oL lig &seai.
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1934
1934
1935
1944

1944

1945

1945
1948

1949

1952
1952

1953
1953
1955

1960

LiGemmed eTeirLieurt emmeiuLon seuafleners sevmLibs),

- @snE NermsvorGlsudwor sremm) @unufly .

Guetrenved], Gammwit Q&6 el adl (b &I
snwl GLrasrar.furma WNA560sHhi&s .

G- ol @uisved), 1 meugedr sreirLisui e e GCorGeuils
ComiurlenL ssworL ik eori.

@rriGerm LT S e If 11115} & 61fl 60T 2 I & (M 6me
QyTmhH ST, '

opeufl, wrdeflurl, wssrid oSG
uréefNubisafld poLQumid o @urHnsemss
& 6oL [k & 6ot )

GumilLr eaawGLrietns sumawmLLmLUS
SeuTL Wb,

solliumsr G&m sTetTemaLD A OIS 6T BlbSITIT.
pLal ausrafllh s grear Hiew GhHTsolamiu
6Ll LML SHSHITIT.

i, @urlymin (@) 6078 & CrmGLomL_ip 6m 6ar &
a6t (HLlig &S enrir.

BCs maGarGambssmery LpM ilarsslweau,

urGel. eminGrmameTL iflwigdetr mieur gsmislismLl
ellerSdlami.

Gen.lp. eum’_getr, eTi1.H.EfS ereTuaiTasTt DNA ufler
epeusen g Sjemulisnu ailarsdler.

i 1.9 6ot & 60T, 76y 667 SIT Y QFnsafle
MGUTGambsmens &euorL b eori.

urGsu(® 6T 6OTLIGUIT afl i @ &hsaflen
MGurGsmismerd eumL_plbSTi.

U &, LI 60T L1 1 & 60T & & &5l 60 o 6irem

Gourst_Gambsmers SeurL HlhSTT.
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1961 - srolsdr gafllFGaismamu aflenéd Crrus Lfls:

GQuppm.

1961 - unis, Guretr  @al&FCersms S|V gl
GouTECLTCamSamars & euurL-plk g6,

1963 -  &gmetre LoMMILD LITIT & 60T 60 sl
sl GLrarerifllurelled o erer [{I6T 5I56TS56M6T
& 6uor L b &

o fiflsafler gemnulgnd, Gewslaid GenGa IjpliLmL
INBTHS &HEULUDHDG. Q&EHMHSE WTSS LT 66m VL. 60T
ersitm Seureilived g|flepmd HCWILT Geumer ety ailauridlie
Sehmd Qeusfludl’ L Qe GamsTensufilsr WHSEI &SI ELD.
Geaton GCeudnGl UL  JOSTMSTO STl
Qerwewemel uhn oMiEgICsTeTer F Geaedlsr KiauremTanLoliL)
ey Hsalh CHmauTeaTSTESL. '

RO-0gn 2 flarmsaflo 958 e Cewbo e 2 ulf
QEnsl. ue Gew o ulflssfld mhor QedseEnn @mmrbg)
& 6T Gl oy w1 ewfl & erfl 6ot eLpeuLd e & Aemiw &
&L QLU SgSarnear. @ sTamsdsdr Qurss gmuinine!,
QruasEn o 2 arar Gensaflsr gmweal uTREDSEGLW
Sjupilsir UsnflsEnsGIn @G CBGRSI GISTLIY 2 drargl.

geuGloun(y GQEmpit qaublaurm ausmaswmsr dmiy uswflufeo
FRULGESTQID Jauphlsr gylumL muil R555Is
@@uugiLsr gaumnle o srer Geudl Gurml sEn srarailhE
R&558Te oaenar. Geadlsr 2 L GQur@GLssT wrejld
tlermsiuLomGleviiom eTsoTaitd GlEsh Geieumed (SpLLL (HeTemser. GLogyd
stooeumr  Glomaaflgn wrflwe GGoudHsamer Grkdluerer
p I Se0fGur o @ Iflwwn, AGure Lam guflappd
sramriu@Slarpear. aqarGogrer Ggafleurear o L s@m Ijemwli]
Quprg Qsree Lsrm Ko Gewsend (Prokaryotic Cells),
SUMTLMISSUILLL 2 L@ Ijswlimud Gsmem. e I s Hme
@aoaEmn (Eukaryotic cells) @Quposrailed GluimgliLieiorgsmer
GummysiTeTsr.



9. Qg Qsmrerens (Cell Theory)

graureilwe ofiesrmer evemeLer (1838) ererLIAIHLD
afloddlwe  oiesrrer  Geumer  (1839)  eTeTLGU(HLD
QeaQardramsmud Safldsaltw ahSss g flart. ojeurssr
Qeuaflufl L Qe Gasmeremsufisr Lig,

¢ ST EHL, 61 601518 & (@THLD Cormms sl
Coupiur@Gsmer Gamsiry HHESTMID SjpiumL il @55
o_eTemeniolisnLILLD, S L smLollemuild Gl merTHl6TereuT.

% o Leled 2 erem geuGeurm Qomgun seaflsgin, N
Q&G Gamemrhgid, (pegamuowimer 2 ufliflsrorss
QeweuL uppuyb;  sTarGe Qe  “o uflseafler

IpUUmL S s’ QLGLD.

% erooor Gedsaflgid 2 GQur@mst, G I,
aleTiflengurHnsd QewassT CUTETHm RIS S
QuiTgaumeTemsUILITSS TemTLiLI(bleoTment. i

%+ o Goadled  maL Gupmib Q&m’uas@ib Lo
Qs eensdmGu pmLCumh OFwLMSEEED TN
Ul GL g 2 ufarsdsr 2 ufiité QewdaemSlsrmer,

Qsm_sassrassid o ullfiueh sudETssT Sjmeara@md Clos
Qanaramsemu i Cu srimsQamsiT T 1fereri o6t se
UR  STTENEGERSETS, @S0sTmmsmuy  QIaIES
wrpnEsmars el Casamm@®n ey smS5S Gsfalsseri.

3. yCrrLGrrllerre GamLumr®

19~ miopremgst  @oLulld  QshsEns G Ger
‘GBaflaitumrer” Hiwh serd@iug sem@uiu’ L g. uisergl
(1840) erstrusuit @snE “UCrm.CLmlenrard’” srer GlLwifl L.
18686 LG CLmilemmesmas  “o-uliflsr @uniflu getem.”’
oot on&dAd aarm  oflet @EILACLrT. yGrmLGLm
Nerrewnerg GQandihg Qaw CapLGib, Hohseurer, L Sefl,
sfu &1 EUAuTsL smars QararLgl. Geanilels serueaur
1892-10 gyei® LGym CLmfemre Cam_um L QeausflufiC L.

7



@6y  SrarmsEph, olot@seEpn  HermlGum
NerreS5sme gparmal. @albaurg Gahgun 2 ulliiGlLmbeTTer
YCrm GLmAstiesms Gamsormy &@L; @UuGTT_GLmilermaia
aw Qauafliyplissielamma Eylu' QeTrs); GG 2 L &@eailnsr
2_arGer @ & emTig. (1, & &l 60T O Gl dermeviom &suaflM G,
2 | smailh@Ld @ Gw 2 _srer LGSulsd 2 _srer LGTm_GLmilermaid
mel CLrllstred - erargid, 2 L s@maillaarGar o erem
Y8yl CLmAerraid o L s@milerratn g@ag BiyseflGumierrein
STETMILD B|6mLpSSLILIHIS|soTm6oT.

Qaoadiualer Diflajser

Qe umGaim 2 1N leafiued SimpsGar@® ClGmLiiy
QararrHETaTg. S5SmpseT UlsTalmunmrgy) :

3. Q& saumsiurLiguiss - (Cytotaxonamy)

Q& s afle o grer  Elewre miliy&sefle, Goiiurs
&CrTCLrGarbsaflsr, usyseaflsr gl uflsd smeur, ailsonig
@enrmismer susmslLBiSgID Wiflay

3y Q& Qewedhuusy — (Cell Biology)

Qasuellsd memL Qupid uGam QFwedlied THOBISmeTL
umdl efleufls@in Wflay.

@. GeaGrruilusd ~ (Cytopathology)

Qae, Q&d mpeaTe PiyseaT, Q&M P s sy efler
St 1l Crmisemert umal gyrmuh Ay

. QEd sfaflued — (Cytogenetics)

2 Wermisafle wFY usTyssT UM 2 L & b6k s,
HrShssT jglinsnLuis ol 2 seib Hifley .

2 . Q& GauHulwem — (Cytochemistry)

Qedsaflsr Gougliivemorjsemen oy pmilfhg) s min Gleseadliish
19lifley.



om. Qe wpHemeuilwe — (Cytocology)

6 Lp 5l 6w ol 6V Gglrs&r@fq WTHMEISET euarm Gaasmer,
giiiurs GGrrCurGarnsmert UTHESaTmg Tar gy Tmub
fifley; Qesuedlstr tg,Lp6h LML, QFRaIGED GGG @smL G
peoL QU eSlemeoT a6 uppilud @nfey eflauf&Sng).

5. Ggre ol sphflow o tifilsalgin, ol sm Hame
o tifseAgb Qe osmwdy (Cell Structure in Prokary-
otes and Eukaryotes)

steveurr o ufiflearhisEnsEn GEwsd, ojamil gy,ds]msug)pj]m
SgtiusoL ojenwinile ojpliumL s & prs Cao eflarmeSns.
en @80 uGam QEwd GHnarsmeTun, G aumT&FHsEG
Ceemaurer ojsmerggl 2em L DELUT@GLSmenLl, Guyid Hmensoriin
PEQruMSS 2 s Cad e giliysmenyd QUbmisTers.
o MG EHEG FOU @@ Genmrarar gsmwolimubui, Lo
Qe &emmsd 2 60T oulimuur. Garsmr@erarear. gjme
yontu @@ GFd o ufiflanb b uem Glem o uilfland gL
gmyusstiuGlarpar. @ram® aumssafilsd 2 ufiflersssr
SnearL JCHMD R UMSHE GFNGETTE) Iy 60T 6N6SaTT &
6) 15 & strment.
i) Qgre 21" s@mHlma  Glassir
ii) el &sm M Gesssr

Qurgieurs o uflarmsaflar Godsdlad o sGHFaa)
ghmemes Qs o I sl QEasr armid, 2 L &w%saa
2 L wenel Wiz I spRlone OFdsdr earmib @@ Wflsyssnra
amsiu@SSiul Bererer. o sHmFaie] DD e souflsb
o L smUGur @l sor el CLmilarre &g s (Bg;,lﬂgg, QgL
QaraorQsrerer. @aiams Smuiyssd “Huysafumi@Geer’’
(Nucleoids) sreortiu@id urslefNufissr, Qsmo 2 s@mHamea
Qarstor. o_uSifasT gy @i, gameanu @@ Ged 2 ufifiadr, urdssr,
WesemEser, srayBiser Wyrafsst Gursrmeme: Wa 1”& Hme
o fifsdr o@D, Glmen 2 rmULTET 2 L SHMAILLD, SiSMENS
&l @@ 21 & saemanyh Qsram@erTorer.
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Ggre 2 " smilma QFisEpsGlh We l smHmeo
Qs Eens @G 2 drer Caumur@&sT -

s e 0Q&su gjerey—-10um
grrmga.trasq.;;ﬂ ik e L smflsnsn Clomsst | allLib 2 L wems
60 8561T T -
- s ; : ©_GUIFSMLOLITENT 2 1" &H(Th
(o 2 I (% Fain] @l o r—
: : R 2_eor(h
WSkt ) a2 @svemeu (oL GLIT et fliLienT,
bl p LI afl8th)
. cunT(R LT85 &L (HLomeur Fl& & umeuremen
i [@lemip @ 5
QETGULISHET 2. L LS !
am&CarGaafidsn | Qad Qe udnaEl Esvena.
'Ll Qui'iL &b o mir@
i : ; G]&suaismr @@umsur gIreIrey
¥l SeUIT ’L‘i"“@’ Goihuinaimu erafiu Gaubl gjsmioiy
Hosanmal Gl redom._smeu {2
BILaJITEUETVGET, 6IVLIITED S (ETLL ,
STELON 611 sriGLrenam L Grisir am@mmmLGQLa@m
Blsbsmeu ] 9_etor(h
*@Lms) 2 angl_ GLmilenns &L &b @mm_(ﬁl_lrmmw SLLGID
e DT (Cytoskeleton) [@eveneu (Cytoskeleton) 2_sfar(®
@il (80S) Sl (705)
sunGomameir S oyemey (70S) Sareysefled NGLTGemgssT
2an®
: : 60T Guopin’ L Hevor_
GrrGuonGem 9%@;’;‘;"1@7 @ GOITGLTCaThST
MLOLILY %lsm Clib o B 2 gror(®); enfleloGLmsor
‘ 2_Gir ()
= B\ 50 Nerey eLpauld emiol” L ety pLpsuth
LS i ARG 3T s wemL_GLUmiEing.
» ST LG @ldems |
6 @lemiGlLImES1n Slstr@aar Lflorhm GSTIED LGN 2. 60T (B
2 _snar(p). :

i) emsure& 6T

smaursuser, 2 ulfleErs@h, e ulirhn Gumr L &ehs @1
@O’ emal. @lemsu 2 Wl(meter ClehaGmens srédl GlEaadle
e Qetoremflasarms sumpfledrmeor. emedey 6TETMTE ‘hEE’ eTeurLl
Qur@ermGia. @ewas WG Eellsd 1892 gyih gLeEr@H TaaW
sreureiliuey QiMesT meaiGarreaudl sreorLeurmed opiwiiuc L eor.
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1935~@)60 suLmeired eTsiTueT Lmsullmng Gl meursvsamar
L GRIGHTTS WTHH urmigsrt. 1950~ g0 gpamenE NnG
smeuyeuser o U s ojfleokiser sreords esenorpfuiiu’ L eor. GrrirLish
ufla Quiip emeursv @uwed glesi gyetorfl Geurds eveirusu
‘emsurevgsT eTermmed  ElevramullfleeT’ eTAT  QuENTILNIS GG
sofleormi. QT Esa et 1pCamMaoedl (1917) sreTuaT
ur&eMNGTGuhssmer e Mlibsii.

sneursuGsT unSefliurkssmer ol Blsé dAdlwsmey, srafli
omulmu QararLma. marmsafld @m 2 Lanm bl
o sremgl. @&er wryd Gurgst  eouuilfls  GeaadlgisT
WiflsusnL Spgl. sosauravaefley MEUTCambser, meal CLmiarrai,
el CLmierre 2 pilijser gy dluma @esmev.

guyuiifseaflsor gupiumLuiled meauysvser 3 6L16T) & & 61T T S L
1Nfl& a0 GeTaTeoT.  D|6mELILITEI6UT:

1. smay marmss-@mea QU GLUTQIL LSS
STouTThIEafle) ameuriiLib\dlsrmen.

2 sﬁismfﬂ@ MEUT VS GT—(LpSI G HeIbLIDM, LPSItSaILDL 2 6Tar
aflewnki@aeafley  SmeriiL@ SleTmeur.

3. urr‘giiu;rﬂu_l 6N BUIT 6TV & 6T — 9| 61 60T & Gl 61 60) &
unémnﬂmmﬁmaﬂ@m smessT LI (R soTmeDT.
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uLld. 1. T4 urspRGurGus

1. s, 2. S Gl L, 3. Upe_mm, 4. (wean_s[), 5. (pmembL e
6. EOLLGS), 7. 2L & Sjblatd

smeuysivger 20-30nm (EnGeorm 5L 1) gjare) 2 L Wisnel.
@men Gam angauld, G&FH augaid GCursarn 2 (HaI IjsmioLIsmL
Garaur_meal @lgsr EHULGSUil 2 I smaurs DNA (m) RNA
S| fleuqpid, HiFmerd sn “SrIAG’” (6D LIg 2 mpuL 2 6Teng.
@t osrudll, um sruGsriwismeas GCsTaTL.gl.
aruCsmiliurssT @uylajmii UL SLD, TETLL DL, DL emL. @)HLD
Gumeirm LI6Y 6lg QUGHLOLIL| & 6D 6T & @l & 6T (B) 617 617 551,
erLGamiiuiseflsr ojsowiy ‘eweurmer’ serLiubin.
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uLto. 2. T4 mwﬂcmﬁurm
stoflu ysmioiy

S6mE0

DNA

Ly &2 sn/

RITEI2.60M

soLwliG S

RUIT6L

N o op N

uTEIGlemig

Qare e Lsmhow CQsassr
U & Le 11 1L 11 &5 61T

Qare o.LaGhomen 2 ullflsammear plamsmily  @DemmE
Qodamerar UTSefurbismer Sy er arer dluaertons
(1676) steiTuaIT (6T (PSedled SevrLBibSm. QerQuiis (1829)
seTURIT (ST PSle @aunins S ‘urStefwrisst’ eTerd
QU L. @aimsEliifar gmllurso i, prui’ Cars, er_auir(®
Qegeirernit GumeTmeuf&er LTSlefiufisefle LG ILii16]SeEmerm
CLom Gl & mevoTLmIT &6,

ushissfahss by ursefutigst i, Hob, sTHY,
STaINES, afmmigsd o fusmbeo &1 sor L1 L1 (b) & 60T 607 -
@) 6m 61 &5 61T & T )] 6707 600 & 61T 1T & L6 gsem‘smmﬂ,smmmm,
el Qaraisarsy un  Crmisameriyd el & @GaSSNES
sTHUG S G 6T meur

aoer GLhsMgn srariu@n @@ Ged 2 ullflwmer
urdlefNukissr, Qzre 2 smHomn 2 iflsare. Gema 0.5
DUSTTETSHET (PH0 3 MSTTETHET IIETR| 2 ML WM, GFF,
o_([HE06T, GHET NG @M 6llpal(POL LA, ugjmah_@,
Qedaeui, Nermavwrssa Eeablarmd QLT 2 MEETT6
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GuiuliLoma. “alam’’ oaafar Ruysafwmi@ eerm
Lryl@ur@Gerred syerg. el CLrflamesHo WarmaulflRiser,
708 MAGurGembaer, TCsr@ambast gally Gea 2 miliy&ssr
@sme. Qe safld Sme @y LHDHID MLRISET 2 6T6T6r.
ursleflurésdar gsaldgsmear (Endospore) 2 (6oumé @ cudleor
CLP GULDIT & B LD, @\ gulilareum seu CLPEVLOIT & 6LD
@ariGlumSsLnemLSlaTmen. ‘

UL, 3. UG 666V SET

1 uraigfliudsurs 2. [)GOTLEHILISTOVT GOSN

3.  SUTEEMEST meus 4. gy smeuren

5 5o 6 174 ursigflucdeLms 6. GQammisu aaims

7.  igeom @QAGLsvgsT . meurs 8 ymwsiilmug Golwn amers
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uih 4. yemasuilsmevg Goiosd
EMELITETD

1. RNA Gigmifl

7 s RENGRTE & AT

urSleflur GEoaaldar oy

LIfY UTSLeMLIBISST, (5 SlplILTer 2 muuime (FLplu Glerareor.
@ong o G, uTsLNukisEr6E UM QeT(H &G0
Qadaaut sraruuBGdmng. um Urseflukiger SElbufliumgsr
g munRIST seriuGl @l Cursdrm el GniiysmeTs
Qamaiie (S laTmaT. Fo UTSlefUisT Q6Tm S|0Ng ISHE
CupulL sme Elmysmer Glemeriy (b&Sarmer. @lsiallmLpss
Qe waarlld@GaGesr, Qemdlar  uFidlslGEEST
Cararmdlarmer. Qeangnmss Ipulls Hermavwnr &)
S| EHEmgl. v uTslefliutissr Narmaular sein) 2 1 UmGdle
ue wlysars wehs WGerGemd aarain 2 midous
o meuTd@GHarpar. @hs WCarCamisdr sOUYsMT CHrmmi
DNA @ p(iLmgedled (p&ahiu Lki@ sudldSlsorment. Hluysaflimiid,
o L& Fapy srawiu@arpg. @s Hs e wighg
sreortiu@n DNA-wmd gyeorgl. ael GLrilerrasdla 708
AGurGarns@ph, CoUlldsliulL o aTald GISHMEEHL0D
Bmgsrmdlaepn  (Chromatophore) — smewariiu(® &l st meor.
el merg o't angar DNA Qamsmr@erersr. @)emeo
saraflFmars QFUALL S lpmeal. LT Slerflwib s sflsr
smaulme, R IjpsSgisar (Basal Body), am Garsdl, B

@y g S uGdlasmear Glamsip (&S E. i
Solbufinissr g@ag soumsuast e urslefimms aflsr

Gupurinis 75 sk 100A° splisrer Qs Grmmd GureTm

RLODIIYSSET 9L GL0. Zma sme @laopmuaill G mLILTSaD
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Cromergraah @) m&SsTmer. mussvgeT, snusdlsr sTarULELD
UTSSHSTe) Qp6ursl.
urseflur Felymp :

ue urslefludiseafldr Qaasdr @@ Splure 2.6
Qeranr_musars @asHapar. sSepiymp UTSkeflu
Qeadlame &résiU@Hamg. Curgurss SellUmn
UTEETSSmTOISHT DN ML FTSHSMTHISETTE 60 mey. e
ursleflutisaflsr spimpuilsd uTeQuimL Gissr @)(mSlsrmenr.

urdtefliy Selyomp UTrSSIIY 2 mOWTHaD, 2. 60T mel s
CsllsEn 2 muursah, sfla Gurglsmer GaallGupHpid
Simuiursaad GeunubSlsTmg).

o L &5@ Hme Q&swadler gswwy
Qe &Eai@p Sermevior &elad

Qedaai-Gsaaur graurdensafs smariu@dsarmsl.
aokigs Gsnsaflld srariuLaldma. Gamgsurr SlermerLom
Foauafhg CaafliGu geuigisTer 2 mpurEd. @& cenmiGoms
eTeoTan LmeSlFTHSmILT QL(HL6TR] g 6uTg).

Slermeor Fale] — soar STy, along GFsEpw
\SlemreToLOT F6le sTETsnID Lm 2 somsnis Clametony (h&HlsTmer. @&
o uflgperrer, Wl mistmemfl, BeTgeTsmio G, &IEMETS EhenL 1L,
uGHSs sdas setenn (Semipermeable) QanerL. Foe). B\
QeaigisE urgsriyd 2 Gy GarGssarmg. G,
CouarLng Qur@L &t Gt Q&anmsi, Wwé&u
QurLssr Qendafliarm Qaallésdumsun, Gg
sh&Harmg. @ger gewlau  GEUEETID e
eflstSS0UL RTergl. QS LaaImESS GIS6TesT B [HLILISTT6
eGSR Mg 2 6T@emuh, GleusfGunyd Gavan (ig&larmg.

&L GLmilermed - ermeviom & oueil gy 6T Ger
el CLrllerrad omwpgsrargl. @dd melGLmierre
ElaoT2_MIIL|S e, el GLmilarme oam_sU GlUMGL &(EmHLD 2_6TTeenT.
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& CLrlarre 2am_aslQur@ger — Wermavwor FaallnEh
2 I &m FaalhEh G Gw 2 sdrer agsuflsars, whigearer, eeafl
esr oY Gereww GarawrL, snipwsd Hrain ol GLmilerrs
oem_&OQUITHET TaTiL@SDg. @g oanuGomiarma earmih
SyssiuGHarmg. BlEh uaailgursr sl opmése mis @i,
QrrdlaEnh srariu@dsrner. menuGamilerregsbr LniuEH
SIGMGEHT YHDSTII, UTGSS6TsnwsmLwgnil, Ogaflaureargmis
foplyssaron QararLsmi asSarng. @sH6
Slermeowrur@ SRagl sritldgea gamg a&EeLmilarmaib
ererrgy Quuwi. 2 ypuEd, SISaTear Hamphgl, UGS S 60
Gonhg sramiuGdarmng. OsnE daraunrtblen 2jnng
Qs ojevegl eTererGLmlerTaLd sTeomm) GlLuLi.

malGLrilerre 2m s5dl6 2 ulli Qur@GLlseEpn 2-wlgnm
Qur@Ls@Epid Hshag sramiu@Ssrper. 2 wtlynm Gur@L ser
urrmisrmatd, wupliCL mismran gng GCFwaL&sl Gumpr Seir
srarlu@&lsper. 2wl Qur@glser Q& Eiaore miliLser
sterLIL@lsormenr. Qe Fiswre muiysst Wermeuwr &suailerme
(g LpLILIC (D6 6oT.

el GLrllaresdlear o darLéal Qur@GlLsst -
Ceflg mausasiulL. 2 ameuburml &er, &lemer s 6s sy er
Apueanilsar, aamCamis GuUllser, sagajamrel, Hnulser,
arésuul (b CasdlmassiulL Gurgglssr CUTEATHMaILITESLD.

el CLrilerrs piame QiLser - oFLGLmllarmss gl
sremri@id 2 ull@erer Hiswre Ml ST g, @GL0. Blma Gargin,
sL&5m, GCsfiiy, @aruCuapsst, 2 ulfiburgarrésin,
ausTidleng Lrpmid Gursrp GClsn Gewnsamsr GeliSlsrmer. e
WwsEw melbLmierres EieT2 MINLUSET, IS (G0 SHET,
QearGrmGern, gupluamL HAguweell geeg 2 @iy,
em 60 CaFm G FTID &6, el CLmflerme 2 U @ fieismmssr,
fGurGamsar, el GLrarear_flurtiser, sanflarissT, CaHraems
2 MILILGST Qg lpsipQUTGembast WsdlLaT GLD.

2 U@ (Nucleus) — 2 " &@ Qurgisurs Gauslsr p@ails
mupgisTer Cararaipaus Gow mawe iy o GL. Bg
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mal BLmiemresHh pan Gumib eraem S QFLmSmeTILD
SLOUUESSIRGTng. wryanfl usrysmeTs Sbsl6lFhaID
DNA-oow Qsraw@ersrg. o L swald WaraGh (oS
S|EMLLILSET SmerliLBiSsirmen.

2 LaGFeaasa— Gsrilly UrSEISeTTe, @@
QRS o L e ylul Gsterg. QFFAnsER5EE 2L &0
seiss et sTeiTyl QU @abPld LD 21 SmeEsin), crarGLmistres
amaCur@h, Nearrdowr saaCur@ld @markg Qsrry
Qarafre m&Herngl. @bt geowiy eflarbesT @IHHT0
Wererrmey Gasr@Sas Ul Bsere,

o Camilarmeyd  GCrrurCemnbsepn - 2L &0
saalh@b, Husaturaalpgn GmLGu o L@ Herme
Sag o s Biod (Karyolymph) srawiu@dlarmgl. G
SumasLrsy, MEuTsy ET&EsmISH, 2L &0 LUTShIGT,
By seCuroL Godr, 2 Lo ouflnhisd ool Gurdsr seir
srewriiu bl sormenT.

o 1" & Wemme&Saye, e grasleny Gumsiy &GrmGLOL 1p.6ir
e  @opsdsr  srariu@darper.  GlamblsGHESI
&CrréunGsmisir Ggn Afladsdr Curg Gomerd Cgeaflarss
QsNdsrper. GCrmGurGarnad Quilu epas s maearmaiy
popsed MGur Auwsals ouflon, 280 LT SIS 6T
SpFwaiDmms Qameire (s dlarper. '

Bl &afl Guim v oo Vs 2  &(mLoewfl—
B saflCurfarresSaidr @ Quflu, gLi FApGuhei,
Cameraignl Eistire Mty sreuriuBGSdrmg. s B, saflGumsusy
srariL@Amg. @Sld AGurGemd urshsesl, MGurGems RNA
Wi gfe serey sramiuBdsrpar. flusalGurma RNA
ApS e pIsmemE oifls gjerefle Glamar@ererg.

yCrrl CLrilenr&id

o ufiflsriigsafley srariu@hn o uFIELTmST WSHSLITS
uissrgdl  (1840) eremusugmed UGTrLGLmferrEh  sTevm)
yssiulL gl Jerm_ GLmilearran o ullflormsaflsor @luimiflu

18



IplienL. 6T6r amdevadl (1868) aflsrsdlermi. LGrml CLmllermah
GCougul L s QUGUT@GL ST Larg). @& HUGLTEmL g6
eabarm 2 ulifleorsHaun Caumu’ B sreriu@ElsTmer 6TeoTgILD
LeY ey &sT eysid i’ L g

yGrr GLmflentreh ue Hlemosmerd GemeiorL @ (jio
WL LTS Ba&darmgl. yorrlCLmilerressler & (juw
wsim_gHln fs gemay Binepn,@EETusdll uo gjearaseafish
SEOTUGCIUTGL&ERHL, SoTluTaTSEhn  Hamgiersrer.
HGrm_GLrSlerregdle ssmemriu@Ln gisstaer 0.0017? m g 0.1
7 o aueny garailed GaumuGSlearmer. Bifle sorun Soerhm
glsara@En LHorm_CLmiamesslo @msdHsrmear. Bifld saruyb
Gur@lsst @@ Hw sTiGCuTmant Crlgser, Urgkigsr, sefln
2 Oysast (pgeluer, Bifled samrwurg Qurmt ser Qarigliyser
CumeTmen .

UGrr_ GLmilermein eraiounm Garomwel&Searmg sTerus)
umfl usv Camur@ssr HeveyHlarmen.
1 eusmeotifleoreored Camum® — @seirLie yGrm GLmilarmetd Lisv

Bloysmars GamerL suemeillsTear i, S|GamiaT Lo

glsersEamenyld ety @ &Sns|.

Lih 5 Lo CLmSamirs S
Suipriiu Cpmbmib
A. susmeuiflsoTaumed jsmincny
B. pisirr@iuilp Qareir. Comhmin
C. dimuenflser G Cammmih
AV D. @enssr Gameir. CHThmib

2. peanGullfls Ceriur® - @SCariur® uL & (1892)
eTeTURITTe) GlETHSSIULL G @serue yCrm' CLmierrah
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Camiys@ulp Gumery un EiTTGURST (WL THipL m)
Qarer@srerg). @aerme YCrrlCLmilerren BimrGums
arsmriu@Eng).

3. &mumil Garlur® - @&Cariur® oyl e (1893)
stetTusurTe) Qar@ssiulLgl. Ggeruy LGrm. GLmSsrman
glaralley Caugiu’L ue SAguafllemerd O&merL gl
@ounfheE suGumilsrmeulser ererm G,

4. @eyser Camiur® — Wsmin sretuaT HistorGeuorméSluflsr
2 gafl Garar® yGrrlGLrileTresms oLrmikg
@ &GasrL url g sm s &a L6 EmITIT. @& sirulg
LCrm_GLmilenmreid 6T (@)6n L) &m0 6o Gl

HerrLCLmerwegdler @ eudHiLeoory s s

yelluleo 2.6mer 92 paflumseaflt 36 gaflwmissT
Uerm_ GLrillerm& S Slev & T svoT LI L (B &hl 60T [ 60T . @ sumghled
psSunrarenen sniust (C), smam gamsir (H), snplgmsar (N),
a&dlmer (0), sbumavsburan (P), Gur’L rfund (K), skt (S),
&Gsrmiflear (Cl), Gemguwind (Na), srsoflunn (Ca), wéeafdlwn (Mg),
@iy (Fe) Gursrmemat. @eumpilsv C, H, N, O, 99 eflyssr®
UGrr_ GLmllerre S50 @Ymadarper. smllyd (Cu), Gasrumsl
(Co), urrseafsy (Mn), g5sErsn (Zn), Gumgsr (I),
wredligemn (Mb), Gumymser (B), eflefligunn (Vd), fedlsasmeir (Si)
Gursirnsme &HflLGE QRISsH Seaflmsams sreuriiu® SleTnent.

UGrm_GLmilerre&sler ol Qur@laer Gurgiurs Bins
SOFNTED, geafl o Gyssarasaud @) s Slermer.
Gy GLrflermraid 65 s 80 alwsasr® By gy ers.
@aumdled Bf saflsgud, CaudiQurml aCarm® (@) s hgn
sraruu@dlsrpg. Glasadiger 2 srar Qurgs Bifld 95 efysaT®
UGy &iflo , seafln QUG amard smré&Gid samyluTsTTaL

Lwsru@SEngl @sN@ Emaramrs B sterm G, 6TEHEIL
S afl¢sSer® Urasgier Qmanhg srariuuGdpg. @sHEG
@smewreypm BT eTedrgy Gl

geflu 2 Oy&adar YGrrlGLrilamresded oweflaerms s
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sraminG@srpsr. @ owefl maTUg TN IHNG ISDS
Gupu’ L. Grider SHper givmg erdiblsr Hper ClemeiTL 6(m
I Jng st AsTEly 2Eh. Crillear Smeor
QameorLsweu Grifler el (anion) ersormi sTHimiflear Hmeor
@\ & 6uarL_ 61 611 61\ i Ll 68 Sy enfl (cation) 6T6OTILD
IS sLLbH &leiTmer.

oo erfloisssT YErm_CLmiamresHad gusflsarms wrpmos
@\m&dlsirper. @lsmsu Na, K, Ca, Mg, Cu, I, Fe, Mn, F, Mo, C],
N, Co, Ni usdlwuer. @amby (Fe) usmsusdo
arsmriu@dlsarmgl. smiym (Cu), wrmsefev (Mn), wrebliig sorin
(Mo), gissmrsd (Zn) g ume Grraaflsr Clawshs s
Sl 9168555 NIGMTeHE  Glawdu®sSlarmer.

YGrriGLmiarresHear Hp vy ser

YGrmlGLmSlernen e 2 wilgstar Qur@ar. @& @wmiilu,
o ufiflw) usTry&eT LML GuDLIsTTS).

1 yGrmlGLmierraid 6(h SnLpLO LOGTITL 6ULD — S LjLD LOGHIT L 6ULD
srarLg) SlLwmer sauybysst Oamemrig (h&HSaTD @)
Coumu’ L. uGHasmers Qamsaor.. 6L SsML @lsmng (Het-
Erogenous) QimlUTs @)\mSSHarmsi.

2. werme eflmare] — YOTT_GLmlermaid ipem_med allsmeTameud
sTLQ&ng. Ams adiiy fiwsmres (Lyopholic sol)
Blsmeuiled o arar soipn HreusHler 2mGL eefl 28w ey
Qurus  IyuGaraflulisr e LveH WLLEGCWL
SLSSULOSTHGI. eTErl LGS uFallieTer &)ssiT e
Aoppses Qelddaipar.  @ésin  SHrusms
Wi stor Gemorm & Hullstr aulfiG Crr&@i Cumups, BlSg) seTser
gafllldr urmsuile CQsrLings @LOCQULITES gmL aig)
Gure Carpmuwefis&farmgl. Cuaibd RSgiseTssT geaflamus
flgpudearme gafllflar uTSWYD &6 SERSEGL
UetuGSlarngl. @leueilamearenal (pSedled 16T med sTeorLIGUIT
sl HESTT. adarGea @eualemene) wearLmi alemeresy
sTaTLILIbH &G
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9Qrenstrwer @uSsn — YCrrlGLmiletragdle 2 orer [Bif
epSEmsa @LUCuuiFH Qe GluTwWgl, Gwipi
s apaCarm@ Curdl, swpw epnss gsafloL Gu
@u&sh siu@@ng sarusng @rruil NGyersr eraTLaIT
seawLri. @eaeflussn  N@rareflusr @SS
ereorLIL (B SletT &1

&ipey @I LI (Cylosis) — yCrm_CLmilerre&Slstr Hlemev mmid
pewfermed  GaasdaiarGor yErrlCLmiarmed @@
aul LCurenguiled, @hlours @ulipeusmws spil BifnsSeh
umbECsTHHDG. BsNE Sipd @LUL LD 6Tyl GUwI.

gifur Qussn - gufiur Gurery @QUESD @@ &
uGrmligevLn e uiiflseflsy srevriu@Elng. @salliusgssdler
Qumgs Cumiisemessr sTery B Hoemer o e m&d 2|56tr
epauid LG GLmiAenmad @ O@uuTEFS Getiidlsrma)-

2 Mlghs Smeir — e B Cupuriilled e Gumrmeflsar
9] SHSMAILSHES SbETnsSler 2 Blighe Snar Jjongl
@t Slmeir ersormy GILL.

peoaraySsarenn — Herm_ CLmilsrresSled 2 arsm &ulpio
werL ol foaurarsrn, 9§ HAosss (PRUTS
(pemeore|Soerenieni ClFesiled 2 euorLimSlsTmE).

STHIGEH SmFFasEHEn manl raar gwefl Gledeann -
YGom.GLmlerremn ser ofln-srrssaramumy oGy
Hlemevuiled emeuiugmoisar Caudusds sl @0 Glurgml sermer
STiuGaT_&merwjd, eusTiuCaT_ syl SGHS
aflyssr g Glsmer@erers).

o uihifhu wetorLy&eir

1.

2 e hmeir — YGITL CLmileTrail grewr sne o 6oriaug)
wL @dlsr sLE5s0w Somiorgl. Galu, pafl, Gaidu
Qur@Lser Gumearpsmey YBrrL GLmfleTreg&Sms gierig
snEsE goag alifiug Gidsrmeor.
GLSGID gbmed — G GLmAenmraLd e smad SL GG
&limeor Qamennrie. (5% HsTM S
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aeTiflens wLTOMD - YUrsmsdr, Gsmoglyssr,
smiGurman Griser, 2 L &s@ IblomssT @lupnsmm
2 HEUTSHGSN I 565506Wwm adarluGHng. RSHG
suemioTmmid (anabolism) sreormy QL. 2 sworeyliGlLITEHL S6ir
aL5Smer TONSSHr ey HAmsSsUrHusnNS Foms
Lrmm (catabolism) ersorml Gluwi.

oam" 1D — 2 swremed 2 6mGsm TOSGIS0STanT (R QErdlssflsr
2 56l Gerawr@® HAwmss5g, M55 o aafiss
SETLILTSSI5E 2ar L0 steormy) Gluwik.

gaungln - yGrriGLmierreh oL&fgmear o arGer
6T (D & &1 & Gl & metor () &ITIT LI 60T — 6M L — 9], & 61 66UV L.
CaueflliGSHlstTmgl. @EQFLMSEG Saumsin ey G,
sifla; B&sn -~ amifoms wvronsdear  Gurg
Geueflufie L@ &Hlsorm CHameanumm Gl L & 6m 6
UGrm_CLrflerred QoG Hng. Q@osnE@ sflay Féen
eTeorl GlLIWIT.

aueriFdl - Qaodar &rs@w  Qewdsaflarme
UCrmLGLmilerrad gjamafled QuEpd susTiFHwenL &g,
G &M g6 e euLd @ Geaill C&a s 556
uSingaflsaiuGdng. @sneE ausmidd sreorm Guiwd.

@ er0 QLR & 1D - UGrrl.GLmferrad umsdleom
@ eariGu & s, LIT 60 @eariGuese i
QeipSmaamL s @iamsSHarms.

&L GLrlsTrsih

Gedefer, Warmevwr saelp@h, o &g saadhei

@ iu’ L ugd mel GLmimmrad samriuGEmngl. srasr 2 ufli
Sp0me, 2 UMTQUTmET 2 Harsss QewuasErseE @nuilnrs
I GLrfarren  goudpg. @& 2 suGurger,
misiTe_sTEpmIlLSEaT S Bi@m Qzeaflaumrar oemwliysamers
Gls ety (& SleTm ).
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geri_ &1 G 6iT

&l CLmiarreSSaflery sTeoem Gae Giewr2 Mii|é & e
Bt L fsdr @ @ofl ex@pabdnsr GloTsm., Fymar &.fi
Aiah sréadarpsl. @sHe 2o sl QurgsT e Guwr. @)hs
oam_sUiGUT@sT SjplumL mel GLmiarmsd, manwGsamilarmsi,
snaCarmiarman g dw uw Quuisafis ojmpssuLBSlarng.

&l CLmiletresdHlen 2 sl Qurgper unails seflo, ifln
epeSan mise, QErdlser CUTBTDAIMMTN J)6TE)

flermeolor &Feuey

1955-6b mr@enedl statruieurt Nemmetviom Feuey sreorml Gl L m.
paaurg 2ul@gsrer Qedan g e Guadw (70-100A
fdKYs) fsrellenes QananL, @@ U556 sHajmLil, maliGur
Hermileomroomenr 2 wil@pememr  &euaflarmsd (UL BsTeT S
@&ssuny, Qeo YTl CLmiaresms up (Siphlmeauieflsrm
Wf&Hearmg. @&Fsaia o GLrllans gael, Gsngaa),
dlermevwmr@emior, (Sermeowr  Fuey  6TeT  LIGGUTD
Imyssiu@Harng. Nermevwr seey Gadsiled KoL Gumd,
o 1 ArflSH60, &TS5H0,HT0us5 SLEH0 Cursry Gawnsafle
&AW ukiGsnSlsTmE.

Aerraowr Faialldar Caufliud & Loy

dlsrmevonr seausllar gfle gare Yrswd, Gemeguw,
Sfisme palcarerssmr@sEnn, diurdle oublown (Sialic
acid) srawiuGElearpsr. ealCarsnssmrBoeEsn, Qampiy
sEpn  Gmanhg HmarsCaradlll sarsa)d  H0aE
ROICETETssmT[H S EHLD, UT &5 (EHLD L\ evorih gl
Slenar&HOaTUTSRIGMTEaN SranrLiubEsTmeor.

cLp el UM & Urgmssr  fermeviom Feuailed
& IT uuT L1 Lt (b) &) 60T ) 60T .

1 ooyl LrghseT — @emeu temmeiviom asuafler wpgIGaaiL
Gurerpsmeal. @ @maumasiu@ibd. Imeuwmraisr 1.
Qeauafliym yrshisear 2. @mawps UTSRISET.
QeueflOypyrgmissr HNermevor  seuefler Gupuriided
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S|k glsTarer. @anmm aafllHsd NSl . Gmeu
Qarylussarbgid Biokisefld sk SnaimLiugresaiLo
o gremenr. sowl GLrarar flukaseafls 2 ster ATP Guwenv,
e CLr@Crrh-C, sl Gamamesr eravL. Gireiv
Sy Fwsma LpOUTiL UTShissT g EL.

@emars Lrskisar-oilGarerssmystmrh @) emrhs)
HensrHCaHTU LrshsmTaGaur, «umasGUTalilill &sGarm@h
@lerhg SUCUT UrshisarTeGaur &memriiLi e meur.
TS GISSTLB: emw CLramsr_fwkgeflssr seuailetr o erer
el CLTGormd &0 gy &ume.

2. Qmrélssr — gnsGampu 30 QErdeer NarmaunT sl
saLMuiUC @ererar. @aupfle 9Hswrss smaTiuGag)
5 BHuwsafGuwmyeCLev, Mg2+, ATP ase, Na+, K+
Qeweu@ssiu’ L Mg+ ATPase, &ryceumsissuGL s,
Igmared meSHCerev, ol SumSGUT GurGsrm
eTeuL_Grev g, Sluemey.

3. sradll yrgmser (Carrier Proteins) — &8 6T & 6T 601 &
SLidH Gopaurar GLsHNGhs LTSS oS
OLs5dhe slauriL dHoeseg adHrrs saallarGr
sLHsULOHnE. @snE Ceumur® sLSHM (Active
Trasport) steorg) Guwir. eowl CLrsrapr Murells o arer
LUTSBIGET epeld @F6swud poLbupy Curgrear gjere]
S merarg SenL &Hearmer. swwl GLra e fwireilsy
SrerLLBLD SUTSHISENSE Smbid Urso (Carrier proteins)
eremgl Quwr. TOSHSHTLH : HeveiTe, KILLUF Gl safla
Gompwid gwefl QeusfiGuppliu’ B K+ gpuefl Glaeedlsar
2 TGom LpHMEG. @QFQFLNSG Swell gupsHs (Ionic
pumb) ereorm Quwir. @FQswararg sflar’ L Hosse
s paLCLnSng.

Gamgliysst — Sermevwr saiafls) 20% s 70% Gemigly
sramiuu@Hmg. GLogyiLd 5 AN & Q& mpLiyser
smerULBlstrmenr. s & ot Q@ mevsn_ymed, GQaLimedleor

sriGuraman’ Gl & - Nermsrownm & 6161160
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sriGurman’ Grl 5% - @b &6y srarliu@®HDgl. @amsy
LT ShISER&EGN CaruiysenseE Haml G ojmLofbgisrearer.

gaalGur L sear fflserey Ca, 7n, Mg, giomenr Qurdlssr,
LTI o% 6w L11f 65T & 6T (p & 65l 6m 61 2 _uSlfl & & 616 & aflsd
&It 6o LILI (b hlabr msur.

dlenmevionr seauailer ojemioliyy

fermeiotor seiaflsr @umilu, 2 uliflu gEoulifamer aflarsast
Le Ga&IUT@s6r gnmiul Glsrarsr.

1. Qmsaus 5 Gar_ur@
2. oulblow gwng g gjplium & &m Cam’um@
3. @@mwlgsiey & Camur@
4. Hrau G Gamumr)
5. UrsLl Uess Gamium()
1. @measie & Caurlur®

193460 Gi_6vfl6d), Lmel&siT 6T60TLISUMNS 61T @&Casmum smL
&alsort. Qesmaglinll seio~Casrimusd smrésEh QUL ser
cafllgre  gaiailsdr em@L Q6 eaudlearma, ersL G 1ls
Cugianrs BoLQupeidearraid, e amri glafl & 6)edeir
Guomuriife @Lmé@&n&hmgﬂmn@lm geui_sr (1895), Cammurt
(1910), Lresar hmid Gusblsir (1929) sredruauiseir erTeulT Sy
Glamgiyaar Glarem@erarQgears s iibasert.



uLth. 6. Nermevwnr Feueler ey sd s msaflsr gy
m & ifl & eir

1, 2, 3, Garyly ;e iy 4. Gl&m gy
muHAosa UYrsSCasTH o ster  gemly 5. Gamepliy
o &6 2 e UTSS6HSTH 2 6Ter gjeminlil]
sri_Lif wohmnd Sfsrie (1925) ererusuisear & @mSSF
ouliigmissefler farmsiolor seiellsner gy rmikg) HeTmsviom S
Garyly epeusspsaflams guer @@ F6e|&meT
QarsirhsrerQHeaTe & svorL b euri.
B. yrgiun-@srgiy-yrsn @aLs bemsn Gariur@

CLeflGwedl upmis ammriell (1935) eerusuisear, Cgusafle
Gupuriliyelms Gmpaurs @@lumgun, Bifld samyu
Gur@l ser diemmeowm gaunilh Glemnmsuin kg, Sermaiom
Foualle) UronsEnn @(msSlarmar ety sularmm. @laifssT
ammiulp GQ&TWUL e e msaflermamsr @& 616 aflsr
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Wenare50sn@Llyser (Polar Groups) gsusiledr Glausfliiypdgle
D] 60L& 61T 617 6T (@) & &L 607 L& eLp 6 & & )] &5 61T
@oarhHeiugte, ursb-Gsrgiy yrsd gy
sramiuGHng.

2. mul@san Cariur®

anflebedhuit LopmId emmlisir (1953) sTeirLisur g6 LlsTrerulom &eiay
IDsaG&sTs Imuuaisme aTmib,mubEnssT seariL@Ein
2 mewremLwirenr 40 - 70 A0 oSl L e Gememer oyip (LML &
G NIG6T RETCHTCELTaTY RLlp 2 HGauTarg sTarmith g e,
RCUT Sl S Gsrgliumemsr g Smiiyd
Sipmars spHPl Fhe smrybd woaresAsr@LlysaTTd gy 6
LG Slsmwun Gsretri @h&Hmgl. Wermsvwr gaefer Ures s mser
Caryiy mudsdsadr @ousshisaigid @61 9G&EH
FIQITE Q|EMLBSISTOTET 6TOTMILD S6voTL b Ge0Ti.
3. @ s GCariur@

@orui_geir (1959) erstrusui Claswsllast o 6Tar Felasenem
mistor Gevorr Seflulletr epouid oy rminh g, Sjeumniler oemiolifeners
& 6uaTL_(li ST
1 TMT  FAASEHD T 566U & 66| ST

Qasrammy psHarmer. gerafles 7.5 oo 10.0nm

Slg LIL|6TETEmeUSamTiil @), 5 Elermer.

2. ereen seaysEnd 2.0 Wse 2.5 nm srlystar G\
&[hHEDLILITET STEOSLTT6N S Ths UGSmuwh, @sielm
uGdlsalm _Gu 3.5 Wsed 5.0nm Higlierer TS Fmeir
ILTHELDD uGSewd Qameiy @& Slsrmer.
@urui_ser Gleiaumuwiniamear “g@ s Faiey’’ (The Unit
Membrance Hypothesis) erstrmenypdaii. @eur Casm’ U igsbr
ulp GlessblgyieTer Teeum &oiins(Emin Urgin—-Gampiy~yrstin
Qeouppred yarmer. Qasmyly WSS ST & GID
PL58DE Bisaaumh wemer mermih, Qaafiliyid Crrsdé
S|MUGLGIETET (peverdE Bt Cloumis@Lh wpense stemith QL.
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uriingCsuwe Casr_ur® (Fluid Mosai¢ Model)

QarylyseEpsr Bamamhs Urskhiss @nels Gsuea
Syl ojenLofhgisTearer.

o fiN&ainsT wrayd qrearey umin Hemeould EmsEiLo
o mILSser. @Her Grymwrs sesflaist GG
Qaryiussa @manks Moo wrhn @LuCuuréd
Qe gmurHdarpg. 1972-d0 HAnsi, H&ECsHTL 6T
@&Casmunipener aflers e,

Urel upss Gsm_ur® :

CLefl’ &ifeir sreruau(Hlh, &6 QLIMIFSILTTTHEHL LTS
uesd Camlium’pmerd onpler. @&Camump 6iTLig
gaialll Urs epasa &t @marhgl, 3.0 ypsa 4.0nm
QAL L (eIl O (IhEUOT6mL UIT6OT UTSHSTRTET  UThS
@oL Qeauaflyd, Urs IyG&HEr Cupurilled s erey
QarerL whmih waTsysahn uGHast CQgeaflaure
sreavTiu@G Slarmer. (peamaysaTHmn UGS B CamisEn
G LIETITSAD. @ SUTiGGUTHINT®
e isafienr pemearal QerGlysmrGor G)en eurhg
o Ll UTrSS SmsEpSHolGw  sremriu@ih
@ Qaeflamer  Brliydlearper. csumaesGumsilingl
wpssmseisr  poarasst  saafldr  Cupurie
@\ 5 FsdTmeur.

ermeviom Feuafleir [iewr SjewLoLiy|

arusLgrar merGeaorms&Eullen  Nermeavior Feuny T5A°

SlglILi6TeT epeTm IBSG ST QsmenT. Fanss Gararmidlarns
sTetTIl @TTL Ser (1959) S milstromit. @ibeydTyl 9O&ESSafl0
@rar® 9|0\&EGHsT Lk 25A° selysrar Glauefliu®bs s
S G; Babdlsr EEG LTHH Gerdlu, oy 25A°
SlaLLjeirer @mLILOISE IjMUHSIETG. JLThS LD 2|0&E S6r
LTS Faejsamerin, HHGa 2 drar JLTSSH GoNHS 0SS
Qamrliler manl CrrsriusT Glgr_fsmerin &lsSlermer.
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ULb—=7. Slermsionmr Fsualler IjewioLiL

a. eTeu&Lmedr [mieuor Gevorimdlullsd @mmﬁ,g, 2 (LG5 &S E S0
Gampmid

b. eTe&Lgmer mistorGamrmdAulle) 2 wihs 2 ;UL SssHh
GCammmid

c. Gamupiy, Urs edtasrTersaamy® ey &, migsT Larrsauwm
goueiled 9HSsmuEs CoThmi.

1. Qamagly seieyssit 2. Ursib S6Ue 6T

3. Slener&GaT YT aibleaiby 4. pedlCararsasamy®H sl

5. dwnsblé yblsv (psmeareysiT

GCarhmio

&L GLmSlemmesdlsir Upliugd Qe pwrd) Sermsinm ey
Comarmidlpgl. Oedsda GCorarpasnes 6sameanumer
QurGLsst gmardgd mel CLmiaresHamiarCarGu
@\ & lsirment STEOT) SevarL_ LIl (BeiTem g).
QsdedloL Qe |

ue Geogpuiifliasildr Hasassflad o srer 3058 B SHSGl6Ter
Qesvaaflenr lermrevnr seinysar Qurgars 10 s 20A0
aflflurar @l Qaaflflarme  ASs0UC @& Hsrper.
@susilonL Gevefl, Geaflon,. Gauall ramiL@sirps).
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ermeoonr saualleir G & s & 6ir

Slemmsioiom seuey sp(m GLieisdlw SEIY Sjmnliures Gawu’ 6

Rary el GLrllarssms Gaodldar GauaflG 2 ever
Gydldmhs UflsHdarmg. @ QFnasT 6erGmmelLmerm)
Ll &0amsrsm LaTLHMSTSS S@HsULGEDS). ol

1‘

ooy @I HH@EHL @ludy Joeg S Gerenin—
dermevwr s GQurgars HAfw el semeruyd
PG MIGmeTULD SereieTCer e2ar@meu @ weafl&Smai.
Ao Hermsvr  FUYSHT RO UGHS SLHSM
SETLMLILIDME; @M Fl eL60 S & 1)) 60 6TILLD
3|1 6vfl & em T ih . BGLw ger (B (5 051 & AL
Smudlsdlsarpar. Elama CoipRzOsGL SLSGHM
S60TENLOLL|EH LGN UILTSHLD @)(hSSeTmeT. (b Flev LeTmsuLom
Fouay et srHm Saily Geuy sTansun e @alld Glase
Smudiudlaome. @emeu &L GsT Glermewnm & 616y & sir
areoTL1LI(B\ 6T mea.

ser(uTsued SLGIUTE Wermsioir Fsin|ssT EieLed e missir
2 rGarGur GeuaflCuGur Gsdn Ya@wSiuSearms,
Sjeupmflerre ear@Bluraish Gewmeas SLGSS aEiuTSsrmg).

GLESN — @ Foun| SemyQum@mer @l &enirLiLmss et
wl Qi ear@nmels Csshn gmuflssra 98 @ UGS
SLSS60 ST Fae| sTaTULGSETDG. 6 oy
Caflhg Gemearert ulL e Gur@plsamer, sailr Gm
Gumr L &ener, el LAls sTaflgne GergrCL eer(®mailéF Glasie
Iaudlssne, 98 Carmbes®Hd@n (Selective permeabil-
ity) uThiG@LW Faie aaruuGHarng. Cs5iE0s0&Enh
Slmeit GaTemL Feua] &oTGuUTHsT, SamyULTsr g
@ Glum L &emerud Compbs®ss  2mbimmau

- g@udaSarng. Sermsvnr sain) Esr GFM ey sEnL

CamMmOs@&Eh Sinetr Qamar. Fain|&emrs @) mdlsrmsar.

ofiflué &LSsH60 (Active transport)

@snmss SLSSH0 GonhEe JLinma UGHES e
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L itayetar LGSO GHES epn&enpissr ETCBug QeweSs
gfley i msmer aliss BLUCUUTEFH Qeiidlsryer.
@snéE one Csmaulu@dlarmg. @aurnps aerislms
urmn& Lewunssdmie Gupiu@Hdarng. aiflus &L s
Curgieurs @waaosiu@Hsms. 1. psohmn afiflus sLEs0
2. Esmorimb Hemev afiflws SLS5560.

waohlma offliussL 550-Gg GCudlu g mnd Iwang
stusLrrearsaflar @ULwmer  flaresHows  Fnimhg
hsmL_(LimHlstrmg).

st.&T. ATPase 2 saflyLer menL @Qumid Na+ wpmin K-

S Hwsupileir L5 60.

@rar_mb flme effliusas 5560 — Gla Coudin s

QLD I|SHTEUS) ggmsuﬂesﬂﬂm Fifle] T L Hms5E STihg

I560L GlLIm) ST m ).

oT.5m. Gaasafls pmame Qumith GeTHESCHI SHL 5560
CLorE5E S-S50 (gyusTer &nFwGaull &o)

@shsumaséa HL5560l60, SHarUGUT@H6T DHmeT WITHmID
Crrdullarma wromu’ (s sL_SsNLRSETmE.

q.50. G@p&esray, Ur&GLmey, wrefllmd, '(‘-?flrrsﬁrm
gisamradr  unsiefliurellsr  saeilisaflar 2@
SUM N HGUTpFTaTsvLGran Gwrd gewinfdar epeid
&L SSUL[HS60 |

4. eraorGLmens GLrdlsv (Endocytosis)-Caubmiti@Limseirs @mid,
2 emre Ul Glum@L sEnih GasedlaisT qO%g&E0srsrariu G
Hstr Qesvsdlaisit Franflsalu@aisnG stamGLT el CLmdlsv
stearg Gluwnt. rESGISQsTaTariILED QuITgsmerTd QU Sg)
steaorGLTemaL_GLr s @lmeusnslin@Elarmsi:

a) UGsrmemear CLrdleiv (Pinocytosis)- 1fNemmeivtom Eﬁijﬁﬁlsﬁ-@mfn
EruiQurm sdr gifls gme qa@S556 QasmarariL@ge
HerGarmemel GLrdsv stariiuGSarmg. Bamar iumraied
Bl GUmiSng).
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b)

GusmemeL GLrdlsv  (Phagocytosis) - Guiflw
SLriQurweraer QedeligierCar smmeivLom aeliafler eLpGDLD
T@SaGCasrdraniniLrd g5  Cubsrmel GLrdlsb
sreriu@dlsrmgl. @lg e fA yesmigarm Lufhﬂassrﬂguw,
LG GLTCamaum s satigit; &®d qumsmstr &gﬁﬁaﬂ@m
sneiLGEsTm ).

sTEIT QIUTG6T FMLiL|S 56tTenio (Ant'igen specificity) — Gl&
geuallss Gupuriuie 2 srer HenersGanls UrshissT Glesusdlsr
aHiQur@gst Hpliys searmmssmer i sorufls e meor.

. GHAHG éimuugmasmrﬂm G saualled SmenTULIELD

TET QU s Lsiorysaflsir Sope AumLills &mEl iom s ssir
g toTL_ i Gl ement.

amriGLomeTsHemar o T Hlmer — ermeiam Feis) g{gsg,;_r,g;
Qa5 Cameaunurer anmiGuraramen JMihg! jamemm
Glgadlsr 2 LUGH&GS sLSGID Sper Qerare Gme

L @sSETmS. ) T ,
&IGS60 — LT &6lsy aufé;@m Slmett Gl TEUTL HTSHEILD
GméHearpg.  o.or.  urdlGuldeL @G Gsriflser
AGurGsmbseflar o saflu 6r 2 mourseiu@GiSlstrmsor.

2, &mlGarhm dsummSeUTi CFT&Hme —LIT&ieimseafle
Harmeuwr &, oL rarar flurisaflsr o L ymo
Faln|d TS TTer &HL 5G| QarLflanws
Qameimie.&Harmer. BEHsNe QFh sured Gawssigid
Su0med 2 puSSTiann Glugie LnGandlsrmeor.

(Bsnéiu_l 2 _emriélmeir - Qe shialld o srer £L 60 & &n_1)] &5 61T

peGamur L ST 60T L_ 60 & 610 617 26007 (THLD &) etr
Qemevg mSHeTmaT. Coudliu 2 amriepads.miser HlarmsLom
& su el o _6irem Urs ELA 6V & G 1)) 61T 6T6m S
aetorL vl Gsremg.

derrsvwr saalpE YpLTe JMUGSISTET 26D s

urSleflwmser, sraurbsed, o alongsasst G)aunmer -

Qensafiar Nermevir Foia) RTYH JjHNG SDEG GumulL
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o irpm  Qum@lsefilomsr  urgsmiy g.;mmasﬂﬂmnsi)
GSYULL Qdrargl. Gamet Up 2 mpser seTiu@Ssrper. @mea
Wy Aeir, Qublpsr, GQedw@Gurd, mslpdr Gumerp
Gur@mL seflomsareane.

e Gadsaflar yp 2 emoer

alowhig Gonseaflsr Wermavwr aiellar Upm 2 sp&Eer,
JelIUMLE ey, Jelyné ey, surlbyl Feiey, Hener&Gsir
yrs 2_ M, Hom e & 6 &6 & 601 560 6T 6UT UeeaTm
I|myssiu@slarmer. Qusier’ (1968) statuaii Samar&sGasT
Urs, urdlerésmr@ast Gsrawl  Um 2 @pSaner
Hener&CarGassilsen srar HempSSTIT.

HenerECamr Coed&erdleir 1Licwfl s e
1 O&s @ OCuuisfamuyd, wonyel Wifle QewasmeTud

SeoL GaFiifsrmgi.

2. Goagn L Qadsmsmy Nfl5g 2 aurs snyanors @)(HSEL

PGS T MISETS G SHITevoTIg. (155 H6ITM S,

3. do suwnseafls) saamiwrs GlFwmubGdarmg.

. 4. QoG o siTeT HIGTT (SHIPME ST LTSNS S0TmE].
5. i@l 868 Qansimy ;s Harmg. |

Q&m &

Qumurerar  srar Gsosst  Gew  smrs
Qareme m&Harmer. GQaoaat, o ulmsrer yCrmlGLm
Nerresgrarear o ‘o ulyhy’ gmwiurs @msElarpg. Bls)
QeogseE agan, oflopiyn urgsriy syélunbamm
Qar@sHarms.

Qeasaiflar 9y

% 50 I0&S : @8 0550685 Fe gursensslamL Gw
woppsiifielsr Gurws 2 Gurdsarmg. @& Glsedlu
goinjurs o arer Qam om &0 Qum@merT@Gl. TS
dlasaeflar Qaager oo s Qum@serme 6perGmmblimerm

L LOUL @erarer. HOIDS5G Qusiger, Gadm Game,
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sredlud LHYId LuACaD eemaSILITeT u:rsﬁlmrrassmrsn ggmglrw

@mSSangl. Cusiper Curginrs ewm BF ey s il
@uim(m .

ysflme Cehaur — Bla Qo Camsimd ameriédiusmL b
@emo Hemevuiles o meaurdlsirmer. srider Grany Gasssaflat
yaoRmw Qeogul srariu@Hpg. @& 1 wss 3mm
Uy SlpUUeTTSTl @m&Harngl. g Qed G,
CapfiClemmGori, GQusws mLGO Qurgplser
QpEwappre opergl. @& OnHhas SeTenn o LS
@muugme Gaw aemsdwmLwh Qurys elflSsrms).
yaofime Cedaauflstr QengGaure Gayssr 8000 s
12000 Gesm&GaT Apass ST Blanamrhg QS ipausr
OUEHEIITS 2 6Tongl; Blger el 100A° g &b
@) & HsiTm Gi.-

@ramrLroflme Qensui - @& wyaoHomew G
siousnnuBiGs Gleadls 2 L ussh omuss nédsdrmgl. G
WHlisAumLhs Oewaafld L GG srawiu@b. o 5
Y 10mm splymLwsrs GamsSarmg: @ et ma Hameo
Qegaui o eaumareLsr  Qurgeanrs  Qasedlsr
HUerm_ GLmilerred wankg NG SHarmg. @rsorm B
Qamaaur Curgiaurs Gauafliyn 9065, BhH JBOE5E, 2L LUn
IHEG JHW ety HHEESHMETS GG (h&HSTNSI.
epsrprioflene GEdGut - @& ErarLrofome G&s
gauenmubGs Qeusdlsr 2 " Lpld smerLLBéing). @6 e
Guaadlugrsa)b (PSETLD, @\ evorL_mib iflsmen
@ & 60 & 6uit & 6l 68 (15 551 WoBlgid Comu’ L sraa)n
Pm&Harmgl. @5 Q&mg(‘bmn&&@u USleUTs: & 60T 6m 6T S
Q& meuTig (1 & HetTmG).
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UL 1b—8. gﬁmu Qesaoufler gjemwliy

1 (ylg,ab,rﬂsdim Glesbeisuit 2 ey 9|06 QsmsimL @ramLmohlme

Qasoeut

3. epsopmiaflene Glesgiaut 4 nhIRsE

O ae&eauifler et awrenLoliy

sTeELImeiT st Gerorn & el apliniser (paoflame Glaagiour

@@ uGdlsmers QamerigmHLiLmss s dSlarmgl.

1
2.

QEaGarerar @leniessr
@enipseT LSEgidTeT 2 sUGLIT T

QesqGaumemenr @mg;assir - @eva E@EGaumSILEID.

1

pofl mawGamrssullar aufiCu Grrégw GurTws
&600T & e &GS Qgfluyn Qu@d Blmyaear (Macrofibrils).
@emeu 0.57m ol L (eniismel. eeiiblairgy Gl @smipujh
Lo i @emipemmed (Microfibrils) ayergmil @las&ddTmg.

slaior @enwl@s 250A° allLib gjaTa|mL WG &L ITTeir
EisnGarsdl aufl GrréEn Gurewg w- GG Csflésrmg.
eouGleur @ mistor @enpud ewblEnaEsT Mg IiipliLemL
@enyaermed gyeraii @msSarng). @ai@ar muGdngih
i00A° efliL b 100 OQeogGordv Qsriflassr
Qaram_graaj @\msdHarng.
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oem_&UGILITG6T — Biotor Glemis@hid, 9 uTedlensmr@s @b,
ursdllersor® GurGarmarar @@ 2oL &S50  uSbg
& 7 6007 L1L1 (b) ) 65T m) 60T . 2ert &G paflsd & T 6007 LI L1 (BILD
GauBlGLTGersst SraurSdler auemiEdl Lpflmad Cabmemm
Caugu@&lsarpmar. Glariumasdn Qusesd Gurmstea o|Hs
ojeraflsh Bap&Sspar. diits LEMSHD menTsTEEsD B)sT
QanLiGlFaGamag i Gsmerydsirmenr.

poalsdmas srefly Gedsaflsr wpeaBmea G s
lsiraugpid Glun s ser sren U@\ SsdTner.

1. meGorGepsararsst — Gmea meGans, &eansGsma,
S DIGOETS H6iT Hmasmrss Qaerar, e B
Gorfemwe Gametriy &Sl aTyer.

2. omiGearm GC&HMSL TS,

3. pruGCarmGasOCrrarrarssr — @lame lrm'nGeufrrﬁfu
susmeTiimissmer @ wlemL G Gamsomr@sirer G s H
Grmefls ol Qem_famers Csmeuy @ Slarmer.

4. &G srdlar—ramiu@id Hmar&Caryrsn. @& 4,
el TrsSALYGrTalmer 9Hle ojerey Glsmarie & SHermngi.
61 & 610 Gl L_ 657 &) 60T manLyrdle  GsmE Ly s EmL 6T
ICrrilGarmen, Gaa&EGCLmev CuRaTD &I &Sy &er
 @eauwssuuQstar Ui Gemflurmrarg.
5. l&afler — sraurkisst WHFFHwmiwd Qurws
I\& jarey ddGeaflsr CQanaafl o marssiuBSaTmg.
paoflon GUlssT—ysoblma Ganaafld o uEdasr
Quadugresan Srarss gomamsdr  Garam Hrsab
Posdarper. @UuGded padflma GYiiuGSassr seTmio
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Hleme Glesvsaflsy 2 srer MGurGembsafis) @B@Hg L LmTUSHTD
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Cougiu@SHermerr. 80S AGUTGsmbser gmmailéd Cufiusmey, 70 wps6d
80 suma UrsriGHT GamarLsel, 4 RNA 665 & )& mers
Q& mevtTip. (55 &L, @eumflsir LrShisEn, 2 1" & I)iledns EmL
GQuflsrs @méE; RNA, urg alldésn 11 Qaran.srs; @s)
s 408 gimenrs sempd GQumm S SlaTmgl.

40S giowewrs Suq BeTAILL. RlpQIITSHD, 66 SN,
2 | U@ Gsram_greHan 2 starar. 60S gmaws s.m 49
Yramhigsenertl GlLmmieremsor

urty = 15. AGurGesmib&sr

A. AGurGambler piemmr o)Ll
B. AGurGemAna@i sarCLmilamre susneud @t @lewi Guu 2_erer Qlm_iiy
C. AGuTGamilsir gisnsmrsn ) yemoliy

a. &|6060TS 8. b. AGurGamd c. ureGamb
1 ydu Yrsib eyesan g 2. ereworGLmllenrme ausmev
ul eoofl & 6ir

1 MAGurGsmbser Ure 2 HusSuiled Lkig QamerdsTmer.

2. MAGurGembsaflar GarG@UUsaflled U 2 HUTESLD
menL Qum Hma
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3. urs 2 Musdullsr Gureps e RNA Ug @ CsrGlurs
srenriu@n AGurGsmbsdr LTaFCUTGsT&sT Mg
unedlGamhast star ompssiu@Elarper. Gma LUrg
2 HuSEufleh QuBLILRKIE el dSlsiTmer

Qe miswr GLUlplsmu
Qe pimm@iprarg @lard Qashsafldr sme GLmisTreS5dls

fophg srariuGn Jmulurgld. @ES Eir@LlpiamussT

@erid Qe mal CLmleTrasHed LrelléaTariul L Ty,

YHips Qedsaflsh pist@GUplmLssT srprs @lamsmrhg Gluflw

gUllpmusstre  Qsddlsar 90% @ sme JY&dTisg

sramliuGdng. sarba e CLmierrad Gluadliu Fars

Gulplmumus &anfl owibg s Gy IWHHSE

@& metrig (m & (@LD.

Qe meam@Gllpumusst 6@, Guadsliu  sauaflarmd
(SYPLUL e h&GW. @50E CLrCarmilemmevl sreory Guur. @QES
gsue] (Differentially permieable membrance) GeuguulL
Qegsss gain gG0. B Gulplmuseaflly 2 srer &emyee
Qsvenm gyG. Qensafla allonliy IWHSSMS 26L&
BrCursGarsmes sl HiuMssss, Qaansaflsar auertdlms
LTMORISEGSGSS Gamauursr Curml smet CalSE mauSsn,
aeTidflens WLIDPRGEHSHGS Comeaurear GxRTH&mary
Guofimssi Curearpeme: s @lplamusaflsr Glawa&smTEL.
Gma sally memE@Ulmusafls sflin giflwmissT, 2 (6T,
QL saMLGssT, Qamgly, el GQurmgLser, GLaflsrssr,
U Shai&GaT g Hwemen 2 sterer. CLmrGerm  1NermevL meorg)
2 WiGaudulles ellmersaflt WsHu vrkisTHnHDS-
pisor@LUlplemuseis 2 drer Qederda sramiu@d Hmifassr,
werigsr, saflaer, @maasst Gursrpaupdlsr Hinkis enso s
Smrewn Slermenr. Hisvor GUlplmuLTears Cassile o srer e
Gurgleaear Sozds farGih aphdéEes Osmebm@ioamL
uaflowud Geidlsrmg. @onarar maGaramsin (Lysozyme)
Liprd Qg Hieor 2 MINTd sTaTiLG SIS
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o ' &@ (Nucleus)

@omrun’ dlyeyeer ereotueut 1831-oy10 sy etoT(H GlEedled (LG 6T
WSS 2 L s@memed san gt Qaasdlsar LGy sueriFlomg
wrHpRsma &L OLLESSID g hmei Gt e (p&dhunmer
oy 2L 8@ PG Garaz&sm Hoa Gsasafsn
2 I s@UGlum@msr saiailarmed GpLiuLmod @ mUusTd 950
Buysaflumii® (9sTaug 2L &0 R5% i) srerm G,
2 L.&@auner ryluarysmears Csr-ibs afiéesmermsd
2 1fl&EH5E sLSGI DNA-mws Cameaitie |sSnsa.

Smearsg We Lasm Ko Gahsaflsr (&mair,al sk er
Qesvaaflsh sremriu@id) 2 s Ao Cansaflsh pdie Hmuoun
Glurgpg wophaMNOEDS. TOS5HGSTLLTE, colGearmid,
sghamL g masnisaflgn, sudHaflGrermaswnr Qgdasaflg,
présl Gensaflam 2 s wophs GEng. Qsdsaflsr
muwluGSHule sramiu@n 2 L&, auaiflemg wrhns
QewesEnsGanu Gealhn s6ar @LSms urmlles Cemstdng.

Gurgiars, e G&mdls @ 2 L &@m wl HiGw STsoriiLEi.
e o Geasafle @ s6r aanafl&Eme QaTmseE Gus
srariu@id. 2 Lamellsdar aamamfilémauilsr  ojpliume ullsh
GQEvsmer @ 2L e Qerar. Qehssr sermi, @@ 2 L s
Clamaior. GlgvssT wHmih L 2 1" & Qe QehessT sarmid
aumsUUhGSRTD. dHssH&EsT_Has : LB Qadser,
s GLmevGuih 2 Mlere 2 miiysaflsnt Qahser, &amaflsr
genGlUsTTamT Glasaer.

2 La@eilar apnin Gehdldar agasmst Qurmss
Smusng). Gasmer sugaymLl QFmssr Camareaig aimer
2 " &(pemeuwin, srllGSeu Qadssr L eniwirer 2 1 &@mameain,
2 memer aulgaumerr GEwaser BataulL 2 I s@aeuid, auarmid
priger s fam. &His Cormanen 2 U &@Hmeayh
Glametor Gisirereor. @CsGUTs 2 " smallsr geraih QEhasE Qam
CaupiuhHarmg. 2 L smeillar oymeln@h el CLmlerrs
SmailpG Criwss Ggr iy srariu@armg. o L &mailsr
glorey GGrréurGervsaflsr aawamilémamul Quryssin

53



Goaumu@mdarmg. (HammLgiL Qenaseaflsd Al 2.1 &L,
@ sLwipw Qadhsafld Quifie o L &wad usTopw GFmseaflo
WlslGufiy 2 | s@mah sreriini(ldlsTmen.

9| 6w oLy

o Lom @ olaemeaufarmd GUUULEGSSnsI.
o " asmailmer  Qgeflaurer, guflwgseTamn 2 6TeTg)
o " s@pluriiogh @seaisr &Crréumiigsdr @muysEni, Germ
gvng gsng CupulL 2 L s weafl aarm Caramaigeal
2_MIULSESEHLD 2 6IT6Tsur.

2 U s@maaue) Qeauafliiym o L s@maaia), 2 LU o U &(H&616] 6T6r
@) (I, & 61161 & AT 6V IT 60T . @) 5 s 6T o " &@muGumr@mL &er
1Bl6m mh Gl 61 e 6nt, Elemeu sm &L GLmiSlerm & & &) 60 (5 15 5l
Carearmiflearmen. 2.1 smouaildar @mEansEpsE @mLGw
ume Lam @l Geauefl gemupgeTsTg. @Ks 2 L s@p&6i6] L
gismerasenst GumMlimSEngl.
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o L@ aefler o yp, Qeuafiliyp adiassr eparpbiseE
SlgliumL YOG Fealn] Ymulmull QubgsTargl. el
gouajln  78-80A0 gulyerergl. Geusfliym m-_tl.a;@&silsxi
sraorCLmienre susmaGur® QamLiiy Qe GlsTearg. @) ss0r
Qeauafliugd MAGurGerbsmear GQUDDIATETS. 2 L& SiemeTsSsm
Qeusfliym, 2 1" um Feusysaflsn 2aGL QFMLikEG srauLLbSng!.
@hsssmearsaflar  samafllEme oL SHMGUSGEG 22L&
CoumQFleTmgl. @HS 2 L 8 SIeneTSH6IT UMEITILI imLLIL ST (an-
nuli) eeriuGd. @FES o L&eswmaus arGLmilarme
amoulailary Corarmdng. aarCLmiarms olsmauileor
levLisrrsser &GrmeurGerosmens (G,0HE 2 L& EFaars
wrmdmpg. oL&@m ey 2L.&60  OUT@HLSMmarLD,
&L GLmilenT &5 msuiin L9l & el et m g1 BLP 6D & . M) & 61T
mF_CLIimres5n @D 2 LamallpEn Ossarm oy @lame
o seyflermer. o I s@ saucilsr sufluns epads.gssr afiflius
SLSHSH cpaipld sSLSSILGSETDHT. TOSLITET SLSS
QUETE) S ETHLD, SoUITeVSLLITED G&ITSmes BL-SSID CETSlSEHD 2 L &
gouailed 2 sremenT.

o L& wenfl (Nucleolus)

o Lo@m weafl (Nucleolus) wser (Wsedled UmssTLmeoTT
sTaTUeUpTeY 1874 oy gy eior(® sevor Ml L gl 2 1 &(hLeuf]
2 " smaiflsr snuwliuESuillGar gongl ypliuEHulGar ojamLkg
sreruu@h. 2 U sssufl @) mausmsUiu@in:

1. SerrevwnCemossr—@lamasGer 2. 6507 M LO LI T 607
2 | smaflser. @amean wepupstififlelsr Curg wapkg
aflQ SHletrmeor.

2. GoMCwrGarussT-@mea Gumi o L s@muafl&sr. @ame
&GrmCurGamagseflsir Hlameasr sterr gilutiLBHsTmE!.
urSeflukser, ol Gemsdar Gunsrmaupmled o L&

wenflesr @shemev.

2 I sqpwenfll ey
R 2 Lesmailed sy gu;bmg] U 2 L &L ewflsamer
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sremremid. sTeuGLINsr. GamgGamr (1951) gLEW E@HAIGL 2L &5
wswflufléd umisvsromissur (Par amopha) ererg@ith @GT &Frmer
@@ Qurgefisd HuysaflGurGarsflur sarain &@ere,
Qg @y ojmubgisTersrd & fearmiassr. g armd 1963-
o4 gyetor® Quiermi® steirusurt Ry &efiGuTGomaiior @b e
Gumsirm ojewwoliy sTerEid, RGT @PWTS @eme0 6TsormILD
susdlym S Hlermi. 2 sunfllamw misorCamrdEluie Gmré @l
Qurys 98 @@ 2sUQuT@GsT, GCrrGuLipsr Blamypsasr,
giearaar Curerm g@mulysmard QaramyGULS K6TGS
Qaflyh. 2 L smualiCur@® Gariry GQaram.. GGCrrGLLiper
Sifls oy DNA-me G@Quimerargl. @5 DNA, RNA
2 HOITISNE 2 S0|HmE|.

o i smusnflser 3 almsiubid: gsme BluysafllGurGareafior
QaramL,. 2 L s@puatisar; @ adoar C&osaflgin
srasruL@&learper. Bl safllGurCaurafior 9Hm 2 L& mLsmfl;
@emau LGrm_CLrGsmaurssafley smeamrliLbElsrmeT. alemariLalip ol
2 I spLemflEer sraiorGLrdHeil QFswsafld smeamriLidlsrmsr.

L swfl & 6ir

1. 21 s@weafl stGan 2 mursssHa 2 sanflngl.

2. Urs 2 pusduia o swuea GuEgh LhsTHnSDS.
o L&@m WermsFid

2 LaHaysGe 2 L s@urind sramiubGang. @S
GCITGUL 6T @lmN&sT, 2 I SGUUTS &SiS6eTsHsrT, 2 L & (mpLosuf]
aElemeal Lilshgl smeliuBSlsrmer.

GOrrGuiliper @eanyser

2 L& Uerregdle 2 erer Glosbadliu, Bedore, &ipevor. @)snipsseir
GCrrurliysdr @lepsedr  aedTny  Semipéd s Ou dlsrmer.
2 LaGUlaresde Frre urelydrer @is Eoysar Qo
L@LLmL LT Blk&Gn0urys Ggeflurs Cgfldsmmer. Qg
uglumLwym Gurg @G gLiks, Gmd  ue
GGrreLrGembsamre wmfaf[Hdsdrmeor.
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o Lasmeilsr Caudliue Gsmemio

o La&m Iflwmsstmeorer DNA, RNA, oLl&®
yrghsemenh, Seflwe yssmeruih o Cas@m GupmieTerg).
fo & Hme wyCasMGuT s Oanasaflsr o I smaia gds -
ojerey DNA-ujh, RNA-wib srewriiu@Ssrmeor. eraflayn, @
o Lemelley  odrer  DNA-aflstr  gjsme) GUITEMTS
& CrmCurGemibs aflsir 6T 60T 610f1 & 61 & 61 1LIL) Qumssl
Camur@Hearpgl. 2 60 UTrssHa  YGrTCLITenL 6o ST,
anflsGLreirsmer g dusma 2 eeren. 2.1 swails) 2 srar GEmlasT
sItgam urediCre, stgan Lmel@rs, srarCLT Hiw,saflGws,
sr&Cenum By SeaflGusv, muGasen JyHliusmea ,g!b@i'n. @emsugaily
o Lesmales NAD, ATP, gmslenLed Gom srarsnsin A
S Swmand o srarer. 2 I s@Hellw srauriu@id Heral L aly el
o i p welsarar R sallGurCerbsafigin DNA
By selCusn Quréesr 2 sirerer. '

Q& Nfelsr Quryg 2L smueaf, Goofiflefsr s
Bemeowrer yCrrCuAer Hensuuledr WwemmEs TG leGorGLish
Hensoulley Corermidmsl. EnHmauiled um Al By serSlGuireont
WerGarme. 2 L vsmser @UUGSlle Bmhs CoTsmm qsTol
Caripg HiysallGuresy o @maurSing.

SCrmrCurCemossr

Qeoelsir © o Lamelled @Q@m&EGL @mypsat  GumeTm
Smulilhgs @CrrCuilyear asmawemly srerm Guwi.
@& s L@ Lt sar Gurg) () 611621 60 6V LLIGMLOLIL i (15 I &)
GCrmGunGambsans wrf Gsafllunrss Gefiym. @meal, wryY
ustTyemend Qameime mEH@LD ofsrsameritunyl, Sereafl&Fmawrs
@i liumLwh HpsmoLumea. GCrreurGemosst wryaulf
ustoTLSarS Gniidé Qahasen, Caupur@hies, Siai Wiy wrmHm,
Spnfenorssn g éu WsHu Glewsseafled uRGsHEsTmeT.

wrifwedle @ CrréurGsrd Casriur@

188810 gpewr(® euMEGLIWIET eTeTUGIT  (PSET  (PS60le
2 I & (maflsysr I|LTSSNT S 2 _girerm DY s EH S S
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&CrmGLrGamaser sTarm) QuuufiLiuc L. & Lesr (1900) eTeoruisur

Qe Curs) @emmGurCamaamsit ANQISHELD, LOTL] LisTTLjgeT

SLSSILGMSHEI QST 2 6rargnes g, Glseir dsrerGy

wnfwedlsir @GrreurGemd Cam’ LTH 2 (IS, J|S60TLy,

1 seuloL ghng meber’ un Yop LUGLUMLES
Corarmidh e o ullfufiar 2L HllehssT wWrey
@ sl ngwinrearsal Gme eGr wrhiflurer (Homolo-
gous) @@ &CrmGurGsmd Asn@lysmer GUDHH®GSESLD.
PaunNsEe 585 GCrmeurGemd @aeur (Homologous
Chromosome pairs) ereirg) GlLuwii.

2. GCrreurCsmisst ghissdt muwiller geflsseramwmw
2 u9f @miugisusmr @niudlame.

3. gaQarg &CrmGurGsruud s sdler &iyeflssmer
QD5 @1Lb.

4, Qs uglisr Curg GCmGLrGemassT @ukiGdlsTm smm
Sl ssiraeT @@GUUSNE THSSISST LTS JHSITDS.

Qeroz s 2 uiiflfldtr GCrréurGemssr

- @6@CrmCurGerbs@mse Husaflwmi® earm Gluwgd
2 sur(h. @lsmeu @& Gaet DNA- ulleormsy gy60r 6ul L 6uig6y
Sy gyEh. Qanmn GREs Yrsh srariu@adhame.
" gpermed emuwliuGSe RNA 2 arergl. urseflufmsafls DNA
epsu&Engin LermeuLlB\S6T 6TETN CLPSHEMID 2 6TET .

e La@g o wtlflflér @GrrGurGsmibssr

fo L &@m Gehasafle sramiu@lh &CrrGurGsmibasr
starsnflGEme qsarampail. gHasurs @@msGH. 2 L &maile
GCrmGur’ipsr AMMILTS 2 6TaTgl. @lenal LM IS @EHLD,
gera|sEph  Oerame  Ggaflurar GGrmCurGCembsams
Glesugiiar Curg wryHlearmer. pHmmigw, G’ enL Loigil
Glgssafler HmaurmsEnseanu GCrmeurGambasT @ GOILIL
stentemflSmaulley srariu@Harper. @ GQodhdld CQurss
GerreurGemd UsTGHeEnseE dartgrmawn (g5t b
sterml Gluwr. 2.1 mGlenadr @ farGgrmauhismear o|sTagl
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@m @CrmréurCemd Qsr@damersd G e eir @ siers).orerE o
jmeu @\ emLLoigwiS Seirenid ol&meioLsma.

@G dAnharsdHer, sar 2 mifler 2 ullflsEno
@ariQumss OQevsafld (Call Geaflo) @Cr @ er
Qarm&swn srar sramluBEng. aarGa @lma DM
LO1p 11 & & 60T 6W LD Gl & T 6uoT L 6M 6. R6r &CrmGurGam
sramTenflSemseniy  GaramymeHarmear. wup OsTEd
GCrrGurGarusEnd arauiul Lrd 9)& W l6arTilly 6T6rm
ImussiL@Engl. epery QsrEgdast GErmGurGerasdr
@EmbsTH IEfme bwigund T ojmpsslub SHns-
afongasala Gophs canamfsmse GErTGurGembser
SjevaThisv eearaih 2 memerl Lupeilgd, 9iHle ere) wbus
w,arev  GarLerdlev  eTeTm G  STavTUUGS DS
graurmsafled apriGor Guiusv HAndlarsdHe GombsS
sramremflGemasuilan (2n=4), @ Ao @SUGCLTHarTGCss
AndarsHeo e e aamamilsmsulgnn (2n=>100),
&CrrCLunCambaer smemTliLb&learmenT.

2|66y

&CrTGLrGamoser 0.2 (g 50 2m susmr BarsSlain 0.2 (e
20 Mm susor ol SHlaid Coumi’ B smemTiILGSIMenT.

o (I QuemLoLiL]

@GrrGurGamseaflar angeain, Gea mamigd, uGly gy déhu
fmavaafler Gurps GamiGidarmer. Gl&au@lumL LT
@msEw Qurys @mysstresan, mwwblam (Metaphase),
iififflemeu (Anaphase) Gumettp GGy Hemausaflsr GuTg
& Flaugailgd & T 6uar Li L1 (B &1 60T m 60T . &CrrCurGsam
Qear Crrblwe ereirp Qsefleursr v@Saow GupmisTers.
Qear_Grmilwr, @OrrGurésmamin @@ U@@ammasfj
Wf&Sarpg. @eellp uveHaedn umﬁgrrmasm
osoypsaiub S srmer. Qger Grmublwii i il G, i
Qurm s GOrmGurGama |
um&ULOS SISl me:




eCor@Qear flé

G&FSalge &CrrGur@emhs efler m16ofl 0L Hlufled
Qesr_Grmilweny GameurL flsme.
I&5CrrQsarfs

@ousepn  GédapauuomLumeal. QearC Grmhuf
&CrmCurCamblsr e wemerald pefluldmhs ehy 2 rgerafl
|OLHGI6TET S
UGl LT QasrlMé

@mear ‘J’ goog ‘L’ aga GGrrGurGembser. @&

Qeer’ Copmiflug sFmSsry BFOLUGSHEL oS s G,
sTETTEID Elretor(® eSS EHL FWHHS STeTLLGL.

QuiLr Qearlfs

@men V' augen GErmGurGernser, Gl&sr Gombluf
GCrrGLrGamblsr soLowiLGSuTish HjmLbgIETargi, @) o (EnLD
FLOLOIT 60T 66,

il Qzearif&

@aisuemes GCrrGurGerbseafldr @ O&sar . Crmblwitssr
SmenorLILIEILD.
ur el G esr. f&

Qaear_Crrilwr @CruiilLsdled Qaallaurs Iewwimosd
ureisuns gewidmisTe uredblesin Mg ety G,

<
¥ ;
‘ .

IJL‘li]—18'. GOrmCurCembaaflsr 6l oer
: 60



9} .eGoomQlesir e 3p) 9&Crrogam s
@) et LrGgsmn s ) QuiLr Qeen’ s
gar-Glgstr Gmbluim

GCrrGurCGerbasaflsr alms &6

e " smphomn OFasafld GCrmCunGerbasdr Q@
U@L, Jeme 2 LNGCrmCurGambasr (Autosome), U6
&CrrGurGembasr (Allosomes or Sex Chromosomes) &y, @Lb.
@eaupmist 2. L.HGCrmBurGernasdr aamamil&mauilsd U6
&CrrCurGerbsmer oL g SSLTaTemel. @lenaIS6T LIT6
fiierusde ub@ Gamaraudldmen. ura@GermGurGsmisser
gismenr &CrrGurGambsst, aGunGambssr, GanlipGyr
@CrrCunrGembaser erer wvameuTy oML SLILIH 6T menT.
urGGrrCurGerbsdar Qurgisurs X, Y gélw @rsmrQ
UG SHETITS B WLOHSI6IT 61T 60T

9| m Loy

GCrrCurCGerusea,GCrmCumeflwmem e uibd,
Qaetr_ Grmblwisememijh Glasmeor@semsor. &GrmGiorGermibs aflsor
gy Ged ugllsr muwuflon gong WflHomo Hes
Clgeafleursi yolu®h &armgi.

G CrrGumraflr

GermCurCerwsst smeanL Elmysamams GlamerL gi.
@ouphhe SermGurailor serg Quwr. @& @rar® 9j0ag)
HI6TE g IS5NE CupulL @mysmens OsmerL gl.
&CrrGurafloreiled o drer @mypsar @arCorGLmsrg @@
susmssefie anMistesrar® srauriubSHarmar. game,

1. INfleweé amstsear (Paranemic coils)

&CrrCurafiorelsr @@ @oysd aallgrs NNse6 Snlgill
Heneouiled smeriiviHoug)-

2. Hiffewe @levsor Hapsraer (Plectonemic coils)
&GrrGLrsfiorellsir @)@ @emipsser earCorClLmesTm oo
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fNssuypwurg Hamouils srariuGiagl.

Qurgiurss  @GrrGumeafomallsr @Y&HET &HETRIG
Supilsir Berdmat QUImISS SFLSETDS

uL1b-19. QuiLr Qesarifs @GrrGurGsmin

i Um jsmioLi
ii. 2 1)p ojemwoliy

1 Qasn Gymiu

2. @EneorLmb [Hlsme @B (Constaction)

3. @ &CmGureafiorsssr

4. @m allg GermeunrGsmd amsTseT
iii. Wiflflsmsud &@;ﬁrmir

iv. ifliflswso @leVsum &(meTSH6T
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& CrmGumiflwif &eir

Qe uELfsr Gurg) @CrmGurafior Bleny wmg Lrdh oL
oLisH ofsurer, oLisd @y uGHsms
Qaramy GéG0H. @Ho HLisHiugd wmlaul CureTp
Smuliy 2.mLWsTe BeéG0 BsHE GermGumblui 6T 6T ()
Quuit. G @GITeLmAuisenée S Gw 2 sram Qusbsdiu uGH
@CrmGumfui @GS sraniu@id. '

@&eor . Grmudur

Qasre. Crmiflwi ersirug &CrrGunGarbaaflsr @GR
uG@SHunGis. Qurgiaurs &GrrGurGambssfia @k Qe Grmiblit
L. GG sramlu@damgl. @ QFsn Crmiur @wm;EsTo SiHS
&CrmCurGsmd CurCarmr@asirn’ fé sarmid, Gran@ BEHSTD
oLQaart s, uan Boisre urdGasarifls searmid
Smy&SILEHaTng. @aQurE GermeurCemilgid Gigeaflamer
@@ sulLiystafl Gursrp uGH Sy er Bor ojFSer @il
sraiu@ats QesarCrmbwi gmag maarL&Cari ey
Smyssiu@dpg. Qaar Crmiwt oymubgister QL Sms0
Qurmisal GGrreurGemiadr 4 amasmrs NA&sOLL HereTear.

Qe Crmfwfer vLewh &6

1. Q&sbu@ﬂlﬂs&r Gurg) &HTGETARIg R BlMYSmar 2 1o,
&CrmGurésmassflar QLCLWIEASES 2 SaFng.

2. T GUYNST 2 GaTSSSHDGS CHMaIITET Ly ShismeT
2 (60U &GS DGl
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sfer@ue  ereriig 2 ulflarhisefle  Sramiu@ Serm
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usreny  TOSSISQASTHTLID IGH6T  ElemswronHmiS
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Sjsownafl_tb weort weult v
. saufluflsor Flmid useng X ADEHSET
. seflufledr RIgaLD - G5\ S JLITEN By Sanisen
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5. eflmsullsiramgatd - anlLwrer eflmg x  igliymseir
: Qe aileng
6. eflns o som Hmin STLDLIE x Qeusirsmer
7. eflsHmeouflsir Bt ngseer x useme

adflemL( uvebrysefldd @hig usryb, @ORIG wUEITLD
AmsEn, Pupop ympbu ehie srraiseEd, @GRS
smysflsEsn o Qeiugrss s pdpm Guarelie .
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uetory QeuefliuL. Gwanrrafaen @G srymfilsarrs
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S Sas5me GHNAE Gureps; sfsr saenswid (Genotype) STEOTMILD
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6TEOTMILD g,qsmwuutr

SMuGsTmLD GEmmaim g,n'mlrm srmugg, TS G umn.ﬂm
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snremismerd GQareamy.mbsT®d & SHoULGSTm (s eoT..
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S 2 GaITSEL Cuhe. diu Bran® amed SeuhisameTiLih
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T = guoauosurear Gsll Gsir o maurse
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Tt = @maums Csll Hiser o (mauréasn

QusirQLeflsir gy iellsr Qaipfées srramd Ll Lramis
Gepul ue orgswurar uamusa GGHSCS I ELD.
Paunopsselly oeaufldar giia) Wapyd @@ STrSLTS
SImb5gl Qe Herg Gergmersaflsr GQUTWE R WD, R(H
@imemr srHiflemL O ustory&smer WL BGW THSSISCsTaTG Iy
Qeiigni. searg weaismer, yerafluSud jglumLulle
Qe L. @germevgmssr urroufiusHear Qusspamn ubd
86 Sissurar eaihE J@UTs r Ybss
eOuUery souys Gergener

QUEUETY SoUy eTeTugl, 6@ usmdlsr @@ LTHmS
Corpprismers salssalurst Quip @@ STarmkssT
sedlafliypid seall gy @b, @ECeTEMmaTSN R STUTSSHNEGL
uusITLS6T @GESTOIN @ GO e usmamu wl GGwW
SpUumLwnrs qOSES ararariu@dpgl. GG e 6 pLIsTL|
SIS Camgameruiled ul L renflF Qapuilssr 2 wimb eT6inm LsTTenLI
LLBCL aOSHS QarawLri. YWsdle CplaoL s
STUIGISMET LN SoauansE shemal gmLug GQeigl,
aullaurm smapmpuilgnh Qe vy Qasfliu@Hnsr
TETUMS S ST, @G6r ey ST QELmL usTaL
Garabr_ gnugsrenw QaTeiTL Sraurth staruamg 2 gif Qe
RCs0uned GLaLS sgrarsdann spemal smLws Qs
STuS STew 2_6TaTGT sTaTumg SamLMbsri. Nerert G
sraurmsmatyl SaNssallCu umisg, &L oL &bapuier
wésaflsr warhshismea QAplaL & Qg uflsr gsﬁlm VS
Yy&E©G IJud wsrps Cersms Qsmg, J|b  LO6VTT SHEMET
Wymausgri. Hdrari Baphdar oogsmar GCssfsg
Yoass5i0ailg, Fl sigdullstr sTamBisH Imarsgi
G wre @miuamgs ser_mt. @dHd QubComissr ustoris
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@nenge g Ly WG G1 shgHuiln Casfliuce gl Glmsg
@G Letory stairmild; GeuafliuLmg UsimenL QOHWEIE LiewTL| sTeTmiD
Qustr@Le) @Gt Lii. @ded QL emL LIS @i LISTOTLIT(GL,
GLoLusmmy Of@ uarur@h. F1 ehsdullear gjmersg
STeuThisEHD Soliflar QLML QDS TaTUmSS ST BHibSm.

QT @uewLmd  shsdule (F2) @amamsl
QuiGpmiaefisir ueinid Geusflin’ L er. Gl 75% @G LsuTenLI
Qaner. QL amed STafhisEbD 25% @ELIE LSTmLS
Qareaor. GLOL MIMESH STOIIESEHD @HLILMSS &6urLTi.
@& Unsestam uswilsr gjeluamLuiled sTuulL 556 3 : 1,
Qyermed gfeir &EES HHay 1: 2 1 1 gQaTETPTH @ WLHIEG
greuriiser gru QplaL WG GLOL AMSWTSa|D, @)
ULKIEG STeurmsst salflar QELsmL ImSUTSaD @)(H5bE6T.
@&FCargmaraw aafiuwampuian Spssamamry Gl s,

GuHGpmT
QELenL L"L_TenflF Glay Gl L 1L _menwflF G&ip
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seulnfeor G emL Tt (Shseuail Gl bigev) x Tt
F1 sh 58

Gaf @ast ¥ (T)(M) I(T)(t)
LetrCleoT SZId

(T )
(€Y TT tt

® Tt ‘ tt
Fogasshl: TT Tt Tt tt

Snu GYEL enL seuliilenr GIELswL. SMU &L snL
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Hsir solyd Corgmard SaULD

Sieir oLl eTETUG) (G LISWTL&MLUILE G&ngmmnﬂd: GQupp
Fl-saidlar Sreuygms QuipGpmit raurmisafis gsTmiL T seoai
QElInIGTGLD. @@ @ umasiu@id, Ty @hig QuhGomi
aoly - @Hh Fl sailarssrarsms @ QupGpri
graururer gy Qpl oL SSrarsgiLsr sl Q&g TGLb.
@s6ir anfsCanarme wrah giiG usmaU GUDY STaIbiGmTES
@@, up@priTy REREG CupCorT War sy, B0 &1
&eUiLfleor gnsmrgsmg ROHG QupGprT  STalrLmeT
GL DL S ST eul & GiL 6T soai GElusT GLD. @) 5 6t
aufisGararposaisr  50% @@RE uswau Gubp
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sreirp UpSCHTHY usTys Ssa wHgpd 1 : 1 déir 665
SHUTSYD SmeriLbhEng.

QuaTQLd graurkisafsr grugsreuamy i CaTgameurs
sy Qedigmi. \gGeir eyl sTHSTauRISsT LMHHIL LstrSsneTea)
OpleL earumg Sy, Gghars F2-Qplord
sratismer @OkE QuHCHTT SraurSgi er s sy Gl
QuTE!, TMhS &2 Sreurtd Wsr sl GEsmL LHPID GLevL L)
ustaryseneT 1: 1 sTeirp Saeailed 2 6 _TEGHENCST JYSSTOUTSE0S
salflar QELsnL craromd. @sNe eOhE Glumﬂmmr Wedr amuu
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Tt : #1550 TT
soliler G smt Sy GisL ent
(T)l(t 1')
T ~ Tt
100% G 6oL
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Tt T x tt
el fleor G emL_ S (GL-60L
(M) (i)
(50% G smL) Tt (50%:»@L..6ml._) tt

1:1

@musy SeUUEF Garsener

Bw srartisafsar @@ CaumulL usmysaflsT wIHmS
Carpprigsmer Smaflwy@d sl @@ usTySMULE Gomgmer
G, @gammsd @@ Bleneu umysH QGT HHETSSL WY
anfl smLasTs QuanGLd sarLfbsnt. B&CansmearsEi
Quar@Léd ulLmenfll Qegomw ollms agald, wWLHDILD
aflgHeneuulflesr Bmd eTeirm WIPULL  WIYD  UeRTLY ST
CangmarsE TOHS QarawLni. o e wrear afllamgud
wesFsT B allGSlmawyd CQsTam. STaTSSIL s & jhdiu
g, uFme Bp Ns5Hma CerarL sraursmsg el
Qewigni. @Ho o meamamL g, wepsst flp alldamel
USIOTLLD IBIG LSTysTTSaD, s@mmdu allmgun, usme fip
allgHeme usTyd, @ERISIL usTUSMTS @SSaTneaT. BSMHE
SyewTd, (PS50 Smuampuie o meansmL afloswb, wesssr Hn
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WBN HMEOWPEDD STEUTTEISHET SH&Hevel] Qelnyd Glurs) 2-yeumeT,
@reLmd  soewmpuiier  srarhiseafisr aflem sufl 6
QuiCpriseaflsr LsiTLL 6T LB U Cailbg LG aflsn & & 6T
Ggmetrrfleor. ([@)g60T aflsmeray, @)TedorLm gmm@mmhﬂsb 2 _(Th6LT60T
556 aflsnsseafln, 315 almsssT 2 (HaTeLILITETSTSMLD, LE5EaT
Ay esHomsmeryd CQupficisar, 108  almgsedr
2 mETML_WLTaTSTSaLD, LFme Bin aflSHmausmenyh Guby 9 :
3:3:1ereitm 500 ooudpg. S0 9 556 STITHISST
@ratr() QEIE LGITLSMETLL, 6 S556] STOITEISHT GMUbESS] @05
@i uaToUWD, 1 S556] STEITEESET @) svor () @@E’ﬂ@
usTyseerutd QubmisTerer. @&CsTgmean epeld Gl GlL 6
ySw uery Garshemsaser o (purame Gl Bbsrt. @s5neE
snrswrd @mueniherers srreaflssr emiiard egitidl, 4
aflgurear Call Qoer o @gaurd yHu aligwrsar C&rsmaser
2_(Ih6uT &lsiTm6ur.

- QuiGm :
2 (merenL afleng S aflens
5T By eflsHemen usns Bip allSHme
RR YY X o
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(RY) § v

RrYy :
Fi: o meiwenL eflens g5 Hin aflSSlenm (Shomoad Claiigen

Caufl’ Gssir 5
- ¢(RY) (Ry) () (1) E (RY) (Ry) (rY) (ry)
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RY Ry rY ry

' gL i . = -2_({h6UoT6mL m@m =9
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: s 4 ® ® E@lﬁ.ﬁhl m@m =3
Ry RRYy | RRyy | RrYy | Rryy (-)smEstiu uFeme =1
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® R
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QuarQLed sarg ufCsrsmearsafiar ojpiuamLuild Ao
alldlasmear o maursdarmi. Qapding s sdsr ailHssr
starg Quui. QueanQLsllsr 3 alifiadr @@ uLMITYS SALLS
Cangameruiisir ojpliumLufldd 2 GHaImaTamal.

() gl uamy alifl (Law of Unit Characters)

. @alame e WA UL UaTySefeT &l LTH 2ETgl.
uesTaer sryanilast epeid s EILESSILE ST, @G
- ueord Qeusfliu. @@ snyaflsdr CameaniL@EsTmer. ‘
(ii) QM@ umru ailfl (Law of Dominance)

@n gru sgrarbss @ uarys seonfd assosﬁllqmjm
Quregal, @srfisr uary WEECL WHH saYs shoulld
Camergud. Qs Qausfiiu@d vamipG hIG LaTy smrml
Guwirr.

(iii) gcnﬂégl_ﬁ Hfgo alf gl Call Gaafldr saiupp
gemeow afif) (Law of Separation or Law of Purity of Gametes)

8@ uairdsr @@ wrpps Corpprisma Gup @G M
- graurhisar soaflugid Gurgl gapdsr CaguL sryailss
Yo sooympuis o @Geumer cm)iujlsuré@ﬁ)@é -
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Qaraw@auriu@Slsrpsr. @ama @drprs sakhgialGaSlamey.
e @ssalllargsramd Call Bismer 2 mursGln Curg
@ﬁasmrawﬂam safisg0 Nfdsarper. aarGa, soiflarors
@mhdraun Call P saULDDSTOUILITS B 1.

QuerGLeSlssr @5 uery  selYF Gqﬁgmmtﬁlsﬁr,
SiiptiusmLifle gL Qm affsar :

1. eriferf gsiesd alf (Law of- Independent_
assortment) : :

@@ Caupuii uw'urummﬂs&r WwrHYS Ggwﬁ)mﬁmmmg
geflGsafiGu Qubm @@ gmu Braurkisssr sualiymidgid Curg)
o UG YWSH Smayamn sraursddar Calbl Baid o
usrserer @@ smarfisdar sals5s NNsd Haiay wHGDTH
ummilsr @@ srrefisst gelsgn WAsd Hspme
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o1 2 uilfler SHsir umSCHTHML Djs0r 6t gy SssSleTe
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o meurdlsirmenr. sTarCaugmet @ @arsSle unGaim l.nrr,rbgjﬂ'
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Qeauefll_ L. @5HS RG L R ustoryéh Gam_ur@® (One gene
one trait hypothesis) srsirm) QL. GLogiid @S558 IjmeTSHE)

2 WAmRISER&EH QuTgnITarsTs @lhme sTTLIZ) Liey Lomfwed

spiejser QzfallsSsrmear. sTQaraTmmed @ o suiiGatln L
sfsiraer gulLnad Gaibg @Gr ummismer 2_ (56U & (& 6ot meur
srermih Ao Cpriusafie @@ efdr GaugiuiL U LSS men
o maurs@Aarmer. Quear@Lsisdr Wererme CunGsmsramiurl.
Aw oyiieflar epoid Qsfluabss!. searbo shsirssm L0 GCHTHD
sflenersysear gnu@Edrper. faras gaGlamsrpin Seafldseaf
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Setmenr. oigsmeTayLd, mBWIllEh @reir@ E)\emeuoriiLEETITILD,
mel CLrdlar  GeuTmsTEL 6T  epeTE  smemL e
@ enemuriiLsermeiin @ensvorSHSUILIL (HiTeTenr.

DNA eipouden b eeuQaurys g. o &adifiGure &ifsHaemruiisor
epsirmmeug (3°) SITU6T SiEmIGL 6T Q6 cbumausbEUL sTevL
@ameamindear o gaflyLar lipds Gerdardlng. ISsTaIgG RO
@puilsr @ War 5 mamursal IS6r aHi Glempuilsr
ymear 3° Waerursen srawlu@&larpear. Qhs @
@myseEph @@ wru sFfoars anfls SaHE &
smamILGSsrmer. gSTalg amehgl GFRaib @ UgssL GBI
Gume speuQeurgy @eoyud SowigeTeTgl. eaiblaurm Gemipullsr
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FNESHMT LG5 QL 6T @l6nL Lol L L0TE @)meuuTbSI6Ter smibL e sir
SmyhiGeT sremfluiledr Lip &L H\&6m Gured smemriuBlsormeur.

 Eidsamy SoLmsuGLL
Y GSYIDL

> oMl resir lsmemmii

uL-h 28. @iyemr (B @@éé\mmmﬁr"ﬁmwmu DNA

B umsdl Ruy&EaflGursnL B Gl &L iflsar
B, saflCurant Gsaflaid enmLregsir aamrrmasm srﬁall:rrras (@) 5o v
Geiigl oG GANILL Mpsd JmubSNmg. SysTaIg
Wy flsor spsormuin 1Slflbhg6or GRevTMILD Smstr Glemevor G (HLD. Djlg 60 60T 6HT
m&ufleniLeith @sursnsnresr snel.GLr&lay-sr GG &)emer
Cemin. @il Hlu,safllCurm GHis@Epn Gualks mant resr
@ameanriurs @emerSaULBSsTmer. eTaTGol Hmer DN A -aflsor
@@ Qoysesh alldd Aflyh searswouamLiusr.

Guogpin 1Nuyflstr, 1Niflfligesr FGaflGursn Hiseflsr gaEay 1: 1
ST M DEMUGSISTOTS. OiipenaTel BT HEa (56T emeursir
mELGLrdler samea ol gfswrs 2w srarkissfan
alviigaailgiy sramiu@Gdarng. @Os50G LTPTS
gl gmuiifisafle  ojgemersr smglonsr L (@ eumen s e
el CLrdlsr H&6| o|fle erelld 2 sreng.

|
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DNA eypadsnm amoflsor el ih 20A° gy @ih. 9G550H\58
asramruuBl @@ UTe STBsEhEE @l Guiyster gy 3.4A°
G0, aGards Gsrfluraid 10 ermhisenéEl NING o
H@wtiud Yedagl. os5rug DNA eposenfr, @)rerh
EmYSEHL MG MmS TN M Fmes &DMs
sraovuu@Snsgl. egabaurg SHoousdnHa Gu Gufiw
aufliuererid oD S euflusterid GumstTy gjswLoliL& 6T
sramriu@Sng. sarbar  @abourg HolusHnEL
@en_Guuysirer Grmd 3.4A° g @l
QErdsaflar GFwsur@

@G QunGpri DNA @aypulled gsrag @6
urslfly,salCuramL @ Ggrefluflsr @i uilsh, sTOug)
SoumieGursmL.  stavi  Uemeoridley, gGeomply Ky
s CLmBlsaflwey  uweaTu@Epg. @sarme  umed
B, & eflGursnL @ Qs fluflé @ b Gsmerpl @)emipufle
leireored Genhgl eHn TG gmuks HusallGCuram G-
SEHSHMLCW 2 6Tar snapLremer Ulamsmrli gismriessiuGEns.

Enhlsnsfs @l GrifGass asrm CErd ngj)(‘bmm'rﬁ;DNA
paussflar @@ Bomypsmearyd uTTiurss Qersmr@® Yy
Py saflGuren, @ rGsmrrburssmer 5°-3° Samaullsd Glensmrbgi
ydlsrs @raw® Gamysmear GOUGSSISEMG. Nerert st
Hewaullsd 2 siter QS Benpulleir sTHCT WeterGid 5°-3° Hengufled
By, &aCurm Gamer Qmamsgs i B sSafGuraL @
ST LGSO 2 HOTSHGIDG. Q6T Blame GGmLii&elimeor
Goysmrs 2 maursrns Lo By sellCura B gietr b e s
wrgidlearmer. RNA u@dl urisgitl L Cu@iudlear alleameraims
gl hHi&eT 2 (maurdlsmpar. @aupfing RNA gfll&aaug &6 stsorg -
Quuri. ecaor gear@eseEsnd s Wary @55 RNA
ofiFaaysmar gaphal’ @ @il HuysalCuraL @
wrGarmorssmst @S85 Qsrii Bu,safiGuramL G Sapasamsr
2_meurss MlGasen srn GETS 2 SaHngi.

107



DNA wlleir eusmassit (Types of DNA)

I. DNA aurerg QausiGam asmasafls aumsiu@SsiuGEing,
DNA @emysmear GurnisSs mea @ramrs NfssiuGEng.
Smal oy Gemyp DNA (Single standard DNA), @lrsnL @lenip
DNA (Double standard DNA)

1. @rieL @eiyp DNA

@riemL @y S@mst  gemwleu  Glsmetr (HisTeer.
soaursussmer Gelly erevsur 2 iflermisaflais DNA @l soL @lemip
S(meT Qjemwinile sreamriubhSingl.

2. @pmp @y DNA

. Gamensn (E.coli) sné@umeaudeafled Fleo smsurens eflsh
(¢x174) epsm @y DNA ararg srarlu@GSmg.
B saflGuraL B sramamfll&mam GUTrNSS Sjeneal epsirm
sumssmTsl Nfsslu® SHermsor. gmmmnmm 1. A-DNA, 2.
B-DNA, 3) Z- DNA.

3. A- DNA

Bs @ @IT L SmeT DNA ILG1D. @aimler 11 rFemIG6T
(Residues) &y wemerullsh smemriu@Slsrmer. @lsmal Q@
pitugl em& a(per (right handed helix) B-DNA aflsllpia
OO TNETTENG QINSSLmLbHE 2. (5T SlieTmeor.
4. B-DNA

@5 @ aurlgsar wpgh Sifls @rimL &@HsT almeTLID
G @eamnMe 10 aFemsst (Residues) @@ aumsTilgHled
- srewriu@LD. Gemet @@ mea@merssT (Single Handed Helix)
2pS10-
5. Z- DNA

Eoupdles 12  erFsrimear  (Residues) 6@ &gefle
srevoTLIU(HlhleaTmsoT.

DNA uilsir engaugens QuUTGSES Qeumsom eysrm
aumssarrsl flésomd. eulLeagas DNA (circular DNA),
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Qpépeurer DNA (Relaxed DNA), GusrmuwmLips
S&smeTeaiges DNA (Supercoiled DNA) 2

alLangal DNA

i’ L sulgey DNA aumssrg) eusmemy gjsowlifldh srenmiu@ang.
@emeu urStefMukiser, maravser, muwl CL e fliukser,
usmsaflamiss Cursrpaipile srariubEng. @ma @hmm
@y DNA aunsbanr goag @riamL Gloy Imwliislamer
Qsmair. DNA aursGaur @)(m&aseumi.

gusmm @y DNA surarg eulLsuiges DNA eflsh smemriiuib.
Guogyith @lemeu Hev, dpx174 Gumetry, smaursvsafls sramiLBGEDG.
@riomL @my L. DNA fo urseflubissr, ey,
oul CLrararl fllukisdr, uasksmilsmisear Gumesrmeaume
srewrLLB&lstrmer.

Gp&psureer DNA (Relaxed DNA)

UL sugey DNA ethgells eaenerin  gennliifler ol
sreoriul LT HeunfinEg Qnpdpamear DNA (Relaxed DNA)
sreoTm) Quwit gjfla iFs@msT augey DNA (Supercolied DNA)
SETSHGTCTOW 9|6 BFAD AIMMES] UMETHEG S(H6T allga
Sjsmuliflener 2 sr@ueamSngl. @ans erdliwamm WS ImeTTSN
(negative super coiling) wmmid Criweny WEGmeTTSHed (positive
super coiling) gLfw @raw@® csnsml 2 6vor (BT en) el siTmenT.
Baupfldr sypHullmar GLrGurgGamoGrsv (Topoisomerases)
WHEYILD o0 &G Irenser (gyrases) 6T6IT () QEr e er
&L BUB\SZ)H)sirmeor.

1. fusafllCuren @ Ssmuailmer GurmisSgs DNAareag)
@ran@® umassrrel UN&SsILUESHDG. SjmeuursusT weoriisr
5% DNA (Palindromic DNA) uppih GmmGsrst DNA
(Repetitive DNA or Satellite DNA).

1. werfdr 55 DNA
@semer Malayalam ererm Garsdmel LusTUBSS

flerdseond. @Es Gerdmeol HarGarrss Uy SSTQID
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Malayalam ereirp GereGo eau@mh. @g GursrGp Ghig
By &dafiGurmL @ aufims psirGarmé Sy 1NsirGerm s dlwyi
fCrurdiN amdlimud Qsram@erarg). Glmea ClFmwa 1 &mhElme
nmid e 1 smllma 2 uiiflsst @retore G SraTTiLESMS.
@ape 3-10 PusaCuraL® YWsod BN WsSH i
A ésaCurm.@adr ey  srawiu@Gdsarpear. @lsmeu
werGarrsd), NarGarrsdt g dlu @emr® suflsaflanG, @
WSS g Qerpemer aurdl&Sing. Qsrhe L&t
2 flsmerall. = e s@Elae Q& &afls 9|
sramanfliGanswemLiw  (perfler 958 Hu,seGuramL G &er
smeurliu@ lsarmeor.

X 1 I B

T n e

|
A
T

I

| I
T C
| A G
3’ I l St 5’

uLd =29 ureller.Grmils DNA

il DNA (or) @miiGsrsr DNA (Repetitive DNA or Satelite
DNA) J

2@ fo GHIILL ueH DNA ararg QsrLibg JjHag
Bair@Gih srewrliusughE Wil DNA (Repetitive DNA) or
GuiCasmst DNA (Satellite DNA) ersiry) @uui. Qgmii DNA-
ofled Ao @GN L efsirssr Qamfhg LMD SmeoorLL (L.

steosur e L s@Hme 2 uiiflsaflgnn, Lemesmns saily
srvraupfann Qsrei DNA srawiu@&pg. @ae
Qaraz L asmhomn 2 ullflsafle sraiu@eaighsms.

sfGeurmusiy Gevmflsy (Xenopus lavis) & 18s TRNA 28s TRNA
LA @raor@in QzrLihg 450 yem srariubdng. Glme
QsrLihg, evBueui eretusman  eped  WAGsIULGS
smaLUUGEDngl.
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18s IRNA Spacer  28s rRNA |
ofett off 68T
uLh ~ 30 aur_gsar~-&lifls DNA BrlmLg &a@er
surL_ger Lommith Sifl& srerusuTast DNAWfsr X-sdit aflafliby
lemere] YMSIULSMS JYTTLHSG ISG6T QTLMLE &Hamer
wpiugsrer Siuliimer eflarsdlarn. gauiser g mmiiuy DNA

1 @@ uisTar S e (Helix) gimilmusd: Glameto
uredBlu,seflCumsm_ L. Qgmflurgib.

2. dme swmst @@ uredl BusafGuram . G mflassr
QaramL @rlmLE ST g lgularse (Duplex)
25 BHESaTDE.

3. DNA S as@maflar aflliib 20A° garemLLsSTS
Bm&EleTns.

4. e &HmeT sar BarsHe @aGarg 3.4A° Ffer
@ Geuafluflgnd s W SHULD mLSaTmgl. G\gemTs
@ R saflCumamL @ GlsnL_Glsuefl 3.4A° o & @\H&HlTME.

5. eauGaurm HnplusHne @ ulann 10.4 flusafllGuramL G
(@) emevoT &6 @) S SHeoTMET.

6. ufsr @rimL ausmsmugder afl Lo, Nflfligsr eHmm
sumeriSHer L Somaal. g fswrs BmbsSTaID,
ithan Hme amaflar el @Gy Fyres 20A° wrs
@ medarmgl. erereflsd Niflfligssr apgupd, uyflsr ojpujn
wrdl Tl |snLfhSIsTeTS.

7. @l HmE amerssr Haoawurs @GHUSHE anL a6t
@mewiyasst  Aupfler, Dflfigedr oy sERSSmLGw
arsriLBSleTmg).

8. @6AnG smaflsr Qaafl wosb@safld uraeurils
Iflold, FTGHMT ePaSHaQID RETMDUOSS RETHTS
omungsrerer. @meausGm DNA ullsr p&Qsaiby
(Backbone) sreorés & psULIBE\ermenr.
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10.

R smefldr 3° woaryd OGS G@meaflar 5° paeryh
one5mHCs gmunry shddlaer aHbrdi S gufléo
Elememriurs o) sowfh ;s Earmear. I Smaugl et 6Tt
CouFhu gimeusnioniled o)ewiohlneSsirmen. _
@rioLé amarsaflsr, @@ ameflar dAyyflear gjpwi,
whQmr@ a@meflsr Nffligsr W GmsrssiiuL GsTerer,

elQurygid i, gjpmearGarr@id e CLmsmea s

GaurmearGur@ w' G6w @ameauyd. sarGa DNA ulls
HI6TE sUMS sOELTR6T Yjpssr W (L srewrlLbssTme,
@emeu A-T, T-A, C-G, G-C @QEEnemE eemssEni,
steusuflensuligid, sT&HSGemenr (PmMULD STemrLiLi_6UITLD.

P
5 0 ‘o
¥4 = Quifiu susnerey
e
T__ <+ Al cucmeTey
! T
e BaR SO\
5 3L yegsin
o
1
ausmeTsaflstt HmmeTa] = 20A

ULt 31. @raw@® wmsSaerssr Geramr,. DNA
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AGur Ausefls gl (RNA)

RNA gooop @aoyuilorar urd By saiCuraL @
Qarflullsir Sememupp Guflu epmdsnmy oy EL.

UL.(. 32 RNA ¢yo&H&n.m OjsmiodL

sroeur 2 ulflsaflgun DNA  urpuflu  Qur@strs
sraviu@Hpg. oo @G o maurdsafio  DNA
arawiu@eaudhme. @luplulL meaurdusaid RNA wryd
Qur@emrs @woHHngl. Jue6n RNA-ujn, DNA-aD Glumgsimsr
Semulmud Qersr_mal. RNA-ufls ly.abaasrﬂrﬂ(‘&urrai&@u ugled
fAGurai, maiiamée wrpprs wWerdgin 2 erarg.
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(o]

I
A

H—N  ¢-—H

%
C\'\"/

HocH, g

Q)

A B

uLid. 33. A. MAGumev Caudlw gemuii], B. wGrHod GCaiFw
| om oLl

Qurgieures RNA gppemp Glsmuiuns @\mheSraud sraflsniowimer,
ouay eguurer, Guomer gmulmus Gerar . gre. RNA
ppSE flar fe LuGHsaflsd IGSHES BHEEG Iy 6mesr,
WGréled eLeudch MIGEHSE BlanL UL, GauTenaTar smeL GLITEler
WSS MSERHE @emLullgud el rmer 15 em ey
o amrndlerpar. RCr @y muliamu Gl&Ter e ST
Il marayitd, WCrHyid swwrar Yjaraile @inuuSlhame.

sfafly RNA (Genetic RNA)

yemsuilmag Goud mariv, G&HGhur Ggued malys
GumelTm SIeUT METEVES@EHLD, BI6THLEHGILILGTET  6m eIy 6o
CuredGuir smLoadigsy Cumsirm el meaursusaflgin DNA &@
uHeors RNA wrflud uarysmer Quealiu@ssdpsg. s
susmds RNA-&&61 dlov Crriiseaflo DNA-afléd o_srerg Gumed
yosHmysemns @darnd G Cui @amysarrs @)@k ELb.
maWrd Eainimes RNA &aer QIrliplly i@ wjb ueramu
Qama@aTemar. eI @&HSmaeW UmLa&T WHm RNA-ailéd
srauriu@aguma g mswrd Bhs RNA-&@ sfaflu RNA
6TETMENLS&SUILIR S DG
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feuflw gereowupm RNA (Non - genetic RﬁA)

DNA urpbufiut Qurgsemms GlméEin fa 2 uilflsaflss RNA-
sadr WL OeTMe ukiE adiugome. @56 o Willamsafld
DNA ol amemal slL.@ Urs Goisme poLGupih meGLr
HerreSSNG Qasamos RNA-smau soausg Ha Caimasamean
Qeiifingl. Gunms RNASSH @G Gy S|FDLLILEL WEDAL.
@1 MBLTs Fi &S, MELGL T s W Gréled Gumsiry LiflLblig 667
sryhismemLd QubmisTerg. Glsmau oL GUTGHETTES QEwsLLmosd
DNA-afléb 2 srer QeifHsmertl Urse Gsisdma mpsoL Gumid
PLsDEG TOSE arad wHpIh Urss Coisms RURSTS
peL Gugiend QU uniGu&sHearper. guerred DNA Gume
@rigliumLafome. @b ams RNA&sar dfaflug
gersouwpn RNA srerpenissUiu@slsrper.

RNA susn&Ser

epsiryl auensE RNASST sreriiu@Elsrpsr. Jjme STgleurt
RNA (mRNA), wrppith RNA (tRNA) whpib AGurGamb RNA
(rRNA).

1. gngisui RNA (mRNA)

Qur$s RNA gerailsh mRNA 3 aﬂ@é&&n@ o_6Temgl.
@édiuems RNA urssHéd odrer oufiGarm opfemisefler
aflmsmu Hramud Qeduyd wruSssaubsomas s0bs
Qesvdlstrmer. DNA epauden iistr TSI @@ @eyuilsh mRNA
o mamssILGSNg. gymaure srgal RNA &CrrCurGemd
DNA Gurrsirp gjsmintisnu Quimisitengl. smgiout RNA &6 GLObS
Qedaih LTYS sammsmer mel GLmilarTesSSlo G L
urslores QunACuuissiu@Hpg. @55 mRNA 6 i
SINE Qsiyn urssdear omaldCapu LrEuED. Gbs
Berdemal QUGS L(HLI6T JisoLSing). LLostflsr SjipriviemLuSlsd
@Gums mRNA &&6r o dratar. gisraugl. urdefutisefls
mRNA epn&sa g US LTSHBISMET snl L TS GG GQsliSns.
oG Goa Hs Borursan DS LI (T L0 60 6T 1L LD
Qamem_srEh. GsnE urddslrmeils mRNA sretrm Gt
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I1 wrpgid gyit.ever.e; (ELRNA)

STyl St arips RNA Qgurgh. @g derrad
@me auigaflsumesr gqmmuumt_u.ngrr@m tRNA-afleo 75601(5H51 5
AusaCuramL @adr  adarar.  Glwa Qurgieurs
el CLrilarresda sramiu@dedarpear. sreer tRNA-6r 5°
penaTusled (S eI eu)6uT 63T asrrlr@pu:, -3 @mmuﬂsu &L GLTen & 6iT—
& CLrmasr/ gjpmersr (C-C-A) orerm &Y aufloEami

sriGur g QareairHisTarg.

@mausir Urs 2. hudHuie YesHn UG eu el & hlsiTmenr.
I|STeUSI cm&L.GL,mﬁlmrr&g@su 2 _arer olGarm gjufleuriisamar
aRSs aupgs UrséE Gersdme BoLOUDD @ wrdslu
MGurGamb&afls WIY&F Q&S & Eh 6 G 6T
auflmaiu@ssiu@auts @sar (pssumar Galme 2},@EL0.

un A saiurmL G&er 2.6rem  Glemyp S| 6mL0L16m L)
Qe GhHSTRID Blama Seraf&Fmawrata YOISEHmYSTS
LrgidlsTmer. @germe 5 (paneryid, 3° wemarid IBSSHISS!
srenTLIL@\EsirmeT.

9"!

SpiiGemr Dile sgpeir

.
XK AR XD B

2R XK

XK X X M X

% antcodon

n
(LT L

uLid. 34. wEPEAD QYT .6T6T.67 PREF M Imwliy Hermeurt
@me weromSif
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uLSSle sreawriu®i tRNA Spaam. Gurg gjmulimud
Qareriy (5SS DGl

1 goy yoar gong HUiGarr guflom @ameuryn @i,
@heF GO L ofiGarr guflon GmemrSng.

9. w.T&.g sTerm  eumearwSHe yiCarm  guflwsms
srdGailés 2 gan ofiGarr ofle ARHCLs erp
Qprélemw Nemeamses 2 Gajh aImETLILITG 2 gl @g 8
s 12 @lmean Cenrg snhismers lameur@srerg.

3. A srd YHag aumearwd tRNA ma MeurGemepL s
Nemewrss 2 Sadngl. GIH® 7 Gemeor GaFm &My
o _GIT6IT6uT.

4. adi GarLmer oumerey, GOy aearulear aHITS
Simuhgiarerg. @Hd epsrm Gemewnr Gerrg ST sT
o erarar. @emeu eergud Coipg mRNA-aild o sirer
Gfubsuflmaamus s gl 2 Sa|Sngl.

flGurSemrin RNA

Qurés RNA-s 80% fAGurGamis RNA ay,@i. @5 turgieurs
AGurGsmflaun B, seCuradigih srariu@darps. &
Amarsst @oors of @oy Symulamusds Gl Gerersgi.
AGurGerile @& gfeurs srmruu@usTe @sN& rRNA
germ Quwi. @& owelF Qe gdsurgh Curg @D
@eopuneTs) SaTamarssTear Hapd (poSdmypurs wTmSnS.

Qaree L smRme NGurGarihsefle 16S, 23S wpyith 5S sTer
epsirm uems RNA Saar sramrau@dsrper. e L &@Hme
AGurGsmiseafld 18S, 28S, 58S upgud 55 tRNAser
srarliuQdlsrmer. @ gmarsgl Agrae L a@GHme tRNA
upmin AGurGsmissnear el GQuflusme.. |
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ofsor misvoremreniolil (Fine Structure of Gene)

6 chsHlldphs 4058 HEs55G TOSHE
Qeanliu@id wrys QsrLl JNGSEHsHE PerssT rerg GlLwr.
@i SpliLmL JUBTS TaMTY e SGSLILGSPEST
91518ursd 2 Wlin gpliumL JasTs Par &wHSULBSDG.
ol QueanGL s fmer wry Ggriflar 9nEssm Jjung
smyenflesT steor Quuufl L. Setreort 1926 g41d yevr(® LOmT S60
steorueul srrenfleamer slersar erar QufiLrr. QarLrTs
oowhs wasllsmerd Cure GOrmwGsmiflsh Bsir auflenaufle
Jarsar su QoL Qauflel’ @ omubgdaargsrs g
TOSSI0T SST.

ofeir eTeTUGG Slef LTHNSHT IJRlLML IMSTSRD
HapdHng. s@ararpred gfsir wrhpumLkg Caupull UpSs
Cammm ustreny QeueILBSGID uaiTenL ClETaTHISTaTSI. (LSOO
sterTLauT 1932 941h oy eir® Sheft LTHPLD S(enL b efemesr (Mutant
Gene) sngnyenr g6arm® eUEILH 5 aumassams WflGgsrearnTr.
(i) oop merey ypSCaThHY garsear (Hypomorphs)

flo Serast gHUBSSID allmerey ergmrenT fers aflsr
aflenera) CursdTyl BHSGL. JYarTed @auHoTed FHUBL LUDS
Cammmll Uiy sTeTTer sfersHermed FHLGL LawTySemeT afl
GONHEG aflsnemene FHLIGSSID.
(ii) upellemere) FHUMSST ersHsr (Amorphs)

@ha sistrast Emgmysmr sierms HUbLD allnaraman ol s
Gmphs allmearensy FHUGSSHEDG. GHOINGDLgWTET MHESNS
Qausfliym Carppsmsin Glmea GHub Sgiauslume.

(iii) g|He afenere) UDSCHETHM fsit@er (Hypermorphs)

Qg derassr srgnrer darsamer ol gHs UNSCSTHY
eflmareme FHLGSGID. Ggame gyfls ey UDSCHTHHSHHD
LOTMHOL FHLHILD.
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(iv) srhiiaflememay UnSCunpm gisirser (Antimorphs)

@5 &Sy evur sheufletr eflsmaralnE sr@yrear afsmeremea
THLGSSID. @S SFTSTTETINET UDSESTHNSMS 2 GAITSELD.
v) CaugulL allamearey UPSCSTHD efsirs6m (Neomorphs)

grgmyenr shemeor el GOIOIICL feo sheiraeflar aflenarours
U@ Qaefliups Carhph USSTES BHSGL.

Qusitasir steorm oflaflwe o|flesT BGarr@ GismLilemL
epsbrmy Geusmey QEiinh Djsvemes ellers e semmi. smen sL_eoT
(Cistron), 18yt wetr (Muton) wHmnd @Qremer (Recon).

(1) Aevolgmeir (Cistron)

el rmer sTeTug DNA-6GT [BETLOMGT &I6H 6T S| SHTGLD.
o-Qgm_ifuiled o cirer Hevlrrssfleo 423 ;f,lg&mﬂ(‘émrrm_@a;@m
_B Qarifufiér 438 B,saflGumam B &@sn 2 arerer. E.Coli- 60
o eirer Aol grefléd 1500 &y @emenrast & evoriiLi(HlEl s meor.
Aol rend QBT_ss smlssu, YW sHs MUSSLD FHRCHSLID
2 _6TEIT6UT. |
(2) iy mweir (Muton)

s&dmu Qsriarysmiw DNA L,G0. @S0 Quﬂr
LronsHnE 2 L u@h UGS LWy meor sTeTmenpSSILAS DS
sreorGeu LlLL MeiT (5 el LOTDHD SWHTEHS SHSILGID g;m@m.
(3) Qrsmsir (Recon) |

Qramsir srerug DNAuflsir ls&dflu uGSurEGL. Glo
wme CigmeanTayd (Recombination) gl 2 @HLOTHPLD
(Transformation) epu@&lerment. QTN JjVNG @ sir
B SefGumren._Bisst Qrsmeaflsy smamuriL@GLD.

Cuaid sfeflsr Qewsdur@essT Goum e gmmﬁuﬁﬂﬂ@"}’
llauflssiuGHng.
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(a) smbusrredr (Complon)

@8 @O WWHLILTET IJESTGLD. | IlgtusmLuiled @ g
et gmear GumsTmSTELd. LTeRGLmL G QBmfluile BenL Glugi
sTeueUT LTHOEIGEETLD SCEUUBSSID.

(b) fleflarsir (Replicon)

s @ripliursdsr gesrGl. dOHBSSETLE:
urslefubisaflsd 2 srer GCrmGLrGeamb.

(¢) arar@Lmsir (Condon)

mRNA-s7 | epsirOpwss enbasur@n. @& Urs
o HudHufsir Curgl Ly FHhGss GQuMACUUINILGE 2-Godng.

(d) @usdusr (Operon)

urs e pgusdon sLEIUESSH RUEGUOSSSN Gawusn
NG QusHwusr srerm Quuit. ggraig usn GGTLTymLIW
Qrrdlsar Gerkgl o arsdw g@p uGdurer DNA LTS
2 pusdlo eUEIGLESSILGEDS!. |
e Lamhloa ddar Geroas eyl @mm (Eukaryotic
Genome Orgaﬂlzatlon)

gsmmﬂm giemuliy wopsow ellarés USTLLLL
mﬂm&a&ma&mm&. saarSHe asOSgs Qamsrer §eustr@Gi.
THSSGST LTS, 6@ sSeafllu’lL dgdear Hsrafl&mewumer
wopilad sLEUUASSILEHNST JjMag L @ (@LDS:SaTer
SrHmer GH5TuS @@ @usHudr sLELUOSSISANST,
efsirasanmey LrLGlEliGasr CsrLikg @ Geuaflisirl aumEngT
gl oL@ L@ aumSpsr, siarsst qeormenr G 6ETHITES
Simuib S pasdHarparaur hng Cageisurs @nsSnsr
sisiraem GT @SS HloneHEH & Harmereaur gjeeg @I LD
al_ @ @b pE@EnsT e uGaumy eflemTdast sTELLEISTE
sisorsafledr oemioliy (PO @@ GMMA L aIamTWemDE 6T
aflerés Ypwrod uasriulL eflarsshisaflsr gjeliLmiuis
Qe Geuetirie uls &S MG
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GO LIU@D whith GPuI_Liurg DNA Ggrii afims
(Coding and Non coding sequence)

o &5 Hemeouilsd BpSSsrm QLIGHILITEHTFRLOWITET 6TeE0T
DNA Ggm_it auflnas @ HAniysumibssrs o _srerer. I|BTUS],
a0 GO0 L Ho DNA eflsir BusefiGumen @ Gami auflene
mRNA U QuBSSe0led Lki@ Qsmetsuglsisnen. Gane @enL UL
@grLit suflen & |G| @) 6ot LIy 68T (Intron)
srpessiL@@srmer Sevlyrafls 2 drar DNA QorLiaflne
mRNA upQu@S5a ukE GasrarutsT® wry (G| C
QumfGuuity Qeiidng:. @sMHe aéensr (Exon) serg GLui.
sroeum @sir_yreflgnd @O @S Qgmitesr Sremn LB RIS 6me0.
2165 Crrsdla eaar assralgn GO G5 Qam_iianflsng st
o qrorgl. QBTG GOUILG Qsimd aufloms Q&L T &6msTs
Qareir_ o " smHme sfdrsmer GO GEF Qeinurs Qi
afimesst NN&Harpar. BSAsr_fd srariu@d Pso
srsaner mRNAer gmemng Qaroi aflmewurs wrmSns.
@semed (R g UGS GOIL® Blonrs arflosTs
QnsAns. eanGurg golgh @er rrafldr oamemnfléms
wrpUGSnS. '

Ao 1Fe_I” smhlme dstraefle @b Glweflsm (Codon) eLpsiTm)]
PusafCuraL Qs G rmarmmat NNss0UEEDS. JpeaTTe
us e | smHloma searseflsr, uGdsm 2 @pars @sir._ymenfleir
ukssefllsou eflL sréamafsr ukisafiiy s gfisih.
sty usnawLITe 15s 1 s Bmen DNA o drarer. Sjael

1 gnop Giu soag seflsssrmuuerer DNA QgL
aufleme ;

2. gurer wh Qsmiaifloe
3. gSHsuwrear wi GOsT_iaflos

a) ghomn GMu P0G &6fS S aLow|eTar DNA Ggm_lf'r‘
suflm& (Single code sequences)

@iz Gsrii afims geaflsgsmeon arilihEgs Urs
2 HLSHSsTEs G G Gmsdsm Ggm i aiflme |66V
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Hoiu augh auflmes Ggriid @aoarg DNA Qgromse
gaflggarsnn eumissd DNA Qg auflene ereira) Gluw,

b) iswurer gmag @smilucL. wif DNA Qsr.i auflme
(Moderately / Intermediately repetitive DNA)

usu ureTC lp&eaflsd, @Es DNA-uflsr gifle uGHuD Gonks
Berpsier Ggmoit auflsmeullsor gjlasomer srenmrsouflaemauilsd afsofleh
silyal sreaorOu@iD. @& smsurmigin @sasnLw siflwmear Caisme
stgilauetTm) Clgaflours Qafliumg. -

c) giflswrar wrl DNA Gg,m..tr sufleme (Highly repetitive

DNA sequences) .i

@hs DNA Qarii suflmes gig WSO UN BIm &I
Sl SeTElSGMeiTL Sjsmni] QUTHTTS SEHSILBSNG. EGOIUTEsEs
Glasr Grmbluat whmid 1pCurui uGdsaild BSAsT.IF auflms
SmuiSpHGu. yarTa @gsr sflurer Caumea Gsalaurss
GQgfliuaildmea. QHs Ggriiufmsulsn Ao uflmass da
Grraseafle WAKED Wseperarsmen Aflwrogmid &raoriu@ib.
@gQgrLi auflmg 10 o &id sLeneu g SiGMHES G ks
aIHh. Suldors Gn&tanmsdlsd (unequal crossing over)
@al s WsHu LRIEG adlsHsrmer.

& GurrGLoLig 60T 516007 6u0r smLO 1LY

By saflGurilarres8ld srauriu@h nrOrrss BeorL &msr
Gumetrm gyemwtlnG GCrmCulipstr misr mrissT sreorm G
Bla 2CeG uegllar @ lull. Hamaulld (Interphase)
Ggafloure Qb Qem Wiflgasar Curs) mmt GuretTp @& meT

SITeuoTL BrLm (ribbon) Gumetty gemuwliures Lnrrmltﬂm@ @oh®
@Glrrrm('bmrm sTeoTm G,

‘DNA uwpmith Lrsih GCols U &’ @ S60meuliEILT L &6l
@(EIJ'HGmLIy.EUﬂSU 2 sreng). dlov Crytisafle 1iles Gmphs jeraid
RNA aalrsuuruu@m 6T60 &L IFIT 68T Gla Gomrr & Suflstr 2 gafuflemmed
&CrrCol’ i eir oT6iTm UGS QD INSE uTiss afeards
(PigpllT). SpemalTed GGrmoGarid wuagGur gng oS6T
LGSl sr@g,g] D16 GleiigHn o mmT (Burrsurm ;ﬁmm_ &i(TH 6T

i 122




Guretm UGH 26ag. Gos GCTCulydr ereTm
omyssiu@ang. GG 2nm S0 4nm QDT SiplLeTers).
o|5meuSl R priuGd @@ DNA (Wwase 0i6@ ReTns 2 deng.

a) DNA

DNA e psEwnrar SjplumL. Smulure 2 6T6rgl.
gQaraflsd wry usTusSm @G FHSSUSGES LHEADTEH
FhEHGE BLSSID édlu 2 sunrs @5 QFunubSns.

b) YrHih |

GCrrGulipaildd o 6rer yUrsL Bl auemaIILEIh:
anflsoGLmeirae (Histones) Caihg urs, aflsuGLrar Carrs
LTgL0.

i) aflsvCLmeir Gsihs LTS

auflsioGLT6Ir (5 SjigliLeoL LTSLmEG @Sl ameaelsr LHgin
oyigleneroor sreirm  opfiGerm oflwisst le ofleuns
sramriu@Hpg. @& DNA wLer e Gmisswrer wpampuis
Nenswrgl STEOTILGLD. PEE uemswimar ailsvGLmer LTSk
Hl, H2A, H2B, H3 wngid H4 S L swhima gormoGas
SmeuTLILI(H) e 68T m 60T |
ii) afflsoGLmetr Gogrg i_mgl’n Pl

agnssTY 50 aflwssn® anfisvGLmer Gayis Ur&iD 2jemiotiy
Ursns (structural Proteih) 2 _6Tengl. ISTG 2y &lp60r (actin)
wpmid wyefler (tubulin) ewGurdlear (Myosin) BGSEGW
Bsuster 50 ssafsd DNA @riply Hspsdufleo LRIG
Qarsrdng). &CrrGulipst owiyb sjgisrer DNA-uflsr
Aemawrgh @eran Qgeafleurar tpenmulls) @lseme.

fie I’ &mafsd DNA fls gy isSurar aflsvCLr@ibE &
rafléd o erergl. @lg DNA Lrsh Sbu Hephu aflmewrs
PoiusHE 2 sadng. BsHe HudaiGurGer aao! G,
@8d DNA guiisrer wympulld afloswurs QGIUSNES
aflsvGmer e p&dwmmer ukissflliy oefi&Apgl. erarGo
BuseGurCerd ererug &GrrGLoLigamer Quir s g1eir e
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gwuusm_ SwaTs 2 srargl. @G uriiugn@ swilufld wenf
YWSgssT QTS558 Gurmretrgy (Beads-on-a string) smewrliLLD.
ga@arm HusaCurGsmb @5 e P 5516 5 @EHL 6l
QB (& S10TS @smm;ggjmmgl @&l HCLsiL 200 sy
(3) 6t 60T 5561 QarearL.  lp.6TET.67  PUSHH WS
smeuSSUILLBH6TaTSl. @g,g, sry@aenrsaflsr sreuenilsmas g&thsq
Qeiidflarm 2 ulfargms oong Semal Qurmss 150 YsH
250 ey wrmamd. gaQurg RusaCurGeryn Mgy
apperayh 5.7 9o 2wryph OsTavL Ll allpaiomar
Sunlisnus Qaenar@erergl. @&sisr H2A, H2B, H3 Lfmmith H4
stetrm aflsuCLrah Cothg Hu,sefCuwrCeamblsr 9 I uG@urs
(Nucleosome Core) 2 eireng. Guaih aflsvCLrer Bloars
&CrrCurCsmd yrsth GCrmeulipaist CarhEHmS L. BIhS ams
YrSLd gmmggmmmmmm@m giflenrs GCaugur® 2 mLw
St whgh QnrSewuh &t @ererg. ), 60T 6D
aflsuGLrsr Garrg Ursih GCrrGLLipsT SjpliLmL Sjemuiniad
uklEg Qsraradhma. sarafle @g eeatlaurm G]&mﬁlgmn,
Caupiu’ L sTs SramUuGEIngl.

DNA epowésam Cuan Gurdlig 30nm @Gun(‘?.ml_mm
@muysarraan os6r Nng BEsmsT 6116 61T 61 & 6T S YLD
(Supercoiled loop) wnmEms. eeiblams ausmeTafiaid FMSSTL
10 s 150kb DNA @ il urssesmh G&rr;s,eﬂ@as@w
&L Sluflev g;(ﬂm(‘burm Carrs ursSHar 2 salGur® & ([0
susmeTe] S@hEd  Sremor Gl LG (Metaphase)
&Grruterurs wrrg]eﬂmgl ApCuh@S Seremwemu (Staining
Property) emausg &CrmGurGemblsr @Gmrmm_t;smm
B@Crman’ wer (Euchromatin), wrhmi@Crmoriiper srasrm
@rean® uGdHsmms Nflssemd

(i) 6@ CrrGLoipsir (Euchromatm)

eCrmCurGsmidr o uGH Cosmer ;ﬁmGwm@w'
SETMLIWMLSTS EE&EEL. @IugdH urdurs & @ e
sramiuGl. @shE B@CrrGurGuliper ey 9|00
o eun&e  gfsreen  (Structural genes) 6T 60T [ @U“-"T
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SgCrmeLmGLOL tp.6meuT GuTEISSWL g6 LIY &S Colmesefls
Qrudu@@ng. Cugd @& e gds gerailss DNAab
sremriu@ S DE.

(i) vrpm &CrrGuligsr (Heterochromatin)

s ofe garafled HpGuhGh s@mdhu &G6rrGuLlip r
LEHEG LrHD GCTTCWL per sy GQuwi. AHESE &GRS
veH GCrreurQedarLi gowg GasfGUTGeTH aTmID
gmyssEILELD. BHh Gamphgeara; DNA GI@GUUSTE WY Sk
Caummsaigin 2 e Qaflgsdan gfseare) FEUGRSRMme.

grgryswrons By SellGurasmen spilé sreamriu@Lh
a@rdy GOrmrCulgsr Quifly&efiCurai GGrrGuL iy sr
(Perinucleolar chromatin) srertiu@ib: By sefiGumeedlssr 2 srGar
pnsdHarn GCrMCuleaée @erprr By saACumremi
(Intranucleolar) @GrmGuligedr setrgm G

wrpm &CrrGuilipsr 2 @earge
(Hetero Chromatization)

wrhn GCrrulipsT, o L&@masEE BoLCu srawiu@id
SLigdHurer @CrmGunlsrh uGHurGn. Gemea Sy,
& hemTL, Wig & &CrrCGurGamid T & 65 & SlemL_Gw
srarliu@dngl. Qaatum ILisHurar anRE, UGS
&CrrCurComilsr QaunCauy ugHsain srariuGSng.
@aupihEe QamieCrr mud&Gsrmedlsv (heteropycnosis) sTeuTM)
Gluwr, :

S lier.
OPLIROTE o=t
UL :35 wrpm &GyTwL st gmwiy
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ammdé (condensed) sraoriu@  GOrrCurGamb
U@Q&@&@ wrphy GGrrGurGemh (Heterochromosome)
6T6ITMILD, s(RISTLs (non condensed) el &CrmGLrGeamh
LGSHEHSE 1§ @Crmolipsr srargd GlLnud,

rho GOrTLL s 2 drarLGHuIs @ e gstrsr L GG
sreiu@Sarngl. LIHD GErTLL T @G SYHA Yapuild
Qewslypssrad sramiuGang. WGGTTulpmer ol
S@CrmoLliger eah Gugams Elipuurdlng.

wrpn &Grrulpdr DNA amerg) gisr IjipliviemL ufle
Qewdlyhs oerariuGdps. @& mRNA oo yrs
o HAGGSST CUTE &L SgInShme. GuTgiaTs E\& @rsir@
susmsIL@GIL. meuwreier CussaCLIge rHm &GrmLoLlig s,
(Facultative  hetero  chromatin)  9mwey  LFHMY
Qam’ AGrr@GrmoLliger (Constitutive hetero chromatin).

1. GussaGLigal urpy &GGrmwLgsr (Facultative hetero
chromatin)

weafgeafle Quean @Qarsso @@ X-&ormGurGeamonearg
Qanl i Crm@Grruly st g @Gh. JLmaWT me 6lgd s
&Grmlig6ir (Sex chromatin) ety SjenPssILGISDS.

2. gmuwe| urhm GGrmulyedr (Constitutive hetero
chromatin)

@ma  gauturm Qo  GErrCurGembsafigib
srariu@dng. QaearGrriuf, =G, B, & afl Guimrevsio
2 eiorL &l Lpmin GCrrCurGemilsr @lempaaflgib
sraTILOHnSI.

wrhm GCrmolpsit rIRNA, 5SRNA wimih tRNA Gumerm
sisorsemer Qe (Deirsment. WrHD! GCTmoLliger sTawriu@b DNA
giomer&Gamst DNA sreirm) Guwi. (Satellite DNA). @esumplsar
@enypserrarg 3090 fluy,&afGummL @R ser ter@Ld Wismr@un 100-
100 Weedlweir pemp QuplulL g. wrdm &Gyl g aflsor
GoUmES6IT:
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1. @mea Gledformmd (Mutation) fmh @@é@&;ﬁmm
(Crossing over) GumsiTmeumenm gL GlFiliding.

2. (G6Tme U@ Ll er Gumrg) 6 Gy o6m &1L aur |
@GrrGurGembessr Gy Caugharar misaliL@agsh
WSEL LnGuHsEng. _
3. p@Eeled srariu@hn wrHm GerTuligsr, G&d
AifleusmLuyd Gurgl @CrmCurCearamu WiflsHng.
glemeoorss Gamer DNA (Satellite DNA)
wrd auGAarp Ws Ay srr GsTLi aflme Qe
DNA&® gieoaursGamer Ig.orer.sy ererm Guwi. @kg Qgmiid
auflmaufisn 20 S0 30 &My @lenswrasT SmamTLLG 6T HeT.

TORSFISESTLOH: CrrEeamssamusm (Drosophﬂa) 6TEITM LILP
u&Aullsir glemeorGamst DNA

5’ ATAAACT| ATAAACT|ATAAACT 3’
3 TATTTGA | TATTTGA | TATTIGA

ST SaeamSarear samamflsmauls @eorperisr Qarmrs
auflmsurs EméGhn. @Fs ullmese simanstarar DNA
meirgl Q. SimemrsCasmer DNA AP gisnsrsGamrer DNA
(Minisatellite) ereormih s mewrswilu  (Microsatellite)
gimemrsGasmsr DNA stsitmith @ @eusnsgsearms HiflssiubGSng.
Ay giemerGarsr DNA giflsurs @GrmGurGer pameruiler
s o|mels) sTamriu@Lh. e e Bismeshii glsmmras(ﬁasrrm
DNA @CrmGurGembd (puauHgnd alirell sreuri@Lo.

DNA @r,rl.'_ly.ilu ML (PHD
(DNA Replication)

DNA seremear Gumstp @f homag Srbar a_maurs &l
Qarar® @rliply om dpg. @506 DNA @i ipILTG6
mery  Quuwi. @g o ulfleThsafiar S lUmLOLGTLTES
@Glusrds DNA @ 2ulin Gl @umger  6TEOr
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SmyssILGEDg. ourlgar — Hiflé DNA psnorgifiuilss DNA-
afleir @ity wopulld urd STITMS SHATELWMILGS &6
e Hngl. Blos WSO OTENSID, iThisaflsr sl Telaih
(1958) gjami st Caumul L 15 sl regsirsEment LWETLHSE
gryreronar @il (poop DNA-afld gL Gumiaims 2 md
Q& eor.

uLib. 36 DNA @riipliurge

DNA-efler @riem & a@mer Aflugsme DNA.
GCLrGurGerGuGrs serm GnErdl 2 safpel. @& DNA-aflsr
g AIENImU oThmISTmS. Guogih DNA ureflGnGrev ereirm
Gprgl DNA o @meursl uwstU@Emg!. ereveom o ulifsrsiseaflg
DNA urelluGrasst OQewduL eauriiuss DNA-S&er
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Comauiu@darper. QubGpri DNA-alld Q@ Qoyedr
ariluFasaress Gawaubdsarper. @HOmHg U ip.erer.er
@mg&sﬁ 2 Mugd Qainuiu@Elsrmer. yHiu Qgmi suflmesafisr
2 mamssld 5-3° Saeufldd LG HmL Gugrd. rarGa DNA-
AT Grair® Gemsefignd G ipiungs QauiiCayy Haesafls
pooL GumSlmgi- QgmrFflurs 5' — 3' Saoaguildr @rlipliurgs
oL Qumih BloYsES wer Qd Gleny erergid LHADT
@myuflsh DNA-ulléir £y Giww@s6r 5'-3" Haamw ol G 56
yer Qe PoysG i Hasuiled srariu@spg. P06
NerQas @enip ereormind Gluuni. @l srariu@id DNA-uflsr
AP gGETheEsEG —@oerd  gawGadar e
gmysslu@earpar. @Es eaturg gan@aesn DNA 3'-5
yeoarufie o meurdlarper. @55 DNA gion@se@psdlm G
o girL e @55 @ewt Gauafl DNA urslluGren GQpmdluller
efsmsmaumsd Briiu’ @ 1sir S1Gssn QErdluilar 2 gailufls DNA
ST (&6 @)emeuor LU (hlsiTmenT.

urdl Gugmizes @riiply (Semi Conservative replication)

ngn(zmrrrr B saflCurat G Qzmflsr smhsmd Hdlbs
QML I} 60T @usmmrrm e SeULEMSTH el safldie
WfEs @@ DNA epo&en st o aurddaimar. @hs amea
@ 9t Curg QubGET w.ersir.er—afldr LTSN LGS WG
UTEIGTSSILEUSTE @yansE urd Guamign @m_ly.uq
(psmp (Semi Conservative replication) srmml ATETT A
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uLib. 37 urdl Guamised @riply wep
W Guesnred @y ipln wemp (Conservative replication)

@rigmisr Gurg uflesrss Comerdin @@ wumsd
By saiuraL @ Qsrii afmeseEnsdom Cu mant e
@mama) spulLmd, whflad yHsrs o GarssiulL
Ry seflCuramL G Qsriir auflmesamarear @@ DNA Glanpud
QupGmri DNA @empuilsr HuyseCurmL @ GgrLiyssr
Quaugursl urgisrésiu’L @m DNA Ggmeirm dsrmenr.
@einims @rlpiing whfamd Gusmriul L @l]'l_l.y.ULl (D
steorml GlLuu.

AspoLig e Gaurg DNA Griwly gpmp
(Dispersive replication)

@rCiplnfer Gurgl QuibComt DNA padswm 2 mLibg Hm
giowQesarrdlarmear. @a@arm grew@Gln  APu  DNA
CLPOVS S MISHEMET 2 (156UITE G SlstTmser. 19sin QubHGmT Silstor (DS (ermLd
Uglsne o marar geamrGseEpd @marhg ySwu DNA
CLICVE Fn MISETTE LOM)E)siTM6DT.

130



» @uDCmmi DNA
Bmn_sm_aigrsir

@ ——— Y5 SR

uLild . 38 flppwLEE 2 (Hargld
DNA @rigly penp

DNA @rCigin) Neirau@mn alld (pemmsEn s EL- Ul Smsir

Bl GumiHipg ereirm Guirs (1968) e midlpm :

1

2.

Gurgiaurs urd Cuamigs @M iy Wy KoL GupiSng.

giGan @rieiy yabssfldr e GHIGLL uGSuio
Qe _kigHng). Bong Grieflarsr (Replicon) sreormi L.
RETNISHG Cupur L usm Qrisflarsrsst DNA eyasga.ls
sramiuL  Coummr@b gOarafle @ GQriaflsmeoflsn
@riwiys Qeromdarmd Wy dpossmgid Griply
gL gfle CErrh GFuanrGlh. Hosursd IHS
Qrisflsrerasr @) @mh oMo @ITLI.y.ULl slorauns GL&S
GUTILICIL|6iT 617 ).

Qurgiaire @m &Hemesaflgub @IILly.LILI TEAEAT L
BeoL_GlLigib.

- 5'-3" dlemsufled g_ﬂg,a,mﬂ(ﬁmrrsm_@ o Garm@Lnit &6

Catsa LRSS epald Sl eoée Msr Gl SampsEnid
Qrlpiy omSns.
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6. @rlwfsdar Curgs @IGan epasa. iIsiT QsrLTupn Ay
gl aamnad Comery dearmer. Werert ()5 g)svor® &sir
wepsugid QupGpri epséda. flsr uredl Hy,sallGuramL @
ElemysEnLsr enami”resr @memnriiy Gamaor® b DNA
OGS T MIGET ELIGULD @ISMETTHG 2-(HeUTSHsTmenT.

7. aanGLrfusallGusv, QroaflGsen, dlGsav starm eLpsirm
DNA ursllwGrev QprHsepn DNA @nlgplurge
Hansdulled uniE @QuuyflsTyenr.

afeir GlUHSSD WHYID R UERISMLA
(Gene amplification and arrangement)

Gl g@m eMONCL ddar Qsr@llilguster ofsiraeflsr
sTanTaniiSmamu SsILOSS Qe wWamnaE eisir Gium&ssin
st Guwit. fe L smHlamew Qarame Gansilsd sl Ll ips
Q& s1L91fl g 60 CamaailiusmL woGurg o 607 Qgm@uy
Qu@pSaLamL Hng).

Qedsaflor o @gurhph wOpd aarFFAusmeubGurs
epu@ gsir Gugrssd (Amplification during differentiation
and development)

sThoells garaafler eamsflémaud OTMTLH 2 @HrHmL
ssou@dlern Gawdle g GNIN L dsrasflsr Gawsum@ssr
GBS BEGID. YBTag Caisrear LigGL@SS6m, Ly @GO G
QurflCuwiiy, Cassgi sr snigw Fameurer sisr 2 mmpoid,
GUOACL mRNA wpmid yrsw gydHuspdar wsHw
Gewsmur@sarmed  Pearseafler  GQeusllurGasear  Gadsdle
GNHEHEG. gyerra foapms dfsir QumssdHr uksafliy
sryawrore Gouswmsr g Cauafliur@adr ghu@slsTer.

2..0. Soumarufler oaems g 2 6rar rDNA  sfeiraer
Cu@mssmLGo whnd upliusufsd (Drosophila) 2 erer &
@il Ssurelldlsr Qe 2 srer Gamflwimsr &l 60T & 6T
Glumé sLaemL g 60,

dGarmusy efaflen ereirm Heuemer @erSHld &L L
2 pugHuilar Gurg MACuTCGsmllsr DNA Qu@mssumL Sng.
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ALY &ngnummu& @muumg el 100 wuLiig ST AT 1Y)
G]u@é&mmt_él,rggj. opemr  @eriGumes Qanda 2 srer
QupSsLD oLhgd DNA wmphg Cur@. gyermd Quer
gaumeruile) @ WLoL GHisAumysGurg DNA qpssmy
apfiyih kG CLGESS0mLEng.

upln &AWl 2 srer Garflwmear gsradr @m QsrTssTs
srsmriu@. @ary X GCrrGurGemfgih wHGmrerm
@CrrCurGamd I-gub QGHESGW. SGUL ML 2 HurEGnturs
X @GCrmCurGsmiles 2 erer garaer Sl  9H6w
Qewaur@ssmst Geuafliu@Sgin. e &ormGurGamn I
@) (15 & &l 6T off 60 & 61T STUsSLI&SE  GEwuaurbessmer
QeualL@SEID. @B eSeraebid swmt 156\mES) 60 WL riG asny
Qup s Sngl. '

Qaflay epoid gier Gl &&LD (amplification by selection)

unslefllutissT, smeaurev wHmd Wermaufl’ Gursrm Qgme
o LamHme Qsrarsupple gear QuEmpssin gdle gmaild
gersflFsmawurs poLuydps GumsswaL Spg IsTag
@Uum&sn 107 to 10 sy @@mé@ELh. dsr QuEHssumL kS
E. coli Qaaeleh 2 sirar uLev T gheuflsir 9jsm@ 40kb adl@mhg 250kb
o486 LrmEng. upiy&FAulled el LTHnSSHarTa FnubSsTD
&l 61 62117 60 & 60T & 61T (& 60T M 60 L1 (& 115 sor Guir gl
QU SaLemL dsTmenr. LTRTL e Safled efsar GlLimh&ELD L bk etlsr
Mm@ s&Hamu QuINISES THLOSDS.

QuEmssvmL ks &6rmGurGsamd DN Asfilét R (RIS MR
(arrangement of amplified chromosomal DNA)

QueBssumLEs DNA apsirg Honsefd Bossn 1.
Ghfgwrs (GGrrGurCsmidnis anH@noug, 2.
GCrrGurGsmblsr o sraflms@ih Beraumipguerar DNAuj s
Gaihfmiug, 3. urd usroLmg  DNA (Polytene)
gouimuymiy  GerréurCsrCur@s GCeibHnuus.
Qupdsismuph DNA wsedld aps uGSild Qabsesm L)
u@ENDBsir QL& sk Msrar b Gi@h&sse. G- @S0G
urprsan  Ho  Crriusald YOS &CrrGurGemLilsr
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CaugugHulGanr gwag Gaip &orrGurGsmblsr ugHuNCor
QupsswaL ks DNA @)méseami.

sfsir mguT@D uflswrmogph (Gene variation and Evolution)

@ sufl 2fl aorug smMLL IMmaTSHsE Iy
& iy 6uof & 61f s Qeweur’igsr eflmere; o G. Ijmearss
serrsEnd @@ 2 ullflar auaisfleEl gs6r 2 mUTHNSShEiD
WSS unsaflimu Ger@édarmer. ofsr gl garag
wrhmhd o ulfluflsr usryser Qugpwerey LIFHHLEHL HPS.
GerrGurGemilsr aamemiiSmauiled goag I5memLy
Ssmulfiafies Sier wrHmbd gouGurlsr eSHiurswrear ger
Qeweur@Gasst Camerg yHu o ulismer CoHmmyIadlsEsrmer.
Sleim ormmd ufiswrmo aeTT&A&ESG e QLT LTS 2 6rers.

aHniupSEHe urpprisst qHuGOCUTE oykiE el
o Wiflerrusaflsor Gasasmuiseafled wrhoh qHuGLD. @k wrHph
Slieii (Mutation) wrppsdler eflensrairs gHULLTD. JSTUS
LemLIL Q6T S6iT LomHLEILHEI LU &6 eusnioliLsGarm(® Gulpiw gsiw
QerGLiy 2 mamrdng. e e Slef THmEST QUEHDUTD
o WiiflormisEnseE Ca®m almearaisfing.

o flartigafle) U@ ufemrmrn MeTiEH&EEG o6
Qreuadle 2 sirer &CrTCLOTCEmAGT ByemLOLIL, 1g.6T6T.67 LoMMILD LTS
WSS STTERTLOTGLD.

C-ugliiy (C-Value)

ol blgsr DNAafls) Himid (Stain) o amL_r&@h @@
QurGarTGL. Qg 2 U amald GméHdm DNA-g Qsaiars
Mbg Gsnedrer o sufmg. e’ CLrGum’ Cumr FLi
(Cytophotometer) éAmiiy mi600rGevorimas smeflufletr 2 geaflwme
@8l LwATUESSIUGD AiwTaITD 9 @l & Eh Qummefsr
Sjeremes s fliu Wpuih. DNA qh@ih eusiremsdHar ojeral
2 yerafliiE CHIe AsmiymLwg). rarGey, R 2L &meild
2.6ter DNA geraflener @éenusmes Qarmnr® orarelde
gleuedluons gyfhuism. @seirup. sTar Gn’ i wigw GFpuiigud
@Cr gereurar (2C) smrewniL@ib. 2L5TTe) CeLilipsd MHenm Lol

134



DNA gjerey g|gmeugl (1C) gjemey srevriiL@in Lsiioig i G\esuassrﬂm
wpwSHNEG Thu Sera SjSlsurSing.

qHSSISSTL @ : Fred GlaFeeled giSlsrsr gsmailh DNA (4C
or 8C). s @@ 2 ulfignd eham wew Gedslsdr o 1 smailo
o ¢rer Qurss DNA aflér gerey 1C wdliy sariu@i. @5.
A&Casrdrmd (Pg) oeralilsh sl @i

ooﬁlmmﬂgm steorm Himin (Stain) o ewr_m&@n GUm(GeTTGLD.
@ sl @E,assrﬂu.lsrﬁlm @@asaﬂmm o sa|fHpngl. mF G
Gum.CLmBS LT (Cytophotometer) stéirm &miiL) st Gevor s Suflsir
o gaflwme @0 LWsTUO SSULGID QI GOTD 2 6TL & GLD
Qurmeflstr ojememen  SeorLflwugppun. Gugih GHlofCL
Flen QW GT lg.6T6T.6T60T ieTemauLld el vwaru@Hmg.
@seruy sTr GFaMgd @6y IjsTalTar lp.ﬁTb'fil’S;‘ (2C)
o|eraug Gamewrs (diploid) STewTLILIHILD. %mm umsosmadied
(gamets)-60 memmiurs (haploid) o|maug) un@qﬂm (polyploid)
smemrLiLI(D.

C - udiy gpreorur® (C- Value paradox)

Qe 2 Ll &s@m 2 ulflsamser il W2 L& 2 uif el
Qurginns aitGan ojare) e Hswnrs o dearg. WSICsIbY
o srer e ufiflsafled Qurgiaurs E.coli ursleflugmg afl 700
0L gdswrar DNA sjerey sramiu@#ng. Fritillaria srerp
srasdsr AbfarsSlsr 127 pg oerey DNA o srergl. Blgi6ar
@sieumy gfwudu’ L DNA gerelle s FHswrESn. Cgmr,
soumer @arsSld 84pg DNA @@iusnss semfuiu Gererg.
uefligaflsr 3uiu miEan BosHpg. aman GCgmruild
usfigsmer el gmSsmp 30 wLkig HFswrs DNA 2 6reng).

UCrrCasNCuri mLalL  i.srer.er s  SS0TS
w,CaAGWI 1960 2 eremar. gIQ&gubLsTer 2 uilflsafled GQuUTgaITS
E-Coli urdwefurms ofL 700 wLhE JIFswrs DNA
ErerLL@EDS). Ggsmlr geousnar Blergdln s sifiswrs 84 G-
@usCsrdrmi 1p.aar.g @@UusTs s luliucGererg.
wafigeafe 3 1p.erer.r @sHNg!. wals gher Qe &Lom
3 BdsSlusir gyereysTar UTSSMSS QamamGerargl. QeI
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Caammuiler wafigemer ail. 30 LRI SBIGLTE 19.6T6H.6] 2 6iTamg,
@shE C-udiy eyl (AN 8

fo L s@hoo 2 ufliflorfsefldar Geaafldupsd Csrpmid
sp@ioLw DNAyL a1 Qgmfysterg eTermi oyl ip&ng,
a@sgsariLrs E.coli-o o drer DNAailed 34,00,000 &my
@emanraEnd, 3,000 PeTHEHL 2 6TATHNS eSS LU eirang).
apemed waflgeafld 2 srer LFTUULL gdaTammer Jjarall. FHy
Siparans 2 6rargl. gQsrsrpre 30000 Beraer ausny waflg
Qs 2 6TaTGNes SemrsHalL L (HisTorg].

@L1b Lommid WIS S gISeT (Transposable elements)

@I ih wrmIh WIS & DISEESHE GHSGD NG LSS
ofstraer sTearm QUITSEHD 2 ar@®. 1965— gy g aur® UTTuFT
Qu&HlafiaTLrd @QFs @@L wrYD S WESTE CorarsHa
@miugrs poeSle aamrfibgrt. earort Glam  msv whHyih
Cossl aarpm IMiEpissT @LID WML WIYS & DS
(Transposable elements) etewr @oupin@ GLIWTICL Ti&6T.

@b wrgh wrys s.gisat DNA srr Garir auflaeuid
sraLu@Slsrnear. @&l 2 arer GOUIG), Gy wrdflumear Sy
Qarenr @enLQems Camanurar GrrHmu o (HaursEEng!.
mitsan @ripiurgs Hepsdulle gyssy @i QuITkS)
@rewr® QumCprisafler @b wTYLD LTS Sgisemear GUTsTD
U Semmupmn hHEMGMT 2 (HursGHng. LSla qer
QupGpnt @ SHeud wnGprearm oyHer Golullugs (Target site)
@SSl srariu@n. G GQemeliul L @I wrmid WwIYs
s GMlwEs G sHar searenusmw wrpHnSng. @i wmmib
LTS G miseT RNA 2 pusdlanu Qamkigeasnemsr auilsn g
55 Qendlpg. @ Mluaflemsr smemriubaudlesmey.
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amasst (Types of Transposable elements)
1. @oL Ge@masn @grurn suflme (Insertion sequence - IS)

- @oLQspad Ggrir afims fls Afug @is AsTL
afamauile Urs 2 musHsarer Giui® Samwrg. gyemme G\dsb
@Lib urpeugnsrer WY Ceus o gl uw aflGSumrgwmer
@oLQspasd Qsri aflmssdr E.coli e sramiu@dng.
gmamumaieor I1S1, 1S2, 1S3, IS4 wpgud ue. sHGurg 1521
uréeNuiEisafllsd @oUuemg afool aaruai  1981-6
setor(Olig ST
2. &l® @b Quuit wyys s.gssr (Complex Transposors/
Tn)

@6y g uilySHsemrSsmer SNy Elnansmens 6leimeum. g.
Eandd gatmsE CudulL yrs 2 husdesrars GHubser.
@aQaur@ @ bQuwED wLIYs Giullgd safllsseremn ks
seme SYrer ST @enewrser sreriLGéElsTmer. @lswsu Tn,, Tn,,
Tn,, Tn,, wphob Tn,  aérp amssafis urseflubsafls
&ITevorLILI (B &l meur.

2571

3. W @LbQuuF segiser (Yeast Transposor elements)

@8l 35 @LDQuUWIT 8w QIGeN6T BHOSET 2 6TeT6T. FHSSHTLY
5900 sy @eewset DNA @ spM sreawiu@Elsrper.
@aupihe QLeLr Qgrid auflems sarm Guur. @abamds
QLeLr Qs euflemsupd @ Hosufldn Gendng!. |

efeir & efletr GEweur®
(Gene Exepression)

goar 2 ffamsaisar salssaTmusGs sl
2 WITLNGD UdImES LrsnhisGer STysumor@Ld. Bibs LTShiser
° BUTGuSHES DNA cpassfear urdfiysalGuraL 6
Qsm_it euflenaufed 2 sirer LT smy suflFmwd QUIDISSSTELD.
msured DNA sy aflmese wryé Qend earg Guwir.
@édiairg DNA-flér wry QsiHsCshu o GaTSSILELD
Urshiser 2 el Hagd Coud Hfmusm @UEGUESSID
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Qprdsarn@L. aarGa G He s suhum & S S eir g 6bt & 6rf 6t
Qewes @Qauafliur® gﬁlasncgeﬁl,mgj G Lo &epiliLien 6 (g:masea._gj
2 ufifwedlar SplIIenL &(H5S]HSMT(ELD-

wrys Gl ig.srer. srsﬁ]@,r_r,gu LTS5 DE&D G]&sueﬂmgj
Gwm&n.gﬂm Cariur@sar epanssm 2 ullflwedlsar gjpliume

smEsTG0L. DNA aflsflphg mRNA L@mn@mﬁuugj DNA-uflsir
wry Qendasst upQuUEASSILEHaTnar. @F5 mMRNA wrys
Qenduar yrgGersms Hewnd oelGLriaresdo
@msdarn NCurCemba el 6r @lipd Qamerdlsrpenr. (st
tRNA epwdsmm&st mRNA A safCuroL® GQgrLi
auflsmasmu g urslGuiamL® Gsrd aflmsurs wrHnSns.
Cuagnd o lamp gfiomsaldar 2 gellullame UrssHms
o Houms@atst® wl Giamod GMOICL wryafii usbmiiugd
gmifhg usmfismeryd DNA Qaldngl. starGsu LipCluOSSoID
oo Guuismn e wessunrear GFWNSMTEI YT
2 maITSGUSN STamTiu®SsTpe.

up sTGBSH0 (Transcription)

DNA uiléd @@p&@h ury saansst Qprdleeflsir a.gsﬁlu.ursu
RNA @eypurs wrgid Hspséflse vy ahiGss srerm Gluwi.
I@meugl @i 2 meurdHlstm RNA @leoy DNA aL6r 56515
ararOu@GSarmg. upQuUBOSsHailar Gurg DNA-6r @@
yosHoysds da IIlL @ risals AAks saflurs
sraiubSngl. CdHlh 2 ster DNA-sir @ eMsmm @amyp RNA
2 MUSSH&EG eunrmuurs 2 arengl. RNA-ar 2. pusd 5' - 3
Semaufley meoL GQuMISNg. mRNA 2 musH DNA-sir @swmipuilssr
6 GIICL ysraflulldlpis o maurdpg. @hsl UsdralléE
QerLiurear Qo&seE ety Guwi. Cugid mRNA 2 HuSH&E
RNA urelluGrsiv steitm Gurdl aflmeary,&Hiurs GQewhuBSng.
udlsre 2 HusdH QeiniucL mRNA o | &@mafld sreaurliU@id
Gurgl opmE Hn-RNA serm gismyssiuGang.

. @g flrhgrors Gaorwd wrpd d.igwg. @sari 200
Spareils guflwd earp ACurHwsalCurmL@® 3 pmsm
uGSHWSlmHEe Comd Curg o8 Hmawrer Hn-RNAahf
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wrmdng. g Homga GourarGarmdlarsdr 5° wpsmsruile
@ meamsHsiLGGUTS Q@ e Gurdarm oy (RNA cap)
2 meurdHngl @S mhgisTer m-RNAsir gsaue Gluwriiy Hlensd
QarLBi@. darGu @Esl UGHES WIL SoHaid GUWTL
Qsr_riiElh @adg serm G, (Site of translation).

Qgred 2L a®m Hon 2ulfleafld (Transcription in
Prokaryotes)

RNA v Qupissan fapsdl un Roasaflsd arariubdElngi.
o smeursvsafls) @& Bl Gupinis) @a’uﬁnm.

& iF.6T607.6] Lmedlo Giysiv

Qard 2 Law oo 2uliflsafld gmearss RNA—&’:&&@LB
aCr Qprdured L QuESsILGSsTpar. Gikg umedlwGrev RNA
ureSlnGren eTsiTm SYSSILGEHDG. GBS0 BHESI MM SWITET
urel@uiisnL B QgrLi suflmassT SmemriiuGdlsormenr. g{m,r_n,r_fﬂm
@rair@ opeur (?) dier (), dior e (?') whmid Hiom ("j
ureSlQuienL @@srns 2 drerser. LmedinCrev QErHlenw DNA 67
Cuu@sH LGSl Nenemse uTeQULL G LWETLUGS DS
gpeormed L wHmib GLiL_rr femmid LreNQUIsmL GiseT uredin@rsn
QErd pfloy Hooula DNA-o QGUUSHEGD UptLGSSH
FoLQupaid  uwsTu@Ssrpar. B salCurm @& @bL 6T
Neoemrifh@n SLr npmn Jier feomnd urdQuismL Gissr
2 geyHlsirmenr. RNA umeShoGrysiv QB Lip QGOS0 (AL TG
poarmwg  Qsflig Qsemedarsr HAswor  urdlGuiamr @
uwssru@élssrmenr. E.coli urslefiug e smssmp 7000 gyi.6T607.67
ursSloCrsi eLpeudse mISET 2 eremsr. ojeummblsr 2000 g 2500
epaGSa. misst ausny Lig QuBhiSs6a Hispssufsd Gewnubdlsrmer.
@nsir® gyeoum, @6 WL Oy 15 LT fond Grrdsst Cainhsg)
@ QEriure (Co-enzyme) srauriLBGSMG. gysorme @l
Aswr Qprd sopg Qamdrermod selurs RNA ursiuGrev
ArrésCarr@® Cotps wu@prdurs (Holo-enzyme)
arariu@dng. @manhs GErHsist DNA-o Glimdie
uGHuie Wemawrwimosd) DNA-afler garag @@ uGdulle
Lilsmeuorih & (15 &G 1L0. i
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U QuBGSS0 (peirwomSif |

DNA aflsihg RNA o gam@uturg ua g GwiGisss
Henaussr sramliL@slsrmer. @eiblaim Hoauiigih GlSm gt
UGH LHPD (PlpeiELILD ugd sraurdu@u. DNAusr
QsrLiign ugdHullar mHo GaoHGL gﬂg&mﬁ@mnmuﬂ
QarLméE Cubu@sgsid ugd (Promotor) eretryl @unwir.
g QuBSEH AsTLmig Wmarulsd epop By saflGura. G
S Quwfer srewiu@n. Ho Crrhisafled apsrm WSS
GO smrd gygamersr srariu@dng (CAT) Qam ki@
ugHulledr QL g ussdHHe o dar aflmesE GCuammL
(upstream) sreirgih ewag uGSHuilsdr 2 star DNA auflmesE
SppeoL. (downstream) sreormid Guwi,

Ly a@S5sm RapFdou epargl Roasafld HonCapp
RNA heSluCrsiv 2 gail Gsiifing. jemeaiLimaier :
1. RNA eag@ailifeEssr ey Q&wed whmi
mRNA 2_gpeurdasletr sio185sL0
2. Qg HEmhn Qewe
3. RNA upQuEsssd b Ggie

1. RNA am&@ailifls npLsr Semamruh GQ&wed wphyih
mRNA o garssidlar giussn (Initiation)

@& RNA ursSlnGrev DNAafgistar @I L u@Hsaflsd
RLOHNG. BQHhss Spiy @IS 20185@Ga&EL LGS el
Soypssiu@Harper. ety uradlwCrev, LQUHSSH
fRapéflmu giauss 2 sal Qeidng. @mss50sm _mhg RNA
umedlnGrev, DNA G\g,m_rrmrﬂm& I WML glmsﬁlujmtrasu
L QUHES 2 Gnfng).

DNA Lmugélu.nr@m Gurg DNA @enyser 5°-3’ mm@ﬂ@
Gurstry L QLBSS0 Hepsfufissr Curg RNA @empser 5°-3°
Slemaulled auen &lsirmenr.
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mRANA + 308 subunit
+fMel IRNA + GTP
+ initiation {actors

= 505 subunit
. mRBNA AUG
|
\ =
P GDP+Pi+
30S preinitiation initiation factors

complax

705 inltiation complex

UL 39. Qe 2.L&s@ Haw 2 tiflsald LyQuUEBSs0
SlauniGin Gewe

2. fend Glewe

RNA uredlwGredled 2 srer HSwmr smreefl afle@eugme
Esmemig @rrd) (Co-enzyme) Cuiu@BSE uGSulamhg ol
DNA @enipsenLer Ceikg QsTLihg U QubSsH Hapéufn
FOuUBSInG. @amanhs GETd CunuGsH uEE ol
afleoeslndleor, GuobLBGSS uGH Wipemwurer GnrSi T Cairhg)
IhSs uytluGissme a&sGalsflng. eaumiymg DNA
Gm.fuiled o srergl Guréd RNA umsdlioGrav 3 Hensulldd 2_erar
MAGurGemd By saCuram GisenLsr Comdng!. shifld Qemi
Bemid Gurg) 5 uGHule uSsre 2 HusSEiurEgh RNA ar Qgm&ss
gnawLrerg Gugeairs suriym (Template) DNA afl@ha
vGHnsg. Geaurm RNA DNA s gpofsuors
NougHng. sallssaflurar @rar® Gsmupsst Qemamr. DNA
afld @@ uGdiile Har@n sExar TG, Gapsr
eilpulurg uSsrs o @HeumELD.
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ULD.40. (Qare 2 e fome) 2 ifsadd vy QUESS®
Bemid Q&wed

3. upQuBSHHH Wigujin QFwed

Gl GErdl (Co-enzyne) L QuGGS6H (Wigwyd yeraflufish
@ Gurg gmmmggn@m auniym DNA al@mhg alleod
Qeddlng Cuaih RNA B s&afiGursn @ Qamfle Coug ais
fGur fl&efCuren Gib NasmrauBdmn. Ao Qgrd o L &
Beoa 2 wilflsafld) (pgaismwn yerefléeE o urdGulisnL Qssr
Camaiubdlsarmear. @amnmineg Rho factor ersiry Quuwr. Bg
IguusL Hu,safiGuramL Gsafle wrpond Qalg UGG ESSH
Bensflaw A elsHng. Ssreri RNA ursdloGreav tisior@id
dsur smaflCur@ Caibgl CuILESSH LGS 6T Kanemrks)
OS5 UpQuESHH GYHASEGS sdToar FOUGSHS
GlameiT@mLD.

e sl o fisafld upQuUBGSH

Qurgiours (fo-L&@ Hamew) 2 uifllsafiigid, Qsmw 2 1 &
Hlsmeo 2 uiiflsaflgis RNA 2 pusd @Gy urdflure G mbsmand
e La@ Bloa o uliflsaflgisr DNA ueQuBssdn 6ésansr
Syeumed lsand sCGUUTLTET Weopuisd paLQupdnsi. erawsm
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RNA aunss@Eh&Gh 2sn0sar safiurar ureiuGrsv Cprdesr
smswriuG@sTmer. 2 1 s@mallgsr sramiu@in epsry aflgLomer
Qerdaer Ly MUESSH HapFeuisd ukig Gamsdlarpear. RNA
ursSlnGrev I, IT, III. RNA umsluGrsv I By éaflGumresdls
srawiu@n. @&t wsAu Cume MAGUTrGsTOS&aflo
Lip QUESS0 HoLCup 2 Faug @Gn. RNA ursblnGrsv II +
11 Ay, GafGumilstnagSs srariu@in. mRNAT 2 fHuss AL T
st srysmfisameruyd L QUBSS 2 sajRlsarpear. grgieu RNA
hgid Ss, AGurGsrd RNAT upQu@E&s RNA ureSiuGrev IIT
s_gmélmgj (gmrm] ursdlo@rev QprdaEnid IHls sTenL L i
LTS sumSemILl SMThSE!-

upQuBSse sryenflast (Transcription factors, TF)

upQu@SssH srrafsd sariuGag urslGulm. Gasr
0. @ma Cuibu®GHesT ugHuile Ve ssUul @
LUy QUESEH RepsFAmus Qsrms Geiidsapar. RNA
urslluGren M oo eflsurer 2 L&@  YTShISHT
&nmuu@&lsﬂrmm @ssr Yo Caumasst LipQUEBSHma5
Qsntis Qelng whgd yrs 2 Husdmus & QubSSID
smyenfismenyd LpCWOES 2 Halng 3)GLD.

| CuiuBGsH

Cuiu@sd uGHuile sreir RNA urssioGreév DNA ajLeor
Hemsvr&aOul® Lg QUGS S0 fapéfow Qemnkhiss Qaiifng.
ursSluGrevy QErd Nmanssu@d @iuEHse TATA Gueny
ety Quwi. ol s How Cuiu@sHid, Goéu Cgmi
auflmeser srauriL@@sarmer. @amea omGu GC Gusny CAAT
Gusmip, TATA Gusny whpid QAsTL&s0 yerefl ydlume oGl
mRNA 2 pusshl DNAWsr oiEs @G vGHUBOGHS
2 HUSHUTANCET b6 UGHEES Qg _&aé sand (Iniator site)
sTeoT GlLnwi.
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GC Gueny CAAT Gueny  GC Guenip TATA Gusny

O _sstl
Leirerfl

uLib. 41. Cubu@GH

@ifsnsd poL@un RNA urelnGrev serm GQmprd
o sa)fmgl. uHsrs o ar@h mRNA HAew Grirmiesefs
o " s@elgisT Hamaupnsrs sraiu@id. SiSNE Lo LigSgTer
o 5@ mRNA (Hn-RNA) ererm Quwi. ssnssmy 200 gjigefledls
oyfleoth stetrm By SefGumenL B 3 psmaryiled CorssiuGib Gums
Hemeowphn Hn-RNA flsnawurergrs wrmidlmg).Guognn spip Wmse
GaurmeararssT Saig emerulle Ge@pl Gurg Gamiil (CA)
Gurrsirp gjeowiiy o GG @H@Hasrar GumAGLWIOY
Haspsf Qsr_miGi. qsarla, @i LGHEE SoHaa Guiiia
GomBQ i) Qgmini@ih serib (Translator site) sreorml Gl
BERspEASEH Nar 2 HusHurar mRNA seawefsr omGL @i
Quuits yrs o MHusd GCsiw  gEar  BlassTear
oa_CLrflerregms GledrmeanL Hmg. b
LpGuESs0 Hspay

glewrL_mer DNA QarLi suflmgasst U QuBGSsSOUL G
geflurer grgies RNAars wrpdng. @dd sremriu@in wry
oS ger  gueliumLuiled us olgurer yrs 2 MUSS
maL GuyHmsl.
1. grgisu RNA

gngiol RNA-ar LipGuhissea Hapamea psedls Qs ness
Geiag UpQu@Ssn srrafl (TFIID) gy @ih. @& TATA
Nemerriy UrsSHEaT o Gelluldh TATA Guenypuiled 2 6Tem
GOLA_ L srreafllsgnLer memsasiuGdng. UGG S0
smyewfl (TFIIA) Gubu@ssuilsar Gus meoLullsy (upstream) 2 6T
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ue QupSsm smremfl (TFIID) wsir Wmardmg. @hHlmsuuis
RNA ureSluGrsv II L Qu@Sgew sryenfl TFIIB wL6r &eipil
Cuibu@sd uvuaHulld lyps OCaradpg. S duile
e QueSsd srgenfl TFIE &G penuilsr (downstream) aig)
usssH0 2 drer urelluGrsv QprHuLsr GmarSpg. ‘@HS
Wegsouwrar LpQuUESSH & @ srrauflsdr (Transcription
complex) upQUESSH Rapsfomu QuiEh Cunu@sSo
u@Hlenw CGm riss Gleinb. '

U Q@SS srrenfiser TFIIE, F wigih H Gurstpaas DNA
amefledl@hs s Bsusmer allfliuGsT® RNA umlwGirsiv
QprHaw LeQLESH0 gt srraflssmar Qaafliu. aangsg
sisraemer L QLG Ss GFiSDG.
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2. AGurGsmwss RNA <

RNA urello@reiv I1 rRNA6r (p&dlwiomsr Qgm@iysmeard
upQuBds Gsldps. uvpuG@Ssd Wb Gewe
gisme &siulL uGHUe gpnsSsty 1000bp QemamL &
(downstream) 3’ Hlewguile oL QupISEpE.

3. wrpm RNA (t, RNA)

uredwCrsv III, tRNA-m; up@Qu@sSss OCeLsng.
U QUBGS (plpsusmLiid uGSHufed 4 wrrded I STETUILIEGLD.
Qurgiams appsausmLuh Qawed wyrdlod (U)o mel Gugnn. e
RNA poss.pgisafilsd ugQuims s ;ﬂasgwél @01y ToT L IT 611 3
gl 4augl WrTEledled (Lpigiib.

mRNA uilsir gjmwiiy (Structure of mRNa)

gngisui RNA geg mRNA eq0Gurygid ebamp
PSSy C&TMITLSTEL @OHUTET Il SH6TT6T I|lpENEITETS
Gunmearsy, ms_CLrmaar wnpgn wyCrfe g Hwapamm
2 DL WSS ajib @nsdlarmgl. mRNA epo&enm Spoumd
ol samens ©lsmetorie (1m0 mG).

1. Qgrind (cap) eLamBmea Ggussr wHpi aflang
meurevsst g St 2 srer mRNA epo& e fler 5’
wemerullsr @@ Qg Gurstp LGS SremriuBGHaTmgl. s
m7GPP, Nmp, Nmp, Np gjsevg m7GPp, NmP Nmp Nmp
Np géu 5068 BmSsiu’ L HGmaarssiul L gl
2 GL. @&l N= efbagi mrirg Hly,&eflCumenL 1 sanemyb,
Nmp = 2.0 iz AGumsmevwd @GisElsirmeor.
smsuréEsd : @m o pmarCal a&gmssT LHPILD
mRNA uflsir 5 emerulleh 2 sirer @eior(® oV e
BusaflGuramL | Hissr g fiuanCor® WGmeH aEGLLSsT
GCansalu@augl Smsnrsan LG Ensg.

Urg e maun&ssdlar Causn Qorind omwily @edeamos
mRNA eypo&smser aefifley ACUrGembsGarm® @smevoriui
(Pip sulsbemesv.
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GO G Qzws gmm UGS 1 (Non-coding region I - NC
1) : Qsmif ugHeow ahsg 10 wged 100
B, &eflCuimsnL_ L & @l & i T L @iu@d
S|muiHmsdarng. GliugHuila A upmih U s&esmigs
(residues) oLikg sravrliu@Hsrpar. QUUGSH UTSSMS
Seae GQuie CFiinglsbme.

glusss G Gilwsr G (& Qawe iHp LGS
I0ss suseds Giud ueH SuHEGSAETDI.-
Qaraz i smhma whg e L sghoe Qsdsaid G
giusEsS @plurearTs Q)& aamgl

G @& Qewd LGS : @ LTShsmeT GHae G
Qi uvEHurgh. @Ho gnsGopw 1500
B, GeNCmamL L seir @assSsrmeor.

Yesew GHlusr ugd - GIULGS Geud ugdmw
2058 Yeseh GHud LGS ImuknsSarns,
oL smhma 2 uiflsafld yesen Gllwsrast UAA, UAG
2eg UG wrns @) slerpeur.

GIIL & Gewed hp ugd II (NCII) : @& Yy&GSh
Gflumear 9@58 SouEs LGH GD. GHo 50-150
HuysalCunem_L_aser srariu@dsrpar. @mar UysSms
Qumnf) gsunGuuiey Gaiudoma @iugs AAUAAA
auflemsem G&meTie 555 6THG).

ursll g smarGol. gjsoeugl umsdl (A) mrﬂm&uugé\ mRNA
ufletr  3' oot @ urdlIymearGal aflos
sranuu@Harms. @& s 200 - 250
AusaCuraLGser o mwsrs @nsdng. ey
By seflCuramL@eaafldr sranmisms Gmpdpg.

147



ofeuflus @mMiwid (Genetic Code)

worL) ustorysst DNA. eLpeodga pilsd amemrL® Slsormer. DNA-
grar  @ousrysma @G soaygonlldcis 94055
SONUONESGS CsTar® Glendlns. sramrGeugmeir DNA oyl
Qurer craTn Syysaiu@Hpng. yararGn SGMACLuy
G F), SUTsusLTfsE Sflold, sT&HSmY WHIID b Ts
oy auflmesmw Qarar@srargl. Gl TaTS R @ur g eaflsir
seremwsnw Qsrar@srer wry Gald GiE Ceiuiu@Spg.
oigTaugl ogaarsr (A), evgullsr (T), el GLrdlsr (C) wdpid
Gourmersr (G) ersTn MELTYHT Ip&HT gl uie
eiuiGasmrss Qeunubddiper. @snE faflus@hun wry
&M@ (Genetic code) eremrmi Quir. ue Bl SeflCuramL Giser
Caingl @@ GHOILL iiGam gilngsmng Ghiédlarn GOl G
oy @Gouer (codon) aaTm  IMYPSSILGEDSG.
CupeiuiiL @ks mrarg Iysailar  (ATGC)
oetiumLuilegrsr wry Qs Gsrar® 6 g6 dlrmer.
FellwsGiiwer @aaumrsarpd epsrgm Hw,&aflGuranL Giaer
QarsrL Qgr@Hurs wrHoliu@EsTmer. epeTm eLPSTHTI
I saoarar® Smups B&GHiusiTssr gaflsgefl. oG
Ifionsassrssd G Osiiddarmer.

@Qihs smims CarGyrarr @Quidé wmmid wrgull ererp
SNEHIS6T S fbSTTSH6. SToUG! eLpsiTl DBELTRET Ijig&HaT
@ IiGarr gfilnsmg Srturalspg. Guaid epsrm
g aafleir Quiaeafl) 2 6Ter (PS50 TIPSSHSHS6T |STEUG CLPSITDI
TUWSSISEHT @ NG hinsms Siuralseh @iumers
&M&Slermenr.

el :
A1
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sfoflwd @b o)t eiememr

5’ End : 3’ End
U C A G

U Phe UUU SerUCU TyrUAU CysUGU U
Phe UUC SerUCC TyrUAC CysUGC C
Leu UUA Ser UCA StopUAA StopUGA A
Leu UUG SerUCG StopUAG TrpUGG G

C Leu CUU ProCCU His CAU ArgCGU U
Leu CUC ProCCC His CAC ArgCGC C
LeuCUA ProCCA GInCAA ArgCGA A
LeuCUG ProCCG GInCAG ArgCGG G

A Ile AUU ThrACU AsnAAU SerAGU U
Ile AUC ThrACC AsnAAC SerAGC C
Ile AUA ThrACA LysAAA ArgAGA A
Met AUG Thr ACG LysAAG ArgAGG G

G ValGUU AlaGCU AspGAU GlyGGU U
ValGUC AlaGCC AspGAC GlyGGC C
ValGUA AlaGCA GluGAA GlyGGA A
ValGUG AlaGCG GluGAG GlyGGG G

GPwGHer wWeHEw uetorLssT

afslliusGHILSH0 SnEoamL Sl GILmGaITeT LIwTLs 6T
&meunrLILI (BBl m6or.

1. apsrGpusg @own (Triplet code)

RNA uilsd gjeminpgierer ;f,lgg,éaﬂ@wrrmv..@ 69 (LB & IT 6TT
waopuwlld  gmuhgister  @GlumausmTs  aflmsurs
ouESGEGL. gubars Giluynd iy 055055
MBLINET IjgsHmad CenramLgl. @hs apsrm g seflsr
Quwirsaflt 2 sirer (WP TUPSGZISHT I ANGCaTT flnsms
efisSsdnar. Q506 epTtpYss GHUIL® yemp sreg G,
2. suypailw Gl (Non-overlapping code)

sugaiu flemewphn @l steirug mMRNA® sreanrliu@in
eeTgl Sjpwd RG GPluSHr lGaTilnsmsUD OSS
epermid Couml @ INCaT Yfivsmsun @msSermer.
QS EISSTL LIS, UUU CUU AVA ¢retrp gylp cuflens
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o 191 6% 60T 60 2, 60 60 60, aS]g,efls&r, s Camedly, Heir stoorm fGeorm
Iftismars GMléSlarmenr.

| g e |
UUU CUU AUA

Gusin UUC whgnd UUA ereirp ojtp suflensiyin Ssiilemeored
Jjmeefer, lwSAsr ererm  QbIGerm  bleurhissmer s
GisHerper. LSS0 G Geirar 4 LMD 5 sTeTUS SLpaiiu
fleme @ound (over-lapping) eresrml GlLwi.

3. srpyerefisstpp @ohud (Commaless code)

RuGaurg Seollus GHuwh ahsells &L sl
Qaroisfwnra gmukgerag. IsTag 055058
GlukisEps@ @ Cu srpystallatar, Andss @hleCerr
IR @\mULSlosme.

4. Qgeflaurear @phwd (Non-ambiguous)

Gurgiuns daflus Golwn e Cgaflaurar @pluwrgid.
Syeume o Crrmsafin fo Giwsrast Qurg allflse wrprs
QeweuLmi. gsraug AUG uppid GUG gyéw @lwsresr
QusHCuremersr eeirm UG gUhivsms GHWE
Qewdlarmer. 9g Gured GUG Geusmeer ereirm uilGerm
flvsmauyn GHuih Qeudlpg. Cuaib GGA serm @lusr
Semerfletr OHMID GEpLTilS ufleid erp @rew® o(ilGerm
Iflvrmismsmyd GOIWIG CQelflsrmgi.

5. flma&Fariy Gilwid (polarity)

suGurgith  @owd  AisrulssiucL  &eneuflshgmeir
GawsuBid Igraug 5-3" SHaauiiop.

6. sLOHPd @slL Gifiwbd (Degenerate code)

fo Crrmusafiled arpsE GuphulL Glusresst @Cr
fiGsm gpingams GMlsHsmer. B5HE 6 ESSDD GaG S0
sterml Guwi. @s Golwsrsmer sESEMD Qs L. @iiusTasT
6T jemYSSELLEEDGI. TOSGISST B whl GLrssGusir nHmrd
CugSeurefiar Cursdrm G\@m SGarr gufinrissT Brisarms
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SHusrer gmearsg G gUlnhsEmEGD ROTNISES
Cumul L GilwsiTaer o drerer.

7. Qgm_&88 @plusr (Initiation codon)

ursGulisnL @ QT gersr 2 puSSiirarg Gurgaurs
AUG eararp @flwerms GQarimd mussiu@dpg. @&
OusHCuneafsr stsirm opACearT gflvsms GHlsEHns. B50G&S
Qs s @sind @b (Initiation codon) ererm Gt
8. Wby wausG Gusr (Termination codon)

gaiQarg urdlQuimL @ Gsrifl 2 HusHun W s5a
muUsGL GUluer gsrMarmsd P58 mussuuGising. UAA,
UGA, UAG sreirm epsiTyl GOIWETSEHEE (Wig 5 oSG
@weiraer ererm Quwit. @&l gHTaIg @srm uTsHiGulimL ()
@amf o pusSHmu HnsSsHnsg.
9. Qurgearpp GMwer (Non-sense codon)

YigdHs musGh enbssrisarmear UAG UAA umhprtd UGA
sheels UG gfinsmsun Gh Galnugoame erarGa
@emsuser Qur@aby GPlueTESsT eTeirm s SLILIGIEOTmeT.

10. gplund GurgisssreanwyemLwg (Code is universal)

R ICarn giivsms GMsHsTn GliuarssT QuTgams
Smarsg 2 ufflarmsadlgn 96s HGamgfilnsms gmer
IR Qesnifdarmer. FTaigl, Hieuramuiifl urSiefliuigsT (e
wafllgsr ey @@m Golwsr e IHNCarr gfinsms Srer
i Gsldflpg. aarGa, geoflus GoHwbd aerug
@uir g 5 667 6w LOW| W L_ 111 @lwid (Universal) 67 68T M)
3|06 LU S ETDE!.

11. for aufllows gwES G dlwedrssr

yremsefle eeusurm iGarm gbloumisar Far auflsneauils
Smuhgismsrsrcam 98 Gurd DNA aflgith mRNA ufignd sfsoflws
Gwsiraer Bor suflmaulien ojmissUu HisTaTer.
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gL &F mmg,la;@m sQHurppsHHGn B Guusrer
QamrLmy |

@Mlueflss o drer enpTegeir Sjpuflsir gmwlitlear 2 gaflwrs
sfsr &GS uTHphsH HOLAUNRMS SYBES ClETeraT (pipuls
FQeraflsy @uisourer @piwefls) smELTQET S|\p Heifledr LTHMED
sypu@umlsr, gefled Héswores G LrHo JFHUELD. IiSTeg)
DNA cyaésfid @n PusaGuror® UHsrs @)smeuor S 5511
LEsTCT, aflnssiL@usTCar magl @6Tmp rpileii@
LHWIEE Couyl e BudaCuraL® Gaisréar &GS mppi
THUGENEL. apirOpuds GO @G @ELTRHE Iy @b
wrflarrd @uaurs @@ bGarr flnsmss GMlusDEGL
udors CuGpre oufCam oiesHdr GfluaTs s
rmdng. Gugih fo Crrisails QuIGITHD GMPILETST Gl
2 peursemd. @uuglult  Hspsdsafsr  eflmarans
wyeowwra urdGulimL® 2Gursrud GOAOLLL Yrs
2 Huss soLULEG Csmauupp Ursh 2 pussHurHarmng.
TOSEGMLTe Quaafls aarp Hpfow o amn rés 2 s
Qrrd) s wrpph aflemmaurs 2 @GaursTosh @S @ueursg
QoS Hisar (albinism) GarargSlngi-

Urg 2-pussl
SmarSg Qedsafdr algamulilys@n e Smysumr
UrsRsaTEGh. 2L0d Foruph gmarss Gaubuew
fepfdmuyd wr5GalsEGn OprHsams UrshseT
B m&Hsrper. srarGot, 2 ulraflitisafld sreariu@in G&hseflsr
g susHLILIEmLILID g6t CQFwsmaamenyd urmofliug Lyskssflsr
uemofl gy @i

u ouilGerm guflmisst Gaibg @5 YIS 2. @haurSngl.
@ma QaTPLaT Rary @oarssliu’ @ urdQuimL®
Qar_flleamrss  sranlu@l. @arméE GupurL
uredlQulmL Qs Q@ LUTsSHa srariu@in. DNA srer Urs
2 Pugdl Gaaflum’ whEée enmammors aflarm gSng.
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Uig QUGS S60 G560 GILILITR
DNA > RNA B BT LS
(iUl GG 60 :

wry Gsiig DNA uislgha RNA &, RNA afsdlGhsl
LTE5HNEEG Qsngih HopFAtu o uliflsr gL ILTEL.
urs e pusHule LhGGsTdEyD Srrmssd
1. DNA
mRNA ofgih @pliLIsoT&sir
MGurGamaasT
Qo &eofeiin
S| Georr gLReVEIS 6T
Ll Georirem & 60T t;smlro°5urrsfuo°o('buf_

Ewris smeuds@itd GErdlesT

® N ® v B ® N

mnﬁ)gj &y it.e760m.67 (tRNA)

9. Geumemerdleir ipsniy bUMHELIL
Gaefliu@agn QrrH

Qurgleurs Glipurerer yrgriger el GLmilsrme s
girer 2. Huss GeliuGSarper. GPOUrs e CLmilame Sl
a _grer MGUTGamd et Urs Corsms fsn uGSTGSLD.
uyrs 2 Husd peoLQupiflarp wep

v flemeseafled Urs o muss ;_r,s:mLQumuﬁlmgx. GHOUrs 67y
Bemeossflsr aufliurs QEHspFs poL QuySnE. |
1. gsGan L QUEISSHHD ,_

o U s@maller DNA-aflsSphg mRNA 2 aun@hd paons S
mRNA uQUBSS0 ererm Quuir. L QuIGSselsar Gurgl L
BaepFfsar pamLQumin: vy QuBGSsedlsr Gurg DNA- aflsr
@rar® ynsdmyseshn sallssatiures Wifihg ollbhélsarmer.
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Wfdlsrn Yoé&Homypsalidmig RNA 2 HusSundmgl. RNA
2 HuSHILTGL b eHmp Baypés@ DNA eumiy eTeory QL.
(DNA template) @hflapss) 5'—3’ Hasufisd peor Gugrd. mRNA
2 HuGH DNA-uflsit Tarag @ UGHUSIBES 2 HuSSurEid.
o UGHES QT ses semd (Initiator Site) sTerg Guwi.
@phepsFd peoQup RNA ursdiaGrev steorp GErdl o gehing
uHsrs 2 Gargh mRNA gedflg sron Aoaupnsrs
srawlu@. qpssry suri 250 opafldls il ety
R &afiGurenL @ Bi wenanufls Goréslin@n Gurg flameawbm
RNA Hoourarsrs wrpdpg. Guamw 7 Hagea
GurGarrflsrasst 5 pemeruiler Ga@md Gurg Ggmndl (Cap)
Gumeirm gjewioliy o Heum@GLd. @SB STeT SE&aI6d GLILTRY
Hsp&s Gar_kigl. g amaswrd @Es LGHEHE S Gluwrey
@gm_mglh semnd (Translator Site) sty GQut. @HflspFHeE
fler 2 pusHirer mRNA 2 U & geaaisr 2arGL. @1 (b GUWTES)
Urs 2 pusdesarmermer sl GLmilamesmas ClaarmanL Serpgl.

QUGerr gjflomser FirswrL U@ 5o

Geselles meL Gugid aeor Yrs 2 MUSHUYID Wl
Il Georm gfiwmsst  auflsiuBSsOul B S|m6u
greamgeafl_luGHerpsr. s GLrilarren  srer  Urs
2 MUSHEGS Camanurear marsg fGsarm opfrisamemib
Qar®@sdng. biGarm guflvtismars glar@aushaeTear g bHned
I Carmamast waruraGulydgpigs (ATP) S sSng.
ol ofiGarm guflwiisdr ATP wLsr @msurhg ouiGsrm
Sjifln, AMP upgis euGrr Ssursvcs@ulLrs wrgdlermeor.
@ger Yar emel CLrlamsHle uiGarm gfleois AMP wL sir
SiGarr gmes HAHEsCLs ety QBT Bamenwrhs ouACsTT
S|V @gnél & (B sousmeu 2 haurdims). Geisurn @ oublGerm
gjfleuid et Ens

SUiIGarm gflwn + ATP—gfiGearr gl + AMP +
smUGTT SHLITeN G

AMP + oufiGarm gmeasd Hib5CLev— oufiGearm obleoh +
AMP+ Gl
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3. gmewriulr QuiiGarm  guflwmsdr tRNA  wLer
) on o & & 11U B 5 6

grer e L opfGarm oufiwmissr GOUACLL tRNA W s
Qmawssuubdlarper. @bfapsdulisrGurg tAMPwb oufiGerr
&0 fEs0L e CErHyn s @O saamauuiladlpgi nﬂ@un..@

SstorL il L S| Georm 9|60 & 60 RNA 2 (meumd)
s CLrilorresmas GasrpamL Hng).

4. daflu GPlussancd QLIRS

tRNA eyevéon gisst mRNA o2 eter By, &eaflGumeoL B Qgmr
aflmsau @ IJBCarmr gl urdlQuimL® CsmLi
aflswrs wrppn CewugsE daflus GIlusssan Gy
steorml Glunwi.

oot  Guwiey wseled AUG erarpm @plwesfled
Qor_n@dpng. BosnE Csr_sads @lwsr srarg Guwi. AUG
srsrug) QugHCwmafisir ereirn joGsrm il Eer @ iusrm @i,
Sja@ansr 5’ amear CgTL&sU LGSUTe ACuUTGsmilsr i
SIveT JVGL60T @lememt HSLULGE DG, GrewrOu’ L obl@srm
IufiwggiLsir tRNA Gaihg MGurGsmbler Quifiu  gjensor
g@Lear Hmamsstu@dng. Qs & 0 Qsreuing
srGUTGsmd RNA gufleuid wrhgih RNA & 'O Gsr@ly srerm
Quuwi. @& ACuTGsmAled GQuifiu gGimewr oauHsd 2 érer P
Usirefluy sir @leneurfipg). (pged TS Glueir mRNA-uflsir 1pged
Gphugy_sor QenemmHimsl. 2|65 CErSHe @t raus oulGsmT
Il grivdli tRNA @65 Gufiw gGismewr gl 2 srer A.
yerefliy sir  Semersa5ULGEANG. Bos@oOLIW TSI G Hwsir
suflemauilsor @reor_meug Gl er ComAng. P upmib A
Pws@safls Gmawésiu L tRNA gufiGmrm gyl mkissr
GuiismL® Gl Glamamré&siu’® BmEulimL® JsTaig!
LOulmLLTE wrgdng. GhhHspédssNar (RNA
Poadnhg allwd Qeadng. 2 L anpure A Blosds s
tRNA @Qa&star® @msmrdlng.
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5. urell@QuiienL @ @srLf [BEn g6

LursSlQuimL G Qamfullstr OS50S SbiGeomT o) flakimer
Nemeoriinfeo (peir oilCerm yfl0GGIL 6T @ememraigms GgmLifl
156 Sm gl @ &G &Wwen BeTLom & e &y 6unfl SHewimeb
o @allsalLGEamer. ograug @ikHsnéaullsr Gurg mRNA-
w6t Newemnfhg MAGUNGentd 5°-3) S Crréd Qe dlmgl.
Gugud ewsrpraig Gower AGUTGsmlsr A Gludamns L EHmgl.
@i oiiGerm yfleuid eweTmTaIG! G 6T Snipitt (RNA gjg60r
oflnggLer aukg Omardng. Ggar allwmaraurs A
Beusedl b mmmih oy ferersr epsirm) HOGsTT ojLfleorics(EmL6ir
(i SerS5HnE LrHPiLGEDE. 265 CErSHsn mMRNA-ub
Alg Enfisre ACLTGsmiD G@mha @b Quuihg urSlcuimL G
- @gmfl uplupwirs Hor o Gail Qeidng.

6. ursll QuismL® QarTLfl gL G0

Serol_gmesr ereiTmemSsILELD LTlCumL B QgmflgsTrer
Yy Qeiig Qsmsm. mRNA-ufsr smodl ugHuflsd B)ms@Ei
GIUBES W S8 OSS Gplwe srammi Gluwir. Gihg @oflisir
sThs il iiCarr gfilusamsin GHuiE tginidlmame. arGa
AGUTGemd (ipusnL b UGHSESG i@ Curgl 6hg 6l SBGsrT
Sflwin @aearrwumos GS5gLar ursdGuimL B Qgrif |
wgaimL Hpgl. Sigeniisir QuismL g wrrsrenuGren (peptidyl
transferase) ereorm QEmduiler QewsurLmd umradlbulmL ©
ACurGenlledlmig aN@N&EsLUQEHDNG. QST &N
AGurGemflesr Aflw wpm CQufln gGmer 96 E S EHL
geflggeafliursn Miflihg ol Elsarmer.

7. urdGuismt @ Qs flenw .gqsmmmg;ugg;w Rapad
(processing of polypeptide chain).

@ uTelQuimL B Qgrif rﬂGurr(B&mﬁ]sﬁ]@fr,@ QeuaflGu
UBSAIL 6T o SumiifiGes ereirp GETHUfsT 2 Falwmsd smLdl
emeruller 2 sirer oufiGerm guflwmss BssiLGEsarmer. BSDE
uredleutienL @ Ggrf gmwamssn fehsd srarm Quwi.
@ aarflar uradlGludam @ Qarfl e GHNICL SHoeulld
wiglimyl GEwOLGID Lrswre wimSng.
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off6tr. @EFWedLITL Ip6iT SAws s
(Gene Regulation)

80 GO L galldlphg 2 ar rEgh Aprd odug:
urssms SMussh Yopse dar SAussn aadarm Quur.
Qansley sSraruu@d aamr ParsEnn Comaustasmu
CamauursT LrgSms 2 HUSH Qe Sersnwsmiu GlsmstorLsmeu.
501 Crrsde Qemdld B(BHEs6am g Jmerss ssre afler
QeunsEpd Gauliu@ssiududame. e GEoTCL
Crrsda ComauliuLsemyw Urshismer LLQCw 2 Husd
Qeilifngl. TOSHGET.LTS, Ggra " smhamen 2 ullifisafls fe
Qurdlsst Qsriibg 2 Husd Qeiuiu@Earpar. ST
Sj&Ean Uy WESS50 QaTLiihg B Qumih. sfarGal LT &5&mS S
Qarifkg Qauefliu@sgId BirsEnse oIl G Cuhuriameanurer
sfsiramer (house-keeping genes) ereirm Quuwii. @Ks gfer
Qeualliiur®@ puhismuea @dorsg Cursry ComargSnsl.
@Sssmeu @uismuey @anrg st Qaafiiur® Hublssiu
sfsor Qeuefliur@ eTaiTg S@YSSILEEDG. Heo CrrTsefle
Qensafis Urs 2 Husd Comaiu@n Curg Ll @D IySHerer
QprHast 2 Husd Qeiuiu@Ssarmer. Urs 2 HusE e
LB er Qprdsaflsr o HusHunn ﬁlgjg’:.g;ﬂu@élmgj.
IeTaug Comauludn Curg w@ED mRNA uyQu@GSS60
oL Gugnd upm Crriisafld @g slGULESSILASHDSI.
@ hflspame QeousAlinB & g Hesrm o8y 60T & 61T
Uhsmussiu@Hdarpar. @snG Fwss odar Gaefliur®
aeary Quui. Fluss Jarsmeard gGrawLGamr 9joag)
IL5&6ar Gailwemd. Graw@in &M Grawhsn IiLSEL
Qawe OGGS6 Temih JjmpsSaliL@SleTmer. Lip GBS se0lsr
Qurg dersaflsr Qewd srdiury GQFwHLASSILOHDS
ersirLIsm S Gep&ats Lommib Guomsorr(®H (1961) ersorm o|flEsiT S6iT K20
eT6irin UTSlMuSHH grhigst CFilE CHFTHMATSHT CLHMLITS
sarLfhgiererert. @& omarsgs o wlflearms e sl
GurEshGID sTeiTm &HSULGE DG
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feir uismwe] Ggre o L s@GhHomo o uifisaflg,
1fe L s@hlmn 2 uflflsepn som Caupu@dHng. gGlarafia
Qsroz Lswhoa 2 ulflsar  Gurgiurs &ssidlnore
gereflFmawrs’ LGlumLEE ua @@ Glad 2 uliflsarms wryin
g;s&rsmmmsm_wm‘ o) Comaiu@iy Sassmer WG
2 BuTSGHh ol a@hoa 2 ullifiesfler Q&mmun@ EIDEI
Gaimu’ L Fns mnmuu@é\mgj

Qgrae raswhma 2 uiflassfla far FAussihn

E.coli urélefllugdle ssmssry 3,000a0mnba 4,000 sisrser ‘
sramiuh&larpar. 9|65 Crrsde 600 s 750 YrHmiser
L Q6L e GHNN L sTasHHd sravrtiuBSstrmer. @660 ks
Brih QsfigQandraig rerarGadTmmeD T o 607 & (15 LD
TOGUI GLD L{iT & 15 & 6 617 2 MU G &1 eb6m 6.
Garoe L &mhao 2 uflsafld ger Gewshurt® Fhussw
S s QUUILGE Qswhmn epald HoL QumEng.

1. ume@éga‘i &t’.@ﬂunﬁ@é QEwnepsmp
(Trancriptional Control Mechanism)

urSeflumsaled upuUEASsH Hemeoullssr Gumg uw
s @UUTSer epol Persafldr Qeuaun® SHussiuGHnE.
@ wéHoTer e ETETLS aueTTAmS Lrhn Hehé A asaflsr
IpplivsmL_ullér, oiEraIg) Gain 2 HusHulisr (Anabolism) CurGsT
AgpeoLuh Cur@gr (Catabolism) ghu@id, sfsr @swshur@
Fllussliu@augregd. @ran® aumswunar SAUsS DT
& soor LI (D b sarmsar.

1. srdliweon ffuss wop 2. CrflaLwrsar Fluss o
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1. erflifvenp FAwss wpap (Negative Regulated system)

o

ool
7

uLi. 43 adlivaop Fuss wap

srHliwomn Fluss aopuile GCeaadlsd UGBS SH60
gL Gumser (Inhibitor) srélymer L QLGS0 HapsFd paoL Gup
Glswe eor&sin (Inducer) Qur@mst speirm CamauBEDG. @S
gL Glur@menst TS5 BooL Cupdngl. Qawam 2018 Eails G0
wyempuiisd (Inducible System) Glswe 2a&Gails@Gn GuT@meT
sHoYnS o @HsGLturg 2as@aléssiu’L GrrdasT
o HusHurdlermer. @sucums GQEprdHadar  @uEplDuTaLD
2 areiQur emer AsmausmLd (Catabolism) Hlaipader
Iyl uilsd GerarmaaTar@Ll. @S6r gjpliuamLuid 1961
opeir® Ce&at whmid Gurearm® srerm et 9flesii&sr
BlL2 gL Hlsarg rrinsfaow CumQsmer missir.
B2 gL 60 6TsiTy LUTSlefuSHaT ?2-CansCLTACL e aerm QEprd
Qewen 2amsEalsEGL WonuliGar gong ILE5E 2nusdh
onulGar o muTusTS Djauiss efaréEarTissr. @bs
yéSwurer gearwrdfl sllers@n @uadHusr permdif
(Operon model) steiTm SiY&eILGENSI. @i SusT (s Sif
Guretny gmwiy GerrCurGembled o drergrs Qjeufasr
oflsnsfleuri. @Qhg sar@iyihans GauisEnse 1965— )b
S)eurig e Grmusd ufls: aipRISILLL g).
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@eutsafler Gamiurliper uyp QusShusT weTwrdh
QaweLL @(maums sisrser CoHamel.

1. sLEuU@SEIL gferser (Control Genes)

2. gemwotiy gisrsst (Structural Genes)
1. s_QuBSgid gearssr (Control Genes)

gemully Pgearsmer SLEUUASSIUGS Rlaumpler wédu
Calsmev. epeiTml susmSIWITET &L GUILGSSID Sfetraer 2_sierer.

w) FAwsH dfersmsr (Regulator Genes)

Flus s dearamer gmwliy Parsaflar GawmnUTHEmer
50565ng. @i daflsdr CFwaTd 2 GATGD UTIS5506
s yrsd ererg Gluwr. Fwsdl ddearser @@ umasamms
o sremeer. Griinemm Ffwss sfeorser (Positive Regulators) wmmid
srifwenp FAwsH (Negative Regulators) sfsirsser srehliuen
sSLQUUOSG darsaflstr Gewsmur® maTugl L &SGD Lrsin
(Repressor Protein) DNA L st @emeamrGas0Ul B 9oLy
afsrsaflstr L QWESSH SHSSHLRSGTHE. Sy eTmed Citsmy
SLOUUGSEID Pdarsaflar Gawdur® estug Qewdu@SSIn
yrsld (Activator) usss5H0 2 srer GubL@BSE (Promotor)
efsiranEnLerr Lsnenrhgl LeCUBSSme GrstrhSmgl.

@) Cubu@Sgid gsir (Promotor Gene)

Cunu@sgih dar GOésGL QLsHogrear mRNA
upQuESsH Repsd Qo figdng. @hs eraEpLer ST6r
RNA ursdlunGrev QEpmd smevwrsHmg.

2 ) @Qusdwsir gfsir (Operator Gene)

PusGh dar  CrMoLwns ol  ersmen
SLEILESZIHPG. @FD &G0 UTsh QusEh B e
NmarbHGsen. @& omuly fHorsflsr  USSESEN
D|sLDIE (I 5 (G5LD.
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2. gty gderasr (Structural Genes)

I055M58 srawiu@iln QAsTLiy@LL 2 GATES
sfstTaEheE Sy gsraer ersiry Quwi. @eiblaur Sjemioli
Sain QeuaiGaigy UYrs 2 PusdHsarars @GP amers
Glemevor BI6iToT Gl ,

Covs gyummer (psor wrdlifl (Lac-Operon Model)

Covds gy timmer (psdr Lo steiTLg CusGLTeY QFflEsMEES
Comauiu@ud QprHEmer 2 HusH Geinh Psraafisr GsrEay
upl efleufllsEn earwrdifl g @, GlHd Cubu@ssH aer,
@us@i ger (Operator Gene) wdmid Z, Y, o eTeorm epsarm
il fsdraer o ereren. Z-gfer Con&CLTAGLM srarp
ArrHuflsr @Ml mLud, Y-sfor ConsCLrdlGLeh prmsimsv
Il g Goueiv stetrm Gprdlulleir 2 Husdlsamer Gl soLujn, o-
ofetr Gowds QuifGuwsv ereirp QErHuiisr @lui b
Qupgererer. Z-sfeflsh 3510 Yjp@amsmraeT 2 sTsmgl. HrmHUGLIL
(Hydrolysis) epold GousCLmev Uflis G@pbaramrsai,
CaHa&GLTenmEayLd LTNIMSDHS el sm 6oy, S Elwim &
CanslLrdlGLay Qeumu@Hng. Imwiy ofar Y- 780
SlpQmeamssTOuUTfiGwsy  steorm  QrrHomw 2 HUSH
Qelwiu@dpg. @is OErHl CaslLri Qo saalger
aar(pou Glmanr Geiifipg. o-oérn ojemwly fefled 825
I @memm&sT CHasGLTaGLsv 1prmeir gjedllie G eTeirm
QErdow 2 Husd Qeiidns. @& ol mLd Gar o (Acetyl
coA) srerTuemS P-CoHnstLrmeL s wrhySng

E-coli Go&GLmev @ldeung 2’| 855 Saameuliled aleargpd
Gurg) eysry QprHsEnin CaemauiinBaidblume. starGou oeumnilssr
jerey s Gmphs Hamauilsd srsorliuin. syblsrsfls ursiefliin
Q56T gOnmes Gmaniloars GrrHsEpsSsrss
GeualGauddma. @iRmaouls SAusH gearasr oL &G
UTHSMS 2 T nSHGSornar. @hs IL&@Gn YTrsh @I ELo
eyiLeor emewrhgl L QuBSsh RapsHows s Qaldps.
ot  aflemeTours 9| 6WLOLIL sisorser  mMRNA-g
2 HursGadhome GCuogu GComawrar GETHsEH0
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g_;i)ug',.g,]mnésgmg_f,)é)msu. EERspFHNESH UTES ILE5Gs50
(Repression) ereirm @unwur.

E.coli-m Gu&GLms o fif e’ L & #5581 Somaui
aeTissILEL  GuTEl oS  peiTm  OnrSsend
Comatu@dsrmer. HICuTg Cad pmes Qussiu@&ng.
@i Rmauie CGa&GLrsv E.coli &G Qoarm @@ CFud
gre@b Qurger (Inducer substances) 2 GanSng. @s '
LD LIssHd Geume 5O5ENGANE. Bz
@uEEn et s Oou @ ooty Hefledlmbg mRNA
upQUESSH TGS UTs 2-pusdawé QsudubssHng.
sarGou SAwSE et 2 HGATSGD JYLSGSW Urg CurmeEs,
&l GLmilsTreud 2 Haurs@Gh GFwsm 2assl QurmEnd CET
i sHemauiisd QewsduBElarmeur.

lacI lac lac
Promoter Promoter Operator
M~
mRNA 3 . . L o .
Lac SjL_S@GLb UFSh QLG L (L6
Seweoigl Z, Y, A gstrasefisar

' U QUEBSSm0 SESENS!

uLib. 44. Ceud S Urmer
B. Criusmmmns sC@Uur®

ursefluriselid gfswrear sfarser Criweamm (Positive
Control) psomufiev s HILLGSSILG EledTmsor.
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pfAUGLr & Cuer gyligmeir gperun@fl (Tryptophan Operon
Model)-(trp Operon)

E.coli urdlefwgsHso o drer trp gylrmer pflGL mesGLiesr
srirm AGarm gflvsms 2 Husd Geinul vwaTUGS DG
pALCLIrGustr oufiGsrm gyfiuih unsiefluh T 2’ L F&HE)
sasnaunilsd) @m&HEi Gurgl trp SLUTTET UEIGUESSILGSDSI
- @hRomeufld trp gpirmer Qewdlyks Haooufld srariu@.
Siflswrs wAiGLrsGusr Camd Curg gynms LiGWESE0
oL Qeiniu@Hpgl. pemme priGLrsGudr s Gmpears
B n&E0nourg UeCwOSEM KoL GumiSnsgl. ﬁrp ayurmer, Geus
spnrefllsfighg ehy MSHursnrs ahg alls ClFis omé G
Qumrper @oeumrwed CrflamLwrs YL &G Yrs (Repressor
System) yopGu UBIGUESSSDG. trp gpurrefled @bg)
Imwly derseflsr GOuIG 2 stargl. @& wfOGLmssGuedr
2 HusSuflsr Gufigid ukig uAEHDG. wlUCLTSHGUT 2 HuSSH
kgl Hemeuaefled smeaurliuGSmg). QAQMTSTHISEI Safldseh
Cmrg) Comaiiu@Eng.

Repressor Trp Trp Leader
SL&GL YL W\Im.l_w Operator |

l, 1 v tpmRAN
mRNA W/v—
AV S
Active trp i
l repressor . :rryptophan
2 {LFH Geninyh Qrre)
vamm tp SIS LTSLD trp
; & SBCIEL L 6o Seweniz; wp
Inactive trp s, Lig QuBSSHemen
e Tryptophan DL EHGHH
uLLD. 45 trp gLIyTeST
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9|greugl trpE, trp D, trp C, trp B and trp A eTéitm g
‘ousna sfsiTaer LG QameTdlsTper.
e s@GHome 2 ulfisafld gisr Fflwssin
(Gene Regulation in Eukaryotes)

fe  s@Roo 2 uiiflaafld pa Qupin gisr Fussn up
@ergin sflwrsr waoptles yikg Qemsrar wipwalsemes.
Qe Gungeurer g Fhuss Wapsnsr Qgrae L &smhame
2 ifisafigud, e L amhHoan 2 vifisaflgid srariu@dps.
e U s@Hlomo 2.ufifl far Ggr@lulle 2 srer asbem gisrs e
sTUGUITGIDh Gewsu Bid arammGLullmluhabamen. @@ Gl
Qeaelle) o erer feraaflenr Qewsur@ Caig Qansafld
Sjemwgisrer gsraaflsar GawshHur@w sHgy aNSHurswrarsns
QmsEGL. en 2.WlflarsHdr Qadsafian LsmysmaTLD 86T
Coumaamenyn Hisruiliug ois Cahsilh 2 srer gisiraseflsr
QEFwduT_ LT 2.GarGh yraksd (GHiurs) Qprdsmer
CQUIYIS5E!.

Wa Lamilon 2 ulflsafld 2 sdrar gersafler GQewsmur®
mRNA upQu@sss apob sCEUIUESSILGEDG. Cuaid
Cuiu@SHaer whmih DNA Gmeoriy yrsh ueQuESs
- amparfllCur® @esorupd CGurgid Peirsaflledr Qewdur®
SLOUGS5ILEHDS. CuiLESH ueHufld 2 drar RNA
ureSlnGrev grer iu@agrd LpCuESsH oL QupSng.
GuoL@SHsd smsmriu@ih Hfusa Agmi aflamaw s @sius
Qgrii auflosyn Qmamures @m&Eh. BsneE CIS-acting
ereorl Qunud. :

uia  s@Hloma 2 uiiflseflsr RNA uredluCrs Istr o sefluimed
urs GHWIL@ dgarasafldr uLQUESSH BoLQUDISDS.
upCuESH0 grsir@id i’ Lemwey (Transcription initiation
Complex, TIX) RNA umefluGrsv II Qprd uhmih Gmemrss
urgsGsr@ Qoarigs uwQUESSmo SI0US G S DGl
U QLOSSH srgafl LEOLESSm aloraursGaur |G
GQuginrsGour gmLGupn Qeidpg. Qurgmurs g Q@SS
aryenfl mel GLmisrresHd o @maurdpg QL ETTED |G 60T
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Qawsur® 2 L s@eile B Cuniding!. B\enE lermeri o) Sipk
(trans acting) &myeuefl svetry) Glwi.

Qurgieuns sfsr Geusfliun@ £@meo’m_ nwrerg Hemsasefls
ROGEICEE

1 @liplunge (Replxcatnon)

2. upGw@mSsm (Transcription)

3. yompliu@sse (Processing)

4. geeun Quwiey (Translation)

spmiypu ger swed Gausflliur@id
(Envionmental Regulation in Gene Expression)

sHoYDSHeT Sréen gisr aufliune gser Geuaflinm’ sm
FUBGLUOSZFDS. sHNIUNSSHD THuGRdD wrhph gieflsr
Qawsur_smL LTHDGsTH ssr Qaafliyps CombnsSnEin
et Qeausfliur’phEloLCu &Fhm o Qaaflswwih
9 Hef&Hngl. 2 uiiseflsr aaridd uw efliull. Hmsosaflsr
auflurs  EoLCupdpg.  SsTag  sHQIUDSHDELD
i @ ilsmL Guinysirer Qewmur@ 2 Ledled 2 srar CoaugiLie
srranflsEnrSEn st g@uilsE@L @amL Guusrar Qawshur@id
W ukisafiiy Qelidsrpsr. 2 aramuulis GEMI L @ s
GO L @@ Qewshum’aL puagid Siurafllés wigwrg.
THSGIGHTL LTS Bos sarsamaryd, Uiy (g Wb
dersmermed) Siorafllés (rpurg. appoynsHer us Ko
2 uiiflermiseaflsr ampsmaCur® Glanemrh S G&ESng).
Qniafl& @ poin gedr Qauefliur@id
1. uafllg allysiley FHu@D GariysThisst (Blistering of feet
in man)

weflg afiyele HuBid Qariyarbissmar 2 e s Eng) 6
@hE Peafldr Qawln g G BFs ebig dir sallure @ms
Qausfiiu@ S &6 snmIiynE (G Lpdl6v THLU@ID
ugsuflomasGarn® Garpg Gewaul @ @gﬂuurras Geauniled
arungafle @ks Crmi sHuGEHng.
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2. guwsiled Hu@D wEsser Qamegiy

wedlsd wrast Qamegiy ahuL srysmomiiug Eyer@
e®hE ditsdr yy g@h. ki@ dir g1 Bimopy Qi
o HUTSGHAMG. TCarafles 2 eureurs FH&ILELD Glaneseflsh
o srer PTHEBTHINb&sT sT6orm CoulGumrpemser Gpmglullsor
o gaflufish o mLSslUGSDG. srarGol Himib @sers Glamepiy
2 maurdlngl. gyerTe GIEEG 5T y nhesTSflibme 2 L&y
Qprflevw o arr&HGL Hmer Qsmeaurig HUUSH MM, TRTGH
wghFst fp Camly 2 (Haum@GaSNE (LD 2 Myl 2 auTad
RORIG 56T UL ST EUTTLOM(GLD.
o 6T (GHip@ith sfsr GeauafliiLmr@id

o ufflelr 2.6 CHiped eTeiruG euwgl, umedlerh WHMID
2 arafllS@D un CauduCurpl et gL Eh. Buphhled qaTas
Q@6 LTHphd FHucL me sfsr Qeusflium peaitd wrHmbd FHuG.
piawenwiner (attenuation) weopuiled efdr Qewodur@®
R (PHI& ML 6y ; '

trp Sgyugmst wrgulL  Wepulld uveQUESSmaSE
sLEUBSSHGTD WPODEEG HimenLowmer 6T 6 (L0Mkssmiey
(Attenunation) st SewYSsUILGHEDS. U QUESSIUL L mMRNA
QgrLifley 2_sirer trp CLLGSSHSGL (PS60 trp HaisESLd Gemr Cw
@raor® e[ eueneTWEIST (stem loops) 2w eum st merr.
gpeorned @iis @U@ ser@® euemsmukisEshn @Cr CrrdSls
2 Gardime. hs CHISSHQIN T @ mmanuid Gnhs!
CQaramCLl®&GL. Hlammwurar whgh Qufliu geor@® amemLb
U GUBSSmNG GTamBuddmeu. yarmw AP GETHS
susmsmiud L QuEBSsma YigsHg muss 2 sadnsg. BsHE
Y58 &G ausnerd (Terminator loop) eretrm @uuwi.
MGurGenmid trp mRNA w6t Nemewig @rew® Saw®
QUMETIWRIGST 2 (Heuns G flmg. Ao &Cusr gjeray
Sflsmun@tid Curg srGurGemb gfaflus @iiw &5&maGLILITe)
Qaiidlmgl. @EHMmauile Qufiu gear® semerwid 2_(HAIT (&M S
5053 (Y58 MAUSGSLD AIDETUSMS 2_(HTSHE ulp QUGS Seme
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Yss mausEng wifliL S Cuer @anrg @ams@n Curg
fCurCeamd gfaflusGPIGms SeaunbLILTa queﬂmgj

Glurfiw ausmemey

e 581 DAUSES(D
GLIGMGITILILD

o ;
3

Pip53] OGS
Up Gl E60

ﬁmrﬂm&
U QuhiGS60

uL(h. 46 gpewewwrar Wwapulid it Gewsur®
(attenuation)

wpaupm Hsme (Antitermination)

Weaubhn Hoe srrarurs o srariu@ld mRNA
ursiwCreay QErd ULQUESEsH Papsdmus BT iHg HLSS
Qameimip (5,6 @G1th. ipaudpElene (Antitermination) uTsileflu
QinTeard s EUUESSID  HTGmTT QRIS MU EE
QewnLGH D). '
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DNA fimgorsan (DNA Methylation)

DNA-6r fluysefiGumrenLipsd 2 6Tem &L GLTema60r 6T6ir
o) Cur® Wagh Caudlturmer Gs@muturg e I swnmHame
2 u9iflsefled 2_sirer sfsirser GFwedlhs SramriiL@dlsrpeor. Wemgsb
CauHliQummer famisir CEmLCUTE gsr Gewsnm GumEi.
oGurs LQWHESSH HeNFH oL CUDTS. QT Lmge
CaudlQur@ear wrpplu@bCurg s e eraile
L QuBSS6H HemL GumD.
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ey Guur’ G @b

1. @pergeny: ,

greuy Guoour (@ Sjsvsug) LUl Guolbur@® eTeruGs; @\stTemmuv
pafer ofafwslsd LllfiGu@ssh mar amyssiu@GSns.
opfeTen  YsHee wellgear  sSar@mLL  maTS5s5
Ggmm&@és@m STOUTTRISMTE MhGS @)MHHE) subS [, HSmmetr.
Crrpwurs Laflsar ST@OLL 2 MMAUSCEMUSETHS
5ITQUIT TR & 60T LD, SITOUITTEIGEOET 2 6Gor uiLh 615160 (s, & 6m ariid
snithg Gmba aubgerarTer. @y SarmimLy gjmarssl
ComausEnéGh wallgsr srurhsmas enitGs 2 erermer.
@iBmeouiled  gergioLiwl  Gpmauser  adismagdn
siflsraan serm OgramuCrTa Gl umtmeanis weflger gray
Cuoburt_soL A euenauilsd pstrGermmid gjmLiw S L Bismens
Sl iparrer. @mg gMlefun ympuled QewnuG s Lwevflgsr
CupQarsrL. Bafar gflafiwd WwuphsGer LT Cum&sgGSin
LRI S 60T M 6OT.

srhsafie CalmLmmguh oyBiGerer  Qumml &smer
CoafNsgud HMOLMeWNs auMphg aIks WaAST STomEmL Smer
Cuiissad oflausrTusHear RpLuBsSma &SHNS6EsTITL
srosl Lurarg wallg Bo auramrhile e GO 5566
Boawrgi. wefigsr vullf Gein Gsr mEu sron Qg
ueGaum LsTTTUT G & maT 2_THeun e, STalGLTSSH CumSairb
w&s&L Ogrmaullsr Camamu HonCaungid Qural @ ysw
aflsugmu Qsmfle pCU PonsSiT UGSSUULLG. aflaismuy
(penmasflsormsd (gyipeled syuUL L LomDmEiseflsor smyewnons wefls
Comausmer Hicmruliugle uaGamy SGHS WTPHUTHSEHLH
GYlunisEsh Comearfear. 2 e 2 HusbHomu gFsféEn
Qurpl® elausrusgompule uaCump yHu WeopssT
SeuaiGurg HGSSOU B bSS.

ammriflevstr  AQueresr  erebrusui @D G @&l
wssL Ogrme QUESSSSTH 2 amre] UDDPTSEGOD FHUGL
TATOTT. o Ty 2 HUSHSEGD, WSS QsTMms AUBSSSHDEGD
BLCw o_srer QsTLL fsah ASEATET @ETDTELD. Lse|
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oFiEH oaflGsEamipw QLS sTererGlausiTmmed gL &6mrL LD
o awre] 2 HuUSHUND ofla euamisd gL HEGHSTMID, LElwmsh
ar@ll 2 s wsseT Ggrasuilsd 50 alyssr®h WEsST @INE
o) & SledTmenTir.

@iduraie usmw YT Hée alsai L Geusrrer oilehesmeof)
ymeareur. Gaurdlprgsr, @upms ofgherefl BowmamT
Gurarmeuiser efleugmu (evpsafld LAGD 2 SHEmers
smawmetor(® @eirml eflsusmusgisnpuils) sTsmer Lflbhgl aubSTaID,
Smara@d ShissT (aTamalrrésGl urfmeaulle 2 el
uPT&S G Siugng uuli Qunpss wapulld LG
LTDISOSMETLLD, 2 SdHlasmaruyd, HaTer GeaeTeuoT(Lpsm&enaTiLLD
faruml) oS sramarsmer WHESEHSHEG Osfluiu@sd
aGSleTmeari. 1798—@l0 Gmwsv TrUFL WIOGTEV  6T6TM
Qur@strasry GCums WwsssT QuUEBESSmSWD, 2 mTa)
2 HusSowus Qsra@), wefllg @arsSar oflalhE 2 mray
UPPIrS@Gmp THTSTOSSIHN QI STTEMTLTSATD 6Tarmmi.
Qomarsd sHHS Gasram® 2 os gfellud nesTssr
QewuUlLSTo STerT @laryioueany 2 e UHDHTEGMM TN
Rsme UL allvsme. @IHHMNGE (PSS SHITTETTRIS 6.

+ uassmul yr_ & Carearm 2 e 2 HuSHEEG S0
2 aure] UDDTSGmmenu CursEhug.
< gflaflus Qasmflep ukismer LusTu@®SE Loeoflgeor
STRRML&6T, Camfiasar Gursarmsaumpler susmiifled -
FOUL® 2 mreys Comaimu FRSLLE Galss).
% darsst 2 pusHuiles srgmer GFug Helyrl &
AL TF Y ;
<  pofar eflaeru Qsmfldp ukismeart ULETLUGSS
aflousmwsd sisomuils sersamer ClELSG!.
¢ umed 2 pusHuiles srgemer Gelig Qeusremwliyrl &

Gl&1ig 5. ]

@& ST ETTIRIESEMIT6D SiTeoT 2_smr e UILDMT S @som Gmeirmros
weflg @lann urgIsTssiulLgl. BahEsthmTd oL WTe
@wiug STeuriGLmsswnTEiLb.
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sTaurlumss gnlefliusd EI° LS 2 gaflumgner HLog)
BT &sHATD SmLEs Wsd 5 YETESHLLSHh 50
Lilebadlletr LeTerms @mEs 2 awey o Hudd, sHCurg 170
Letrarns 2 Wihg srgmer UAEsg. @S5mew S05merss
AflSHCL sTauriQuEpssd U Crréshismears O&remrL. gi.
S aULIT ST,

L G]urrg]surras srarmsd Bumhs SfHeurss Sl sEL
Qur@pLsmer Cugid Bfsn Qupim elssde Graur
waigemell QU@mEs Gaustor(id.

2.  um sraurkisafld @mba s LGy Gurast seflsr
STSMSG 2. ITHH60 Calsor(bid.
3. GCummit erHFOySHper QETETL STAUTRISMET 2 (HUTEHS
Gousuor (BILD. |
4. fo Goudle Gofloan, vaTUmESEFSE Jho
e gsfrsulrrﬁjdsmm 2 (mouT&e GoustorGih.

5. fm ga,lreuqmassrﬂm ueTL&emer  Hg ausHasGasmu,
SlusTySemer  LrHYl by élmuuuusmu&arrres_
2. (15 0IT 5 (& G0 Gaustor(Bi.

6. aumflead dpniilés U Ll aimssmer ﬂ_mugﬂ Q&u.lgmf
GoueioT(id. ;

Guom &n il (B,r_r.rrésaf.r'nassmar il CumsssdHear Curg
ILusSDHE UGy Q&L mDEsT 508 wimeriiu@ e ermsr.
Ssumiled (pSSliomersnon: STaITBIGafls &8 S(min) 108860, Lim
Semiy LievsTL e, aumpeiiusd, Crmufue oy Susnemn opfiss,
sfeflwe Spmear LHINL.G GCubur@ eLWE &G,
Jeraafleor  epe  YHosmer GEprplfps5ss o dHumel
uiitCuGSsHms Cuaid Gowu. QFEwHLOSS 2.85a1dsormenr.
uliiiQuBEsSH0 WsHu 2 5Hemmas Carhsdss0,
solLuifil Lulifyeon, Gardssl uTsamamey Wesm, Seolfear
afflwid, srour gflypswn 2 shg GCurssin, sGE wrHpi
vl Gl g & &L, L1 68T LDIg ILI(LPLD uufir @ o, & i,
o ufirQsmilsbmp el epeid LINTHOUHSSL CuTaTDRIDDS
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G am. @hst LIFIGUGES 2 &hHaeer Kug uulliseflsr
nagma Hefsss GeinGsrEb, 2 mTaliLbNTS@Gmmm
CursEautasTd, SHs SEHu Qearamimu FlpSsmEng
sT6oTLIGCS 2_6uoT6OLD.

2. Gpfley Q&g

SpFuefiger LA @ upSu sreoin Qg GL Gigifla) Gleiyb
Wwopmw  sswre @sTermer. Qg STaurlGu[hs s Sl
smaswrariu@in Wsiuypsmuwrar o 5Hur@n. Qgfla; Glengsh
STETLG LTPIULL. Serenwwstar SaoUflard s L LS50 Emba
fpss uflaorlt Qupusn® NHGLUSHSS LITLSET 2 L iU
graurhsmer Ggfley GalnugrgEL.

Gsfley Qaiigd wopulld, Apks sTaurmsmer Ggfeay
QsiiignE ey Saummlsr wrllwed Gaumur@samer
IIMLGaisT@LD. CUNGIUTSS 6T LHTES CoTSme LD
STaurhismeT ol Qe LETHS CET&HmE BiMLILLD STaIFmhEefls
@ohgid urdartCu@EgssuamLwl STauFhISHT gL B
&L L 58nhgn Ants sraurtismst GQsflan Qaligan Hamgl.
vfiriQuopsssdpsres 5 ams Qsfley qpaopser
Lo (popiuBSsSULL HiaTearar. Jemanuraiar : (g Gzflal
Gon, sru sroafls Csifley wop, ufisGarsarma wam,
puag er Cainy yop s Qsiflay ymp.

1 5 @5 Gsflay ep (Mass Selection Method)

it L. feusdHd @mEbg Heoa usirysamers GlamstorL,
2067 Cammmid 2 amiw L sramkser Ggifla) Qe @, oys6r
dlmssmas kg, almss5g, Wssd shsdHullsd HApkhs
usirysemers Clerar,. srambismas Gsfa; Qalg), opummbld
POHEg @raTLTag SmarpmUmIL 2 HaréGsn Caustr@i.
@eusung 1 R smawapsaia Qghay Qeinutiu’ L aflamgssr
Ants 6flen & & 6iT 67 607 Gl ) 6T 6w0f] ol en & LG & S0
Gl sGeasr@id. gyeme, @inwpampuilgid o H&asasmID,
GOMUT(HSEHLD 2 6iTameor.

TOS5855TH : yosuimaulld &L mLIumer &reuis T
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Ggfley Q&g @oo aarafismss Gopsmeryn o8
@oosErsersd (gifley Gelwyd Curg Ol mLwrs aergL
grounser Csrarpsmauwn wrafifst (Matzinger) stetrusuit
&6uoTL_ B S

2. gmu sroafls Ggfa (Pure Line Selection)

QLstromié pri®’ 2.ufiflue gfesrrer Gsmusrsre s s
(1903) ersoTueu gmu &meaufls Csirey srerugl, CamrCuranad e
grard @Y SNSGUGSD Hapma LS, g epeid
o mauT@D aufls CasTarmaGER&EE, Gy sronfls g ey
(Pure Line Selection) eretirgy Guunt Gar@ssi. @amifann He
GmpsEH, HonseEnd sraruu@ddarpar. d@5556TC G
Opevwewilufieo  adtl Aeauiy HApoamltlSicghis Csiray
QelifmsHng Caaransruiigisrer aileugmugiamm.

3. afi5Camermed GFMey (Progeny Selection)

selTlsorid o ardslu@io @bepsnm s wsrhs Carsame
SmL b srasrrsaflsr QumsssHinE 2 sadng. Bbipsmmuiis
foks sraur ApPemsmarsd Cotay Cailgl, Jjeme UTElmemTa
Qeiiuc @ wpuisd @arsssuundlamnrs (Inbred)
wrpplu@SHarper. @SHNGS STay epe HADmerson L1
uusTu@SsIUGHDg. @daang  Cubur®  IOLES
AnMerSsTanrtismeT o HansGusnE afisésrdama Asiflay
(Progeny Selection) erargy Ouwi. @iepuiigin U
BETEnLIE LD, SeniamEHid 2 drarar. TOSSGSTLE 1899-gyb
Sy GG ammiidlsirsy (Hopkins) ersirusurmed wdsnGeamer
wenflsaflsr (emeTiser Smawb Urs alwssr@, oreorGlsori
QeTey g élw userysefldr CuburlyhE QS0sfawamp
OSWTaTUILL L G|

4. pyh@ sr Ggfla) (Recurrent Selection)

@huepuyh srar CuburlyHE 2 PON JYGL0-
Qurgiairs @hyop Sue WESTES Gsisms oL
ST 6UITEI& 660 oL yopiu®@ssiuGSns. elpey
@ i LSS0\ mik5 Osfay Qaiis Graunhissmen Lmsdlsnswrsy
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Qailigy, Neir sH5H ehsHLTES Cgifla) Qe WaonsE RUEIG
Wfer @iy (Recurrent Selection) eretim QUILE. (PSHD (PEMEILITE
emev erairLioiT @Lnpsmpami s Qg

5. psGa@iy Qafley wemp (Clonal Selection)

R0 STUrSHH EmES 260 QeariCumssSH6T e
Gumiul L, wrilusd usTysafle WTeD @S5S &ITeTE el s
Qar@d po ear YmUSSUUGIGEDG. LSO T6aTLG
& I 6151 & efl 68l (i h &l L0 6D M (Lp & U@L eormed 2 L6
EaruCumsssdlar epad CaTaTHILMAUSMTEGW. FHOTHS
sSTamliuGd Imards STUTRISEHD uaTysafld @55
srenTlLbh\Elsirmer. CaTsirmey anfiuflaid, my suflullad Q&S me.
pasfled sramriuGd fm Am wrHmBisT 68k &eriTe)
SHUL L aILNGLD. Bea&seT Qu@pburaid wrhmiliueaoriiensrea
et GerarLmeal. 21L& @aritumssd GFind Srairs
Gl L msafldlphg MNpLusEssEs uaTUsSmTS 6l&TeaorL
pamsmarg @sifla) (Clonal Selection) Qeinih (smmsE HE
Q@aifley wsnm ereirmy Gl

TerGeu, sreurd Qumsss5HnE mswraiu@n dlsn
ugemwrer 2 Sdsafl ‘GQsifla; C&lign’ WapLh RaTHTELD.
Qe &L Guaweop eflusru Cuiburc@ Wpwrs
QewnuBSsuur B aughh wpevmuwim@L. weflser Luffle G Ll
arugdlalmphg Gibgppmmamy sy 55 AhSSTES aITuTHIE
ENGTNIGET Gomiflarmer. Qpamnsardmrd  ‘STeurdl
QuBEsSSNEG° IplUmLILTET (MDE&HT TErpred o8
ilen & ILT ST G-

3. selytiifiCsrom (pevm (Hybridization)

soULWINSCaTHm (penm eTaiTLIg) sf6ir susmauGSNH Wwmmul L
o sraurksmas swallupé Gebg ysu uwlliamssmer
2 BUTSGMGCHUTG. @isapulled ukig Gupid STaIFkigsT
@Cr SApfarsmetur hag CamiCum AbhmersssmstGum
Sng GuflariusmerGur srifsmaaems @) .
saliifis Camhm weom 4 amsliu@ih. SjmeaLTeaisT
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@6r regdaism saoiyuifls Carpp wamp
reansEpsSHmL G saouyuiifls Carpp wemm

w Do

Snplenriis e sl G saiyuiifls Carpn wemm
4. Guflems@EpsslmLtw saoiyuifls Casromn wpsm

1. @Cr rasdaisr sooylilfis Carpm Yaop (Intra Vari-
etal Hybridization)

s SmmlergHled sremmiLGid @GT re&SSTRIEIGE N Lisv g6t
umasw gH&Es Gupur@sst sraouu@in. @diamas
STUrhisafld S6T VHETESE CFNGME JMLID STEUTHIS6T
@mhsrd, gema souyiifl Carpy wmpuild yHw, Amimer
Qurermgry usiTySamer QuDM STEUTEISMET 2 (6N &@GLD.
QLETTRD Qe WETHESE CFI&EME MWD ST ESMTS
PwmEsTo, Safliul L searamwn Qaraore wrHpiiusormsrals
SeTenlo GlETaRTL. STEUTRIGMET 2 (HeUTSHELD.

2. ransEsHom_Cu souyuiifig Carpp yeop (Inter
Varietel Hybridization) '

solfert uli asrug @Cr HApMarddea 2 srer @@
L IJ & & & IT 61 1] [51 & 61 61T & saailm& Q&g
2 mamssILGEng. @snEE ApharsHgui saiyuifs Gambn
(oo sTedrg) QL. BIbpeM ppsULLTSSSTET BTl LIy SeviileorL
uliiusma ser Comermierearsr. TOSSSeT LTS Glbsvedlufls
(Oryza sativa) g TaLomer GlamgSnayL 6t WwHGDTE TaLomeT
soLiumeof) & i 6m 61 saallyps Qg Yyl @\euT1D
2 meurssuLbSng!

3. ApflermsensHaLCu soiuyuiiiis Cerpp yop (Inter
Specific Hybridization)

@uymplle g Cufargda srariu@n G
wrput L Anflermsa soaflypiu’ @, solflera uulay
2 Bams@naTElh. @sne Cufasdbea smtyuiifls Garbp
Yop ety @uwi. @b op YPowrs SGLEH G
THiySHmsir Qansir., sissorésny Hopbs soluifsmu
2 (Heumdd) 2 _6TeTeuTit.
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4. GuiflewsisensHmLCu soiyuiifis Corpp eop (Inter
Generic Hybridizatuon)

QO GODUSSHH 2 drar @rar® wrgulL Guflarbismer
soalyps Geiig solflerd ulior o GUTSEGL YODSES
GueriisEnsHoLCu sotuifls Corhp waop e Cuwi.
TOSGHHSTL LTS [HUTETay FLMmLaIE 66D  (peiraThid)
srarsmsun Nrrdlsr @CanrCraflur asrm Lo &6sma
sTeiTm STarSasun saiys Qaiig rosurCarm WrmélsT e
yHw salyuiNg sramh 2 marssiur Gerarg).

Qurgiauns, GOILOL Geter 4 aumeds saliuuiifls Campp
yopsaia o @ravd aumssEnn GubamsunsGea
feysapug. @Ho Qaupidl Gaug Quamburgid [&ewb
S
soiyuiifl o marsgh wep (Hybridization Procedure)
a. gmig sraurh Core Q&iMiFHe

souyuifg Csrpm wopmus SHCLINEMSHS sy
gmitulissfldr GaramusmsT (igmuwns ojfigo Geauer@Gio.
Qurgleurs Apks usrysamert GUDD o 6r BI.BS SraurmisGer
Cpia] Qeiwiu@&sper. QNG IpUUmLLUTS SHDEHS
usryseamert Qubm sraurkiser Ggfey QFiiga Frossinkhss!
b. srilGSTard SHHmailuiamL &6

Qsfay Qeinuiul L smiggrarh, gwe waIhss Camsme
S umaIGETTS EB(H&Eh Hamauuile, gupmp CEupamaswrs
g6t WETHS Caisme gL CFigh @@ WeHHW HamawrEi.
Pearme  STLSSTUTSSH sramlu@n aNGUUSSS5S
usiTL&emer &S UsiTlanerald et HmadsEs Gamar®
ouy @wgid. Eaimemm eraflHled Sevli Qeinuan wupupb.
c. sanyuiifils Garpp yopullsr Qauigpan KIS Sk S 6T

solyuilfls Germm (peapuilsr Qeiigpamp HEMSSD ETETLIS)
warG @sflay Qeiuwiul L GunCori sraurkiseafle e eirmlsir
WsFhShGmeT WHGIMTETHsT (806ledHE WTHN msLUTariLGILD
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PEOPILTGLD. BSHETS B GSSTaurmhismery ubil (LTS
QzfiHmpsse SudluurEd. @aaurm o GurssUULL
Srarhss @gésuypurer, saliu@ssiul L ursdaaflea
urgsriurar epuile umissiuLCauamr@n. @gearmeo
SLILLLD 2 (mauramss salliissmmd. sQINarsms 2 (maurss
smeWTeTILEID (p&hEhu Bismsahser Weara@mnrm :

a. gpeir weLT&GSH (Emasculation)

Quesr graurdde, warhsimu Galp s, WETHSW
QaueCupisnHE wWiTuns, slmusmen &6, gir LeTHS
Coideme BLSESTLN SOUUSTGD. @b umd waFsafle Hmer
@iHomn 2 mauréssiu. CasmrHi, Hemmsd @@ LT weourisafls
@uirssmear aWuHimen. QT LALTSGSD (PO
SRS EHSGS Sraurn CapuOSng.

uLlb -47. Qpé grar LM YATLRLISES
Qeswayamp
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A. Sp&siULTg (Pt

B.C. @@éHmusQsnan® @emphsme aladEsn

D. @@&ALTSD WENESS SreTSmer 9|&HnISN

E. wamss sraraer FHaiulL werr
b. emuwnsveypH e (Bagging)

Sy aTURLTSSILLL Ty SSTaTSSET ey Glosvedi
grer gong Wermevpd muuilaTTad ey MOISHS @ 6u svor (ILD.
@&Qsw (e YoHialhE wssremt Gleinui e GoustioT(BILD. (H
LIT6) LOGUT 56T 6TEITMITEY Sy e80T Lom(sLh, GListor Loau(mLh SeflSseflume
sLILTR epL UL’ @ Sjstrssfius sraurkisefls LeThSHIsT Sakhg)
ol H5H&Hs0 LUHISIDGI.

c. svluyF Gewgs (Crossing)

solys Cebigd searug Safluluamysefice wrmuce
@raw® srurhisma Qeupms Wapuilh UM LETHSE
Garisme goLwé QelugrEgh. soliys Qeuge Haepa
Qurgiarss sraal Qurydd oL Quydpg. aGereafls
sraurmsais werhsimu WEifa] JenLeugid, (Ens (lg FHEL
ey uew raurERIGafh fsTmauisd grer Flaspdlsrmen.
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d. @HONES. B GO

sauys Qeugllear WarGid Glue STaursSlaT Wi smen
2 sopuil @, Comanursrs GoiisEmer S ipaism sTpdl L i
Coustor(Ld. 2iFleh eTetT, SYE0T LWL TEHSIL L HBrerT, Sl QFils
wrer, STLSSTurSSHar esHw allaymisst Guirsrmeneus
GO OU g (5560 SjeudlLinmEL.
e. sauflar almgsmer gjmiamL Qeidige

- oNmgsir WHTEFN e wbeiemr Quetsr weoiger eoLLsTe
LUl eSS0 Caamr@id. urgisriy sed @etewsd
Qeintiu@Eng. fmsad wHisuppisry Cesfssiul G
saflC urgerésiul@®, 055 uvllflGn uwmussHn
amgssiul @, JupPdGhs 058 sHe5S o maursEsIUL
Coustor@Ld. @sweuge selillsoriuaer sTetiy jmipSasLiGllsormenr.

garnsriss GCotdmaynh sraurkhisafe solyulf
o mam&@l enp (Hybridization in self-pollinated crops)

Qurgleurs SeTwsrbss Carsme HoLOUNID STaTTIST
gsstumrimane Roaulld @miugrd, Ionmos
shemans Gelig @ardssiurdsmer (inbreds) 2. maunss
Cammpudame. aarCa @oma HApEs grw sroalf
QuipGprisarres Coib0s@&sILLGS smiy RAsRsSsIULE,
@aunddmig Corargd Fl  solfaodsefie o srer
auflCarerpasafler af@GoLSSES umTysmerl Gl&sTemL
QuiCprissr Gsia Gelwliu@Hdarpar. @ome Hpns
usiryssmerlt QuimisTerereun ereirm GErgemeruilL U@ S WG
@aiary sy Qebaugsr cpon QuHCprT srairkseafls
srawiu@id Aphs usTysmer, @FHOGHES 2 BTG
auf5Camsitmisafls Cularmid Quaiiu@ss (Wiph. QSHSTS
wry auflems uultsQsfie wep, Gergiy Ggfla wop,
Merseiy yson Cursdrn Ggfle wapser WsarubniuGdsrmer.

a) wry afiems LINFCs e weap (Pedigree Method of Selec-
tion)

Quirgiaurs @ solfipEl Wedr o BTG &1 Smapamp
srartisar  wrppiuardomare Serow GsTaTL me
Smanuneld &8 sreauiuGsrper. @abphgs CHrargin
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F2 spgdlesmeé snifhs grauyhsss gafllss WNifiseh amyewurnores
Caumul @ sramlu@ugrd Qapmdr Hphs LTS e
QanamL.§ srurmsmear Qsfay Qeig mbilar aflsngassr
o F3 sipsdea 2 naursdsiul@, @updaun, HAphps
usirysmer QL. sraunmisaflar elmgsmms Cesflsg), F4,
F5, F6, Gurety sh5866T 9055058 2-HaUTSSILHISsTmeor.
@Es geTnarhstsismae QMg THUBGMSTN QHg Jjag)
Qymreg Smapamnuiisr ehmmueriisnsas s olsetr.
sreurtisst Cgrarmdlarmer. @aunfioin ks LTS mer
QarawrL sraurmsst Qsfle) Qsuuiu@lsrmsr. wHMameal
RaSsULOSarnar. G@Qsfl GesbwiulL  Sreaurmissr
Gaustrauoremio Lisrsafley UILOUC @ ellmaréspiGsns yilie)
Gawliu@SHsrmer. 9ger WsiterGy alleusmuilsEné@ ailsngser
ayristu@Harpar. @sNGs Gophsulsn 10gmag 13
S sTiaeiT g SHsirmer.
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A &l x B gaild

Fl- oo &isd-0srei, ,
F2- @ shsd-@o Qasfal @ FOES0
F3 - "‘Q_Lpsir',mmh auflens HL6y,

F4- prdrerd ehsd (gparpmd ehsSulldr Aphs
sufisnaullér QsmESeer)

F6- gypmb spsd (@hsmd ehpddsr  Anss
QsnESNfGHEs Gupiuenh LB Cs5TES)

F7-  aymug shad
F8 ysh F10 - G s L8 ehsdlssr
B) @srgiy Gzflea; mp (Bulk Method)

@i wonuid Amis LedrLsmen s 6l &TEUITTEIS 6T 6T
F2 fiomaufls Osfay Qaiig sjeupbler allamgsessr &6ufl S aflGw
urTf&saUuLTLd, smgsar CesfléaiulLaLsr GLrssirs
sésLGANs BupPdicia F3 6558 2 carsaiul@
ol Qe Qeainin’L gremsigerflsr afemgsear wHmin F4
shoduld Csia GeimiulL grarbsefs alwgssr, FS
epalle eflmazadr @Lal G safissafiurs pLOu@, 1Sl6orL
F6 spsd o maurssiu@dpg. @6s Gumsarm F9, F10,
gmauamemer gyl Qaiig Gubur® ImLbs LI6TOTL} &5 66T &
Q\ & T 60T L & T 6417 151 &5 61f | 6 619 6m & & 61T Gesfsaiulmu
usrmarsafid Cersmer Qabwiul @G efuerwsamsE
udihseNssiuGSaTnar. @SHESh Gmubs Ulsib 12 gy s G e
gg&é]s&rg!g].
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o i efleneT&Fed IT&I1E ST

uL-50. Asrgliys Cara wopmu alaréeGl uLb
c) Sersaly pem

Sarsoiy yonuld amisd WsHusgiaun aarips
M HG UsITUSMeTS OsTair,. Srarsmsin (a) s
WsHusguwHn RGHAN EHudTySmTE Q& meTL
gramgmsun (B) saiy Geiwiu@Hms. @ eumie mhbs
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Corerpnn Fl gsoowon srarhsmas SHseaai
S WL, JHEGL sraurordiu w — QuHGoT@LsT m!
SMOLPMDSEHSHEG Wersoly Gainniu. Coamr@L. @sarme a
STUTSHle srapriu@L sTeor aflGUUSESSI LTS EHD B
SrardEls o 6remr mHLeTSEHL GEmamrGeuriu@Slsrmer. 6aig)
soaumpuiled QsfAaQesiuiu’L  srarmss gnsaeal
gL wEF Qainuiu’ () essuamimeared searenn Hlemsulle
Sphe STUTRISMET 2 (HEUT&HS (LiglLLd.

OS¢ peopdp somd
qﬁ%m i 2130 TEA0
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proyy
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(Ennis aibbls Sesiivo 3%
uLtd =51. Searseoly weapamwu aflaréGd uLb
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It wsErHEss Gorsmsymid sraurmsdfls &samoyuiif
Gorppepemm

Qunmswursta wrHmt s areSssirenin flamauils
Q&G SramsHT I LEFHEF Cal&Eme SHIeUThIGaTTS
2 srenerr. TarGou @oupenm Cupypwrs SmMiSG STeuUFLOTS
LWETURSS LGSl gaunmy SHsmyn Glaiig,
@arsssliurdsars (Infreds) wrpd, Supper Hpis
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e wsHu Rapaurgh. Qurgars sHiafss galdasi L
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sfomaraisar  Caratmdarpar. Qurgiurs  sGOGwrHod
&CrrGurGerds FEAHLIHHLTE B GHSTH S| en e S Gl
uesaflgin LrHplh srauriu@in eagl sdar &GhSornmwrs
BmHsrd @@ e UL Eedr ojhag @G @@ LietoTLy Lot (D
s@Surnn efmerama GHUGSSID.

sopall @aritumpssn ImLLYD  STUTESE D,
STUTUGSmLs sauarors msurar®, uulli Gugmsssdan
g@Smpmid CELSTD I|F5HE 2 L O6ILGSHES &@@mrrmg_r)w 66T
G,

&G\ Slunhpis afleorrsd uu&]n@uga&e&g;ﬂm srggm_@mm
&1 & 60) 61T & 61T

shiglunhnsms LwaTUGID wWenmule ety (Bg,smmmrrsur
uarysmer GerawL  uw uulis STUTRIGST GlSHIamIY
2 (HeuUT&&LILL (Dl6ITaTeur. 2)enAIILITEIET:

1. N 797 eerp Gargenw rowrarg oSGy i
3| DD6D GUILIT & & &irer LIl (Hlsu SITev, LI 60) 611 6T T 60
gfisstiu@dsarpar.  aflusrfigsr  Qughuraih
shliGrrunss Garam mausmeart  uuff@Ssrpar.
- pmsurd  F@durpnsddar epod N 797  sdli
PusasHne 2 Lu@ds N836 wrpmii Gererg).
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s@durppsde srurshismer LuGTURSSH LG
geremwn  ghm  OEpdweafiGdr o @ andsliul HisTersr.
grierar—3, smMLgH-65 eadrp remsadd - @a
s SWTerTUU. D6Tarsl. [@)omeu urranerﬂu_l Glsuuu Grmemiu
sTafl@ne sTTQoTerSlerment.

(Baarrg,jsmmmrrmgl 13 1fleuedlwsir Qan&CL (GG gyfsLmer
Reotiirindl eusTiSasiu’ L maynn, aflenendae Lﬂ&@mmmnas(‘.?m
sranluGSngl. 9|dleurserin Gewiuc L, aueTLom s
 oairemfls) UATEGLD STauTEigGer s Bar@n asTihs), ey
gmihg eIGh. gLerTd fgwrar ureaT, WeamaisTat
(ol & i 60T L fleusdHle SraufmssT g dleid
wenfléaL (Haihlome. @k Sl reE5msl ygipdalulgsrar
@iy eflugmu gLImiEAs sysid CusACsT Bl olwmha
o ysiu@sHusag. SHd Gl oL ssdramnsamar s
sQSuropsdlemer  mriwer  Gurimmrd  eTermeut
il saubiGEwsTerm.

QenGeormmmr 64 starm sumawTeT CaTHImM WEER o) Hosih
Qar@s&ngl. gyammed e Haulifpurs @whudarrai,
UTSSHT JieTe| GoPaITs GIGUUSTYID Boa Gomnhs
aflsmde elbsiu L g. Dr.M.S.aamfgrgsr, Dr.G.aii&s
HGwnT snurssdlismar 2 uGuISlSs gpibam gy DU
e sy QarewLemanurs  wrpll  1971-d  aefud)
QerGermym eTeiTm LS sumsd Canglenn QupiiulL g

X-aglirasr, U.V sdlifser uppis s$Miuss @resseaflokiasst
Gumstrmaubilsner LETLRSEH 2 aom_réaiu L Slefiombmin
SL.me, flussL ma o fwabild LTS Sraimhismer
2 (HEUTSH&SL LILeTUL BlaTargi.

sQHurhpsHer epoid 14 YiiGnn Sargpd 2.5 JiEiG6id

s, 300 oo 400 Armd aaLwin QsmeamrL 150

uypiusener Quip Gemeussmerl GuHD TS STeEUTHRISET

2 (HeUT&aLILL (DsTemenT. |

QLaedlysrer @idw elousru  orTiEAS sy

Suaflursssd adiaiFmeal uwarL@SSH urredluile, gjdle
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uEGo, Hs wrdl Oarare alorefle H
gereoLweLw gpuilrSEheE GupulL sGEThD aenesamer
2 _(paurSdysTeng. |
8. FRSTHNSMS LLKTLHSH 2 Lo @ariCUISsLmL LD,
. &Y, 2_mmener, o), Lmsdhur seflugmuiser Gunmmmmmlm
U UEDSSET 2 (heaurdhaliu ([Bsmerer.

9. Qum (G F@SHurppsHer o gallurd g ress STaurmsafe
- deasfiors saisda  gfigsiuGSsSILLLE QB
&IT & 60 SUTILIT (G510,

usTpwpd LullFQAum &S pid

A smammsiid &CrrCurCsmbseflsr aamamisms
wrgurCLre wrflud Capur@seEpn Csrarpond. @S
urhprisamart uuliQumss susbgisriast ojbihg Glarerme
fois wniws CaupurGssmer sTSSTS0 LILGETLGOSES Glasrer
Wweyh. @rifspasdld ls sHuwrs swmsIUEG
SCrrCurGambasaflsr o aorowflsemsufled usﬁrmt,:ﬂ&gcirmm
ghu@ams GHudlLonn. @ 2 iflarSHe gL
&CrrCunCsmisaflsr sramamiisms swnnst QUEHSSLIMLHSTEO
spPspasE wlamip eadpd Grean@se Gupuil
QarELYssT 2 TG umsufld CumSSLMLESTH SN
usTRWOTES ety Quui. @rav@sE CupulL
dar@gnamsunisis GCrrCurGesmisdar QmEsTH SHGL
usitwipw 2 WiN&sr sreirgy Quuwi. GuTgarsa usmm,tum 2
I GLILIGHILD.

1 osueTR WSSt (Antoplyploids)
2. ymi ustnogwrusst (Alloplyploids)
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uLtb. 53. usitigwhiGHT CordTgh o

A ghustugud 9 Apfashed ess ﬁm
Qsremswiisst Gn’ pliugrs o mardys .

B. Gmm@uummtpmw 8w Cougn’ L Aplerisafle sig:
b Caugule sfsr Qgmrenswnissr @lﬂ.t,uuglm

s _HourSim .
SisusTuipwiissr (Autopolyploids)

S|GLSTTLOIRIGST sTeirug SCT sumes cﬂmyﬁlmgﬁaﬁl@w b
856 gt Qprevswnisdr Syns Gluqr,aasmmummges Fa.OMID,

Qapopns Qeupms (gjm;mﬁlm 2 MarEs Wplyd. @ Sramih
Bran®de Guiul. gss seir Aprasursman QubBhESTD
SjupiinG gaummgwgwmwm&m steargy Quuut. @’ e toigiws
sranmsails @srpd ugly sdrug @55 &CrmCurtanbasr
@mow Goinug Gure gsudioyws srarTisdid @5
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sarQsrmawutisafs @GermGuréamnassr @l Gedlsrmar,
@QsnE o5 @maTtaisd Tyl Guwit. CLTZINING I|sbTeg
auma sTausafle @ rmGassr Gl 2 Gaurdlarmer. @ik
QL yr@aimer’ Gear @ramLmrsl NflEg susTorear @)minlgw
Nsgisbamer 2 amLrsSl Werert joun@ledlGHEg aeTiomer
STOUTHRGH 2 (HEUTSOTMEOT. JLETTE IS (LALILILE LSS 60T Lo
graurhisafle GermeurGemn iflge eflaur Bl Guprsge,
@HSphg ComaTyId STOITRIGST GIATLND  STOITHISETTS
2 MAITAETHEaT. ISUbLLILSSaTmul GUISIMTSES Souls
Qasaafley 2 6ter @HLopld GCrmGLrCamdser @I ipliLITaISTe
Caretimdlstrmenr. Flev gwwnd @i wGsLil GHlesT @lamsmTaugmei
mranoput 9 uiiflser Grsarmeurtd. @GCHGELTE spmemm Loigi Gaifi” (Hio
@riomiupy Caslfli@Ed Qmarigs wowew 2 ulflsmer
2 (THEUTEHSVMLD.

Qurgieure gsprearwen 2 Wflsar LWlTGlU®S s Hl6
WsHw unme uHsHng. QEs Senrarngw 2 ulflsmears
fpnuL s ulilupéss HlLs5dDE uvusTu@®sSs HApEs
STRITRIGMET 2 (HT&GSdarmant. @snsns D un aflsr®
(peopasmartl fsrupmy Gouessr (Hib.

a) efiflwid & euatomen gjsmTeLgn 2 Wilflsamer @IT snL
wew o wliflsafldlgig GunMsHGS Gsmeurer
@CrrunGemast aammilsmads Qo fnhmflsr
uiiflsflpEg CunGaisir@id.

b) S warEss Geisma el Quynn Apparkisafis
giemragw 2 tiflemer 2 @aursgng JHs Qe
HI&lp G DyGLD.

c) oilmgsEnssTs 2|60 60ITLO 6V & 601 2 L sl
U @& Sl (61 & & &Ll uuSiflL_Gu@in & IT 6117 151 & 61f1 60
Ssmrarogw o Wiflsmsr 2 maurs@eag sraflg.

2. ypouswupwiiser (Allopolyploids)

GlousuGoum Cuflenmussr gag GGy Hpperbes
afledlGhg Qubp QeusiCGaigy wums dfarOgrmewtiss Srral
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QU EGMSTH 2 FITLTGD LaToewSSMH@S LmiUsmoipwid sTerm
G, oy sufufled rmite. @y sreprseflar soallse NG
o_grTLmeblil LsiTngSEn@E unlisiioigund sreirm Qi womShoed
usoryseafled  pomimuilonrg Olmuen  ElarhissT  SanhsE)
o @rLrsAL  souuuliflfld @65  HSarbsrmsukissT
@eeumenioiimed @GeTme) LGUller Guripg &GrrGunGeariesst
@ememr Carppumas Curaigre solflans aerahnsTEns.
ayeormed @emenor Gepib Qumgs) souGaisusin @ Ggmeims) susmomsor
STEUTRIGET 2 (Gaurdlngl. UpiusTopusST gpmn o Lfnmss
SrahisamsT Guhmauils) s (hurss (ipllh STEIT QIS
ymOUsiroigwipsnmuiled Use LU THREISEmT 2. (56T &SILsTereorT,
TR &sSeT_LTE Cargm, my almes STaThGmeTs &L
Qelig eorGsrgeon dam 2 wiks amsS STATSMS
o _(meurSalLeTemari. LpiusTgw (pemmuilsr el saeilimrs
Hiierumemens gnl el Qg LSl Elerhigmer o (harss
(Wplpiih. BSUsTLORWIEpLD, UpiusTpuiiph LulligsrCarhmsHnEL
Guflgilh 2 se6|dlsTmsor. LIEUTLDL;.UJ[BJB&ETITI’EU ush@aIml [H6ITEHLOS (EHLD
o _GITEMENT. S|SELLITELENT &

a) &l LuiifsEns5Em G soiLGlinh GCLTs 2 6 _mELh
seoolflerd eueTommsrs olarhm@dang. orarGa
(@5 5 e0L119 60785 st @Grrrr(f:’Lnrr(BamnasGmm @ ip (ILIGDLILIE
Qeiign yplustopw Geiimgrn 28 sumLmenl_m
aasuunﬁ]arrmrrés\mgj

b) Gumgleurs LsTiDgIlE SToIFEISET6 aaenuuufﬂrﬂ mﬁrﬂu.lm
SH\BLOTE 2 6Temgl.

c) usrngurisafld ofls aarmiiSmauia garssr
srariu@usrd sQHurHon calsrs Hepba LS
Barmissr GomsiTmidlsirmeT.

d) Qurgiars sEHorppn  Sow  aloarelsen
s@Hurpmors QumhsTe oG oL Car G\Guuhisafla
Qeuafiiu’ Gel@Gib. uveropwmsafled o Lflger&er
Boliugsrd ShiG@mpsgh daramer GeweLL T
mousGNHE DG,
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e) usnoigwiisafle GEwesiush usryssT IQIUCL Henoulld
@miugre @oa 2 a&d Wuaugd iyl
emmr&u@@sirmm.

2 fli@gmifled pilugpd vl Qupése (Biotechnology

and Plant breeding)

ofsir brPPLMLES SraTmsEnw Ui Gluméssepd

STeurlelu@m & &b, waurr@w sraurmseflar Lmadlerl
QUEBEBSS6T epsuld eisita6i, GCITCLTCETDEST CUTETPRHMDS
SpuuL.  mSWTEGUSHT  IjpluamL ulled  2|swLodeormer.
@apiihEl LeaTopLLTSGS0, FGELIHNS Smer. s, wriud,
goudlar aifwd Qmastarr® OgrLiy Garaw. gjfialiued
2 Sa|Hpgl. Ijswrennuiied wrSlwe wrHp6isEnSSTar e
Yonsmars G L &bl se.@mrrésasi 2 Hab HICuailwieorsr
o wfl Qemflap uallwea Lufignd o gajHlsarm oellwars
&850 STL_rmiSl|sTer gl uuSIﬁ Cuibum_iHELd, QuUIHSSSSNED
@hs 2uli Qamfiep uallwd GQuflgid 2 SaiSarpg. Sjwe
aiGanaile @ohs YHu Pgmeard GumSSTm STaThIssT
st HOLL kS STUThGT sTer jenydalu@dsper. 19760
60T Lmefeiv  eTedTLIRIT (_Lpg,sirgpgébrras 3|6y gsiraasmm
6T601& 61fl 60T gmﬂg;rrma:mg,ﬁlm@m BouEsl, 5CaTTH ReTnE
QEiiBnT. @&6r eysud wrmminL gm(ag,rrmasmm Loy e fuims
FheHeEréEG sLSSILESH@TME maTumSn 2 mHQediGT.
@iz gimasd Qsriitg B6sGurdry &meur6esasaflar
srasmen wrHfl LAFAUGSSID, Crmi srdlitySHmsT GumsD
LGS &S STUTHEHN UGSS (pipuid 6TEOTLISN G 3|l Geuri.

PFQELALI 1SS SLSHSmTs lg.0. NarmalB S WwHmID
pws&ra‘u@uwaqsﬁr&dr GlewsoL®SHsiTmer.

- BraIrSEe YL QL g, 6m Lot m ) 26010 & GLD
G]&u.lmurn_qzm@ 2 &b g0 rrauflGssT 9 &CrTuréLefliui,
g Wbl HBLaflusre UTSeMuGSand oyi.oNerrauf@ &6
urgleflh mrGergearsy srerm UrSefursHann weopGu

sraiL@ ST, Ghs BourseNuiisesd yopGu SyYme
(Eggrrmtumm, GrmwGsufl Grmeamwus, g,rmmrzuassrﬂﬁu &ITILIS 60 S
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TpuOSE 2 rCer GimyYig o wuLné@dsaper. 1.g. ol
 urdleflugHeir, Girmussns o sramiLGHDS. LT
Hermevfliger @@ ugGHeow (T.DNA) srar O&ewsdlsr
gearmip@st sé6 Gopdd [loyis ys@I T
earpsQeidpg. .g.0armdgd @5 seflldpiurss
sGSILOADS. 19.g-Nermevll 1wl HHg wrHniL@EHsirp D.N.A
ugﬁé@ T.DNA ersirgy Quwi. @& ammiGLomeors smen
2 GRTL &G LD gi6iTaeiT, REDLIGT 2 UUTLM&GLD gﬁrassir GumedTp Lisu
sfstrsen 2 eremern. Qurgiurss Sreur Glahaer @mumasmﬂrg
swrfiuddsma. gg,mtrsu g,lrsuerl&mguas@m gjsml.p;gg, T.DNA
gE@uUMaT 2 GILTSGL dmar  GQswauLé Geug,
sraurQadsafid o drar ouAGarr gufiwbismear LLGTUASS
goustadsr surfdsiu@earper. edry EHs @emusT a6
@15 G LT 6m 60 60T & 6W 6T LD, 7 2, &G mem LT S enaTiyh
o TS G SsTpar. @ umrsi=fiu ‘Gesaafler muugﬁm@
gopsvel. D.N.A-mes wrppeyd sy - Gadsdler
@Gun(ﬂmn@&n@pl_m Elener&salD tp.m.Narmsvifigear afli U@Q'jl
2 Gaj@ngl. SGCITUTSEflund  syTeTLOmsT @@aﬁlggmm
gnmm&mmg Br&d onbfsr QedsmsT WIHD AINMEEIL.

S| BT HEMETS g,nmu@&msﬁlgjm UG5Sl @_.psurq Ig.83.
fermevflenLud, F.Carmoulsfmbs IR22 ermsvflanL i

HN560s0 &g Onrdsamerd ummu@g,;ﬁ gletrig &8 Gevsum (HILD.
@Hed 9.1 ANermeuiflgsd o srer T.DNA uGHows gy Sai
IR322 Weririf@Ldr @manss Cuar@b. @sneE MCsm
st QETS 2_Sa1@ngl. Gma Gamamssiul L NG 2 GTED
@eLBlsne HerreuifisaL. sefds sThiés Goustrdib. siny G
o arer T.DNA ugé\aﬂm QrprHuflsr 2 saflwured g 5s)
UuuEHuie s dmer 2 LuesHs Geusm@hin. @eiaury
o @rLmer  selnfar SlewmsoLlsmL MEiEAREAQ T
g&@wnun&mlﬂmg@@m mIoYSs Causr@id. 106y @emhemml
Cupsd sraurhiseflais srusms o @TLT&EH 2 L UGS
Goustor@d. Eidgpemm epevid Comauumer 2y efTSHer SraT
LlgnisEer 2 L LhSsULBSE DS
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o&CrrursefusfHaiesr  2erer  T.DNA  epeub,
@ oLamsufmag srar dnifarhsafs UL
Hpmuurst yGsHarmow eaalsHons sraurmsaisn
wrygsearamwmu  urhiilaounss  ewelldame. 676l
Qlaummm HSCrTUTSlefiud pupfCunfiuaran ST Slmme.
starGoy, @laiums Braurhisafld o drer CFdsafldar samr Hsd,
LG CLmAermal_ Risener o (Feumddl &)|isssTaEmsT 2 I LG5S
urpnwoLhs UYErrlGLrilerrevGisGmer (P SToUTLINES
aueTr&EQeinuord, Ha  soubisallss sraur GCFisamar
giLlfsafmhs INSA50S58 HarQuInAsmaTS STHS
Sjummler epeold gjisy DNA smeu QUG SSHMD. @)S6T elpsuld
grourrisefldy  wrylhusTysamer  wrHPLmNSS  (Wipwib.
uulitgraitiserer, GaErgsnin, Gmen, &apLbL, Gamur, o&sTGamariD
Gumstrmaumpiled gwed ssrsemer 2 LG5S Cubur® e
Qi (gD STETMI EUIEEIETITSET SnIES\STMTI S6T.

- derrhmeaL he SreurmissT sarugl s DNA-ellsSlmhg!
y&hu sfetr Geiglemwis Qumid sraugmissmT @l o KistrapuilfEsr
ol (HD aurw|siTL M SHle 2 erer mpLymsner Hame HmiSsin
Sparaamerl GQuafiGsGn. 2.ulfl Gsmifled i ualwedler -
2 5ailume SrhHpHILsTL 0SS0 2 6T6T snpLTmsmear e HniSgin
sfeurréy WIDDWMLGES STTRISMET 2 (HaIT&Es (Wiglh.
soBLregement Hemed [BmiSsid @ me—Sarssr Harliflenr Gureip
g;lmT@uuﬁlrﬂessrﬂm B GG sravriu@GHarmear. @IHS &6l Smer
QLT Sar® Japon NA505058, STk
GQeassl, omplromer HaaBlmdann uamamu o @peaurddl LSt
srarkss o Husd Qv yuhdass CuhAsrdrariul @G
aupSsrmer. @sammed sflasnilsErsE 2 ThsEESSIs I, G
Q&mm GO eumileTarg.

smas Gasradlsmer dHisEGh e mrr,r_r)mmsm_[_r,gy
Srarhissr 2 pusH Geidiu’ Qerersr. &me GomGlersism
LIS LeifliListT e 6T @mg@mﬂ@gg somenssDareaeilgEemen 61T @1
6 60T & 61T lﬂrﬂgag@ma&uuu@, RerLy Bhs Perser Lensuileneas
sTarhisfle Gepssiuddarpar. BlSsTartiser ‘Soflsr
6TEITMILD SemeTs Gsmevellomi sTdHiHEih Hmener QumSlaTmeT.
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Seuamruiier reur Celliyl yrg GuellGursisr srarlL@EL
CuACGuwredlaflpamer ofeim M50 s Hi&aULC @), Wiyl GurpluiiupLie
yomswtlmaéF Qews@Gst Qemssuu®, Weary yamsulamas
Qzpuilss CuAGumellar 2 pusdh QaiuiuGHpg. @GS
STUTSSING Lme ey’ ererm GlLwi,

Bt-gfeir wmpmid, Bt-gler wrpps sramraser (Bt-Transfer
and Bt Gene Plants)

Gulsveusiv GimsirediusiTev—emiL WpS6ir (LpSedlsd srusud) (1901)
ereirm oflepi Serilip HHmr. Cudlsheuev FGimerajitsrdlsn R
&irmb Qms g6, weenflsd smriLGL UTSIfur o EL. @ibs
un&leflur  soGumi Gumsitm S g aILTaT LT &EIS 66T
GCeuafluliQHermet. @swou LLEFHGO&TOOILTS LisTUG SHl6TME!.
@OUrssHnel LEHEGams Siflsusmestr yrsin (Insecticidal
crystalline Protein) (ICP) ereirmy Quuwii. Bt-sSsirsemers
STUTRGERSG Cemsd Msr Grmi arditydmsm GameirL
STUTHSMmT 2 GuTSGHarmart. urseflur ear Ko
LEAGEQaTaM afitiyfmsr GaTamr. WTDMIS &Ik T
o HamSEGMER ST UkIG adSsrmer.

sfsor Liflordmid (Genetic Transformation)

aflgiiorer sfemer GasmemLwrefl (Donar Organism)
o uiiflellmphgl efetr ufiomMmid eevid Qumm 2 u9f (Recipient Or-
ganism) ger uflordm 2 uiifl (Transgeneic Organism) ereiTgy
opssiuGEpgl. ofdr uflurhpn Quppn ulié sraurkissT
sn@urwsg Quepwareaile) 2 i réslu@Sarmer. Crmiismer
aglisGn uaysmeanud, 2 ullifldor 9 wWHss (Abiotic Stress)
anyewilsemrer gidle e, Geflif, 2 VLGS eTenLo, &S snL,
£ uppr&Gemm CuTTmaHmY FHITSHGD LIS, SEhS
dersefler uflurppssred um LTS sSrarfmisda sHGuTs)
Glumpyeirarer. gfsor Liflombmid QUM 2_smre| &L LLNTFSSTaITHIEET
efeor LMD Qe o swreysst (Genetically Modified Food
or GM Food) etetrm ojsmipsaiL@Estmenr.

Ll Gumur’iged vwsTUESSIUL GsTer @re® PSS
Gamflop’ ukisst pimr@uGSSD (Micro Propagation), sfer:
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ufiompy Gamfepugd (Transgene Technology) G, s
Gndu sraddHs, e ofs araflsmsuila, yHu
sramismer QFwnma aeriiy epsod (Invitro Cultivation)
Cengmersd aramasala Gunbsmdaraig mier GumSsin
sTaT(L@ID. 2om’ L eueriliS Serid (Nutrient Medium) geirpilsd
o ufmerer sreuy G, H& oag 2 mHrsmu ausTilug (Cell,
Tissue and Organ Culture) @hs KisrQUTL&ES (pemmuiled
CupQarsreTiLGEDG. Qewunms Ha asrioy Waonuls gds
srourmigsmer QUDeTD 6T6rm SMHSOS (PS6oT(LSedisd 1903— )10
T 531658 Blien Qgiiwer primLd Goibs Camum Geemr
(Haberlandt) erebrusui  gpeumi. Gswmens  asearily
oam’ | S5aGms s Gelg sruu@ssu Cugsmn Ero
(pCipufuf), &srs5CGr (Gautheret), smeau’ (White), wprdlGs
(Murashige), svsns (Skoog), Ga&bGurds (Gamborg)
Curermeunsemers gr@in. 1989 guih gyeor® gfsor uflnrmmid
Qe @ YssTSdlsh s&sTalls STeur 2 . rSsaucL g
@S sraursdar LYRISHT Famwummmul® 9|WSTLN L
BIL&6T Q&G0 sumsuilst (Long Shelf Life) gjsmamear
derasener LUflarpm pepuilsd QubpsTeL. 1Sy goplE
ussorssem Livsumsnmi Glumm Gaimius gissr Lflwrpmid Glunm LISlFe
STUTTRIGET 2 (FouTS&IUL L er. @NGuTwya! Folsm CGw ufirhnb
Cuom g fldl, s&arafl, wesardGsrarn, Gamwmisre, 5@@,
2 (HemeT&&HlpniE GumTsTm L UINTSTRITEISET 2 6iTeTeor.

Bt-gpgliuenL. eJ6iT T HMNIS ST 6T 6T

6T LITHMISSTouTRISG Bt-sfetrsenmenrg) L,&¢s0asmsa]
iy SSHmeir Qe sfier LIHNSTOITRIGMET 2 [HITSS
2_gedlermenr. LTSLeflium efsr B L FH&ESmeed TGS medr
C&meor LINMISSTATRIGHT 2 (HeuTHEGaudd wWahHun ukig
audlgdlermer. greor@ srrewfl wHmnh (e Sryemflsaer
Qurpsg et wrppwrer FoLQupSns. Gor 1A, &or 3A-
Urgmsemsr CaMv 35s g 85Crmunslefind t-DNA gretor(
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wrhm sfsirerrenr Bi-demy 1A (b) Weah @mnhs jerey
WrHmis & T 6UIT 1518 611 60 GQausfilinB&Hm s @ eumnilen
AusefiCuramL G auflmedle dao wrhnn spubGEns. &lev
suflmsufle gHUGD LTHOSSTH Bt-HEha 2 GuTSHNS 6T6aTm
sar_fuiuLg. wrpm Bt ulisdr ué&dsaflednhal
Lt semert) uTgsTESermer srarmy USA (1990) gidamyih
griul Qerargl. Ao Qsmildpruafiud ByaerhssT jabmler
Quuissfléd e wTHmS Sraurhismst Geusfliu®SSILsTTS.
gupfld Cargmu wpgh uGSH Bt uliisdsr sHGUTS
2Quiss presala 2 uCGurdssiu@dng. do gdear LTHDS
gaurtiser flo snarmsaflarmd o udruL s Careailami
& eilugl.
Bt-gSsir LAHPS STOUTHEIGaNETTO FHUMLD 6T 6L S 6T

% Bt—sfer sreveor Lrshsafgh GaefiiL@Eng. ojoumiie
Court, GevoTpsdr o UGS, &eafl gLmGh. abseils
Gy srremfisemariyin o siorGILIstHT IS sHsm6D.

< mEpe Ursurarg srersdsr o uGduio 2 nush
LissoT IR 6T, Sy emaEsILTe) @lene) SmHmIEF L6 [keuoTLeT.

< Bt mEhETaTS SHONIEEN60D WSEG Georenn GlseorL gi.
S ensiLr® @amel shgells uTSlmuun snméELpedls
LB SGIaSlvsmen.

Gnm&eEmeiled gagen Lullisefler ukig
< Bt ulliseflarmd apm&FGysa ysdl QuEmssn

2 HeuTs ShssIIHEnS.
< Bt uliiismer GQauafli@usnE sraTTa IHaIDemm
ITLGES  Seundlerred  sHuGD  aflmeresmers
serL g NereorGr Gsusfluil GouedorHi.

Bt 2 LCWrSILUBHSS S0

urHMS STaFhGaM Srawiu@n &y 6T smerL
Qurmisg 2 uGLTSILESSILGEIDG. THSGSHSTLH Bt-L@msd.
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Gy yrgrisenrerg Bt LT SRISETTGLD. 6T alemaumsr Bt
UTSRISATTER SLETSl. |60 EUIITEI6T Urgd ? ereuor GL L& &lsr
u &6 SiflsoLs yrstd (Insecticidal Cristal Protein), &e0iJ LML

Bt.

&4
graweddr | urpmiSsramD wrppd Lpsn | @SS
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gyll.ﬂsir, ' o, GaniGLmngmr
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Gangjsmin,
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CMe Lsmaufismeso Cifidesr CouNGLmngmr
oA1_PV uawuilsmsu, IjemLnGeusiv CamadlGuimngym
ugenaliLnL_mewf)
WMAIL-1 | usmsiflsne jsmnCeusiv CooSICLm gyt
2 @marhENpniE, | Hesigsir GamGLomngy,
e, sy, GooSIGL gy
GNA St Ssaiyeuster]
i,
ysmasuilensu
WaA o e CanfCLMngn,
CaneSlGuming g
it 2 (hemenSENptiE | smastp Covren GamGLomngym,
CouSIGLmugqm
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@soriemu CGurstpaubaml urHéfaTmgl. HPEL Ol
L 600T & 61T, R SDL &6iT Gumeirmsummlemearuyid
TOU@ S H 6ot meuT.

wyugy wrpml uuliiseaflar eflenera Glum L &emen
2 LGuTANLgsT eyl Eerlismu, i@L eSlsr 2 L ym
sauisafled LHpICETuilsir gumbu Hame Gursrm Ml
srenTULOSsTMg sTeiTLmS Hlemils sl HisTergi.

wyugy wrHo vulfsmer gyiie) aflohiE s EnsEs
Qan(héGulunrg oma Fab GLlpseT F&ETLNs
@nihg O &stmer srer wHAMTH ey Gsflallsdng).
Bt agsfléarme 2 LELTASHGLGEUTS Sjaumalerms
@r&sh 2 MISH SMSLTSENG! TETYID, QIO FSILIT6rS)
Garpdipg esrgud Agrered wHgud Ay Aerkg
sllgrepraflsermer Guom Qegmedlefl, sfp &miwer
2y ACwmt Glgflails lermeor.

efsir Luflwrfpth Qelwiu’ L sreiytiseflearman, sfer
wrppd Qupp 2 awet Qur@l saflarrgib (Genetically
Modified Food or GM Food) uaGsug efgiomer
S| LIT LI & (675 LD STMHLIL 6OLD 6T 60T M) Gllp &
sl L Uul (eTereer. G urguriy ¥rEsmenr s,
o smrey urguroyl  Yiremerser,  Qpglerd
Nir&aemeuraer, LHEuh FL U SiyFFameanser L @IhS eisor
uflurpp 2 Wiflseaflarme srephgisToTs.
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uiflssormLoLh

@riuafush aurpélsirm udnmuilTs serssrer o ulliflarmieafls
samafihEGl ynamars ehomns Ced o ufifland pso sl
QUi wrkisdr sy DL kig. @ks marsg 2 ullflsrmhisepLn
fls Caugur@smas Garar@srarsr. @hs Capmimuwss
Smarsg  LLLBisalgid  srawlu@aigred  aaflfla
WS & lgwemalTs 2 drerer. @aICapur@asr Cgmerm
ucGaum SNTsmRIGsT domiu@dlsimer. @&sman Camium st
@aiauiifariisaflom Cu sramdul Lr@id Sgruemt. 2 i
uanTLSafldr gHmen @oiusms Ern Osfig Gl&mer @,
S, Fleer ojenioliy, Coud) giemiolil, aemidlamgmhnéd Ceweb
Gursrmsmey @k o wilitusmyseTs sHsILGEDG. BlammnGu
Brn Caupmiemwuey emmemi arm swmielGomb,

o ulliCiuetoTy et eTeTLg GeuGloum(p FHSSuNaND yHugrs
2_meauraudlesme BGHCUTeD (WigsuamLaugid @léms. GQUTGIRITS
@i5 uaTys The LG Blharud 65856 FHsS
uéling alEsl@SHarmer. sarGeot o uiflusmmy Tsrug
Qarr&dwmer Qpreirm o@D, e Fhedullsr 2. wlflsstio
Caupmimussr CarsTnsd SmTreurid UfewrTo WTHDRISHT &6,
QarLiFflurs Qarmrs @@GHEGID, unells srrauilserTa
IUGuTYasGl Qurws e ullflamsafls CaumurGiessT Jjiag
ufleormy apeyser sifwd ufleormom (Organic evalution)
o flrmm Gur@Lsafle Rapamss seaflol uflawmon (Inorganic
evalution) sTeTmId 2je0Lp&SLILG El6oTM60T.

am&eaTCe @ 2 ulflarbsafldmEg yHi 2 uilflarmger
ufleorifling veliupurs BLEGW wrhomé 6 &we s eflerme
2 GULMHDNG. @QSDES HOTL &TOW I GD. IHSLTES I 66
CarLréslwurs BoLGug @rRspelln@l usm &rsrmser
o girsmenr. LUflewrmwo BLBSU6E 2 @Haurer @, @6are SwulL i,
issor@tn uflssormnin wewL GumId @ 20m Swred Sephg USu
Eearsan L msar Cerarm afl sHu@SDng. @6 epaLd @
Qargdler uflewrmol Carpmsms Bmd e Hns!.
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uflssormo - eTaTuBEGL QW (Evalution) QeraednE
‘g’ giag ‘elliflsa’ searm Gurer. Qarsrenwmear sTafli
o WirsafladlGEg, usw Cuour® orhs 2 ullflasT sainmm
LigliLewings Caromd Cubpear asTumg eiliéEauGg uflsurmot
g ©h. uferrugdear gjpluemL, @ablarg o uflifly,
AL sHheE Hild wrpps GupmstsrarG.  Gmiug
aTuSTGL. arGa;, 2 Wlfurpasn® IplumL GCsmea
uflsmTmiorGL. SGNHGCUTMmSIL 2 n&lhr Yjmargg 2 uilflarmis e
QerLitg @g Brer oy Cumppell&suulL  uflermn
uwrhnSHer eflsnarGaiur @i

Luﬂng Camipmid

yeafl @rﬂmsﬂﬂsﬁl@;_r,g] QUL 5 LAl 60 6811687
S|, QST EmE. Glg,lrLesesaarrﬁu,é,ﬂsh QautiusHler STESSHT60
o Uit eypwd sogiser Comery @umaisams. 3800 wileeblwisir
(3.8 Wesllwetr) gyeaTBBEHEHS WeaTugmer o ufif Giyeflude
Corarfugl. gpermed SsGaowsdd wellg Gl
Corarmellme. ererGeu yelluflsir Carpmib  uplub,
o Nfarmsafler Comromid upfyn um GCsTiur@sEsi,
wenseEnHn Carearmar. 2 ulfisar wsdla sLabfsn GComermiug)
sTeormith TGS 2200 fsvedlsstr (2.2 Nebedliedt) oy swT(HSEHSES
Wpeny Beoamp o uiflsdr Corearflar ssarmid sGSILOSHDE.

o oy eumpweny Qelag Weéd sgerbd, 2 ullfer
LI 50T L} 5 600 61T TOS5SE&E N LLOGGL wWiewyb. 2 u@ssTar
s susmrusmmd NeTeupld UsTySmerl QUBNHE &S
Goustor(pLh.

1 2.ulfler asmrwemp eraflin wempuilgd LLETURSSS
&g euensfgnn o ufsemer, 2 ulTHmsmeisafled ;s
Wfssphu 2 ga1 Geustor@ib.

2. sunuemp 2 ufsEH&E W GILD Glurr@,r:r,glmg,lras @QmEs
Geustor(HiLD.

3. Ymardgiams 2 wlismeTl 2 T 6686 SulplliSTs

susHTwenD B\m&Hs Gauetr(Bid.
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4. @i ummnump SjplumL 2 ufli @ughisns (minimal life
system) 2 GLI&ESHG8pll ITOGEG Gergamen
(penmEeT 2 HEUTHS 2 Go Colas@L.

5. gisfdurs eflurar ammsulld aumrump O\w;Es
@ suetor (RLD.

SgliusmL 2wl @uakiE sniLigufigrsa CoustrGL sTETLSHES
e earurHfl  seawe  (Ganti  2001)  eTeTLMITTED
Qar@ssiul Q6rargl. @hs earordfl SCwrLsr Glardirams
(Chemoton Theory) starmith ooysSsLLBGEDG. B)S6TL
SpeliuenL. 2 i QEEIG cpeTn SeorafllFmewns aflsnery, s
Q&b (auto catalytic) giemeur eUEIGSHMeTs GlGmeTurL gl.

(i) eoueridlmgurhn geme @@HEIE (Metabalic subsystem
MS)

(i) gl Fiwenr pEG (Genetic substem, GS)

(ili) aurbysgiment @@RIG (Boundary system, BS), @k
epeT) REEIGSEED Hameowmer (Static) gjemewr
REOLGSMTES @aamran Gsws oo Hésmanurs
(aynamic) o saren. @HS ePEITDI SINEUOT 69(T5IRIE ES(EHLD
sreusury Gomargar edarumg eflarssan. Gama
epeiTmId @lememrhgl sTeusumgl GFwBHLEGSlTMET TETLMS

ol 67 & & a1 unGaum Q& meit 6 & & 6T
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2 iigCammm : Cuul@u" T/ QaEasTanssar

| 5 |
CougCardrantish G Siefilufish Caumabeglusg) eresrn
e ?sniu&

I | f<= : |
@eouslow (randam  Geonny (Directed afoafl Ggrppd  safweif Grbm
Pansperimia Pansperimia Qérsiranss)

safosisw Cam_Lm®
(Clay hypothesis
cairns-smith)
sfleifl gLHméd saflio ayHmsd ErTas
QpusQErdaas
{Souphypothisis)
= | | ' &
SiECardy ynd G ihu efiéGaisansa CasflFCaidama
a1 seir SifuoiQurggL ser
(Autotrophs) (Heterotrophs)

o G ud uew GCoT urT@ssT 2 eTemer.
Qar_ssstasde 2uisCsrpon upPus CsriurLrs
fpuiydueL iy Carlur@® sraregrsarples Gasmur® (Spontane-
ous origin hypothesis) (Special creation hypothcsié)
Curarpaunomé s perd. @aupidaruy WopGu 2 wilfesr
SLAETTR UL SSUILLL g) eTearmid, SetaflFmaunss Cameorplsr
2B 1D-

(i) srarCgrarfls GarLur®

Gosvsiv (Thales) GumsrGoni 2 wWirpHm Gur@L seafledl(bhg!,
o ufii gmona HipQyeor Cambpid QumLsTmE) TTMNT&6T. BBSMDE
o u9liflsdls Gam’ ur@ (Origin of life from non living) srsirgy Glunui.
opermed gpiiefisit epewrs fip (Redi 1626-1698) eredruaut
@&Car_uniomL shyomLw e epow Brreaflgsri.
@reor® umigsmsafle gudu srar, ellamgl QuTmL Samer
OS850 aTsm® Gy eLpL Mg, H@DTETmY H6ITE CLpipLd
MUSSTIT. eigw UTLigadlled Yussear Cararmaiame. Hnhs
urCigelled Yupsaer Gemearpler. Sipps LT ipellsy Lyé&aflsr
WLeoL&dr srphldiGhg alygadarmGaotu ohiE LW
Gometrmifsirmen ereoTmLd, eipw LM igedlsd @& Ben Glupeilssmeu
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sredrmith, Flp HeremienLw Corgenear epeld aueSlumis e,
oparre Udkliugid (Buffon 1707-1788) @&smSmsui,
CesrsmaTamuih Gmn & dlarmi. e UL gelldh esrr{i;gu
eE!sml_asasrrg,g,rrmg,nm 2 wflaéer Gamsirm (Lpig i ailedemen srsurgu
Gl &@msg Qsflallsgm.

@mss Qsriiihs @ssrdlmus Cambs suLesersmef
(eHufwe L w6 swrwGen 1729 — 1799) fip Qe iigg GumarGp
Corgmearsear Gailigri. @raw@® uUrliadsafle el
Cousmasds srauraflom@l Qur@lsameruyb, wibmmsords
QauliugdnE e luLrg sraur alakigl. Qurgl semeryth
MAISSHTT. @rammLud epmassourg wpsm ur gl
yyssst GCerarpailame. @ramLrauda am Ho yuwsser
SremTLILC L 6or. @irsor( UM lpsosaflaid Lyp&seflerr (ol el ger
Emhger  srermity, (HLISGLEUTE  perpfldd oeme
Sfipsiefer stermih wHODrerhsd Do L samer
o eTLTSHer eaTmih @at THE5S N &1 601 G 1607l &
Qararamamu Brrsflssri. QECsrsmarsEl §EanTepd
(Needham 1713-1781), G& arsrs@l (Gay Lussac)
sEismsgs6ar Oafallsssnd srarCGasrarms Qorirms
CarLimhg Hoel uEss. sl dulld qruf urev i 1885-10
per() GemeTens Lo sTaTMIST, CoTgmeaTssT el omGe
Brrefgsmt. Gasr MeararGr @&EGsTsTens wamhsgl. Weremt
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Gorearmrg ersormid, @@ 2-uilfl wHQpreg 2 uilfiaflsrag smer
Ggrerm @hugid star Blepiissnt .QanE o uliafls Camur®
(Life begets Life) eretrmy Gluw.
aruflursvLir G&mrgeneor

@ fweflsr Geulun whmid srpm gSwaubiissr GEwenrsd
sfloys  GQur@GLemers GomaorL el LIe6Ism & LI sur
2 Wilflorusst Cararmuilans eg@rmev srern HCr&s lesT
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giflgpriser o sfssai. gG@arefll @opsd wHmibd
grenrGHle0lGhg LGMm LwasEmh, L Efaemn Corearmfiums
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gereflFamauns Gomarmaisame srermie F il o uilt eulflinmins
Garsrensuflsneor Glsusfluil L.

urh — 54. o2 19flflilIpiiys Gardrens g &eapTear
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GHemen
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o6 GOmauld sissmr WHmID FL LT TO556
Qanaowr® urdwere| Seurenfamy 6 O\S5SS6emsur®H, Sisrert
25GOmauilsd sysms QaLiILGGSH QusTarowrss Hem_
S aypads Gudsdar SHpudpm ol uGH aflurs
flas@afalls gl QaaiCumih aumr GEemauulle 2 srer
Srousms (GoOubsd, @aflt Qelgni. @60 auufiser
@ois Srausde abseils urhnybd sHULTE SuuEGw uw
BIL&En5E Qwhasl tsfunbsg. e s ©&Gamaiuller
sWSs Fésiu’ Lo 6r gt L KisrgaullflesT aariamg
arar (Pphsgl. SWSSH Bé&EsUUlLa|dar &STHHld 2 erer
piorapuiifiiser @@maullgisr Gasrm, 2oL 2em &GmaLU
uwsTURSS G SsLmLhaer. @susurml s 2-ulifiers Sl mhbg
gmeor UHhw 2 uflifland Comsirm (ipuih sreotusmg spmuslumsivig wiflesr
@sGargmear 2 salwg.

ii, Apiyd v iys Gemerans

2 auélsr L Frpsafle sumphg auhs LGy FuSTS et
ShiGEneamL Il SUYWsMUSSNCanL o 1lflarmisafldar Carhmbd LM
L &H(H5SISHSMME Sufiermiser. souiler, warurrsn Gumsiry
2y er® Brevsaflsy 2 ulliflsaflsor e OLOnHE LGN SHama a6
S pUulL6r. @s5ne HAnlyl ume iy Garearena ererm GLLIT.
@&stasrimaamu wsESERSE IJNWsLu@SHL e
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giflsuLmgd smSguy 2 ullfl 2 s @ safliCurdTng.
sysmfluflstr @euleuray Lipuid @ G 2 1fiflows @G @i
Sweansg 2 ulflaEmd rsinmm aremiLBdlsrmearGounr gjsinITm
SL&JT Jubempll umL SsTT. B&0aTmmass@ 2 ullflar srafl
(Ladder of life) Glamsirsns gjsog 2 ufiflsor Quifiu Ggmifl (Great
chain of being) sttt Quuwit. PGrmiuTellssr QumbLEGH &i&dlsor
(Church) gy ds6e65d0 @mbsTed Aniyl umL.Oys Qsrdras
Qu@uurGaryrs ghms Gamareriu’ B aupssl. ouflsher uip
&L 2 WESMmSUD IHiT gmards 2 wiflsmeryn 7
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SpptiemLuflsd uriS@h yeflufisr anug), ehssrGa @Gt Lig,
gmSsnyg 5 Wodluer gy aT@sT QL EW. e 2-ulifluilsr ang
gpseTy 2 dseat GOUACLL yeilullsr anwg &l.ap 400 o5&
@niush@ aumiiGu @domeo. aarGm HAmiyd usLoys
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@mohg Nsad Gsrarmwiurear 2 uifladr &eiraflFmasurs
GCorarullpé G ardlng G&50srdaras. anrGss Bsne
ETETISET @lieme eTTHIMID, @amaGl Nerart ahg
anreGL 6T, spuimflsar, stoLmsoredl Llsbeurt, wCr GursTmeut s Q&g
ofleys dpsarflss GCsrgmarsear @&ECHETUTLLDGE
greTmserma eilemidleor.

B eumpdlerm yallwrersg), tgflwelll fighs WNALEs @6
uGHGCw ereor Camsrsmmers upflu Qansrans & nHnsg.
aflevor feir aflonL G @@ES SI&S6H URIUR LTSS &R
Gedloyhm 2 GaurarGs Lifl srar Qrysti QamsTans & niEns.

yolfl 2 meur@Glh Guryg Qmhs Geauliu aellassT U HIY
flgosblietr gy er@aser SHLEE SMmEE o W&HE 2 aTaf® QeTm -
GComerl omss snml uaGum pppkisdr yall serminsGasu
SOs@hm yall o Gardug. Osm sssTasHd @mEs Calu
ausflast yefl @afliéAwmLyd Curg, Eivhssmrd, o
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HLOAUT L sarrd yalloow sjmLGsear. Bks annd Bepaumd
- ysll @efliFSwsmL o dr sLsast Gursrm BiflsmsssT LUafufs
Carerflar. aueluar.wsdd o drar  oGurailu, SCme0r
wyBGL6T SoIhg, HLMM JYMLES STTHSemeni Glamear
brre wrpler. @&yl o ulflarmissr Gomerm GlHTLhidsr.
o 1flfser surpousnG oo GClauliLflmausmwl yall oo ke s
CaifHluflwsd uflsmrmogdler giaussons, o ursleflukissT, Ggs
o Le@mp Moo ulflormsdar Gurarpmel GComardusts
URMETHTT  GmBlnTisst. qumTflar LHYDL QDT
CGumermauiser ‘CauHuilwe oufl 2 NFT5ECHTETMD’  Ts0Tm
GarurlsoL. GeusuilL missr. el @aflifFPwemL_Goeal er Co2,
CH4, NH4, H20 Gumsrpsmen Cgmsirm Qam_midlsr. 02 gjere;
FDY GODHS STewTILC L Gl LN SEHiSHeflr Hirss S5l
LTS epessmisEni, 2 L&, ks end Cararms G kid
2 adlsir (ps6d 2 uilifl Gsmedreor. |

CorerGCall.®&er

spumiflsor (Oparin) sreorm @ysig glefhus oflEst s 2 ulhi
sty Gamarflullmss Caustr@id erarusmaTar cllaréssHms 1920
20 gy arBisafled sTOSgITSsNT. Sl waptur® afiphs
rofly o[EIGe s s QETNTSES Hram® s Cndssl
2_GHDUITEY 0L L 6T sTaTmild @hs SjenilienL Gor—oaiCoan
(Co-acervate) 6TaT@I S|MLSSETLD STEIMID ST TOSHIDTSH ST
@lemeu smer 2 Wiflarmsafisr Gleshmise (Cell) werGsurmy sTermith
Ui so;Iarai. Bhss sGHMmS J.B.S emraGLsr (J.B.S
Haldane) gysfisgmt. Car—gsiGa Gi&e@ @ “cpn wpaamesr
amesdl’’ (Primordial Soup) ereitgy Guunfl i mi.

By, &aflGuim L1 & 11 & (6TH LD wHm - &1 & suIT aur
QuBpnsam gaEph Cararpid wuamr Hephs Hensdsasr
Siemarggin 2wl Gaiguni uflswrmod ser sufenfl&SILEEDG) ;
@setnisr Hepumear 2 uiflws Lfearmonh srerm smiLhS g

gerflie CuhulL uyrs msmaaéskmmmh, By & afl G
Urgsmsun wpm &M wLHOID Safln Wi s e m e amerid
QaucGaim Corsmssafle Qarar. @@ Osrgly CarerCar
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srar sLpiu@Aps. BshHoLule @aGaurm CarerGoul
gerenens Gl Qarugiy opflohisermd guar Gdgdlsr by
QeSHumsdler Curerm Qur@lsmer upwés Geilig aumbd@
s s 2 MursHs Qs gl. @gamn CaraiGa BHsem
shismms (GUEHGES 2oL &655d0GEs Fdallarmd
Nf&aiu’ LCsm® QeusiCoum efigmear GuT@mrsmer GoimiL
Qefeysafisd Csafggs Qamiter Qzm mder. o 2 arGaud
cemeorsemrenr SifwurgySHEEF Qawsssr, 2 Hierasn o) Sumeau
sopsrurs Qubfld RegtHnss Casr@d. QEs Hmeauflsr
Curgigmetr o srafl@GHs HAw Ursnissr CErHsarme wrpluflmss
Cousir Qud. oyGer Wsrarigmer, 9|Hle gHmen Lilemswimer
Qastugyd, GCamaiu@d o ulinsdflousda  gmea
@oaruCatu Crrdsaflsr epaub CaraiGa Hsaflo Bsws
QerLhduligss Caam@n. @Ks B upsnolsrsmGL
Quhmss Csiay RNepbHlmss Guam@Gid. IsTaIg MHS
GarsrGu’ Qsar oo’ NQUT@ELSST LRSI &gl L
B saliGwr ursSmeé Ehhg bl gjerailsd ClumBiwhgsearGar
oo fmig afleriudl apramilGmauii gfsordear. GEs
CanrsiCal &G 2 ulisssrenn Qaemeam. Wao G)mamasssir
GO L Apiyl QupMimss GCauaarGitd eTer s pluBSngl.

1 LLib — 55. 2 nWFGaiE enfCania gk
QarsiransulisirLiy. Comsirpib QursfigmsT aians
= ey sk

A — (W5HQTd
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1. Qureflyrer ams — Gn@mSallar Ggrg&ssesiulL
Py sallCur yrghismer Crrgwrs Qe Gummefgyedr
eppéu Baveoufler Qupp CFdaumsur@. BlamaisGear
urSleflund, Bolusms urdlaseflsr epsTamgtaEsT rerd
o UG S TmenT.

2. yGrmgshLrer suems — B safiGur yrg Geallweser
Qar@ésiul @  saailarmed @GUoul® G&e
Qurgefigget eww o L OWISS STaLUUGD Q&6
@hsumes Gedangh. Qs @maums QsdsEkD
SHaTs sLaffld amphs apmh ke uiliflssmer
BusE Hoare s.mdarpar. BEsS 6 &06ams ssr
sravrenfSanaulle ojflawrarsrai, sLedld sam’ | &dlsr
2|6T6Y GOOhHSEMOWTID urbi Ul L soows e
Bl deflsonrs wrplug).

2 LUrshsEnn, @sr Sssmrear Gu ey s s s misEhin
Corergin eusny fHlophs Hapaser gmearsgin o ullii Gadu
uflamrrwd ereirmid, gGarllsrart flowns Hapassr o uli
uflessrmold eTebTEin 9jemp&SLILIGIEstTm6uT.

~ elsruni&@Geen  (1971) o maursdu  @ament L6
Cariumiyer up o liflsdar Camearpiu Camnmliflwrsr smagdle
susflneamL sHea 02 Gophg STaTUULL STH B|&F&LYDl60
UTY55Ghs Osrae smailad 2 uiflsaflar Gengsr wCGHILD
W5l SHEULGISDSG..
wifl-ldoer (1953)e0 HAev giyser Qeiig yBGern
I|flrismers Corpmiailsgeri. Serai@mh @@ o TbussL L
e gmIGa6T IjplumLsafle @earser @l gyailamers
@z m_ .

i. @55 yalullédr o ufit Carsrp YUN6Es STLGHSH M
sreawrlul L euafloeair & @G SHGUTE 2 sTer
sufinsir & (G ipsdled (wenojperufrpen) @ Hal
CoumiLi ip (bS8
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ii,  oyrbusTe siaflair oW Qua;mugnm smgmn_n'gm
Quipmsiter aumyssermen WSGH6T, SjbGurafiurard
ayer Brmall @\whS e rarg srewrsmriLBSns).

iii. Ehs aunyssafarmd gper QuEs dlhssr Lallulsr
Qaerpsafilurer  susflosir o5 Hlo 2)lp & lg

 eTameb&eTIed SITSSLILILL 6.

iv. oy epesgesEs, Brrefiub @flweflsr yp sagr
* (me1) sdHisafisiT GT&HEGS0SEHSHGL, Wlsirershsafisr
st LsfHhen 2 CuB@sSsiuld un IHss
LIRS B MIGEMET 2 T TSHEl6T. bS5 &M &L Sl
suafluar wsHa @Gsrdar uLead (Ozone layer)
s gLrsaldme. @smer (Gflweafldr ypemgrs

sditsalsr srésn Hauns Bmhss).

v. @eiurm 2 arLiSsIulL JBES eeus s [T
woyCur® Gsits Sy ojfsfioars yafluflear
sLHuGHsafd alyhsl omEG RECOTH Qdrm
ComausnELh, @mamraIsHEGn sumiiily qhulL g.

@aubdler @ameameured B, @reta) Asasonar GUlmLG

(Peptide), o|fiGerm opfiwrisst (amino acids) GumsTpsmeu
padlgin, Nery @araih ASsarar LrSHhs @5 (Pmteim\),
Bl &eils gflwms@nd (Nucleic acids) Ggmeirgsr.

e@sh, WeTuh SbEpamLI Gsngmmuﬁlm yaflufleur
apribusTe o oSms 2 Gaursdeant. ojgemer Lilsmere
Gumsitm) Wfletr oor’ L Semu|h, Upeasrd sdismaniyn Garamh
gréfermi. Cargmeruiisr gyrbusHa saniasst, @ram® s
eraflin ollGeorm .gqmlmmlmir o fuL @ Ho aafllu YRGS
s psmaryid (Organic molecules), sty G 8o
flasorar ghmaal Gurml samerun, GC&mg e i Gogyid
£ 19 &@in Gurg, Coguid us G gufarissmeanuyh GubHeT.
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uLth ~ 56. e G&mg emeurudlsor 2 L& Fewrid

1. 85C@astr, o(GLomsofhur LoMmih QML TER6Hr sumLy

2. 1Blstr BeImSCEMlmu 2 s &L sresL GrrE

3. gyeflenwd @Gl smeudia 2o Hif sHGpm L1

4. Qauiid 5. B Qamer, @@sweu 6. Bomasl

6. AUT&(GRILD LIDLL 6T @lensRTSSLILILL. L6
Syl eulfl&F&Fmeirpiser

1 flwé sdisda 2 uli CarpnsHnG ggﬁusmt.mrrsﬁf
C,H,N2,P,S Gur6itn eLp60&an mISmeTd: Glamstie (HULIGILD
R STETNNS SmuEng.

2. oGmm esiruant 18616 giGurafun sumeTlh SmIFme
900Ce @@ HT6T (pegaugih Qaiuiu@ss ojipefler
UiiGarr gufingms QuODTT.

3. Crm, sréseiv g éu G@maw (1952) goyman®
SmrEusmms ardés malugst epsun GasiGa)
srrGurman Crl@smer Qubmeri.
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sraer (1963) erstruaut DNA, Ruysaflé guflaniser ATP
Gurermeumsom Ny Asir, soLfenoiger gy duaibblefsmgy
Qumrm.

Qumsiteunn @ugslom (1965) stadrusurt LGSeir, HjGLomesfhu,
£ Qaupdsr somumus shHiclsdd 2 u@sd
ACumsh 1p gp&alfCursy géw sSHSEmISmen
gpiajanf Quaprt. Cugis Eé&sdial&éslsr apuib
smaml reer FwensmigelmHg Wy, Mer, eouflanioy er
g Hwerauhmpun Qup @wermgl. oy efer AGume,
ursourflsd opflwn @&smrsansmer Galulu@ss
S CarrHeamer Corpmailss YWehss. QEsHMIEH
umesrgrsadifld o Lu@Ssiu@mn Gurg ATP, AMP
ydwer Caromall&EsiuGaugitn flelsaiu’ Gererg.

oQuegst pmih TG Syins Guellsari (1966)
LS ginsaflsr Gurgl Co, H, N gyélwer
germiLer gty elmaryfifg maplrasT sumear®h
Coamrppaissl u@ugrTasann, Up 2as5TssSMANG
o Lu@mSgih Curg Semerdler, ojevefler, ojsLMiipd
o, GeasLmils oufisn, Qeflsr Gurssrm ouilGerm
gferisst CarhmalSsliuL gl

3000 WlevsSlweir (3—1Sevediein)— gy etr R EHES (W6
20-6@ CupulL guiiGarm gufikigsT GGBUUSDETET
STEATYISHEET 6VSBMSL1 (1976—60) o meFlmmir.

Qsmymeorm ereorusui 1970-6 76 HuSaflGCwimsnL (Hisener

DNA eosspifmears Geupms  auflufled
o (6T & S\euTmir.

Qr_ss e adldar o1lli sy s&dHaer

Qar_ss gouliurdw Hob, srhy e ekserfld
SeWES STUET, AL T6T, Sh&L, dSLTSLT (LSOl
o ulifepels Qurglasaflsr sflu Qurgl seaflsr LTSNS
IpuuemL wrélerper. o ulflwed YsHwusgad aTlES
ey LQUIGL ST 2 (ursss Comaunar Gramdson sHS
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Qar_ss 2 add, uaumswra sdruafldasr shissrms,
Aoawpn 238U 235U 232TH 40K adrp @reggeaflorssiflsr
Sppme G sHisams, sflumausaflsr CGaiil SHpeTs, K
SmasaTs, Jfallore si gmausmrs HrTHosd Glau
ssfurs gouhg An sfln epwss. gaflsr uflarmosSHne
omeirCamasemras ailomidlsar.

Aml eape&egiser uflsormod

2 ufirsmiNeme 2 (HATEEGSD (PSSILSSINILPSDLII I)ipILIGNL
sfln epnsepeomnar iGarm guflwmsdr, Gamegiy
sflwhisd, @hmpFeisamyas Gurdrn aaridomg wrhpo
Qur L st 100 LT @ISHES &MMaITET (e () sTamLILmL 1L
Sl PGS & MISETTSLD.

1. ouiiGerm o)1l ki & 6ir

a,ETTE Fbhaaflor Gnéeddlarm amamL GrmamTLeT S 6T,
£, oCuraflur eohdmanhg HGaT & Gl Gur@eTTSiw
SNGerm opfleaBiser 2 (HalrdhaLiLLL 6. |
2. Qaryly Jfiwdissr, daflgrmed :

21, 601g man B &6, £ CLmaradr  Gumsirmsupgilsir
Getrmedlsarmaud, gL L emwillerrad, o&aflnGarhpsdleTrai
Qeryliy finkssT 2 GTSSILLLG. UTTTimamnb
Gt Lenulflermed Heflermd o wmarssl Gupdlarmg.

Gal L emiolil] : \
2HCO > CH, OH CHO
SsLmiLansiig mam® (Amerdamn 2t mean()
O, @sopui
CH, OH CHO » CH,OHCH,0H + CH,OH COOH
(Rensramsd g oipaman@) Honerser  Hevendsnedlds )bt
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3. el Gy SmiTLIGT &6

yefl gmdsmp 10000C geralihE g SBHS Gmaler
Qaulufmans® Gonhs Gurgt CH, CH2 Gurdrp U@hs
Qewsmur@oLu salls5s saflumisds @i up Ggaillipu,
Qe Lrs manl Crrasmiustamers Carmmieisser.

CH + CH HC = CH (9}# L igemev6ir)

CH, + CH, H,C = HC, (s1&Semeusin)

CH, + CH, CH, + C (i5G6gé6i)

2CH, HC = CH + 3H, (9l ipcma06ir)
CaC2 + H20 H, = CH + CaH

3Fe4C, + 16H,0 Cl1H,, + 4Fe,0,.

mapl Crremiusr aufll Qupiu@d GurhL &er

mont Crrariudr oés GaliuwemLis Symefli er
Qewdu’ @ gy, smantyréedl anfl Guupln@i GILN b gerer

S, 601g 6m am (B S 6T, &G et & afl6or Il su 518 6m a1 &
GCarpmelsser.
HC = CH + H,0 CH,CHO

(S gmasn) B (A Lrdipman®)
4. yyfeir, SifliflenLsir

QT s o adlar manl rosr swmer® Gamiu Jyomed aifl
G568 6flensoruflerm s L1y, ifl 6ot & em eIy b, L9116 6w L 60T & 6 6T L|LD
Camhmiefl5ss!
5. Ay sHalCuraL G oer

B sAafCurmLGaEph Iear Ggrifymiw  dlp
Qur@Ls@sd Gealiusg,nme, ymesmgsrasEii Gumstrmeumadler
aflemsrafleoTmayih SHUMEUSSLITED GFHMLD eypauld o @eaumuiler.

6. utn'r&smurﬂs&r

B5Ca6r, 9Curaflur, Eyrall g Hw &6emeausafle mk g
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mmf_ngs&r onm Hooulld uribmufldr 2 Gaurugns
mapL &er (1968) s mipmit. Ssurfurdiymen@Gid, muGEraID,
umi SoemUiflan s & @muQurr@L_asmrrai @@mé\@aaﬁﬁunm 6T6OT M
@urr F.giSlmmir.

Gu@pid e s S i s eir Ll Goor ot

Am cyosemsafldr o GaTsss5mss GaTLihg Gugh
@méaqp_gjmmlrm yrsn, oL &@m Ifetisdr, Gergliy
sriGuraman’ Gyl G aer GumsTmemey il emor Lo & &l 6ot
QerLisflurd Corarfiugrs a@IarTeer s gmmmissr.
Qpriursbissr  UGarr yflmsafler &L Lsmwliamu

. 2Gurssl tusTu@CsT@ whp CuEL e s e PisaTT e

e lEm oufiemiss, Qamegiy Sunmsrmsmeuuin Lig (L WITE
o HUrSsl uwearul® @@GHGD  TETH IS 6T
GQEnrise. Qhs QU@L cpuss.m uflarme aerisHulflsr
SMTETLONS (PG QEm 2 marsasin Qunimassen serm e
(Plg 66T &n_mISFl6oTM60T.

o wiiGmdlur uflsmrmagSleommed Siflo epeod s miser GlsueiGaim
Gorsmasars, uOGaM) S0 SIG&MIS  LWrH
CaratCal Gaar eerm Quumrl Qubmer. @& 2 uli&seTemio
Qaram @mams Glaa ojmuliamy 2 maurs@GSEldarpear. e
1. Qurslyr asma: ElHd Cpmssisam QsrEssiu’ L o 1 e
Lrshiser 2 ererer. @ema urslefiunessr, gwbsmr unSiefliusissi
GureaTpaINMP 2 MITSESMITD 6aar S pUu@slsTpear. 2.
UGrmigsuLT suems : @hs Qavsafle 2 s Ursams Giser
Gaream  gseuaflarmed GBUoul® srawlu@b. 2 wiflmeo
o ufiflsaflsr Qehsar Qhsamasmus sMbeE. BES @mams
Geds@Epd sLabfle aumpbg amph maranuiiismer Hansre
ga s, STOLCLTSHN Ghs 2l a@ UTSRISHT mLSSD
2 | H(HSHGMTS LIPLGTS IQIETTSST FomEnrissT. ks
GgrLss sre eullflarmsda shissr argsmsullsd ubhGam
aflsafley 2 arameull QuippsTd  gme  SHSSeRTL
o ufiflerissmmatt GuWALiu L.
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- @ et smflaeir — @msu wHeprem 2-ulli Q&msdlsgmisr
@@ha uT)smaEmL HLSSID, SHSTOH MUTESST,
urdlefurssdr @euhieolmhg Comeriuiiems@in.

srgawasiadar — @pisCurar Qsdsaflar G
aumpsQgr_mdu Qhs o ulflarhissr Qu@bUTaTeT
urdlefiudisamer 2 maurdd @ahS e,
Qansrgifaraflisear - @f 2 uliFQsdma Qamarm
Sgemenr 2 aorgmid 2 ullflser. @aumle @@Es SHasme
Qarsrpdlargid 2 uflssr Comsrflullpasomd.
@rerwer Cerdms GFiumel — GSTLES ST
urdleflukigsr sAulQuralsafld GCaihl aflameramer
ghu@SH ggarepwind  Qupliu@hd  &F&Huflsr
2 5lQarar® 2 armald sWrN5g aunsear. Germ
sraruu@d  Ho  urseflludissr @&GFLmME
Qeliaumss st (pg HDSI.

paléGaismae Qolumau - Gfu g Homoe
vt G @aflEGaTamaullar cpoLTs 2. 6m0T6Y
swurfis@n on -@drmbd  sraur [armsafled
srear (e Hngl. QFQFuLLUI_m_S QST 5566 ST
mistorsmuiflger uFmawniGemeT 2 Hoursd Qeldlmss
‘Gousior@d. @eumied G@hg STauy 2 ash uflsormob
L EHGHE5s G sustor (0 GlLo s ) 61160 61)1 60T IT & 61T
& [ISNGITMTIT SH6IT.

Cupgflu gmardg olmarsEpd IJpUumL S LEU
Qur@L&st oy mflu sLefdgmer ULl sHs Colemor@blosmg)
pluiuGHdipsg. @smer Qaniun lighs Bi5s Gy (Primor-
dial Soup) eremw amraGL v GG SsTmmi.

Qar_és srudhod sSLdld Comearfu 2 ufid fererme
RAusdne @Luuuiisg sarg an.g.si& (A.H.Chuarch)
sredrLieuit Setrgmuemw “ @ CUWTFSA Qsnearems” (Transmigra-
tion t.ypothesis) eypsutd grgilsormii. @S @ LGUILTES smesby,fssr
(Silurian) eSS0 WS (PS5Ol FHUL I sTeiTgid, CSM.-56
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anagdle Bi ;ﬁlmﬁ;ﬁ,g, ggiy flosdng s 2 ullflast sreailer
TETMID FiEF o ndleormir.
RNA 2 st

1950-10 oy sor(Eafled srandinmesr misworGeormdluilsar 2 gall
Qarsory eonmim urGel (Goerge Palade) sreruant
wsCrmuGarngst (Microsomes) erairy Glamévsdlsr Lil&& A
Qe 2 miyseaflsr gylissr Guphblerarmi. 1956—0 gy s
RNA gdisnh GQuhp mwusECrrGemd Sumisemer euFme
SiLWIaTD STLL Wpbss. Smea Werermn mrCurGsmiasr
(Ribosomes) ey  QPSSIULLar.  afloraiGaGw
ayGurGarger smer mithanaisd @BmHgs S uflurbhmn
gL e 2 migimeamurs @Imsdlearmear  sTeTLIS)
Repll&siuL gl 1956 g,1h gy e é&Gemar Lisig Cammssumsr(p
(Mahlon Bush Hoagland) sreitusui RNA aflsit GleusuGeaug)
susnawrar APl s gisar e CLrmilstresHle (Cyto-
plasm) sreoriu@lsTmer aars: duplarmn. @lmal jener St
GO A Germ L5l 60 i & (615 L. 60T @) 6v) 60T I Bl
& IT 6uor L1 L1 () &) 6T [y 60T . B 5 5masw sy Cum G &mine @mL 60
Qammysorw At RNA-sSsemer uflurdgud RNA-&ser (Trans-
fer RNAs or t-RNAs) ereirgy Gannéanar® GQzflelssmi.
gpeuGlaumr(m t-RNA eposangid sthifGasmmsrsamst (Anticodons)
2 BUTSGW ewsiryl M SafiCuren_Osamer Glarsir@erearer. t-
RNA-afl0 @55 epsrg By, SafllGumenL GsEnin 9jmLobgierer
Qgrii auflmemul Qurnisg, Gabilsr EmarsarTes m-
RNAufleb gjemwoujs Gasmmeir (Codons)semer 2 (Geurd@SLd eLpsiTm
fuLselCurmL Gaesn Qsri afimsmud Gl e @ sirarsr.
Psear sryarursGo t-RNA cpodaunflar @) enewrhglerer
IflGeorr gfiwmsafldr QaerLi aflmsuin m-RNA @lamips@
@amanriCursdl gjmuag Hifamuilssliu@Sng.

umeL T giilie) Haawusmss Caing Grsor® Wrmsre B
gpieimeri sevweor J.L.Gurarr@®@id (J.L.Monod) (1910-1976),
F.J.Ggsalyn (F.J.Jacob) iy seaflwedlsst DNA 5 &6ai66mer
I|G6r eumiti] oi&& @leoy (Tamplate stand) gya Gswsu@GLD
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By safliueilen 2 srer g RNA elpeusdenmis@ wrimiding) stemm
s leri. @55 HspFdsE upQuEdss (Trancription) ersirm
Quwr. @ks RNA eyssnpiser Bliusaflaladl@hgl Soa6ssmer
e CLnVemesdhE ahEes Osaausre G QFiis ok
RNA (Messenger RNA or m-RNA) ststrg 9jsop&aLUnbslsirmer.
@kg m-RNA aflgnd Cam_msiraemer (Codons) 2 (paumé@tn epstr)
B Sl CumenL B &6ir SmLnfh Sl UL STed t-RN Aafletr
sr,é,]rr(Basrrersuras@r_am, m-RNAaflsir Garrimeres@pn m-RNAaflsr
uflorhm e LD ILITEI& 617160 arm&6aTary eflurs Qurr@;r,ﬁas
Qarerdlstrmer. @ger eeutd snyCurGemb Lirnfsr Gueéd Lohd
DNAs®d @@Bhg srear ong aps seaumsmer t-RNASSG
wrpgSng. BHs seae oL Gar -RNAafsr gpon IjfiGarr
J|fleonissT g Qarir auflmaulld gemwon GoemTGLd 6TeTm)
Biteooriuth Qeinm o saSmgl @\gstr smyaurorsd afiwurer, GH5S
ursl o mardmg. DNA, m-RNA, t-RNA eflar epsirm
I|P55055 Hi,sMGuraL Gsaflsr Osreiy a@ GOEILL
SfiGerr gildms Coiey Gl o SmEng. aE5sH CGTELIL
s oufiGarr gflnsms o GUTSGEDE TOTUG QS
L HrQsEhSEGSE Gamallsgilurs ymuisg. paTme
Esherar afla_mw osir saGagl (Genetic Code) 9jrfllE5s:!.

sfer erCss updu gilurarg 1955-g4h g, ar@H
QsQauGrr &Csmaur  (Severo  Ochoa)  eTaTUIITIG
QNG L gl. @at uréleflusSdmhg NNSCSH SO L
@ Omrdl DNA-aflelr @ @y Jgnerar Glmenr @smpsni
(Complementary Strand) 2 pusdl OQeinym Gswme
snawGoIST o, Phs QBT & 6vfl 5 S eufl
By sefiCurem. Gaafldlmig RNA Gumsrp  Gurgener
o ([HEUTSELD sTetT) So MlevrTr. @G D@L siTeonT oy Fg SmierCILITS
(Arthur Kornberg) saflsai R, &aCumaL G &eafls@mhg
DNA Gumerm Gur@emer o paursHlarmi. @&Camauma,
sriaT@QuUis @ shyoLwy Ilnsars 1959-gyh g 6@
aurpeiud oong wGsSgausdisrar Grrum ufldmeri
Quipmert. Glautsst ol L @ S5 BlHg O rdweant eurysr
BrerGuié (Warren Nirenberg) GCergmeargsramoiuils p&Gsmair
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(emmulled 1961~ gy10 gyaur( RNA-emaus swmflsliuL. RNA aw
m-RNAellsr GQewsne sso@urg Gois @leud geirgeamLiu
Spiimals Qormdearnt. @ks RNA-afld 2 drar @Gy
Ay safiGuram. @ wsOgmmawyn (Triplet) UUU-amrs @@L
susmsWiled @l gjsmili---UUU---aums 2 L mssiu L gl B)s!
UTS5ms 2 e r&Suturg obsl Ursin SLilamers o) 66meorsor
(Phenyl alanine) svetrm oufiGerrmr oGzl GUmMlHESE!.
QBTG WSESTmSWE CETLIE (HEH UTS @ImHBSTH
Signeror ilGaurm bl Siflsmersd gy menswrer JGLo. 65
giompuilss gpie) Glels aniCasralhs cargrearm (Har Gobind
Khorana) QeusiGeum opfiGerr oyileumisEnsarar GasiGaimi
- B, saflGuren. @ WsOsranswhissT (Letters of the code)
o _eireweeT sTeoT(] SeveTBILNg ST,

Brer@uns whmid Camymerm gLy Blmaumd safllsgafhurs
wy dar sabtsssSomsud sSar@illes art. U
WSGgTamsLmIGeTTe 9 st sfsir ehiGesLn, Gamymer, BysrGLts
whmd @rrui’. Cemmedl (Robert Holley) gyl ema!(mé@in
1968~y gy emmemamsr aumpaihush 9s6g) LIE58 IS5EMsTenT
GCrrusy uf& auprisUiI L gi. Sesrer CoTymeaTmah o6 amLiL
Fon&sEH 1970-guh o er@ derasomer CargmarasT epsold
o marsHlarnissr. ComaiulL sfarsmer IMsTaSSHH
2 UGS @QarsEpomLl Wupnd anm sSrarTGCsrors
S|OLHESHS-
uflssrmns G &irer em & &6ir

yefluiles smQurys eurpig s o ulflarhissr, seaflw
gerewiflaflarm eeuaurm uplugumi wrHph oL ket
sretusmsl uwGaim uflewrmos Gensrmeser il s fermen.
Cagu'e o flariismer o air_r&s o gab @hs wrHnmissT
sTeuaurm Ggmergler whgih seeurgy GQumiul L e srerUms
uGaum &re  SLLmsNd  samiulL Q&5 6ir om &5 &5 6T
alem & (& Sl strmeor. -
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ulﬂmw@éﬂgbmum gwangisst (Evidence for Evaluation)

uflsmrmogSiesrer ereryiss, Siipermiss, @6 @ LoLomnier
uflsrmoglsir epeuid 2 sion_mdlsirmenr sTeTLIDS aSloTdEdsTme.
@oa 2 uliisum i aumd 2 1iflard QsrEHsERSEmLGWL 2 srar
2 poysoflar  gelivemLulled sroullL graTmSST g GL0.
Gaiapaysar Lflsormn 2 poyssr sariu@Sarper. QST &
sSTsSld arppg wehg Nar ymswer, 2 uffeorsisafler
Qsreoguit ugwiiseflar (Fossils) epowd o srargser
Slem_Ggsrearer. tleraumeusr uflswrrudSbhamer &merniseafle
(LpSSULILOTETTSmELNLIT S0

L. yp gy WHEID Sl 2 edrerenulued grsrg (Evi-
dence from morphology and Comparative ‘Anatomy)

o fiflormisafldr 2 miysefle @) @moumsawmer LiLeHLIS6T
o _siremenr. pOGuMiysnw UstoryssiT, Gawlamienw usorysst (Ho-
mologous and analogous characters) sTeiTusHaNLTGLD. LIGMMD)
2 iflflariisafldr IpiurQanss @Cr okisnads gbr ams
QjigLiLIeDL. 2 6TETEOLILIL] LRTLSMmaTW @67 smms &@mHmas
GCamm wenmemiLiLid Glarsr@sTarer. OS85 SM_0), SCsaLL|
diyrewflsafler @lemio 2 srareminifled, weflgeflsr (psirermhims,
GHawy, Sifimison, s adlssd, GlaaramsT WHMID LD
Gumsttmsumpilev, (L 60T 60T 15 &3 IT 60 &5 617 Q&G smflame
LML to (GESTEUID NMULITE) &S 6meL.

sulaur@m 2 uliflargdlar (pararmisTa&sEhn sma Gainn
Camflanstapu afluyorsv (Humerus) smm sraibenult Gumm psir
&Jl, gjeuswrm, Grigwsv (ulna, Radius) ereirpy @ewemriCUTSSTS
I|mubs st semart Gumm sir &b, smiusasr (Carpals) eteimm
sTiLnLssmem GlLmm wenflés (), Gl r smiusiser (Metacarpals)
sr@ubysmer) Gupm o sterhims Slllensreissr (Pilanges)
stpbysemerd Glumm eflFsaer Cumsirm agubdysd TGS S EHLD
GGy aumsuiled LIHDIEH VL [HSHI6TETET. 2. & ITIY6mTLN S
umsmeusaflsh epstr efFebaser LHmID Wetf&as 196 B S
L BGLo 2_siTamenT. LMD SITLMESST epsity GOl LT SITLESEL 6iT
@emewrihgl GTTGUITCLIL LT &ML sTarm @), FeorL eT@bLSaTTE
2 _6iTIGuT.
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II. 765 2 giyseaflsdl@pig Qupliu@id mrsurwaslr (Evidence
from vestigial Organs) i

ePSTGILTS6fl) BRSERSHE 2ShE CousmmssmeTs Glaig
fAnsas aMarmS 2 L o miysar HAo, sSTaICUTESD
3&GMUNICL G au6m 608 6T SeufwwpmnGurar g,
ComauupmiGumil uelitpurs g Gawonm 2 MIILSMTSS
sn6urg surpng el e uilflarhmsafle il Lu@SHlermenr.
@suemitiseT TEFF 2 MILLST g uSaF LGl 2 miinseT
srarUL@w. wafls 2 Ld “afs o giliysmar gdHsn Gumm e
Simhisr_Awsin” (Museum of vestiges) stergy snpliu@Eing:.
wafls o Lald EpromsEhn Cuhulr s o miyser
amemriu(dlermer. Geurflcunin gGusng&ev (Vermiform ap-
pendix) steim GLOUTH @I TOSHSSTLLIGL. Blos
ApGLatd QuBEGLID FEHEGD B SH0 o 6T
QumRGLSlsar e Am vGHurdu F&sd (Caecum) ererm
Ssmwniley @Maphal Comermid sumed Cumsiry LEGHIWTGLD. WHD
sreur o aorenl aflokigsafisd @& Gufisres @ @maugL er
Qewsmu@d searmuwamul Guppdtarg. welsmbE G &
Sjsudlnommis GUTersNd STl CuTSSEM Wk, o|MueaTg
2 1 60l6b 6165 2 mILINGS SraTiLBHHnG).

III. &meilwe ensirgnaisir (Embrological Evidence)

sumsorGuur (Von Bayer) ereirm gyflesi sapellived ereiruig)
2 iiflargdlar (pu 2 Lo gy shu@bamy Rewh o565
Qewsasmear aflsr&En gfafumrgh. QasiCam Wirmemssr
sueni & SwemLujh Gurg Ao QurgGewrissment Gumydsrmsor.
&@ Cuaih aeridd gmryb Curgl wsdld Gohs GQurs
Gunsmaall_, srgmyar Gurg @swriissr Cgimearmidlemmer.
Wetry seoLAiurs Amiuner Geaurbiger Comein, ojme seomIL T
@y Coumiu. oymmsElsTmen sreiryl S pflarmi. aursirGLILT B)hS
sMhEmBS Qaran® ifliisv (psei (Fritz Muller) sretrueut
GCarhm surammifismerud (Ontogen) Ggr@GH aurmrmfsnsruin
(Phylogeny) @UiilL® gfitsri. gmamumrsar g Siymemh
oueniFHlumLpbg ambAurys ue Hoosaer sy
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Qeawdng.. oUGurg gearg pearGearmflsr e eueri&d
flmaosmearud  sLEg, Gararr garsGsearg — Apiy
SMTBIBEHL 6T Selpll PHiflonemamw gL Sngl. @aupmps
Qarar®, @ 2-ullflargdear Carmm sursry g 2 ulflersdsr
Cared ararpist ansswrs e6r CrrdHh yoiuGury
Caiafliu@Hngl. @anmp “Csrhp arary, CsTGH
aursrmilensrl NlsruhmiFma” (Ontogeny Recapitulaecs Phylog-
eny) 6161 SHSSTS CamblHen sterusul g miAmimi.

IV. 2.1 pQsusliue wpmd o uliw Caihullued &lrd;‘i'mjmir
(Physiological and Biochemical Evidence)

o WilflemisaflsT Lmsjemioiy LT 2 ne&EheEE @)meuruirs
ks 2 wilitFQewualiued wnpid 2 ulirGaudHuns ueabTLssT LHYID
ewpsramswuit upfiiu wsdHu aflurtismar gjefl&Hsrmer. GT
usmswrer Qprdsar womih anriCurdarasT uv afleunider
Qsr@lyssT & 7 suar Ll L (i) Sl 6t o 6uT. TOSSSHTULTS
LUCerm_GLrGameur (psed LT lp&e suany pfliFlsr sterp Qprd
sramluGSDng. msrréadlear aqearm auriCurdr I)mersg)
WpgGErar Gupm aflokGsaflgin srariuhSng. 9|6 6T
anrirGomer gjsuailoni@aeEnsdmCu urmoiu@ih Curs) &s
mmmabu  sroudng. TESSSETILTIS Samarudar
aarIrii® &y gésslugedar gsear GQuiLmeridGurdla
urdésiu@&ng. Ghfmauled 9snE uTariily oflsmdler
osTMiIG e QuT@ESSILENCUTS oSt SidLTeT 2 _(HLOTHMID
Heys CEm hiGHng!.

V. Qg,lrdlgz_luﬁllﬂluél snarm&st (Paleontological Evidence)

G]gm_e’aeﬁ &TGH&Hle) aumphsg @nkhs 2 uiifarkiseflsr uedser
wilufle Yasuan® sEFRISMTSES SHCUTG L &Slermer.
EmasErs@ Ggmoauili LigrissT (Fossils) steiry Guwif. 18—
St BEHmTetonger @miluils) sreir 2 sdlsr L LGS saflslmhg)
@oasisr dosslGubper. @emagear @@GES UTmmsefler
auums Ifigiss Ho Gersmarsaflar  ojpliumLufle
saLflibgeri. @Ourampssr 2 oo si@Quregg Ggmeirmer
SIRTUMSS Garan®, gsrag unfar awmgs Glamsr@
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LoGuoT6TRflLIG) SHIT6V DL L6L6METITeMI 40 SSH6uTH. LN6oTeuTT D)6UIT S 6iT
T05s Osroguifluidr ugubhsmeruh oma  amGs
SenLSsarCar miGsrer LBy ‘LG Hememyd eiLCETSHS
S miunsaTT. @k gyiefler epsuid, sl uprisTaL LTmDaafish
steflin @smintieniw 2 WlflariigEpn, 850G G55 2 6oL T
urenm&afley  HASsorar gyt 2 ullflerkiseflebr

ummmm@m 558 GsfliuahsS!.

2 gnyerong e, srsmumer (Grand Canyon) Gmrm
QL sHw GarorrGLr pHullargdled @@ mue oS
Gumiiite urram‘muuqmasm “2 ueSHlT Ml LGsHam (Story
book of the world)”steor glmgamuu@é]gngj

wekisst  Queph OAassr Sre 9y aiGLBisafo
@heuryg yse) wsbissr (Eioches)@méls smamriulL
o ififlardissr 2 ufiflws Ay umis Hepsdaer
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VI. yalllwed urey& emrergy (Evidences from geographical
distribution)

s gymormuuisd Qmesgh Corrisally IONG RHS
sraflmasmert Gupn MrCsshasaflsns Caumun L Sreur LmHmith
elloniflarmissT sramiuGsasEs Qe ifuhn urejpemp (Dis-
continues Distribution) evetrgy QUi @oubPinEGS SMTemwTD Lisw
SmMiariissr 9|H0 ST ClOsEGsERHGL LTaS0 oL SlsTmer.
@&gMr @usdnE @i’ ugdulsn afiraymmn Esmd Lwrubhm)
Guir@Lomeormed @fsm_@smrﬂ ugdyseafled NflssiulL @lers
Qarmaast g flsarmar. giueiu’L fspéd qoulL sperears
grsTgIsamers Ggraoguilit globiser g6flélsormeor.

QsrLiudp UTeUmN&E TOSSISHT G LLAifl6 &l sor
Slyses LsrLisdl Nrtssmsalsmbs swmi 260 smweb
SN SHled et LL&TEVGET 6T60TD 6 2 6iTongl. yeormed @lsieils
@Lisaflgin asrar 2 lfloriisst GQuflgih Caupul @
afleTihiE Slermer. g aHMGCrsSlur, Qgsr grniflssr wHEID
Qser gCuflasreilsr Gl LGH JSFusbmsr srafame
asHoLllad Hhugdsda eaiGararear STauy WHDID
aleumidlenr aumaasst Guflgin Coum’ @ sremliL@G SleTmenT.
ooy 2 maunss Gsmrarsms (Theory of special creation)

eriaoreol Qaméase (Ernest Haeikel) (1834 - 1910) 1868 gy1h
Sl suorigsd eTpSu wemi Lndlstr sugeury (History of creation) srstrm
wrsdled (uflemrmng Clamarsmsamil oy TUSIULL (PS50 BT
@gigmeor) 2 ufli spemfluflstr (Ladder of life) 22 uygsaflsh, 22 gyib
ugufied weflgsrsamemuyn, 21 b Lguile pithecanthropus alatus
st Guesd Gaflung wefllg — murdlams &FkiE e asILLWD
maussri. @ks olong  uCurws o wl@mLer
airemarLiuL_ellsusme erearayd, 98 @HEHS sLCsmsT QlaimemomL
Qeuepflwr (Lemuria) sstor. S Comerdiugl erermib, 2|86
Qeroguii aésmss Syssibdiu Sayser, CurialGur gbeg
seurellsh STewTLUL TD sTETMID Sjeui Ggd sTHSSIMTSHSTI.
P &MmSSarmd FisslU L anTukg B & Gaihe wealls
2 srememiolidlish (anatomy) gy &fliurmer wafsir Gumen (Eugene

238



Dubois) (1858-1940) 1887 guih gyuaumr® L&& Slpsalhsu
usnLulleir @ SBISSSTTTES GLSTT QFTHLHSTT. S60T 6iila)]
Crrsde aupiiu Conésedlsr weaflg weirGsarmflsr Glgmsguili
aEesHme Colp Imapsri. Elrar@ Iy, 6 s Eh s G
et GCoumaomu AEaILG Ywuwésryn Gsbsn
CoulemL ufled @piidermi. 1891—gub gper® GarGsm (Solo)
pfldr YGHG sarm@LL YsH Ggraguili TEEs
searHiiligLenL JEDLHSTI. '

@she ojeui “Pithecanthropus erectus” (sgmeur Loesflgebr
(Java Man) eTsirmilh LRITQID &l L) ssrm Guweny
ta g e, @& S epsmer Qerar,. CHITS HL&6565 Selglll
ualls GIasTGL. @Hhssd seamGiillplmul Un@GE UTTTLLS
Souflugre elrsSiuamLbs Giurs, et Goail s uilsd
@mHsih, fMefluels @@dhain phfann elwds GamemrLmr,

K.A.QanGuri (K.A. Heberrer) sraruaigmey germailsh 1920
wpse0 1930 suenr sSawm@®igssiul L IS5 waflgsr (Peking
man) U Qememuili aFenssT oraur waflgamear psS)nHEhS6T.
sgreur—dh weflgar 1.8 odlwsr oyamr@aEEHE Wy
AUTDHES SIS, DI TaYnL&eT WSa)D &SsrTsT e
fTErmI, SH6ur Si@hey Cu@seT Wsad HaTNrs Ik e
sTarId, efls cpamsTaniy oA il epsmeTEMIL 2 i ILIGIEHT
STEITILD SHE&HEUMSET HmSS 6. HiLrev sneuss smmeum Losoflgeoflso
Sflafwed Guwsny, 1950 QJ,L'D Syt eriaoreul. Guowir (Ernest
Mayr) Homo erectus steirg wrpilerd. Quwi wripsGsr®
w(Hwemrwd graur woHmd TsHn wafllsiser @) maa
@meuGerr eTaTMID, Oj6usti aumedlsueunm GIhIGsIr, L6l &G
ouIredleveun GURIGEGL @enL UICL. @smeaariGLr o9)6ben sTaTmILD,
weafls @larSHlr amphmSL allgaild Grer sermid GCuowr Clogin
oueSlimiSSierri. Caamur Q|mRsTL FIusSST @& & BITso
HGeorrGur Hiflyy, (Kinoye Kimeu) Homo erectus 6 @@ (B
TS sl smL 1984 gub o eor(h Gasetmiumeaflsh seoor@Lilg S
@ks 1.6 leedhusir auusTer TS s® 4 WS 5 g 2 wiFLd
Qamsr. @@ 12 auug Syl ug G0, LisTam Snieietr
(Turcana boy) eteoTm @leusit QjMLYSSHLILIL L T6IT.
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Courisflsr Qasrdrens (Lamarck's Theory)

Slpetraiv B snLg Conihg @IUmens susaeoTT a6 LITLig iy
Gawrié er@ss56s Gowri&édud (Lamarckism) gy @ib.
Uligrsiren Brigsr urflda pSfd 2 6rer “Qubms arrHm
S|HRIGT_FiussSn” Waitsibunmame glenmuilssr (Department
of Invertibrate Zoology) smeaarrss s&Huns @ai sarg)
ufleoormind Gsrerensamil “cuiflwanrssils suvarardls’’ (Zoo-
logical Philosophy) stétrm mmeflsor (1809) ewpevid Gleusflufi i mir.
@&56arur igsr epsiryl WHEHW SHS5SIGEHST B@EHher. L.
Iemsrr GG o Wiflaaflgin Cuaih uflarfss o iflsarns wrm
Goustar(piLh sTadrm e LML 2 G560 srenrLLbEng). EhbhamsGw
Guand fssarar gemwiurs uflambilss guaHng. Ths @5
Anmlerend Hamewrs @@muuglaame. wrlsGsrantL ©)mssa
upd Qeiidng. I1. o miseflsr Lwaym, LwsTepiiEsn ClFwe
(Concept of use and disuse), ITL tspflsneimsd GlLbm st s
urmrufuwrse (Inheritence of acquired characters).

uLh-57. @lLassAdbidlidr susa aerisAudle
Bawn uflarmoy Gursams mwrisSlear uflarmios
Gararms epod Gasllu@sgn UL
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Guln FHpiulL &@hESSMHSSefdr Ijeliumiuils) Syl
Courissus Oendmsmu Spssar. Smalysafle
UGSSpliLeumLd.

1. ypéEGEMe6E gpu Bewld Qewdelmerassr

o flerdiseafld aupamma UTSNUSNH LNEFENH &S
uBRsTHOSING. Gsarre aerflud vaTySHT LIDDNSHDES
o erermdlsirmenr eTeTMID, @IGeTwed QST  2.mIUY&Safled
UYSSSSNGUImrer urnphset (muidlamn, @&wlimn)
Cameriliusr sTaTayd SnpiLGSDS.

TOSEISSTLLIS, ol spisusraug: @by HmmenrsSer
o iflarfsar GCeougulL Un&aipedlled euermid Gurgy He
urpoiisemer oL Slerper. FHgiGmpalrar Haugaa aurgp
SraurmissT Gualhgin, STEISFs5g6566 gHlswrar HagdHeh
auTIgd STarhissT OFfisgin aaialts B&hE J,STTD 6Ter
gL QeTorgl. @gIGumstyy Biflamasefls) aumregnd STeurkiser
Emaumawurar Blmusmer Glamsior®, Hsmeaug Hflgysr eppdn
Rmauflo gm allgurar Gmasmwun, Bfng GG @
aflgurear @mamuud GQupfimgliug wHGpTrm STETOTES
S UL L Gl
2. Comausaflsr aflemeray

aueri @il THUGD wrPOd YHw YBISID 6 eTledr
2 (HUTSHSHSHMS JoagG BlsGL 2 mifled ghog 2 L
Sjemuiils) Comanurar wrHpBismar GOUGSGIE@THG 6TeiTy)
Go AL OuC @siremmii.
3. e piysafisir Lw@I G LuTTHGFLD afmere

@@ 2-pity CQSTLihg LETURSSILLLTN 9|56 GlFiLe
Sogin, gearand glsfédpg. S5HG LIPrs e 2 iy
QgrLibg ULETUOSSTWE EHGUUSHT STTETNTS 96T
Gewadpsir Gonig, g fEseiG oo giu@adrng.
@omar  Hepfibs  Cowuridud QUL &dAalldHufler
PTOTRISTOSEBD, SSHgn BLAypdolums srarprsd
& Diflngl. O, wr@), LTS EHL 6T Saruld 2 6Ter Lbhasemer
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2 qirL. GUTgl 9|&6r WSS GLmLwrsad, Wery ubser
@eaors Hamauflsd wrhisaflsd o drar @lmpsamer 2 6@ aITLD
o risurpmed CorarMilGsE 5T SWsHs UGS,
(petTeuThISTed LEGELLD Betor (B suemiG60T TEIMID S piliLjsiTe I
4. uRlmaowrse GQuUHD usryser uTroufiwurge

tssibflmeowimed srHU@ILD it gsiauifers sbsdleefls
uTgSré&siul® (Nsareor i 611l &G 5 el M6 & (61 5 &
S@uuiu@ Ssrmg eTergid, afISCHTETHOSEHID ST HWIT
Gumeirm B  sLLMUAISERSE o L uBnburg)
wrpmiusryser Gueih Guanh HAmiiuenL SHermenr eTeTmit,
@S5s5msws e HEQFILD aflenareysar (pgailsd L Glermiseflstr
CompmsHNEGs SmyaurTSlsTmeT Tergid & pilsTmm.
Cariuriiper yéHusgaln

o iisafled FHuUBL LrPpSms JPwen, uflawmor
TS sSmaun, ol o GTTMIRIGHT &(HUSTNID, (&S
o pUYsBEHRESETeEr  aflil  alsrdaSmsuyn @&5cCsTLUTE
SHAUSTHS Fn UL DI6TETS).

CeulomieBlisir Cam_ur( epLLSGSS]
(LBlmED LOMMHMAISHET

sﬁlmmj@m

AT @immasﬂr

Lyl 2 mii g6 susmr 25810

LILGOT 2 60111 @ mUiL |E6IT LILGET DM 2 M) jehsiT

LnLGhr @ oLl @ MIiseT  LIGwDn o mirniset ojfldsrper
E6iTE aemt &) Satn Gumm) A

o mitnjser wmLenfl Gameirmidsimmen

L @Bsrriisieir Gegimsr gjefletr msor
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ouridlusr Casriur® wmwuESGBSS Lisor o

1. e uiiflser Qarifg gjerefld Quimsdlarmer ersrug
Ssners g 2 WlflsEnéGh QuTEhsTE eTeTmi,

2. ydu GomausEtasnu ySHu 2 miliy 2 (HeuTEe0 6T6ITLg)
SEUMTEITE| 6T6ITMILD,

3. uwemigs, vuaTULTS CeTLur® 2.mibysaflar aleTigd
STEOTLIGHITEUTSS| 2 6UUT6MLD 6TEOT)ILD

4. it 2 uiifl esphlenessrrons (pwety GUHY LTYIGHS6T

20555 sPOYONES GeMSHILEHNSG Ty

BEs Iyieflsd F.miu Gererg.
2, ST UG & (15 5 G & 6
 gfiefhuied aIeeNGTTSET, auemTa5g L FSlsaflaid, 9Bas
wFAsafignd 9Hle QaliLGsTe FHUBL WTHNRIGSET UFDLT aif
QeSsiLbnms JLETTS Sumistarmi. Gamium’ duQusirad
sTeoTLIouT, &mel Grmevigwed isfled gHuGud urgbufin ey
SLHSULGSM eyl g srauallSgierarai. oimainmaey
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omn awlflaGar® Qaoarmsuisn HamL Gumin
Q&web Hlmsir @ yayubm ) & @ s 1meir 6m S ull6d
aller & aUUL allssne.

5. wvwamuswurs ueérm GQubpm Ty  uFDUT
urbusmnursEs sLSSIUGIumES aflersSlGID Lmesirgdsr
a&mgiCasr (Pangenesis) HGUTengIL ML gy ilieumsd
ahmé QemarariuLailsisne.

yHw Lriefleaflub (NeoDarwinism)

Lriafefletr Carium L. Cubu®hds Qarmm®d auriulLGs
ydw Lriefeflin g @i, ip.67&5.an&svel, Caniuil, stlusrer,
efilisroGletr, eaenrd, Lilignersivd), ammig—afliuerGluis, Faums
oyl Gurermanisst Lrisfloflu GasmiurlienNE T
3|6fl& & 6uri.

Lrielleoflstr mrau&@ (Origin of Species) fsiry uiflewrmoln
v eNfliysrian, sGSSG TOUD jSaewnruiear. 2 adler
2 Wlflardiiser eoarggn GQurgeurer (T Geriip sl
Qarsir@erarenr  ererugn, e AodorsHdGiga wHD
Apderhiser QarLibg 2 Gurdlsd QarawGL  aufhSisimeT 6T
sreoTugd (Multiplication of Species) Uile GousLTE GHSLILILL GIT.
gyeurmed Lrieflefllsr w&Hu spsSsrer Quipms Czfley
peoL Gupns GFwapsnm (Mechanism of Natural selection)
saflgnres gpsiuLadme. GHOUTSES  SoaEpamD
SmOUpPILTS FHUGD @QsmLr wrpprissdr (Continuous varia-
tion) upii &ESEI Teflgns shaliuLaltme. @HNE WL
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arremrd urbusmyuiiueg umPln Gioeirsflsor aflhaer 1901-gyih
oper(h  Ber@n  saw@lgSsiulLgisrear. Glwere 69 er
Qpiiaysst s Qoeaflurs 2 uifllseflar  ueTyser
Cgr_i&flurarenen e sarums GQsafleunrs Hlemss er.
2 WSlflufstr epeuGloums LestorLD ey @lewemrs sirsmflseanred (A Pair
of Factor) firewriun Qelnudiu@SHearper ersrums GLosiTe 6
GlgaflaursHlearmi. aOSSHSHTLLTS, ULLTawlSG Smeur s
BT 2 WITLOTETS STeUT LsTLh D|SME ST (5L 60L LLIT6T
STeuy LT eflGgef) smyeormissmmed HifsvorufsssiiLip SsiTmeor.
(prie srraflsdar, bt srrafllsdr). @hs @reame HEL
@ Guwrer uary @aama, Sunhfhsrar &y ey
Qame. sTarGer  QueTLeller SHSSEHUE LGNS
Qgridfummsnsy (Discrete). gyermed Lmiafleafler &@mSg g
ustryser GlgrLrFfluraremal (Continuous).

Guma. i @Irer® &SmSISISmeTLLD GGHE 616Tsasnisefler
e  @emsmriugisrear UHu Criaflelussar  wpsSw
GN&CaTamT@L. oigTag Peaflusdlsh (Genetics) FhuUlL gyiiey
wearGarmmrussamer  Lriaflefllugg sr @amemriiug. @Qhs
maurlnG 2 sallu g Wyasafld WsHwLLTETE 6T
SonlsorsSler eferfliu Coumieuum_pmamer 9@ (Unit of Genetic
Diversity of a Species) giFfnlersHlsor Heufl o miiNeori (Indi-
vidual of a Species) sjo, e e minlars@sTma |66V G
2 19M&@srsmes A Species (A Population) smer. @@
AndlersHlsir sflwrer, allensra] FHLUOSSS Gulpll, JMETSHHIL
usir&Sememiid Gaafliu®s5s6 oeipis Feaflin gjerey (Effective
Genetic size) gFflmdlersdlerr sflwmer, aflsmere) TOLOSS5S
Glgll SmarGgl usmrysmeruld Qaeliu@ 6558 gy
2 WflgCsTms gerey srsr (Effective Population size, NE).
I|5Tougl @ HAbMlarsSHar gmarsg sfarsamenyn GlsTsiTGleTsT
e 2 1f50sTme grear gFADMarsHear el
CoumiLim’ ig6ir SINE JYGLD. (GG eTaTUS eraImLd SwsTum’ LT
Faured eyl sTeTLIUTT6 aflerSaLUILILL .

Ny=—2N
d+Fy)
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Ehs& ewsruriigid N srerug) 2 liflsCsrmsuilsar gera),
@omer sTeiTug 2 ufSGsTameulle o 6rar IO LsrLs STt
(Heterozygates) Gamer 2 muillariseafldar uhpnré@mn ojsmey
Sy Slsupmms @nlsElsrmer. |

@ 2-11fs Qaraauils Anflarsdlsir gmarsg ST En0
o _@TemeTeUT @IDamENILIT TaTLIemE LilaTealpid LstTL@ar Hifsmrwid
Qeniflsirmen. Hmiaisori aflsmare) (Founder Effect) 2 ufiflGsims
Qrm&sasar (Demographic Bettlenecks) sfmfli afluse setrenio
(Genetic Drift), 2 Lsalyssrpe) (Inbreding Depressiom)
S fwenen, srarGey urbusor @uuedlgin Heredity, efesflwsyin
(Geretics) @ FpMlarsdlar Hlitemunn GlainSann |0Le6oTLS6T
585056 hgdlsErsiE uflurhmmn Geiwiu@Gudain
oiFAnmergSler seofli’ L o gunfert o ufiflasfler (Individual
member of that species) sisorsememuyn LTS merw]n ol
SFADMarGdler gflwrear 2 ulfls Garavsun (Population)
2156z Tamasulle o srar Grgs o minisr o ullflsaflsr giers@hin
LIRTL&(EHLD ST6T (PSAILGGIaD mumibgmeal. Gurginms @hs
2. NSGgraaufla 2 srar wGam 2 miler 2 ulflsaflo shs
usmenl  a(hHSES GeramwLmad oEs usmid e
QarLr&dflurear Coumum(p sraviu@aimss sreauramd. (Con-
tinuous Variation) @Gs Gumery @euaymiiiler 2 uilflser
SmarSHah 6Thg usoriihsrer et @S5S GClememmmann
SIBEIT jemETSE UM JjasSaE&amemD 9hs 2 ulliS0sramaiils
GUETRrD. @Ssmau  olaurhsmer  olarsGaug  Srsr
2 M50 sTme saflufledd (Population Genetics) g @L.
2 fl50arms oaflfld enussn Lrialaflar uflarros
Gam_um_smL.ujln giefliusmeuyid, Elerblerm LUSESMn Liailsmsrin
QoeuorLsmeuILh @enenTSSS! sT60Tyl TnMleTTed 2|5 LD SILTSTSI.

2 150 sTame el asdul uniGsnE @srblsTT b
SG55IMm aprigun - efluarGluis@g (Hardy-weinberg)
2 meurddhu a9, swerLr@ gy @td. anirty —allusreluié alld
dereu@urm. @G &Aoo Goiodiie Gy Hoser
srariu@uburg @ Apdarsdear 2uifls Gsrasuils
srewriu®n Cr Peafldr gmeardgs wryulL gjweaiseaaflsr
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RepQaarads @6 shsdildoia 2058 ohsHaumr
Rsoowrs o sdrergl. @S GOIOIILL syaBmauassr SsTaimmomy
i) efifg@srams arbupm wapuied st Quflug (ii)
2 f&GsTans 2 yilarisaflanCuw ursllarsseliy Gueiilom
weopuiied (Random) meoL Qumisug) (BTG RSS I|ONG
R55rTy  daraumasmumisst @l Gu  (Genotypes)
Compes®ssiulL wampuild saly aqhuLmos @auug (iii)
Quimss Csila) KoL Cupmod BGS50 (S|gTag ThHSEMTwS
efistr susmawWpLd M efer aumsuGmg el sfeflugseranioufls
s aurps@GdHowl (fitness) Guprue @S0 (iv)
g@sllirHud (Mutation) ergia @aaTws @mSs6H (V) @6
2 1N50srmslledr @QoEg 2 miflar 2 ulflser @ e Glermdm
2 NA5EgrmesE @LuGuprua @mGsHH Cupe.plulL
usiryser QarsrL ApliySsereown aumikg Gy Hemeser
a5 2 Wfistsramasuiigin o amramwuiiCatL sreuriuLTgl.
(@35 anrig—eallwerGurs gwstur@® (Hardy-Weinberg Equilib-
rium) ererliu@HPG) TrPrYID, QFES SHSSI GCLomen fhu
Gyoflmasailld abs e Gy Hamaud 2 wlfs0srmasuio
JOLOSSID STE555mS IMESICsTTer (TOSSISSTLTS) &h
wrpprisear 2 ufN50sTamasullsh sHURSSID STESRIGMmET LS
. uwsru@Spsl, Cugn Csfley gwssmseaflsr (Selection Pres-
sures) gjmemaud SanHEL PSHHSIIM 2G0HRnGl.

susrHamauils (9srag anmie—ausrGuis susthmeauiis)
o_srem s 21U M5 Gnenaufled A, a sreitp @rair@ |0ai&SmENLI
Quim e@m dasSsrear oar amse oL 6o sameard
Sstreuponm GHiillLsmn. A ojveisdlsr Hapteusior P ersorgud a
Sjevassdleor HlsspQeuetor q srermit @euGsuray 2 ufif o gu'nSer (s
@r oL wpwsssrenw (Diploid) Qamevr (B erearer 676TmID
faptaisn geumler ofer ausmswmsst p2 + p2+ 2pq = 100
(oveg) p2 + p2+ 2pq = 1 gy@GLd. @85G aymig—aSiusrGlurs
guwsrur® gGh. @Es swsTur sl LwsTURSSH arhsCloum
BT RUMSMUSMS, STHSSSSTL LTS aa 6T aemswid Glsmeim
o uiifl 2 gidlerisaflsr HopGaan Qs flEgnd, aflegrssd
SarGEL B ailsmo.
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CuGw daflssiuL 2 Rs5QsTms  gaflud
sWhSGGaaflar gpiumLufld GupliulL ue oy iiesefsr
SpienLufled FwiGmi Lmiegmsird (1900-1975) erearuieur 1937—
b ger® stegds “Genetics and the Origin of Species” eréiTm
Emedleb Guosvorsdi 2 uiifi5Glgrens (Mendelian Population) eTsitm
sMhSSmmad @5 2 fs0sTme afluCur® Qs rLiy
u@SsIUCL §) “&6d auming 2 uifl o piferiser Sempdeeor”
(a5sar Semysgemr) Survical of the tittest eteirm Lmitafleofleir
sM5516@ uduns “SGHarips darsar Noyssar (556
disiraer emypsHser) Survical of the tittest genes ereirm
sNSgimmaud aflaurons aflersSHuwsrermm. yHw LmieSleoflwb
upfiw  Apdurer SlerssmssT UM @hETedlev
Qar®&SsSIUL (H6TeaTsyr.

s@Hurpp uflleowrws Gsrarens (Theory of Evolution)

ghdH wrmns Csrirans —afliyGaryailiflev L& mBmiiper
sraureflwe suwaprrar  afiyCsmgeiiflav  (1848-1935)
sThm&QETsTeniLL T @mbs G edr Camur@sameruy,
216 (P ajssmemuld Watr(Hih w&eaflsr saarsEnEs Qamem®
b YUTLHEG e 2 armubiuar BaandnE TO555
Goleormii. @Gy 1900-g0 g eor@ uflswrmwnd udd
Qararmaamu QeausluillLni. 950 s wLrHns QsTdTans
starg QuuACLri. et searg guieg ualow FCarrSrm
Courisdwrerr steirm SraurSHe Cuhlstamr® IHS
piinsafler wWipaflsir gpliuemLuiléd garg Camum’emL
Geausll L. SHerpid srmauils KL &SGULBUTSE &mameauileir
@rrisafle 2 srer FGaTr CowmdsSHwmrearr sTarm SmourGHle
HeGrar vIPULL USTUSMTS SelTL M. (@(ILI6TL & 6T
IW550655 FhaHsEn ummbufiuwre ukisafiliy Qe L er.
@hs Caumur@ssT gmersgin @Cr Lipuile Hlameuilsh SieGlrsrm)
Gorerg) yHu rosRsmas GCosTHmENSHaT TETUSTH
@uurppsSHngs sGGHurdpmid aearg GQuuilliri. weaifldv
FhiSTHmd eyeoors Gudp S Srarmismerd QSTL&aHlamev
Anerrugsr ereirm eTevremfl eumsmmil Nfeysernan VMG
S| QUEMILIT RICTT
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1. woGunsd e SApader s e

Whburse @arbiser earug S LTHMSHT SMTaTLorS
R STOTSHN L LHu uaryser Carermsnr@L. FEsrmSrm
Courisdurarr srurdms oL FCaTTHIT MSSHTH LD
Sisowinied 2 wmnTETSTHaID Sl S SHetor®), 2| &erm @lamev, Gluiflw
wésmenyh QubiiGissmd Gsmear HbLTéEE ADNarSSHDG
TOSHSHT_LTS S N6OLD.

2. UpGurse Ampleormiser

@aume Apharhisafled @ueourar STy Gdler (.
Courisdlwmrerm) usrysamer oL @GmpUUlL  LIGUTL &6
arsruu@n. FCarrSrr srhsaraeor sarm SraurHHien
EmasEnd, L dsEn, Qusllhs SamGsEnh, Gomnhs e Wriph
sramiu@agTs gsamer NNHCurse @emd sery Glsmerememid.

3. @fips & moleormiser

@susuma dndlermgst LusThn FGSLTHNSSTH CHTammiu
STEUTHBIGMTEGL. sTeorGsu @eupiled Apps usiryssr BraslGlLbm
ST, ThS5SGST LTS FeamSTT gl m Greurhigen
GonhEs e uFmsusmsl Gundl@Giugra @lus e
srarsmsl Gurs 2 e SWNTlES (PRIUTS. SIS QIETTEFSILLD
Gerls STeTULHSDSI.

4. femeouficoeor Hhfleursisssir

@isusnims HpfertissT sGSurpp Gubp sy FGeTTSTm
Gauonti & Swmsorremeucs GLirsd Lie LHw HpeTRiIGemeT 2 (HRITSESL
ghpe Quppme. GsnE FTHSSSSTLLIS FearmSHTT
CuLrmemaus @GOGl eomd. Lrrellgi, sQIHwTHPSSTD
@gGursary Hoaamwl um 2 ulflarusafle sar@® SN
su@umiev (Spores) sreorm Gl ®, gmen uflamosHnG
2_Gajudldmea qars SwEH easHallLmi. gy weailflan
@eupmp g Qeug Sarg uflarrnd Gl&meremesmw
Gleuaf WL mi eTeiTLg) GO 55588

FH\d) THmEISST sTeTLg) sTeueom gjereysaflgin, fsnsaeflguin
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fleysanpwg. Quaurar o2 wiflasHnGn, @SHLrH
2 wilfl&@n  2.6rem  Gaumlur@sear samaflphE UROUGILD
faoulGor gomag ymiu rs HooulGor @wssammi.
Q&g 6T FHSIoTmmid sTeTLS) Lig(iLipuirss BlSHLme 3606, Ligu
@eariigar leOrarm 67 FhsHullGuGu GgmerMlailsomi.
@16 uflenrmosdnEs snyammoTSsTma sTeaTml (L6 (G606
eeflflen GAUACLTT. s@Hurhpmssred Comeardiu yHuw
dmpflermaigafls Um&salo 2 ufifary 566 Guipmautu Gsfla
QeininGOHeaTmeor 6Tty SHHSMSILID @loul Fofermi. walfls,
Lmieflefletr @upemes Ggflama qhmé GememLmi. gy
GCougiur@saflstt seramwsmu’ QUINISSW p® @loi wrmul L &
&HEMmSs CarameGLoM. OS50S CHmeamih &bsdseflsr
dm Ao CoumurBissr Gudlsr srésssre Comearm b
Sphlermsst Qugors Cararmaugrs Lrialsr & Hlermi.
e lgailflsv yHiu Annlardiser SeGrsarm Cr &hsdls s
gQdlurppsHarred Corarms &nipwimer eTarmud @ sCa
uflerTugHnGg 2.85m& ipume oaearpri. o wlflés
vusraflsargs shGuronmsd uflammushHad QueplburiE
u&lSSlermen. sTaTGal LWATHGL FHHurhnissT 2 ulfluflsh
1l 6m 60 & 551 6 () &l 65T M 60T 6T 6T G 61l 2 pilieumyp 2 _56ld
ghGurpprsGar tsuhlmamis CaintshidHarmg.
Leellflendlesr Lflsormns Qararens Waan alifleurear Qsrarema
.  @eaur gargl  Qammmsuld s@Swrmmid
2 _uiiflermisaflenL G GgrLrunm GoumurQssmer
2 HEUTSGHISTHRT TaTyId Ijeunmled (GuEmas@Gl uusTL@HILD
Caumur@ssmst LB Quimms CaiktsG&Eng) starmih Qs
uweglster Coumur@plssmers Qamer 2 uilflsrmbissr w’ GiGw yHu
@amasmag Carhmailédlsrper starmid euedliymisduysTarmir.
uflewrmion Slefd LrHPRSaTH gHUGESTHr ety Leailflsn
(Devries) steirp anrobhg Bri@ fien 1901-g b gy @r@
guffloorni. ouermed @hss Qardms fs  oereile
hm&Gsrareriu_aflemm. ghaafla walfldv ah5s:6
QanaoL. FGarrdrm GowrTsHuTearT aarm STeord
souyuiliflurg (Hybrid) Guaih @ame LTOWS &IaukSsT
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JGh. FQHurHpd wl@ECw uflarrwgds 2 o ererm
Car_urlsoL staumd rpms G@nerarailsisne. wallflsvée Sery
Cup@arareriul L gpieser FearrSrralled srawlulL SHiei
wTHPBISEEEEGS sTrawd GOrrCurGeamd st mwfldHom e
LOMDHMBISET STeT eT6orm suedliL|mIGehleuri.

Aedrsormed &CrnCorGemb womhmriseflsorred syHLGLD Lflemrmo
urmoriiseT (Saltation) ereirm GuwiTmed @GEI L soriT. el WTHHLD
sTeirm QemmOmrL afetr LrHPRISEHSE LLECW L LOuL gl

F@Hurppl uflormns Qasratens (Theory of Evolution)

DNA - epuss.pisafled sspu@d wrpprsafisr aflanearGa
FQEHLrnpid eartiu@n. o uiflamseflsr wryGurmer DNA, 98I
3055053 FHzHsEnsdaoLtu sLGsULGEDE, wirflwedeor
Su@setrer  ofsir, DNAwWler o@m sSan@h, @me
By safiGuramL B auflmeullsy gemwpgisrarsr. @ o ufifufler
umGsrmmid, wHmM Gewhsmear Srwrafll&s@ UiTgnkseamear
o L& GHarpar. Haorsemer auflmeiu@ssitn DNAufler
By safiGuren, @ auflmauiie sCsamih Goumur® souGiomuilsor,
GCagu’ L vty GasmeirL &isiT 2 (HAUSNEGHS SITaTd FHUL®),
Caugiur@emrw 2 uifl 2 mamdngl. @&smsew Cainur@HsEnSHE
st @ S\LomDmISsT 9j6beg LaTefl FHiSIommmbigseT eresTml GlLILIT.

@ @@ (pemmsafisy KoL ClLmIHETmET. DjeHELILITEIET,
I. gt s@HwrHmid
1. udlell sGGurnmin

DNAulsv 2 erer eypstrGmunsg smbCsgs5H6ET TG R
OBL.TRT, STISHDGL udors Cablprm srrn wrHpUUL @
I|ssm ellemsreumed afsit F@SorHod FHUL® Uy Cougur®
2 L MeTne) ISNGL udlsd sGiHurnpmd aerg GQuwr.
W fler arrsHnel uHors wHGprem Nwhdar - sryo
@L00uwiey gLEsTe 950G B UGuwie sH&Lrhon
starid, @ Nwfer @mES BLsHé Krblypsdramyd ey
IIMUHESTH 9SNEG6 GUSEGUGLITY FEELWTHMLD sTeirm) G
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2. dfeir geowiys slLGHdr vTHpSHTe  afleweruh
FOHuwrpoid

@dTy oag 950G Cupul’L smyhsst RNA goag
m-RNAullsir B, &efiCuren, @ auflmsuiie GaissiubiagrGe
gl BEsiu@usTCor Pmar JmusEn B seflGuram G
Sjmwliy Lk wrpfiumwssiu@apg. BsNE gar it
sLL wroné s@Swrpoh aerm Quuit. Geadmled &miyrigsir
gé&aslu@umnisr gsnE F&es e@Horpmin seriu@n. wrys
snGegs Qelidada urpfumussiu@agnn &hSornoi
THUGSsTmg eTeTUmS @lemau aflens @ lsiTmer.

uLtn - 59. F@GwrHmid
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uaGrTEisah, GCrmeurGambsaflsr gjmioli, sTeuramflsms
wHgh darsafldt gmuelin @auplld wrhnn GHONG S
o ifsaflar UnSCsTHn Sjeoulimu LIYUOSSHENE. Glao
nryaflumL us  gpume. GerréurGerhast Glaubgle
uBRIGsHUSET BlENE &Crmeurtemh sHidnmbmi ereorm Gl

siarsaflcr sreirsmflGomaullsd wrpphisdar gHub S
() ubprSEmD JHag BEsn - QaTm Jjang GubhulL
shairaer HHSILBSMD.
(i) @riwiy - oy oeg Gopull o8 617 & 61T
Gansasiul® sier @ ipliLTSHe0.
II. 3CrrCurGamd s®HHrppib
i) smadpsHmluLD _
Ao dSarsale 2 drer GCrmGurGamilsar @l @l

siemorLmel, oSgimn® LEGH 18002 sipsirm Ner 2|65 Gl Gl
Garush@sd smaudl) SHiun ssrm Gluw.
ii) @LwrmpLd
péHoaunn GCrmCurGemd g fissr wrfl wrf Gersso.
Gupsnflu Smardg aume PBare@S WTHDRIGHT WHDHID
- @CrrCurCsmd e@Hurppiisafiarrsd o ufflarmeaeflsd Lery,
Caumur@sst gou@Harpar. @sng Qubms Goieal,
saflouiu@sn, @uimsuld Garalorl urdlamare
CursTpmAIS@EHLD STTETRIGMTS o disTar. Eiame &hd
wrHpkissT LflsmuSSlsr cpanssdeer aargid SohSUUGSDG!.
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uLlh — 60. GCrrCurGerid FHSIorpphiser

A. @h_1ompmib, B — emadipsSd i, C — @riipliy, D — uhprs@enn,
1 f&sUULaflm&E GCrmGurGsmb giewrtb, 2. @ ipiienL uil@m&Eto
derasmaiGupp GCITGCurGamd ganL, 3. FSoOSEDPS
SoiunaLudfGsGnd  GOrrCurCembd  gsrL b, 4.
ufiorpmiosnt wellB&Gid GCITGLrGamb Gletor_tb.

sQdurppuaLhs o Wiflarmissr ofs geralle yong
Gmeauner IerellQid UWLgsTer, WHOID ULTHDST S 6L
sravuuGdngl. o flarmsas UnFsYNSE oHmaisnsuile
gememenr LTHMGSTaTEHL Hmsir Qupmena. Nsiry Blewa EuHsme
GCaita] Qg @usurear HCammaLUysERLsr Cording). LS
eufloatshu HApdloarmsmans s5s66 maussd Qamsrer
FQSTHpEIsT 2 SadflsTmenr.
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III. GrnGurGemd eaimmilémauild qhuBd LmHpoiser

a. gpliumL GCrrCurCemd QAsnGH WPpgid orsreflsme
urppnsHe ubig Qa&meardmg)-

SppliuoL GCraGurGemd Qgr@dHast @ ipiLenL sigie,
@n Pir QarosusfnEg GuhulL gsbr OFmmswkissr
2 GITLTUSHGL L6TLpILLTS60 eTaryl GUILf. 6T.&m epsiry) sieor
Qaraswumsst @nlldr 950G WDLRWS ST, KIS
@\ ufer meiogid Sedrenin, kg E)GUILT6r MbSIigiS S6iTenLo,
Sp0 @@Uifer Quminigs Serenw (6n) erermid Gl

Qungiours WeTau@mld UGTLIRW AIMSSHET ST6T ISl
SmewrLiLH&HsTmenT.

1) sHusTLRLS ST - @55 eer 6 Gmem s ks efler
@I e (LT S60, 2) CaummILILIGHTLIIG LISS6TENLD — SELITGTRIGET eL6ULD
G metrg smswriu@LD Caumyui’ L gieir QBMemSIWRISET G IgLILITE6

b. gpliueL. GCrrCurGsmh QgrEHulear e piyan@
&CrmGurCemaser aauranfléme LTHPSSH LRIE CSTETEHS6M.

uLib—-61. GCrrCunCsmb aaumsmfllsmauiied gpumid

L0 T (D 0 151 & 61T
cc

e BB Bowyus sérmw
Seupup g @GS peran

1N L

&lnui-m Caupm (pibiogwsh
S IO

l

peir Fuenop LI ARBBCL
s Sauig) sppuopp
Seiranio
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IplumL GermrCurGemn GsrGHlulle ey Mg
@ireir(® &CrmGurGambsst Caign ooang B&EEULGSHM el
@ GCrmGur@amd aawafléme LTHssiu’ @ 2 ulifuflsr
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B Qupmred Sied rHmbd gHUGEDE. ®&wibler @Eememr,
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LigHlene Camur@aoer Corarmrgl saran, Gme Gummass
Qzfle @earitumeEss Seflai g&,eﬂwwm@m ELAGULDIT & & & IT 68T
meoLGumsomd ereirug) Glgaflay.

Guwi seamuey qEiT Sleformm T, ultigeafls
SHeforppd, @mame @Gubmses Qofle Gurdrmabamp
SpliLumLWTsES Qaran® sherol LS 6@k Sk s
Gamiumigemenr ellam& L 6TammT.

Lriafeaflsr @Qupmssd Qsifle) Gamiurliymer LTS
Qamsir® amseved eremueuflsT @RS &@hSEIS Cam_un()
(6oL G6Tergl. @SCHETLUTLIg6T & (5555666,

1 osrseflar Sleforhmin (Gene Mutation)

2. @CrnGurCamaseaflenr &Hleiwrmmd (Chromosome
Mutation)

wryaufl wm Glemevre

wryafl K s

@erssal (Hybrid)

@upemas Gaiie| (Natural Selection)
g etflemLiL( &5l 560 (Isolation)_‘

@ _wrhmi (Transformation)

o e WG LSS i

wry& swfleneoujh Liflewrmogpid
10. ojsmysrevorpin Lflsmrmopin
1. us@iepeu el Liflswrmopn

.
275



LB HT60SHET

A text book of Biotechnology

Biotechnology in Agriculture

Cell Structure and Function '

1

Cell Biology i

Cé!ll‘ and Molecular Biology

Crop Improvement Utilizing
Biotechnology

Microbial Biotechnology

Plant Biotechnology =

Plant Function and Structure

4
L ]

Principles of-Gene'tics oy -
- \x 3
o
N Ry
yAS

Soil Biotechnology 13\ :

Technology Transfer of Plant -
Biotechnology

H.D.Kumar (1991)
East West Press,
New Delhi

M.S.Swaminathan (1991)
Macmillan India Limited

A.GLoewy,
Philip Slekevitz.

C.B.Power (1992)
Himalaya Publishing house,
Delhi. :

E.D.P.De Roberts (1980)

E.M.E.De Roberts
Holt Saunders, Japan.

Ruplal and Sukanyala (1990)
CRC Press.

S.M.Reddy, D.K.Purohit and
Ram Reddy (1999)
Scientific Publishers.

S.S.Purohit (1995)
Agro Botanical Publishers.

Victor A. Greulach
Macmillan Publishing Co Inc,
New York.

E.J.Gardnes and D.P.Snustad
(1992)
John wisely and Sons

“New York.

J.M.Lynan (1987)
Blackwell Scientific Publishers

Peter.N.Greeshof (1997)



	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159
	0160
	0161
	0162
	0163
	0164
	0165
	0166
	0167
	0168
	0169
	0170
	0171
	0172
	0173
	0174
	0175
	0176
	0177
	0178
	0179
	0180
	0181
	0182
	0183
	0184
	0185
	0186
	0187
	0188
	0189
	0190
	0191
	0192
	0193
	0194
	0195
	0196
	0197
	0198
	0199
	0200
	0201
	0202
	0203
	0204
	0205
	0206
	0207
	0208
	0209
	0210
	0211
	0212
	0213
	0214
	0215
	0216
	0217
	0218
	0219
	0220
	0221
	0222
	0223
	0224
	0225
	0226
	0227
	0228
	0229
	0230
	0231
	0232
	0233
	0234
	0235
	0236
	0237
	0238
	0239
	0240
	0241
	0242
	0243
	0244
	0245
	0246
	0247
	0248
	0249
	0250
	0251
	0252
	0253
	0254
	0255
	0256
	0257
	0258
	0259
	0260
	0261
	0262
	0263
	0264
	0265
	0266
	0267
	0268
	0269
	0270
	0271
	0272
	0273
	0274
	0275
	0276
	0277
	0278
	0279
	0280
	0281

