12th Botany

Sreugailied
Si60G 2. umpbuiflul wyLuied

yiwed  eeiLBGeals 2 ulflemmidened  CQUITHIGUTET  LIGNIL|SIBISH6T  6laUeITHS
CLPSTENGHWLIT SHMEV(LPeNB 6T 60 (HHS CUBLLGHBSHI TGITLIGN LI LImnS|
LIQLILISTGLD. &LbHH 50 spemipseilev wylweneolt Cumeim GCoulmnhs
olalwed Lflad 2 svema MBS DIDIDSHHHe0em6e0.  JLIued, Siplaiuied
wpmid OTHevmI L Gubur@Gaeiermsd Geausenmewientd, O(HGHSHIAID, SLUWIATUIED
Gureiip glemmHelled CQUEHLD LOTBBHMSH GBUGBSHIH UGS,

oyiiwed (Genetics) - umbufwsHer Spfelwed - uTybURWIL  LeTLG6IT
agalalsd  OuBCBIIsalLWBhe  FHIHHBEHSEGHS - SLSHHISBSH  6IEID
Cweo(pemmenl  dBHBIMISGWD o ulgflalweder e  Nfleurs  wgLiuied
Sapdpa.  W. Guiger 190610 syemi(h woyiwed (Genetics) eianitd LGS
LY IEINEICE: 8 wrwedled BT (PHBHuISH  Hlewewill  Lfleysmel
LT 60TeU(HLOTWI:

oaBaLHFHev Wylwed (Transmission Genetics) / umpbuflw  wyilued
(Classical Genetics) - wjuemisbseT  eeileuTm  GUBGBTTHENLLOHHSI
FHhSHHBEHEGS SLHSLLIBS BT  eleilend  alenbGH @ Lfleur@b.
urgiouflw  wgpliweder Sigliueml.  HFeamy  Oewied  Heit  ulaled
LWSTLUBRSH U 61D LOTLIGILT LIGWTL|&6MTGLD..

epeuddnm  Jiwed (Molecular Genetics) - wJUEDIGSET LB SIeHLOLIL
wBoId o uljF GCFwedsmen eleleuTyl cPpevbanml Heneoulsd GoBOBTETEBSI
el alend@ LNfleum@Lb.

o ulfis0smens piwed (Population Genetics) - seafl o ulflsefer
CaT@Uld SellulL  uiUbsmBml  eeleumTm  GUIILL FUEDISES6TTED
SIOTNSSLILGHBH eleilens alenb@Gb Lfley.

aeiewidenaamy ogiwed (Quantitative Genetics) - @m  Oam@Llileieten
ool o ulfleefler UMISFEmBIB6T LD  WIUaIGHMTe0 @81  Flouighgev
SIOTNSHLILBLD (pempenwl allend@d Lifley.

CaTBBSHHeL STMILILGL GBBIMS6T, CoubBpienssT WHHID Heneopenmulled
uewiLisel alBUBGBIGBSTE (skipping) snyewid ereiten?

JLIWed 6Tl  WFuel, LoJuUmihsh CeumpiumGaeT wBmid o ulliflermigeneo
BHEOLOUMID  WFYUSFTIHS LNILSSL HH60 SpHWeuBenml  uBslul  LglilmE@Lb.
OQmeafigpsed (Genetics) sigiLueamnss SHWOPed LILIWED SIs0OSH  LOFLIGHIOTUWIED
el elelalHonTsd GBIUIIGSH FHlums BHeHGSLD.
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LD LIGODIEh & 61T (Genes) - umpbuflwgest GFweOLI(BLD SI6VGHB6IT:
QuBBmTIsalLOmbE  FhdHBEHHHS 2 ulj, Geugdlulw, o siTemenoriiu
OBHID BHLSHMSH LIGwILBHm6eNd SLGHSHID UTTIUfwSSHeT DIglienl.  DIeVESHSH6I
(2_ulflwed H®616D)

umybuflwipd CeumLmBas@rpLd

wyilwed  eteiug  umgbuflund  wmpd  Ceupur®EeT  uBp  Sub @i
SISlalwled 6T6aIml UeTUIBISSLILBSBSI.

umgpbuflund  (Heredity): QupGprisefLimba  FHeHBEHSESL  LIGHILIS6
&L SHFHIUGBIGI LMFOUfluib eTer LGS maE).

GaumILIm® (Variation): SUI6OLITGT DHD S5 0BT BUT GVIGTENT
o ulfleomiseier  SleVevd  SleuBBle  FBpPemmisaien L6 s EHHS e Gul
STeootLILI(BLD alsHwrgCo  Caumun® STRTLILI(H S B [SRIEREIC
BHeueBLILIBLD. semaiwmeter (1) OGsTgFdwmp  Coupum®sst  (ii)
OaTLFHwmer CeumumBHHerr.

. GamLyFfump Geugun@aser (Discontinuous Variation):

@71 o ulflarhostamsuisd oo U Beled @MU L  oemey  CoumLmBH6I
SHTEOTLILI(H &) G5TA360T. ABSBHGIT_B&H6NT:  Llewgapeor  STUTHHST  GFH6VBD
Hewigest Hembd.  GamiLl ulLmewisd Gaguier o wiyb (CBLL  Sievevs
GL6mL). Obhss OHTLIFAWMBB Coumum’iged LWILGH6T @6}l SIS
Brewi(h (PSHSUWILDTET OFUNISHETTE0 S BLUUGSSILGSBSH.  SIDOTLNISH6NT
@Orenih  SIVeVEH DSBS  CoBUlL  HELeSLBMeNT  (BemewT  LOJLIGH)
QUQAIBIFHET)  OBTENQ(HBGLD. ®eiGaupuTaeT  wIUwWeled  HLSHHID
SHTJeNHB6T ool  SHTLOTeNSSILBHBSI. D 1CupLT(hEmenl GUBB  Heol
o ulfleem GeLBlewev  CHTBBLILTILSENBB  GHHEmeVdH  STT6RNHETTED
LTS BB ILIB6UZ 60M6V. Bs uewiysmy  umgpbuflworsed  (qualitative
inheritance) eIGIBID SIWPSSILBSBSI.

. Gam_gFfwmen Gaugun®ase (Continuous Variation):

®eICaBILTHSBET GHDHenev BMID WIS STTeNHNT Fnl B allen6IT6)|HETTe0
STLOTENSHSLILIBLIDUSETS B)(HEBHEVITLD. 7)) 2_ulflend0%HTenasuilsd
QLIHLDLIT6VT 6T LIGOOTL|&B6IT (LP(LDOUKIOTHSH SHJLD Lfléaslin (b @
BlemeouTleVl(hbS LoBEBT(H [Hl6m6v QUM QEIRIESY:S SHemL W|L0lesTns]
CeuafILBGSHSUILGH MBS UBSCHTMBML  uewilselest  UTFOUfluID 16D
LOTUEMISSHET  LOBBID  GHLHMeVs SHTJenldelen gnl HFLFUIED alleneesHerTey
gIotealssliLbABs. B emranibamasty urybuflwwrssd (quantitative
inheritance) eeip QPWILGSBSI. aBSHHIHHT (B:  efGefesr 2 wiid
wpuid CxHTed HIBLD.
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GoupiLrBeseien (WoHAWHGI6UD

Foo o ulflsefed smewiiuGL  Geoupun®Bset  Gumgmg, eumbsHeded  FMbHS
o ulflwmrs LoTBIeuSHeT SHIQLILILUNED DIeNLOS GBI

LTI GHIDHMeLHEHHEHMBLIS SIS SHHAUMIDSHIH CHT6T6N 2 H6|H M.
Bg BuBmasdh BHTaHBTET LOFLILIGD LIGHILIGHM6T aIPHIGMDHTS 2 66N
CuUBHSILLL 2 Busd,  alojemer  aeniFd,  oiHe  GEmUl
ATHTILSSHEMD  OBDBILD  GenpeuTel  (1pHeSH OlaTemiL  SHTeugmisener, LU
Qumdbs o BuSHWTNTHET o (HauThGaudBEG  CoupumGseT  SHienemnt

Ll B SI.

LIflesTTIDS ST cLpeumhiBeNnTd CoumILTBEH6T SIenLDS|6IIBeoT.

Oewt_edwid (Mendelism)

wriwend@ — Oewied  ouBpslul umE — GCwewiLedlwid e ILBSIBEI.
Ul Lmenlls STaursHHe0 Sau] OFUIH SeOUIUBIHS SLUIRS6T OBEBID  SHTeUTH
seolIullifl  (POBHET o GTeNLSSHUW  HHSHHH6T  DIMASHHID  Hadeor
LINWISES DIQULIDL WITS  DIDLHSHI6TeNH.  616a1Gau  GLoswT_60  LoFLIUIe 60T
HHVDH TABLOHSLILB M.

wydweler ghms — Srbamy Cmramer Goewied (1822 - 1884)

(WFHev  wyweorenyren  SHFamT  Cmmamer — Oewi60,  UTFDUFIUIG S 60T
SIHFURISEML_BISW UTmHUND (pHedled LwlenldHHeal] Speumy. Seu £3remev
22, 1822-o11b oewiG  Speogflwimeler  GamulFewiLmy. .1 eieiB  oarfley,
Fedflwenr etemid HITHHeo (HBCUTH ewameiidlerd, GFHEHTervEeLTEUTHIWIT)
LImbST]. uetel  UIBGL B, STaugeluisd, SuiBLiwed oB®ID
SMHHMS QNG  LIOSHMEVSBBHH0  LUlGIm]. SISHIILIBE
apevodfluwm  (Austria) priiger ymest (Brunn) eeiip &L sdevieen  Leiss
SHTD6ND  IOLMTeLWISHFH60  Hedh@ —all(pluwnTer UL Tenl  SHTeUFd  H6eUILBISH60
Bargmemendemnen  GLOM6IBTEITL T 1849-b oewiy FHMHTIHIOTS S Fflul
ueniulenest  CoBOsTewih, q@uiey CrrsHdey, SHetaienlw  CHTL L SHFHlev
LI L Teooll & SHTEUTSHSHI60 &6VLIL|MIZH60 Garmrmensemen s CHTLIHSI
Lo\ TeoTL T 1856-b  ouewi(h  eugeoTBmI  FMUL  eumuihgh UL L Tewild
ST U160 HM6NSH  OSHTL HISeTT]. 1856 (pxev 1863 euemy LI L M6l
STAUTHH L HeLLILBIHe0 CFTHeneridemen @eu] GOBOSTEWILTT. DleUT Hed)
G L SHHlevieien LILLTewNS SHTaugsHdHev Comosmemi gup Gmme GCoum’ L
LewILbamBIBenends  Osmewip  umrbuflwd  OComeTiendssmend  HewilBbHSHT].
Qewie0 24,034 FTougmidelledl Lw FhHHHelled @edbdHeoli]  CFUISI,
(PYAHEMET I L aueneilIL(BHHermy.  1866-oib Lewih  “61dber0GILISILO6WIL 61D
ot enmmewi.  ewamLiflierd”  (Experiments on Plant Hybrids) ereims
Faneoliled “& Lgfigmierd & 11 Lehet OFTendl iy &) .11 BIF&Te0 anflerolifl” -
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STUDY CENTRE

0 FHGH Uleyd s Bengmwl GeueflullLmy. maier wFuweder BBieueTITs
OapIb SHyam] Oewied allenmiGaS .  Gsd @elJ (WPHev (WeOBULITH
I SITUIFFWTNITSD SHSLILBGSHMBT].

OLoewTL60letT QeUMBNSIHHTET ST GBI 6IT:

o o uflflwelled SHewipd OBBID LeTafluluwied (LpenBHmETUD, BHioalamre]
(POBSHMEMULD Heoighl HeolIulfl CFTHmenderlled enaWITeRIY(HLILISI,

BTN SiSlaluled  (pemBHeriladl  GHledelwiomer, alfleurer  Lgle serer
oTeRT6RNSHMBIFTT  alleuImibenenud LieTemMululsd (Wwemmulled Uil bHULSI,

BFTHMEBET DIMANHHID WHAD HeUTOTHAD S LU B, Dieumnsled
SIFHS 1OTH ST LWTLBHHSLILLIQHLILIG).

dBHBIHOBTEWIL  aglflen (1 uewiydeT Heolul L GCrmBonGamibsered
® 6iTell HMIeNH6NT60 (LFLMISHEMTEV) S BLUGSHSUILLIQHLUILIGI.

OwewiLeomed  BHIHOSGHSLILLL  CQUBECBT  SHTEUIEIS6T HTUISTEO 6L
CuBGBTI®eTe  QHHDSHI CumBmrsefer  HmulemOWITEIEH  LIGD
HMEV(LmBH6TeL HMH6eVLI OFUIFH UFCFTHHHLILL L HTH B(HHHSHI.

OLoewTLellelT LILLTewig STeuy SLUIeS6i

o  QpeuoTL_ 6ot umybLfluig Gami_Lm(®, HIB6IT Gami_um(® 6TEUTEYLD
SIMPSEELILGSBSI.  OHBHTOT  HITIHIBETHET HIGL6VH LTTOLFIUI  DI60G 6N
sevevgl  amyenise (hereditary units or factors) smGurg wyLEMISSET
(Genes) e SIMIPBBLILBSBET. UeL  Gmwsmeoeulfl UL Lmewld
HTOIHRIBMNSH OFTewIH OFLBmD WBJHHF BFfbmsd / SO DEHIHSHF
Gadbemad Ul denen @el] GLomO\sTeuorL .

UL memnulledT eJ(lp LIGNTLISB6IT

LIGOTL LOTLIGEI QMG LIGRILIBImDI @(bRIG LRSI
SHTeUy 2 WIJLD Le OpBLemL GLmL

alend eI R o (IHeuTenL SF(HRISIWI

alensHUenm HIBLD I LD@6h & 61T LFenT
LDGVT  [HIBLD A 6N GHIT GleueiTemer

GP LIFnF LDGhF6IT
\Y afmdw /o ofw | Spissw
D6V  SiemLOAIL_LD Fa BaiTemrLd HleNufevenLoh S

ulLmenlls STeursdHled OoewiLelal ) LemilbepenLwl, g CImBorGsmbaesir
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o FwsTevauY el l, OUBCBTT (WPHL  FHBHHHET  eumy  COHTLIHSH
SANDEIHHFCF TSNS B OUBBI,  Hleweowimerr — UTFHOUFIWIL  LI6WILSHem6T
OBTewIL.  HTUTHIBET  DLSBLD. STWSTeOIN  HTOUTHISEHHG6T  HevL CLIBID
&6ULILMIH6E0, LMTIUfWSHSHe0 Hleweowlmest, Liew SHemeo(penmHerlled LIFgHlueddsd
Falgul GBI L OLIBGBY LIGOOTL B 6m6TTED (&b TeTL &b &L Bemer
® (hUTHGIBH.  STwasTevallfl eaLg @dHsuaimeane (Homozygosity)
HESTENLOEM L LG GEUIGSBSI. R HNSH  BHTUTHIHET6V
® (HauTdhSLILBID Sewl, Guewt GerF  OFevden  (CHOLH6T)  Senemtensl,
SBEHABISM  (PCT  STUTSSH(BHSI 2 (heUTSSLILLL  W&IHGHD  LBEBID
SIWILF OFev GmeanidHme) BFH GNSIBS. Oewt_edeT LI L Tewig
STUTHHD  SHANDSIHHFCFTHMD  HeML CLIBISBSHI. SLITUIFFWITONT  6(h
Ul Lmenlld  HTeUFHSHeenen  LDSJHBLIMHUSMET  HHABIHVGHE (PST  [HEHD)
(opemToeoLTHd) Geoubmmep F&H UlLTewld SHTeUTSHHEVGTEN  DSHIHSHHIHEM6T,
WSIHFLIML HHBLLLL  DeVTHMET GHeVd (P9dh@G LIBHBIUOHETLSH  D|UI60-
SHHABIH6EV 6IGTUSTGWD. EFHeit cpeold Coumil L LewILSamBISHemend  OlBTeuorL
&Ll ILTDIBIGHET 2 (HEUTH B, QewtLeVlerr S ITUIFFHeilen  OlgliLienLuiled
SIMSESLILLL ol (penBEHeT  mAISHHID  SBOUTH  Ooewi el OFLIuIed
(Mendelian Genetics) ereniLGapgi.

GFevedled  &mewrlLBLD  uTFbuflw  HICuBIBeTTer  (GGyTGWLTGFTD, DNA,
WFUemISH6T UBBSw CFUIFHSH6T SISWlILBGausSBE WeTGU, umgbuflubd uBsiw
Obhs aldHsefler Ffumer HILUBIGm6T GILDEKIL 60  IGHSHDHT]. OILo6wsTL_ 60l 60T
@bzl umgbufl BEICLD uBpBw @ eellurer  Hiewienipley GCbUGSSLILILL L
LWy  JHEESET 2 (HauTd@Gaidaod, uuwly sSeotuifsHed  (WedBUIID &
LIl flenw gBUBSSHIUSH0 (LSS LIRIG 6UdHdHBmSI.

1884-9b oemTged Gloewi 60 LoemmbEH Lleitery, 1900-9pb iewi(h  GLo6wTL 6Vl6dT
SUIeB6T  cpeiipl 2 ulifluied  eusLeIEITHENTHW, amTeubhHer aBlwBasT 1o
allflerd, Ojweiules HTJed &STOT6ETED WBWID Se0HFlwTellesr onfl  eumes
Ceagjonsds aGWTTTeL e SHevrL MLl L Gi.

QLORTL WSS 6T QBHTLILMLUWI SHMevFOFTBEH6IT

o GeniLed & eTHflenL Ll Lewibampiseien (traits) GeuefilLmBaemen Ll HGL
@8y FLWHFHO SauaIHHed OETewILT].  aBSHHSIT.B: OBLenL  LBHID
GLL  Gaupl' L U6 GHIapIHeT  GeuailIuTL L augHBaTer  &Tyenid @y
LIewTLSbamBIbaTer  JUam @ Coumiul L augeaumiseamen OUBMSIHUILGI SLEGLD.
Bemel DI6060EVH6IT 61N DIENLDEHBLILIHEOTN360T.

Qoewi_eder  GeueTenem  LDELTHEHSHTET  OFLIWID LUHHESGSH SBOUTH  alenL
STEILILIL (heITerg). OeniLedled UL LTewnldh SHTeuy OleusiTensl BB  LDELTSH6ENEIT
RUORIGUBSHHEHIIQUI LOJLIGDINE! 2 _HISETTED E)e0ThIST6T (LPIQULOT?

wyugmieler Lenidenenll Lflhgl OFmeTen peoddnml  SIeNaleOTel  &Henel
SIBIGeurmib. 2010-b eI ULLTewls  SHTeuy  eVJHeNeT  HIBSHHBESGD
&BITIJ GUOTLDIT 60T LD LIGm)] D|H60 9 _60H SLITUIFFWIT6TT 6T SR RRY
SeTLMSluICILIL L ). uCLmewiuled &g wJuem A 6IEIBEMLIDGSLILIL L F).

152 | P a ge APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




(APP& LD]

@mIGbHeneouisveien  @boFuaml, LIQOWHSHHO STFeoiwLTsdF  OFweoUl B @b
Wssms o BusHz OCeug o5 upCsreweisar BB 2 (hamsssIlBE:s
ST EILOTH MBS aeiGougmer UL LTenlHSHTeUT  LO6UTH6T 2MHT  HIBSHenSL
QUi 6T 60T OeueiTemeT  LDELTHEMeNTS  OdmemiL. UL LTewldh — HTEUTHIGHEN
O HGHTF WIeuTl6vT ®_ BuUHHUTeL FBUBLD LOTLIGTI6D6) (BmIG DB mevUTeD
CUBBIBHLULSTE, Siever DHGHTFWIENET BHBLOnU! 2 (HeUTHS (LPIgeHe06m60.

@rigBmeouisvemen wruam  A-uler LigdHaemen  GaleTenem LDV 6N 60T
S0l @Fpseller  OFBEHHGSET JUEm  HILUTHS  (papuisd (gene gun
method) eymiFfureniset CFauss 6. Bhs wrugy A-eeull  GLUBG
GMBHS SlenalevTen FHalHdHHeeTen OlaueTenet LevTHeer Lalslp LiGaHsHeed
abHGxTFwellelr  BBOEeT  GaISBHIULEG  SIIUGHFHET  2aHT  HBHmBLI
QUBIBBSI.

GledeiTener D6VTH6MNED PBHEIGHemevUTevIeTen FUam A-uler BudbefGuiment (b
auflengulled OITBBL gBULGL LLwhsHHe0 Smgenl FweBpit Curapgs. @&l

Hej wiBpd  GuBp wyuam  A-aTed  HHBLULBSBSI. SIDLOYLIGIDI
HGHTFWeNenaT 2 MuUSHH CFULILITHHTEL CaueTeneT O6VFH6T BHTETBISBSI.

wojugml A Osmewi UL menflule easT 1060] HBEHID UL Tenfluller Geusenen
LOGLIT

e o o ulflufled sTeRIlUGEL WIUEY — DISHBESHTE R5H  DI60ECLHENEI
QamewigdbaTe0 DB @dHsUemilimene (homozygous-TT) eemiLGapasi.
@ 2 ulflulled sTewiILBL WIuam DISBHTT SHGauBILL L HIEL6T60HM6NTH
OQamewigBbHTe0, oI i uswiienewie  (heterozygous - Tt)
TRIBENLSHLILIBS B Qewi_edelr  SevlImIFHeL  CFTHemerndb@GL  Leot
9 (HUTGLD STaugmiset  Goaupiul’ L UewiLlenewieydemernll  GUBMIHLILISTEL
smer seoliuifisei (hybrids) sentiLibasimen.

priguealiBatear  wyuamelear &m oiveSsoss  (dominant allele) Guiflu
swsFeb (capital letter), @BrigLeamLIBaTa WILEDIATE S DI60650SH6M
(recessive allele) #Aplw epsHHed (Small letter) HAplw (LS HILD

GBUIL LGS B R 2 ulfluled Grewih @bBRIG  DIEL6V6VHEIT
STILLUL LT  9IF  @HSUmILImeiemalll  OuBB  bmE  DI6L6J60HET
(homozygous recessive) (tt) @LenLLl LLLTewls — STeUTHISEN
gL amer. e 2 ulflulled Drenih RBHMIEG DI606060SH6IT  SHTEILILIL L TV
S8 @HF Uilememenalll QUBB @hmiGHame (homozygous recessive)
(tt) Lol ULLTewld STougmisen eiubGdamer. @ 2 ulflullsd Syewih
PREG  DILeSVHET  BHTILLULLTO G  @dSFuamiimenienelll  GuBB
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pr@bme (hymozygous dominant) (IT) GpLenLit ulLTenlld STeuTmiser
aeaILUBGPHSIBer. DbH DT DleL60ELH6MNED RIWI @PMHIG OFLGNIITHALD,
LBOBTE  @BhmE wWwIugeuTSD @pUlar SI%  SeoliyBs  GpLenL
(heterozygous tall) (Tt) ulLmewnlls STeugmismensd @0 e

OewtLedlw umyuflwsgled Goewielw allgaseir

QoewT_606T G LewiLd Heolllleneals Snibd ITUIHSSH T alenereurs &
oW alPHsem o pmaurdssiulLear. (1) gregsasmo ald (The law of
Dominance) (2) sefigait Lflged el (The law of Sugregation). @&bs
Slalwed alglde Lflewimod FflHHTHH60 (PoHSHWI LURISTBBISBS.

PRIGH S SHETENLD allg — LI6O0TL {8561, ST 6W01 61T STSIBeNLOSHSLILIBLD
601 P LIMIGHLD SI6VGH6TEL & BLILBGSHSILBSBS. agflemLL1
LI6O0TL & (6TH &5 60T B eneni s B 68011 H 611160 QEIMm 6MRIE HEOTENLOUJL_GDILD
BOBTITN RBMIEG SHETEDIOU|LGID  HTeILILIBLD. ®eield), @ UwILS
seulIlener  aNend@GHH M. (@) W wasaFshaHuled (F1) 981 o
QuBGBTy wewi GeuelLGHBS. () SrewiLmd waaFshsdulsd (F2) &
QuUBGBTY umIEEHD OQeueliLGSaBer. QyewiLmbd  wasaFFHeHuled (Fo)
LewTLs6T 3:1 elSSTEFTTHIH60 2 (HeUTHl6ser.

saHILIfized  alg (CaUlseiar STwussemw  alfh) —  (WHeo
waHaFFHHHUIL @  umiHelled @etm GO  sTewriul L GuTdlsuid,
@rewiLmb 1&HFFHhSHH UL @ LemiLBehD OeueliiLbhdamer. et 6(H
Lo LIgoml&il 60 &BITeooTL ILI(HLD Byeui(h BI606560HGTHLD eTCmTOILTem
&6VL LIS 606M6V. Cxfl. 2 (HamsasSHGICUTH BhHdH w6t DI6L6060H6I
@6l0euT(H G0 pevid &Ml 61dIB alHHHe0 HSHHI LfldSleimer.  srerBeu
grwsmeoallfd HTeugd @Gy wrHflwrer GCab BHemen o (HUTHEGDHBSI.
SEIMe0  @h  seoluifls  sTeugib @gewih  elsoner  Cabl (Bamemern
© (THeUT (G GIT360T. s @aleumm GCaled @ Sleveimed CUBBIF
Fomel S STFFTIHH o (heutdHeaper.  eleBel, Calbl Baem eIIGUTIPSHID
SeulIUITHeNTS  B(HLUILIG606m6V.

@@ uewiyd seoll] (Monohybrid cross)

QUH L6WILS SH6OLIL 6T, emenmll  UewilileT UTFLUFWITGD, SIHTaIG
STUFHHer o wigid  umFbufluoenL $eo, &, @  Jucmelet  @rewni(h
SIVESLHMET 2 6N SHUIBH.  @(hH LIS Heoli] @Jewi(h HITUISTe0ILD
CuBCBTT STOUTRISEHSHMLCW BHOLOUBIISTSGHD.  @aleurm CUBEBTHLD
Bm eagdflem  uewilsemen  Geuellin®G gl et (PSHEOTLD  LDBHEYF
FhHHBEHHG6T SMHEOL]  OFUILIILGOISHET  cLpeld, 2 (HaumGD  EF6uTLMLD
waHFFHHHUlsveien 1064 FHTeugmidbelled 787 HTeuImIS6T GBI ML WTHALD,
277 STUIHIGET GHLOLWTHD EHHHms 6lLoewil 60 HewiLBihHSHTT. @& 3:1
a3 alFHBHHHe0 BHUUGH GBI SHBHHBI). (LPSHEOTLD DB FFHSHSHUTN6L
emBHS GLMLL Uewil @FewiLmb waHeFshsHuled el GCHTaimleugi
GBI 5B Q@M Uil  SHeolleT  (IPHEV  LDFH6EFF[HFHSH 6N 6ot
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LOJUEDIITSESD  JUaDieImSmWD  (genotype) seleneyd, @ 2 uiflufed
QeueflILL Samigwl  LewiLdeT  LBSCsTBBeuemaswid  (phenotype)  eiameyd
SPwWiLGSBE. @ wIuams Heoliled GsLill (hHellen & (hHaymIHeIaICLTSH
FheHHH6Mev CHTIWILD  OFLEDIAIDHBUWHMHBUD LBSHCHTBM  eUHBUISHDHULD,
Il wed wyilweomeny Gredemmeo® C. yetQer  oeufseier  GLUWLIFTEL
o meuten FapHHen (Punnett’'s square) o selwmed eefigie bl
Qsmeiten (pIQUD. @ Lo FHITD eleilgl OFLiuied &Heolilled GgHmesimib
FhSHFH BN FTHBHUWILPGTET OJLIIDI GUNDHMENEH HMISHHL. 2 Ha|D GUEDTLIL
aleN&HINGD.  @RIGLUIL lg BpIb HalbHIIIflee0 allg Gloewm edesr
Q(HLIGILIS Hevllenl! FFWTSH allend@&HIH M.

ufiiorBps seoln] (Reciprocal cross) - @ ufi@srgmemeanuisd SmuisTevaul
GLMLS  STOUTRISMET LW STOUJEISENMTSHAD, OBLemL UL Tewld
SToUTRIGM6NL  Ouewl  FHTeuImGTEaD  Gdmewi® &6l  GauiuibGurg
HOL_SHHHIQU  DMOTHBHH  SHTAUJRISEHD GHLMLSH  HTeuImisenTHEel
B\(HHG60T. 8Cs sTaumIEemen OTBBIS Heolly OFLLDCUTH, DISHTEUS
OIBLmL& SHTEUT RIS 6160 OB [HSHSHMSLI LWIeTLI(h &S & GLMLG
SHTAUTBIBEHL T HeolIBF — CFLubBurg  HDLSGD  FhHHHEMMOTHBHID

L06wT(HLD OpL L& SHTeUHIE 6T SCol Bmboe. OB emL ()
X GLelL {f._:') LDDQILD QELEDDL (Q} X @LemL (T} I 0 2 @guJuJa')gn@uJ
seoli ufliorBdpe Sl eLGSBE.  ufiloTBps SeolileT (WlgeuTeTH
Gy wrHflune SEHHSHH- GBS  CLPEVLD  LIGNIL|HEBIHEIT  LITEDSHE0T60LO6MI
FMIHSHHEV6L 6TIILIGHI (LPIQUTSHIBSI.

ST 2 WIHHBGS STIEIOTR  WLJLUTD &H  Dl60eSe0HM6NH  CBTEmIL Gi:
epLrewr  (T) x oLeL (). LUmSCHTBB  OBEID  LOFLIGDICITSHSL
ugLuTWesmens Gasdsy Gurih wemp (Checkerboard method) eisvevg
smausCasi® (pems (Forkline method) epeud semiipflwieomip.

OLewTL6Vl6il LIGLILTUI6Y LOBEHID SigDILIed SIEmIG(LPeB

OoewIL60  ealeuT(h UMILIBGHWD @rewi®  Coumul’ L UwILS  FnpIHmend
CaIbOSHBSHST]. aFHTe0 @  uemilIBg S CaupulL  sTyenlsel
Bmiug Ggefleurdpa. (a0 waaFshsHuled (F1) @bmdw uewmiiBasmer
&Tyenl  mBSSLILGSHMBH.  EJWILTD LSFFHBHHUND @ HTOLIGHWTS
(Va) Sewibd 1% CHmeBISBS. (IPHEUTID  1BHFFHBHHuUTST  Coumi L
&SeOUNeShHe0 2 eitemn  GOBLedL  WBmID GLedL UmLIBGw 916065608561
Cxmymuwionasd  Cabl sendb@GeT LIflbg OFe0FmEH 6t OLDEWIL 6D  (1pI96)
C&wISHT]. aeGeumpmeit  3:1  eaAB  AlHHHHL QWG OBBID  QBEIG
LIeRILSamBISeneT  @J6WILTD  0&HFFHIHHUI0 S Cup  (WPYHHSHI.
@eumn @ 2 ulfluwed Suielled SleTeyFT] UGUUTWImEIL UGS
WHeomd inflallwieonsieh] GloewiGeo &Leui.
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o (QewiLedel UGLUTUIS] SIEDIGIPEDB 2 60Ienouled @(hH  (LPSH6ITenLOUIT60T
SSlaluwed  FTHMDWTS  E(HHDHSH! ORI 606  FnJemIOWITET  LOBBID
glevevlwiorer seolilend GaFmHeneandel cpevld, UTTHOUFIULISHET  SHeoll S LmIEGLD
BHIBCNVGE6T @ FhdHUWIINbd SIbHS FbHBEdGS S HSLILBHDBSH
aRLMS  (PATOWTPHSTT. BbhS HHeNVGH6T SBOUTSHI  LOTLIGDISSHET 61607
SIMLPSHSBLILIBH S BIB60T. aeGou  UMIbUFWD UGS EHHEBTH 2 Ben6l
Biyeniuléds Oewiedles HULOLLULL CFTeHaeandel 2 He|audHTH 66Tl
Ghsl  LGHHHIHBE, D@L  DIFUSLPDDB STGBEMIDEBLILIBSBS!.
Bzecpeold  QUBLUGD  alFseT  S@ien  elFser (Empirical laws)
TeuTLILI(H &) 63T 60T

Garzpmend ool (Test cross)

* Qb o_uilflesglest CHFluITs LOTLIGDICUEN SLLIZ M S GG
RHSUMILImemIA|L 6T Hevll CFUISNHGHF CaraHemend 60U o6y GLWI.

QLoewTL a6l e LlewiLidh &H6VLILTNed (LpHevmld s Fahasdluled (Fi) Gomemid
SHITEUITRIGBEIT DM HSBILD OpBL6emLLI LIGUOTL|6ML_ULIGD)6L. G EwILTLD
waeFabsHuisd (Fo) OpLenL wBBID GLenLll Uewisen (pewpGul 3:1 ereim
B BHHHeL 2_siTerent. @rewiLmD &HaFFhHHuIld CHmamiu  GLenL G
SHTOUTHIGBM6NSH  HONLSIHHFCFIHMBHEG © L UBSHSLIUBL Curgl  cWpeIBmD
(F3), mreiambd (Fs) waeasspbsdseies oSmanssld STaUIEISEHD GL LS
SHToUTRISHENTHG  BHTEUoTLILIL L 63T @s6icpeld GLMLS  SHTeUTSHIe

LOTLIEDITSBLD HHHHETEnL (tt) QETeniL gl 616 (PpalB@& eUbHST].

OwewiLedel  ULLMeWIS  STeuJmEGeT  gel  OGBLedL  LBELD  GLLS
SHTUIHIGENTHS STRLLGH B! BSBHTE (peudbdall aleNnbsHmSHs HewiL 1.

QoewTL6Vl6ll QBN S STeuJ LOJUDISSHTIL CPeVSsnE SulsoLTulieo)

STOUTHHN o WD BIewih  DI606SLHNeNS OIBHTEWIL. 6  LOJLIGTHIGUTED

&L BLILBGSHSILIBSBS. STUFSHIHer o wFHFHeo STeoiLBL  BeuGeumin®
LIGUITL|SB@ETHEHHTT 2 6uTenLDH6T  LN60T6)(HLOMTH. () ulrnmemd  SHTeUFFOFOHIT

oigedefer  OFweouB Howew (GA1)® o (HouTdd  eausbev  FHBelenL Ul
(W&TBeITY  clpeLBHImMTGID. (1) GBLewL Ll LTewlld HTaugmiseisd @@ Dl606560
(Le) gligedasr o (houmdbssHded  LMIGOSTaTEHD LIS (QFweOHBeT Cabmeui
OBTE). Bhs oeveSed Le Le opvevg Le le  eaais  woyuamiaimdsshdeo
o eenBuirgl L Lmenllsh STaugmsst GFweou®n  gdigedeowen (GA1) 2 _BusHs)
QFuig OBLMLS STaIHSNTES o eeneal. e @bmE Sisvessosen (le le)
CaTewIL  FHTeuTmIH6T CFWOBB LIHHmd 2 BLHFH CFUISTEL Diened GL LG
SHTOUJRIBENTES D G660l

® (PHeUTD  BEWID  @gewiLid e FFHHHHeTe0  Cpmami  GELemLg
sragniseisy eemal TT ooevgd Tt 6B  WIUEIITESHmS GUBBMEI
oIeuIdh  HewldbH(IgUIaleeney.  6leiBeal BT GBLMLS SHTEUIEISHTE0 6Tene6
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R5FLIILIenemI6] GLBB6, 6Ten6al LOTHBBILILINILIeNeNIe| GLBBeNe 610IHI B
BuIeoTg|. OBELemLS SHTeuImiSele LILIDIOTSSEHMHS HEWILMIW  (LPFH6D
weMFFHHHUIL  CHTaM OBLMLSH HTAUTHISMET  5HFHLIGTILIENH6ITn6
CuBs @bGmG uBGBTCITG ®euly OCFwisT]. GFHmanF GFTHEm6IHH60LIL]
(test cross) eeiipl SIWWSHSTT. @ 2 ulflasHar CFrHemend Hevliied
(L Lmemol & SHITCUITRIG6IT) QMmIG LBSCHTBBEUMBUISHMS (TH@IML LI
JUEIIMSWID  HIoTelSSIULLEHT)  HSBEelIBEG  uHeoTd  BmIG
QuUBBMTHLET Hevli] CFUIHTGWD.  CFTHmendHeolile cpeld BHTeTBID
FhpHemend Oxmeniy Gammpemen o ulflulle LOILEDIMTSSSHMS 61611860
& 6ol EBHELITLD. R  Seolwfluller emig UMl SHFHLIGTILIeNeNIe]  LOBBID
TBILUC L UewTLleneienald 6wl BlulgF GFrHemend SHevlil] LIWGTLBSIBSI.

Upseoriy (Back cross)

LIB&H6OLI]  6TlUGI  (IpH60  EFFhHIHHemwl  (seoliullf) gCoHemid @
JUuemIaTSHSID  GuBm  CuBEBTHLET  H6evll CFUIISTGLD. B3 B
Qe LILIBLD. Slmel  @EGSSmw LUBseoly (dominant back cross)
BB EEBRIGIHSHEm LBseol (recessive back cross) semiLibasmser.

(WPFHO  WHFFHHHMW (Heoliullf) emiGHSHHamw Gemem  CUBEBT(HL 6T
&eoll]  OQFuubCurgd @FewiLmd WHaFFHHHUND CHTEIBID  SHTEOUTHIGHET
DIMDGHIHID WG LWL OHTERIL HTH 26166l RBRIGHIEMD  GuBMB
STUTRIHET BF60 CHT6IBIeUS606M6V.

LOTBIS  (PHEL  LEFFHSHHMU  QBEIGSHHAMD  Oamemi  GLBEBT(HL 6ot
&eull] GeuibBurg Gredi® UBSHCHTMBMLI  LemILSEHD FoaihHHe0 (1:1)
CaxrIimIFma. BIBHF Carmpmend 6ol eaiml GLWIT.

QBRIGHBHEWID  LIBdevli, SeoliulfluileT LOTBILL L LeRILIen6T6)|  &He3enLDenUL
(heterocygosity) oiflw 2 seadnBgi.

Smueniys seol] (Dihybrid cross)

B)(HLIGHTL|EE6VLIL] 6TEOTLIG] &\ agflenL L1 LI630TL | & 6M6TTL
STOUTHIBEHSHML B  HOLOUBID @@  WWJIWED  HELLILITGLD.
LewiLsseor  umybuflwoweugdl S Coaumiul L 9le06le0mmend  OlETeuoTL
FUemISHeTenL Gl Bl&ApD UMFUFULID SLESLD.

gmjien) @@mgde alg (law of Independent Assortment) - & uewILS
&eULIML  DIQUILIDL WITHS  OeTewi(h 2 (HhuThasluBD ol D HeuTGLD.
ey  OemeRILILINILB6T BTN HToUIRISEHSH MG  BHUPD  @(H
&6ULILT60, @(h Gemewill LIGWILSSTET SHTJenlder Hendhdill Llfleugs BT
BenenilILINIL|bETeT  STJenidel Sl Lfleuensd  FribhamLLSe0emev.
BeB&HF gmiyLiledts| @ BIMIGH60 6T6vT ] @uw. GeuaiGeum
&CITGLTGambsaTed  SDIMIDBHGEIGTEN  OJLUMISH6T  GH6IBed  LGUIaGUTg
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gmjdepsil  If&SpGl. &m uewiyd seolleniBurg BsLbl Bdelled  Lew
FTSHSHWIDTeT SMyenlsmener GFJHemad [HlHLPEOTLD.

Amuemiys el — Galblse FHaSHHITfgHe0

gmjlens @&mIGHHed6T cpeold  WWFLIwed GCoumiumG HSDSBS. gy lestns
R@BGH0eT  alememeured @b 2 ulifl, wyysFTIHeTemwuies  Geumul L
CaLiL(hopemen 2 (HUTEHGHBEH.  FTIUEN @amGHar Curgl STUl, SHHensd
o _ulfleerle0 STl ILI(HLD LOTLIGID)IE 61T, G161l (Hderfev
LSfIibHelld s B alenmet. B &6t eLPGULD LI6V FMSHSUILDT60T
&CymBonBambsefllest gnl Lewibay o (HouTdhsUul (B, Filuied  Ceumum®B et
Gz Tevt I 65T 60T. @wwyiwed  Coupur®seT  UflewITDSH60 (P&
LIMISTBBIS 63Tm60T.

Gxpm L Liumemiuiled SmueniLS SHevLiL

HNHBITfHe0  aldh e  wIuapelel  $IeLeSeLHCTH  CIFHTLTLEDL WIS
aemev  FTIISM @@&mGH0  ald JUamIbHERSHmL G 2 elTer
OaTLImen alenb@GHHBaH. & SHTeuTmSEhSHemL G HHApD SmH Seneut
Goupl L LIewTL S FnpIbeTeT HeollBEG SHUemILBS60LILY 6T6eiml GILIW].

Smuewiyd  Heoliled  @gewi®  uewiydel @8y  CEyHPHed  H([HHH 60
CameTemLBS BSI. Qe 60 UL L Tewll  SHTeugmibefled  allengulet eugeald
(2_(HewienL, S(HAISHWSI), almHuleneoulet BB  (IDEhF6lT, UFMF) LBl
Brewi(h LewILBM6Nd SHHHe0 Omemimy. o (hewiewL algan alewsg (R)
SHBRIAW  algeud Qxmenil  almssHE (I) @HiE LSNILTSaD, EhdeT BB
almauieneo (Y) udens B almsulmendd (V) @EEG LMILTEaID 2 6Terer.
aaiBeu DEHF6T BB, 2 (HewiewL alend Osmewi T GumGpry RRYY -
OB LJUITSSHSHT0 GBI LILBGSBSI. (PFH6L B FFHSHIH Ull6or
seulilengFHev  (RrYy) Galfl. 2 (HamhsHHSICUTH @)  LwILIBSHT6
wyugm Qevewt  (Rr) wmOprm uswiliBsrter wyuam Seent (YY) seidbsiL
Lfleugled  &mijba(HLILIFH606m60. B e almenaums  @alCeur(h  GUBGBT(HLD
wyiwed  Coupium@  Osmewi  BHrTaiGalswrer Gl dewen 2 (HaUTHS
(PYHBH.  DIEH6Y

1) wehae o mewewL (YR) -9/16
2) wehseit smmSwg (Yr) -3/16
3) usems o mewewL (YR) -3/16
4) uFeng SBHERSAWSH (V) -1/16

SHYBIHL bHasalaiCurgd @bhs HTEG umd Cabl seEpd CaHrymuwioms
QEIMIL 6T QT BeneibdH SJERILTD SOFFHHHUND LSHTTH  6UmHSHUITET
o ulfleemenr 9:3:3:1 eIGIB AIHHHH6L o (HouTHleimert.  EHLIGUHTLIGHHEVLILTE0
OlewiL 60 OoewiL 60 GUBMB 9:3:3:1 6B AFSHD HelHHI LflHe0, amyLlen
RIBIMGH0 LBEID SHABIHIST SlglitienLuled CQuBB  FJmen  al&SFHLoTGLD.
B LULSHFH6D  HTCI6UMLD. QweniLedet  @bhH  BewIBLIQLIL|BH6T
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urgibuflud  uBpslw yflsed wBmid o ulflued UIldesE @b DlgSHSHeons
SIDWHSHFH.  DUemild  HeoUled GILERIL 60 STeRILTaUSHTH  (PeTOILomPbHS
US|  (Pgeysemen  HTD  Gloumapgd sl &HImIGHSH ald  eTaiml
SIMLPSHHEBITLD.

SHRSW elnSHEHTET JUGDI  eleleumpd OHIILed ULWLGSHIHW L Lmewf
alenzuied GCFwedLBEBSHI? (PeVBID  SjgliLienL_ulevmeot alenssHMBHD
semiLDIGeurLd.
BuBmsWTaT PHEGSSTm QETai  eveled (RR) srsdmendssd OQpTdemuw
(starch branching enzyme - I - SBEI) 2 Bugd Osuiwssmpuig.  alos
WHTFFwpid Curgl DHOBTH DIHSS HMENMUL T Tnlgul HIF  CLPEVSHInNBIH6N
® BUSHHUTAINSHSH ST (BB BS. PrIGSHEmLmLW  wjuan  (RR) QuBmp
srarsHed 0.8 kb -2 ewuwi DNA giewi b F@hd wiBBSHHST  alenerealmed
o 6MBen GFpIBlILLL Hemmed @BHIEG WILeEDIeTS(IT) WIBBLILGSBE.  BSH6aed
@iwyuem SBEI -Oprgenus o @ug s QFuiul (1pgeaudeoemev.  B5He6r allenenalnds
AlemHH6T HMNHDH  (PVSIDBIBHEHSGL LFHOTHEF &HHGITerd  cLpevdanBISHem6TF
Craflsg wBBpId SHS Hogud GFaflHal  meauSHBHIHOBTTHBS. B\ FHe0
STTEIOTHE F6ley[H LITaUeD DIPHFD alensseled DIHBFHH DIHHLOTET Hen]
o Blehdl  BembuHeuGHHL  HdJ - BWbHEH  FHEIGHHEBI360T. Goumiu’ L
wrugmieuTssd  CaTewi  (Rr) elmsseied @eiGaumm Sement  Si606560H61g0ID
RH PEIG DI6VeSL 2 6TeNHTe0 IFH alsHFeled HTFHMD (DIMLOEELTEILISLY 6T
soJUbHaTenwBs - STTCUTemanL Gyl )  Feley®  FLOBIMEOUIL 63T (& 6DMBEUTET
BAOUTed o BusHFH  CFulgk o (HimL algel  (Fi(HEHHOBB  alendHHenerLl
QUBIBBSI.

® (HeWIewL LBEPID SFHESW L LTenll 6lendsEmdaTet
cpeLSImml SligliLienL_uileome allengsLb

®muent Gamgemendsevlil] (Dihybrid test cross)

wpiuewy seoliy (Trihybrid cross)

OoewT_606dT  (LpUILIEWTLIS — &6VLIL, L6V  LeWILdh  dFapideries  LMTbUfuishens
alendbGHauPHTd 2 6flengl.  Oewiedel HalHHI LNflgHs0 eldub, gy lend
RBIMGH0 aHUD cpediyl  Devent  aHFlenL LI L6WILSHInDBIHm6TdH  OlFHTeuorL
(WlILewT SeoLILIB@&LD QUTHHSID.  paTBl 6IHflenL LGS EHSHHT6T  LOJLIH)
Denewidemend Oamewi  gHmuwl  CuBCBTISEhEHmL G  HL UMD  &evliLy,
(WLIUERIL &6, SISHTeU H  (Wluewi Sl ulfleeT o (HeuTdHed  6IaIml
DIMIPSHBLILIBLD.

B&He0IIET (PFHD LHNFFHSHHH SHTaUJD HBHEOUL] DenLubGurgl, 616
algworer Calbl Baamenujd, 64 alsomear HHFCFOBMENUILD 2 (HEUTHGSHS MBS
ObhHd HeLLTL PSIM  THFMLL1  LIGHILBEHHHTET  LOJLIGNISHET  6ITBTH
Bemenibdl OCFweOLIBS@Ber.  (WlLemiLd Heolilled o eitern cpeityl Coumi’ L
LIGOTL |G 6YTT6YGOT.
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ewumnGomT

GIHLEWL, LD(ERHFET, GLeML, LFEDF,
D _(THeD0TEmL Sr(Hrascdli

F, QBLemL, LoEhaer, 2 (THeturewL (SHhHS60LIL)
F,umsCasmmm efldlsn - 27:9:9:9:3:3:3:1

QuewteVw yllweler eallifleumdasid

Qewt_eler  OFmeitenadHerilled e@H U6wI, & U6w] LoBmID  (LPUILIewTL
&eulIB6eT  HalgF oo  alHalevd@GHeT 2 _silerer. SIHTaugl, Coumiu’ L
UBSCaHTBB  aldlsmider  GHTETBILD. FebHeomer  UAFOLIFUL  (LPENMBEHENT,
GoewrL_60lul oL N6l 63t alfleuTdhaLoTH S SHSULBSBSI.
LOTLIGIG B 6ThHHenL_Cuiimer Sl F OFuwieoseier alanemaurs o ulflasefed
Obs Coupul L UnsHCHTMMLI LewIL|H6T BHT6iTmIslen36r.

wyuem @ FoFwedsst (Gene interactions) - @b UBSCHTHBBL  LiewIL
Q6B SIVLEH DSBS CBULL  OJUEDISSH6NTTED  eelbleuTarpid  &Fewi(h
SV DIHMBG  CuBUlL 9eLeledMeNd LB Tewi(heiTen LOTLIGIS
OaT@LIYB6TTeL S BLUGSSILBGSBSI. @bpsbe LU L FolFuled
aABOWSSILGSHBH.  @H 2 _ulflardhder emwliy wBpid Geudhlw LewIL®6IT
® LULLl U6e0 UemILSB6T, @Jeni(h SeevdH DSBE DISHSHLIOTET  LOJLIGIS D61 60T
B FOFwIed allenealTd 2 (HeuTa 60360,

Qe eVlell CFTHMEB6NT, @(H LewienL! ¢ JUaml S BLLGSHSUILGSBSH
aaiB  HHIHMSH HeplllLUSHTE 266N LML ODewTL Vi@ L6
LOTLIEIS B ETHHenL_Gul LIebECaiml alenEHWTT Bl & OIFUIcLH6MT aleneTalTeD
pawd  uBaup  alFalevds@deT  oPwlLL LGl LOT LI g0DIEh 61Tl 60T
AoLFOFWed uUBPW HHHMS SPWPSILGSHSH  eleuflsHeus W. Guigen
SR, Bsamaa sl sm3IGsTed (factor hypothesis) ojebevg
Guigealen asmyenil &®3IGHTeL  (Bateson’s factor hypothesis) erem)
SIMLPSHBLILGH MBS Gul galelr  sMyewld  HHBICHTET SFMBILILIY  LOFLIGD)
L FOFUILH6T HDHHEWIL E(H 6UMNBHENTS UMBLILGSHSLILBH MBS

® JUMISG6TNTS BB  DIEL6VF DI60ESLBEHHG6NTCT Bl IPLD
B FosFwevser (Intraallelic or allelic interactions)

* LJLENISHEHEBMLCU  HHPD  DIeLeLH  DIeVESLBEHEBBML Gl HEHIPLD
LBHBID  DIVEVH  DIeLEELSHENTEVEVTSH  LOJLIEMISHEHSHBmL G HlapLd
B Foswevser (interallelic or non-allelic interactions)
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LOyUE L FOlFUIe0SH6IT

U el &FOFUIeLSH6T

( ST GHHBG6T MHISHAPLD ) 4 SIMLOATL MBI ETHS el Gul
BenLF06\FUI60SH6IT HapD BenL FOFUIELSHEI
(D160606056IT  DI6LEVTH
LD LIg00)I b 3 (6Th b &blemL_ B
BHBIOD el FOFUIGOSH6IT

~

(©16065605& (6THdbblemL_Bul
BBHUPD BenL FOFUIGODHEIT)

\. J %

LOENBHH6V/ Gnl_(p/ LIGLLOTLIGI)I

LDEDMBEHFH 6V 606VT B FOFUIGOSH6IT
BenL_F6FUIGLH6IT

A 4

ﬁ QRMBIGHSHHETMD CGHTLJLmL W SenL FolFuIe0s6 \

) W eEesHasmw (Complete dominance)
dBSHHHT(h: OBLenL LOBEID GLeML LILLTe0S STeUTHRIGHENT
) (PUOMDUIBNG  QHIESSHETNLD

B) DMl QRIGSHHETNLD ) Gy eMmIG&SH6TeNLD

I1. O®m6068  LOTLIGIDIHSH6NT

) PRIGHHHAMID CHTEL6VSH6IT

) RBRIGHHETMD  6ClBTe060 BT

®) HubHmIE CBTE0LE0HET

F)LITEOFTIHS ©BTeLeIH6T 2 ) FIFF] OBTe060HET

Q. LIGOEL (B OI606560H61T /

OFUEDISG6MC Bauwd Qe Foswevser (Intragenic gene interactions)

o Gy LoJLigomlel evl6iTer &\ 9|606560LH 6TH B emL_ B B FOlFuIeD
BOLOLUBISBEH.  DFTaug @61 BLSHFH60 DMWHSH DIV6LHEHHH ML G
B (DSBS

B SPEHBEMIL BB 2 6ITeTL SIS
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(APP& LD]

(1) (PmWLWDBB PHIGHDHAEMD (2) Benen @EBIGHSHEIM (3) L6OdL (b
Ie0eSeLH6IT  (4) v  uemBemeT  GeuellILBSHHID  WFUSISHET  SLEIUI6T
LOTUEMISHH6T HHIPD BenL FOFUIEOHEHEHBTR GLITHIUTET 61(HSHHISBTL (HHMTEGLD.

(PLWBB PRHIGSHDHHmD — SeolpT wyuamisssl (Incomplete dominance
- Non blending of genes) suie)

o Hapumiimenie OQuBB T smeugors 2 eten  (RIRY)  Heutiy
LOeVTHM6NLML W DIbhd  WhHSTen (WOgmiederd sgeomum) — 4  0ewISHSHTEUTLD
GETEM(3 LoBEBT(H R&HFLIRILI el QuBs (R2R?) OleueiTemer
DGVTHMOTWML U SHTW  SHTaUTHBHIL e  Heolly  Gguis  Gurgd  (pHev
&NFFHHHUTL  EenehdleuliL weoJ&Hell  Oumm  seoliyullf SHTGUTLD
9 (HRUTETGI. B glev &eoUIL|ulif] LD6VLIT & 61T 60T LI6U6TL 160 &\
QuBGBTTHTLLO(HHSI GaumILi 1gHLILSI GBI HBHDHHF). ©)dbH6VL L]
PRIGSHaIM  CuBGprflar LBSHCHTBBSHMmS OCeualliLBhdHaToed SenL L L
pipworer @enehdlalli] BHpHmsd OeuallLGSHHFBSEH.  6leCea WTESHT(H @miE
9I6065em6L B BLILBHSHSLILL a)1606M60. B(HaUmd  H6LEV6VDBEHLD  Fnl LTHF
Cgwebu (p @it  Hipwrer  Renehdleuliy BB  CaHmepiuleiengi.
Beieums  DIeLeSLBEHSH ML CwwTar  QewL Uil (B OFWISE  (LPLMLOWIBD
PRGHHIMID 6TerTlyl QUWIT.  (1PHeL WHFFHHSH F1 HTeugmisemer o I seollL]
CFuIpTeL BTewILmD waaFsheHuled Fo upsHCHmBm oBmid wyuamieTss
aldgmnser @rewidG 1:2:1 o1 pUUs GHUILSHHEH. (UBHCHTBMBL
Lewt] el&lgapd wrugnieuTds aldgupd weopGw @Gy wrgdflums 1 RIRD:
2 RIR? : 3 R2R? areotpiid o _6itenment)  9I606560&H6IT  6Tellaild  LOTBMB(LPLOGTNSIS
SHONHHULBIGLD  SHTMOMUILILD OCHTLTFFWBB  Hestenoenwiujd Glsmemi(Beieneot
aailmd  @HmheH  BTD  SShEH  OBTETETeVTLD. LML P60
QwewiLevlelr  HelHHIt  Uflded  aldh  HlemuemiondSBa). ©)JEmTLMLD
e FFhaHuied R  pmid R?2 wjuamidsset  seldait  Ufba  oBE3ID
wpICsiosmadd o LU GF e, Genehdlaui], GeusTenen HiBHHeo 1:2:1
a3 aldHHHe0 LIGuTL|B6TT  BHTeitmIad) G3Tment. R! 9606860  Flauliy
PBSHHBGHS SMyewioner  OpTHOW 2 _BusHFH CFUISBSI. R?2  9j606560
GeueTemenn BIBHIHBHS SMgewions o etengl. R wmmid R2 woyugmieumeésid
o] ppd GHopaymL Ul BTHSGHS STTenIons, Senehdlaulil] BB LevemTSH
CrmBmielsdpal. B Rl R2 Geielm wyugmibset CFihdha@InELITS
Qewieder GideT LMIbUfluis CdTeTensd o migh CFwiwiul @ Wewihld Hmul
PphiseT  CHTIBILeD, @JeWILTD W&HaFFhHHHuled @BenehFlaui] BB
eV HM6N S CHTHmIaT s ase.

PRGSSHaImLUIE SLlu’L  IBBIe  SmeymLw  LUBSCHTHBMB  euenSWID
® (HeuTeuemd eleualiHd alema@eurui?

wyugm  CeueliLm enL  Sleneygm] Hleweouled  allemsHEVTLD. Bui60L]
mHlemeouieieiien QFLIGOLIBLD Sie0eSs0d6lT, & LIjHsenms o eiten Hlewsouied (R!
RY) e ppsdbearear QFuwsoLBL OBETHMWEF &SISHBSH.  GBLTBML W
SleveSevdeiesl B BoHevseT (R2 R?2) #@d woimBsHIBGLULL  SIe0eS60HMTHS
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(APP& LD]

Hahxk Fally BBHIBG Deudwiorer  QBETHenUl 26T T G618 606M60.
aeiBou  Glaueitemenm MM  eVTH6T  BHT6iTmIS eT360T. SenL UL UBSHCHTBML
uewiLmen  @enehFlouli] OUBB (pHeL WEFFHHH seolijuifluisd (R R?) 50
FHIGHSH HTeURIB6T OGFWOLUBD UISHmsd o BusHEH CFuis Senehdleuliy
ppsmss  Combuelsainsl. Buggd  dealy  pvsmss  CaTBBElHs
UBSCaHTBBHMS) CuITgIOTETHTE @eVemev.  E(H @PEIGH DI606560SHMETL OB
Beveouled  Fauny MPpsdmssd  CHxmmmelss  100%  GQFwedudld  LIHD
Bxhremaul IS BHI.

Bmemt griGHHeamw (Codominance) (1:2:1)

o IBEILUILImenTey OBTMIL HTaUFHHe0 Sh DieLede0HEHD GO FLOUIGHIH 60
uemienl QeuellLBSHBHID WenB — @b 2 ulflufed TBLIL UewiLeLW G\
9I606560HEBLD BT FlOWISHHeL Lewidenen OeauaflILBGSHHID HHDaIBG Eenent
PESSHHHM  6leim  Glwif. dBHIHISHT_(H: Sbedwmaled dleuliy BEID
Oeueitemerm  6VTH6NT, &FHT SifleurelT  eugen  ansGom@GenmLiler,  LO6 HiT 6N 6ot
ABO 871655 eauensd el HiHere0 IA 1oppid 1B oeveSevseir 1 1ogLIgmIe 66t
Bemenl PMHIGHHHETMD GILoeRIL 606 HeldHSHIl LIflHe0 alldenuil LNeTuBBISBS.
Bmanl  PHGHHMD  HTeUJHIB660 WestempbLifilly  (electrophoresis)
oeoevgl  Bipllflos  aumyuLgdled (Chromatography) ugsw sedeva
LGenGBeumenmmuil.  QumpLsemenl! LIflHsnleuser cpeold Densd  alenenaldsseuTLd.
dBHBIGHT(H: STl IwD  eOLFlQuiTelDd, @euBmles  clpeld  LD&EFFHSHS)
seoliuifuier  @enLtwn’t  wwuwib (amphiploid) &m OCuBGBITEeTeT
alensL L SHBIH 6061 L0 6BTeoTT LIS L1t N 6oT CLPGULD LT & @ 1CUTG &\
QuBGpmisEsh,  GeaupulL  ulenl  Senwlieer  (banding  pattern)
Geueliu®G &gl eneor. seolIulfluled  @pmISlementhdh LML  SenLDLIL]
CeuafILBSBGI. Simaideiear  seoliuiflseaied  QUBGCBTTHment  GumeatCp
Bealsl UTSHISEHLD STeuorL LI eT3er.

CuBCoTIHalea @55 UmiLlenenialeeen  LewILEMmeTl  GUBMIHLILSIL 6T,
omBpitl  uedillemenalleomer  LsHw  uewiy GBameimieugd  GBIULIL HHEHBIHI.
(WPFHL  SAFFHBHLH  seolulfl  @gewiLmbd  HFFHSHHUID  LBHCHTB®
LBBID wIugy alélswrs 1:2:1 GuBBHUUSILD GBILIIL HHEHSH.

Q=mevel LoyugmIsse (Lethal genes)

e “9 ulflensmzsd GasmeLaILD SBEIenL_Ul 9160656V EMHSH G GsTe0aILD
OJUgIbSeT el  Quwi.” 1907-sub  sewi®h, E. umy  eaiuauy  GamedsVl
LOJLIGIENE  eoeTLgrTaen  (snapdragon) etems  syenigengerd  Fbpsenddleo

SMILWPHSTT. DB @ @bBmIEG 0HTeL6e0 LJLINIBE 61(HHBHIHHTL L TGLD.
DLENYMTOTHHE0 CLPOTBIINS HTAUJHIS6T 2 6IT6IT60T.

1. uFems BB Osrewi L&D Fraugmsst. (CC)
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(Aepe 1n]

. LDEh&FGIT BBSHBHIL 651 GnlgUl LIGILD&TOUT RIS 6IT &HBmgeTUIHEHeM6NTH

OCarenigmliugTed Geualflul LFmEF DeVeVH SHhS BB CuBBm  SyFlwr
SToUTHIS6T ereiLBalemer. (Cc)

. LFmFW BBOWBB GCeusTener BBdH STeugmiset (cC)

pdFUMmILImentey OuUBB uFD FHTaugmiseisd UMD CC erara,
SHsUMILImene] GUBB OeueTeneTsd SHTEUTHIGATET LOFLGDIIMSBUID CC 616Te LD
9 _6I6NG).

oflwr - Hreugmiseier wFUaaTeED Cc Q&G ib. Bemel UFMHF  LOBHID
Oloueitemem HIBID OFHTEWIL  HTOUTHIHENTS 2 6ienerr. @QH LFluIT  SHTEUTRISHENT
® WILTHGD GSIWILAD  HFFhHHHHeMe0  UBHCHTHBBeuenSUl  LOBBID
wrugmieuemnsl aldsnsamms 1:2:1 ous (epGw 1 uFems (CC) : 2 syflwr
(Cc) : 1 Gousltemerr (CC) 2 6ol  Se0MeD  GloUGTEN6T  HTGUTHIBGT  LIFHF
BFBUWBSIBLILSTED, SieeudenTed eumlp  Suieomoed  CUTSBEI. 160160
BUewiLTD  1&HFFHHHUNST  alHHD MBBIBLI  1:22 @b  aldlgHdHdHe0
o _GiTeNg). Beleumauled @55 @OBMEG  OJUIMTSSD  OBTEwIL  (CC)
OCameLeLLILIBGSBSI.

(PWPUBID PHIG DIGV6VSHI (PIPUSBID RPBEIG OBTe0ed DleLeSeLHM6NT  GILIBMB
o ulflearsFHer  OlevesedHeT  GBTeLe)  JLIEIGHENTS  SHULIST  Siemel
® WILTHGWD  DJewiLTD  HFFHSSH Ul  JLIITSS oIS HLOTEIS
WwoBCw 2:1 Sleveugl 1:2 HHdH  STeTLILI(Ha el

ueouemiysenm  (Pleiotropy) - @@ &efl jugp, UM LIS BISMm6NTS
BLSIID BBP6| BBIUTGSLD.

LeoLIeTLSIml  SHeileniouled, SHelOWm(h  LoJLemIeUTeTg  LisvLlewiLdenen Gy
Crrogled  sLBUUGSFH o uifloiddar  UBHEITHBBL LB
SIOTHNHHBSHI.  E66UmS LOJLIG| LIGOLIGWTL|HTnBIHH6TeNIDS ST  LOFLIGH)
TRBOSBLILGHMBGH.  CLOGRIL 6D LeOLIGHILGHInBl6T (PHBHUISHHIHMHSH HH
ulLmenld  STeuy  (ewugld  FlewLeud)  Cangemenseied  HewILMIbHSTHT.
UL melufled oagm  106VT&H6NT, LIPLL alleddHel LOB@ID EeHe0  DIFHH6IT60
SILT UoTelldell OBTewIL  LIGWILSN6NULMLUI  HToUTHMSB 6leUeiTenslT  LDEVTHET,
Geouelipfiw HBweLW  aledsHHel, LeTelesaBns &amev DFFH DHUIIBDBD
OamewiL Lev uULLmenld SHTeurmasCam®h seolipd QFuIsGUTH, BbHSH CLP6IDI
LIGWTLSB@EBLD eienm  LoJLIgmielennTed LmFbUfluiomeleangdd Sl SihSTT.  cLP6imI
LeRTLSEmBIBEHD @67 @b LJuamieledl @BIG LBBID @B DI606060SH6N
epevld  HLGUUGSSLILL(BL  ungbufluioteugl Osflw aubs .  IbhSHHISSTL (B:
&3] ofleuter Cgmens.
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LOJ IG5 & (6Th b5l emL_Bu Hl&(LpLD L FO\FUI0SH6IT (Intergenic  gene
interactions)

o PRGHIHEMD empshHev urpbufud  (Dominanct Epistasis — @f
BevsHBeeTen @  LoJuUamlelel  Eh  SleveSeudHeiT  BGaubmm(h  BevdalevieiTern
wyugmieleT  SleLeSeLHEHL AT AL FoFwied  Uflbgl, uewiy  Geuelllium®
SHSBLILGUSBE SIeV60SHI LOMBHBLILGMSBSG LOMBHSH60 LMIUFlUID 6T6rml
Cuwij. GeluTDl LMBHGLD LOJLEN @EHIGHSHENID MBSHHE0 LMFLOLIFILID
aeriu@Gdma.  uewiy OGeuefiliuThsemen HBHGD WIUED @R@BHGSGLD  OFLIGE)
(epistatic) etemid, BSSILGLD LSLIBGTW OJLIEDI LDEMBSSLILLL  LOJLIGD
(hypostatic) e@iBd  SiEWWPSBLILIBES STBE. Bbhs O  JLeEDIGBH6Te0
Olevedeudell  CFIHFH(HBGHW  Hlewevuled  MBHGWD  FUamIeler  LewGL
AR NEICEk:TR

ygenll Sl Bporars @bl 916060 W Geustenerm Mpsd saild@d, @BHIG
I606Se0 ‘W BIBpeLwl saldGD STTeRoTEBg. W 9160656061 Gleusitener
BB grAwD ‘W oe0esedar sal HBHmd @BHHUID 2 _6Tengl.  BOMBIW
LMBHBLILL L Dleveled ‘G’ wehFel Halldb@GD, ST WHBSHBLILIL L D606V
‘G’ wehaeT sallE@, BHT POEEG SeveSed ‘g LUFMFDH  SalldEGLD
STTEILOTEGID. (PH6L DMl SHFHlev Gleueiensn BB  @BERISUID, EF6wrL LD
SIMWAILHFH60 DEHF6T HWID LFNFHEG @RIBUD 2 _6Tendl. OlaueiTener
ppsseiuler wjurdsd  WWgg-enw  ehgel  Hinsseiuler  OIUTSHSLD
wwGG o _LeiT seolpsd OFuIsmed (pHev Wwaadshdsdl (F1) sreaugmseisd
Qeustemer HIBs el Geumi' L seotiuifl (WwGg)-wp Carepidipa..  Fi
Gaup' L &0l FHTeugmiseiev Seoliyps GauubCurg Fo  @miguled 12
Geusitemer: 3 EhFer: 1 LFDF edB UBSCHTHBMB alHH(penL Ul el HeTHS
CaHTIIBIFBSI.

BHGL  SleveSsosenmaasion  W-euterg ‘G wBpid ‘g, Geusiiensnaa,
QPMEISIUID, LDEHFET DIVVGHI LFNFHEG LOMBSHIHID  STeILILIBLD. 25D
&B(HEEMLLLI QBBIGID WW LD LIGTDI6UIT &b B BIEB 6T (4/16) 6T6OT(
eTEmTENHMBUTEUTET  [HIBEIGMET QUPBIGD. @Il BB WWEE LUFmF
soleow  (1/16) euprigL. sraugmiseied ‘G’ aaild 1JUTHSID  OBTeuT
(WwGg oieoeg WwGG) wehae seflenwt (3/16) aupmigLd.

LFUEDINIBETE SV DIeVSVHEHHHML B BB BenL FOFUIEOH6IT

Fz Qfﬂ@g;[b
LIUGD S FO\FuIeL TBSBIBHTB LiBSGHTBs
&GID

(LPLDEMLOGILIMIT LFmLIelerd EQ60TLIT aleor | 1:2:1
PRIGSSSHETENLD (SIBFHOBSHTEDT)  Wevfledr  HBLD
GOSIMLILJTHET  evfledt  HIBLD
(Speingemyead SFmpslenid)

165 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




2

Bmen PRIGSSMDMID | pafigisaiss ABO Brssame

OJUEISHEHHSG DOLCW DeLevgk  DIeLeS6LH6T  SleeITHUBEIBG SenCw
BHEWD BmLFoFuied

oM.

LOMBSHH60 L FolFuIed dBSHIHHTL (B F, P ESEAT
LBSGHTBD
all&lFLb

PG woBsH (Dominant @asn@L pFemilullenr seoll 12:3:1
epistasis) BIpLD

@bnIE wopsse (Recessive | bslgengend — Sipler 9.3:4
epistasis) osufledr Bimid

@19l LOTLIEISHHEHL 60T | L Felulledr 6ol eulgelLD 9:6:1
gl b eolemerey (Guplicate
genes  with  cumulative
effect)

BTl LOJLIGIIEH 6T | @)6onLILL] LIL_L_T6of
(complementary genes) L6Ofl6dT  [BIMLD

16N 6u0T LOJLIGIISSH6NT | LDESHTF Gamen
(Supplementary genes) ellengulles BIBLD

SO  OFUIUD  JUIGSHET | OBHeL SHTeuy  Beneoullest
(inhibitor genes) BB

@I 19U  LOTLIGI)IE & 61T alenguens aUIQ6ILD
(607Ul 6ot RUIQEILD)
ARITNIN) () LIiT6r0
BasL16D6VIT- LIF&FT
LTeYOGL mflerd

uevsmyeiwl umybuflund - Gamglenouied ueOIUE UMTbUfwD (almsuens
Bipb) — Polygenic inheritance in Wheat (Kernel colour)

LeologLeml  LmFbufluid - Le0Geuml  LDFLIGISSH6NT &ULTSEF GaFbhal b
LewTenLidh &L (BLILGHHISH6L.

@M o ulflarbdHer U  WIuaNISHeT o)l  CHIhal @@ UsNImUS
SIOTONHGWD  (penBHGL  LedJUam  LmFbuUflund  elerm  Guuwl. BmI&HSH
OaTLT  uewiysefesr  umybUflw  elendamibeT  OLDEWIL V6T 68 B ErHL 65T
QUUIL(H alensasliuBGaBal.

ovaiLer  BTBSH SHTaugaiweonleh] H. mevger - anfed (1909) Gsmgienio
alemsuemmEHeied Suiemel HHLSHSH BUumFbufluigHams alendbsle]. alms
BBD &0 WwJuamibHeNer  @hH  DleLeSeudHeNTe0 S (BLILIGSHSHLILBSTN360T.
oy alevswens BB GesTeneT BHBHHMBEG @HIGHHHEMID OBTEIIL FI.
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(APP& LD]

e Qauy smw Feull] wBmID OeusTenen HIBHISMET GUBMB EH SHTEUTHIHEN6TH
HOUILBEF QFUIHTT. SILT Faniy aldsuljempdaTear oFLaenssd Ry Ry Ry
R, etaoiayib, OeueitensnBiip  allenHUmBHSTET  OFLIGDIAITSSID I1 Il T2 T2 616T6a)|D
Bmbaer.  (WHed WwaaFFHHHUled (F1) hgwrer ey mp elmzwjemns Ri
11 Ro 1) o163 ojLgmiensssHdHed QUBLLLLS. (WHev waeyFabasuler (Fq)
Gangiming  HraugmidsT Ry Ry, Ri 12, 11 Ry, 11 10 6160IB  B6dG eUems
Gl (haemem  CHTHBHICT &HH6T. BIEWILMD  DBHeFFHSHHUN6T (F2)
Frauymisefled o eifen R 10JUemIGbH6T  6lewtentdbmauiest SigliLienl_uled Heili]
BmHHer SHalyld HoTenibsLILBHBS.

Breid R wrugmisset @m LT el alengulems BBsHomsub, perm R
OJLEISH6T 10FTer — ST Fany elmzpujms BBHmpuld, Syewd R
UG H6T  WGoTer el alendulemn HBHmSWD, @ R wyuam
BGCeugmenr  Feoully ealedswems BHpHomsHWD CamBmeldsdamper. R wyusm
BeveuTenld GlaleTeneT aleNHUDBUITES ©_6IT6NG.

R wjugm 0s1@0Y (wenpuiled Heull] alensujms BB CHTEm o2 HadmE.
@alleum  auemd  LBHCHTBBSHmSWD,  Feull] HiBSHer  Gapeysmel
CHTLIYUBSHSHS DL SHGWD UDFULLD 1060l  6lgaUGHH60  SIWLOHS(HEGLD.
LUBSCHTHBMBL  LIeWILH6T& LIFaUed (Lpenmeni! elendb@ld LLLTE BFH 2 6Tengl.
ueoyUeml  UMTLUfWSABEG  IhSHHISSTHHeNTs  eiHele o wigb, Gzmed
Bpb  @weuBnler  uTFURwWSHmSS  GMILILIL60TLD. BILICWTLH6T  eLpesT
OCouaiGouml aUemS LOFLIENIHHATET  DIGL6V6VHENTEL  SHJLOT6HN &L ILIHE 6AIM60T.

@pigey

* MHlovgal - aged Ule] CFUIH WIUENISHET LleneilILB(HdHale0emev. Sienal
FTIITBI 6B LD6ML_ 556011360,

o GBargimo aldHUMB HBHMSH cPOIBTEUS  WILUGDIOID  HIiTeRulSS B
aaiileng  Lleien] SLImUIFFWTenTdel Sl PBbHSHelT.  cPSIml Heldhsd Eenewor
SIeVeSe0E6T BhFH almBHulenB HBHHe0 UREG OCBTeTdamer.  HeoFer-aded
Fo ghapalulsd UBsHBhmmm  euewswid 63 Heauy : 1 OeueiteneT  eTeimeyLb,
LOTLIEIGNTSS 6UenSBWID 1: 6 : 15 : 20 : 15 : 6 : 1 6leeylD 2 _616NGl 6T6vIml
&6WTL_MIH FH 60T

Gom@Iii L waseflelhhgk  Heogar-aned  GBILLIL(BeTem &6l
urgibuflwb Cangiem alemsuemmuiled (Herevled) OHeTLIL alledene6v.

BrewiLmd waaFshsHulsd (F2) oifls oenalsd BCaupiLnGser almsuiems
BIBHSHe0 STETUILL LS. BeBES S 6HILD LOTLIGw0)I 85 6111 60T
SN HOSTHMIGHH0 LBBID  BIBFTHmas Bl CLBICHWITGLD. LOBEBTH
FTLAWLTSS HVHH0 UMIOLFwGHH OuBCBTHmLW LBSCHTBBHIS6NTS
SILT deul] wBmId Oeueitenet BB LewiBd EFewILTD L& FFHSHH U0
®eveumioed GUITEIH.  HLFHEVTeL LOFLEMISH6T60  elalaldhd SO  MiLIL TV
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|APP# 10|

DY CENTRE

UBSCaHTBmBHHL L BHOL  CHeTUL L. Le0 UG  E)eneunterTedt
QL BOWwTHs  aleweneuted  Camgiemo aledsHulemm  HmHHed  LevCeum
BPBFFTWe0H6T CHTAIRISBH. Slou] HHBHICHTalley E(H DAL HISHEHLD
&SLLTS Benewbhg CarhHamn almsujms HBsHmss CaHrmpialsseanmser.

&CmBnBamd Haljhs umbuflub (Extra Chromosomal Inheritance)
olvevd o La®m SHaljss umpbuflund (Extra Nuclear inheritance)
(g BLmienmad amjbgs umpbuflud - Cytoplasmic Inheritance)

e DNA oeeg o svsemmalul 1OJLIuIed  eLPe0SHIBIGID. o I s (mHailevleiTern
&CITGLoTBambs6aTled  SIMLDHGEIGTET OJLIMISH6T  GLoewI60lul  UTFOLIFWSHmSL
LNedTLINB IS 63T 60T. ST  Flov  LeWIL®B6T  LGMIGNGLD  O6060SHI
emiol” GLmameutL fluwimeiled 9 eiler LD LIG0)IE & 61TTEV 1 RVE AL - IWTNICE 31518
@pBsbe] WJY FMre  umFibuflub Oeveugdl 2 Lam $HSalifdHd  umybufluib
(Extra Nuclear Inheritance) si@niuGadpa.  Ba QeRILelw SHHHUHIBES
SIUTBULL @@  umgbuflul  UemSWTEGLD. Ao  engl GLmienms
® _ mILIL|BH6TTE0T LGB 6001 BRI 61T LOBMILD emLDL_ BL_THTeuTIfI UM 61T
umpbuflwg e sTmESssL SHeens (inheritance vectors) GaweoLIBGa T360.
Gt Bz sl GLmiemmad  smihbe  umgpbuflud - (Cytoplasmic
inheritance) o@D  SIWWEBLILBABSI. BObssF ol GLmienTs  Hlew
o miiyseflesiten LlenmedGoreseisCsn (Plasmogenes) @uumgbufluib Hlops
SMJ60IOTSH 2 6IT60l.

uamisewia umbuflub (Chloroplast inheritance)

o 4 eulldy HTOUTID 61HIB Db WHBTHT SHTATHHe0 Emauensd Geumiil L
BB Een60dH6lT STl ILI(HE 61360 DM  DILTUFMHF  B6n60U|6DL I
SHTUTHIGET, BMBID Oeuefipfi LUFHF BeMeoUWlML W SHTAUJHRIGET. DT UFDF
Bemev OFBTewIL  (S6em1) HTAUTHIHT  EHIHIHRISmen Geauelpslu LFems BB
BemeouenL ! (Ouewr) HTeuFHSHleT Gevd (Wigulled SeulIpdF Gguwiud Gurgi,
OeueliTuFens BemeLOIBTEIIL  (DL60T) HTUTHSHT  OBIHSHISHEMET DL
uFemg BB GemeowmLuwl (Cuew) FHTOUTSHIHET EGHeVdH  (PIQUiled  SHeVLILBE
Qzuigb  Gumrgib, WHeO WLHFFHSHSH SHTaUTd, GLoewedlul  OFLIUIED
SHHlubHerig @8y euend uswienL GeuelliLBhdHsd Ceuewi(BLD.

S6OTTEV 83601160 (LP&H6V DB FFHSHI) Goumiun’ L LIGOOTL |G 6m6TT
BRIRNEICE:Y: ® s Juay gFmrgl CQuewnt SHTeuFsHHler LIgimigemni s
wyueml  FIha  @uurrbuflund  Bewals  BeuGeumILmgBE&Gd  STTeILoTS
o oitenigl.  oidiGou STl E(HeUend HeOLUILIID Oewt  FHTeugdhdlent  LiewrGL
GeueliLBalement.

Suumgbuflund o U s@malll Ul  FTJHSHHEV6V. QuemT  HTeuydhaHlest
LGMmISenIS JUa DSHBGd STJe0IOTS 2 6Tendl.  Jolereied GLewT SHTeuFLD
&(H6Y M1 &H6VI60T Gung gL BLmienTaHemSHULD, &)1,600T SHTeUTHIH6IT6L
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o | &H(HemaUUd QULDHIGH B BG). Lol BLrasmeustigifluim umyLfluib
(Mitochondrial inheritance)

(WS SHFCFT6N S S 60T (QFmiyssLD AUGLSHIT) &)1,6001 LD6VL(H & SH6TEMLD
ool GLmamemngflum  umbufwsHBE& @k  FABhES  dBhHBISBTLTGLD.
gruller el uewILTE &bHFH 6w L6V (hSHSHeTenD  LITFLDLIFIULILDDL SIBEI.
BaBed  smyewioter  wyuaml ol CLrsrem flwmiseisr DNA-ailsd
STEOILILI(HE5 63TMB60T.

BDHITUTSHFH60 BHoUMBH6T 2 _6iTeNadl.  &IB Suieoumer  engLl GLmillenmaid
Qummp  (N) euermomer LWl SHTeugd, LBOBTHH BuieouBy el GLmlenmeid
OuBs (S) WG oW SHTeuJd.  SHHWHST®T SHTeursHansll GUTeiCn
GuoB@i L UTFbUWwS & eIld ufliormBmsa &6VLIL| LOT@ILITL 6mL
CeuelliIuBHHISH MBS

Wgmederd ggevrLimailed LeBIB(penLW Geneouler LUBSHCHTHM UGS BEST6T
PLESID SligliLienL_uieomer eiemdamid

* FIMITOLHHID  HLEWIDEVL (HHHATMSSTRN  mFLGLmientd  woJeufll  Uev
STUIRIS6T0  EBUUSTHS S BILILILL (BeTengI. Deoumpled  Sye001
LD6VL_(HSHSH&TEmLD, o L & LOBWILD gl GLmienTs LOTLIgu0)I 61T 60T
QFwIeOLITL_LT60 SILOTENSBLILBGH MBS QUTHIAITS Byewi(®H QUMD
gl CLmilenmemsen  N(Bwev)) wmmId S (el (B)  STew LB e
B eumnsleor LD LIgu0)IE5 & 61T amLol GL_mamemngfluimiseried SHTE0TLILIH &) G5TN360T.
BDuBEpIL T UG Heenoenil 15 G Bh@d (Rf)  wruamissend o 1 smald
STEOTLILI(H & 63TN360T. ® s SMHS LOJUITS FH 2 6iTenGumglevid
SHH0HSH HANWTH SwbHSH Uewi] 6lenSud  GeuellliLiBhdHI015 606m60.
aaBau  Rf wyuemibser alendhdaienwent GO 15 CLBHGHD  Heeno
O\BITEIIL 606, uemmed el hF el GLmilemmad  (S) eIGUIZHID  SyewT
LOGVL_ (hSHSHOIGMDHEGHSH HITJEWILDTS 2 GiT6ISI.

aFeored @uisol (N) wBpid weo' @ (S) gl GLmienms euensemwl, (LPpensGu
rirf wBpd RIRf eem  yuam 5sHMS 2 1 EHaled QUBB  HTEUTBIGET
QUENTIOTE  LDBJHSBIBMET 2 BLSHS QFwWIsCUTHID, eVl (B (S)
o BLmilenmF  euemevenws, rfrf eehiB OFUED SLEBHHILST GUBHB  SHTeUTID
LW 06V (hS HTeUJmIG6NTHEEe © _siTere.

g CLmilenms wyLeuldl SI6wTLO60L (HSHEHTENLD

o (g Iog S & eleiugl 2 ulflsefler U Siewwliled gBU@BLD LOTHBBLOTEGD. @
o uflflulled wev UIFlewITID OTBBHRISEHSHGL LNevT6or], SIS L LWL ey,
Wewihd Sieveyuiflulied GCHmeiipid mHaswalBg wWaiogy WEd  eem  Guuif.
UBSCaTBBL uewil ¢ o ulflued uflewmo Babalemmed wewmbHS CUTHeVID,
91581 DNA-aled 913 wempungl, weamméhslul L IofLamibsenTs  QmiLcs
BFHBGHD BTTMIOTGLD. DNA-aled @bs wwJuam eauflend GFWIEOLLTS
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Memeouled  o_6iteng;. ObPmeulGuBu U  FheHdsater
OaTmBWHHL Bemal CHTLIHH IBHHF CFeL60LILIBSH BB,  JHTOUS 210
HMELPD o ulflufled @ GFuieduBLD LOTLIGI)INTE LT@IbGUTH  LDewBHS
uewi] LewiB  OeueMiLBGSBSI. aeiGal  FHTT @FH (WHIOTL S eTeu
SIMLPSHBLILIGH MBS STaugmiseiled HHpD (WwHIoyy B Féb& aefiGradin
6nLIGVT  GlFeVsVTRIEL  LITeVleoT ! OILIHSBEMLUD Lewi SHlhbusd CHTemIgsHe0
QH FBbHD TBSHHISHBTLLTGLD.
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12 b UGy — STeugaiulsd

VG — 3
GSCymBLom@amd ©NgliLienL_uieomenr LIMFLOLIFIWLILD

urgufwgHnerer GGrmGwr@ambd GCsm um@p

e G.J Ouwewed (1865) U Lmewl SHTOUTHHO [HEIIG  UMTUIMISBILIL L
uewiysefledt LTFURWD @NHSHIS SHalf Siule] CFUISTT. Sermed LevGeum
&ITTJ 6301 RIS 6111 636V 1900-1b S,6001(H QUM Slovifleot (W6l
SIMSHISHHILLalevenev. ceiiml  SilalweoplehTae (19 Geuflerd,  HMFeiTerd
BEID CeTiond) HelldHenwmd, UTFUflwll UIS6T GHBdS 66T 606t
(PYaHemeT B OCFUISHeTT. HIIGmITEEGHH60 gMBuLL  (WeTGaimBLD
SMyenioTsll Le0Gaml 60lF6060UId 6UELIBTHENMTE0 GlF60 LG SLITWLLLL S
Bzt alemeneutd o Lamalaiel  (nucleus) 2 _e6ften  SJeWLOLILE6IT
seuiLBwiLlLgl. OQwuujism (eukaryotic) Ogevsefled Qged  LGLiLler
Gurgl Cxpmemid L1p euige Semililser @&G8rmGurGambaset (chromosomes)
(smwib  gmmIeuSeITed 2 MHICHTHS EUIGID  6U6DIENT L GURIGET) 616Nl
SIMPSSLILIBLD. (LpIPewWTer & SililumL & 051&ae GCmGrGambasemern
OQamewiperen o ulfleosdneg Smwigw o ulfl (diploid) eeim Guuiy. wHewrL,
eaTLgFflwmer  smer Gure DNA eweu Gasmewi o &CrnGom@amided
yuemISHeT  grmen  ChICHTL 1960 DIBHD  MeuHHTBOUTED  SIMLOHSHIGTENTET.
@6lOeur(h WU GOITCLTCFTON SHHISHOHHIH @ Dimwall SHmSHLl
(locus) OuBmieTeNEl. Bb&G WILEIGSHET WLILA LFOTBBG  DI0G&HHNTGLD.
Qewi_edw  sngenildeT  (LyuaIsHer) GGITGTCamied @ @MU L
Bzl GuBBGILCsTE @k Smedperpuiledhbdl  LOBEBTH
SHMO(PMBEHGL  UWILB6T  SLSHSHIUBGHBH  ediensHd  GHCrmGomGamib
SlgliuenLuleomest LmbUfluid Camur@® FnmISBSEI.

GCrmBmB@smb CaTuT® euenyFFlullest euyeLTHI

o umybufwsdHBarer  GHCImGurGambd GasmumlyBE&dh OCHTLILLW (PSSl
OFeveluIed HewT(BHLIGLILSH6T SO OBTHSHHLILIL (H6IT6r6T.

e alevameold grHerd  (1886)  eleileu] @b  OFe0e0leD  STERILILIBLD
&CymGon@ambaBenr  LMFUAWL  UMISmeTH S HBHIUSBSGHS — HMJEILD
aaiilemd  GeueMuil L.

Gomest” BamGIoif] (1901) 6T60TLIGIT &CymBiom@amibseNTenIgl HHSD
O HENTS  DIDHSHIGTNH 61N SH  (PSHA(PDBUWTHS — SH(HH I,
Gueuid  HTUIL LOHBSH QupLi’ L GCrmGunGambseEpld, HHemSHUIL LO(HHS
Qupiu’ L. GGITCGLTGambaEmDd GHeimed uUGLler Gurgkl WL B  Senewt
Gairaletipent eleuioYld (P96 CFUISHT].

T. GunGBeaufl (1902) &CymGTGFTIDHGT  LOFLILILIGRIL|BMET 2 6ITeL S
wriwg  Hwnelsmen  HaesH0sH  OaTani(helendl  618IB  Fniens
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AHISHPT]. Goguitb urgbufwsgmetear  GOTGwrGamd  Camliun®
® (HUTHD HTJENIOTHSH HBLPHSHT].

e WS, giLear (1902) ez Ronid  oO0fldHs  womewiany Gl (Haberieot
o (HauTddHHer Gurgk mawb GCmGurGambsefler GFwWeOLTH®EHESGLD,
QewT_edwl  STenldEhdGH QenL G BB  STailILBamSdH HeonGul
dBSHBIS FnmlerT].

glrer  wpmb  BumGeufl  (1903) umpbuflwseHmater  GCrmGLTEGaTD
G U 1geneTd Ho HSHe WIS (LPGTTEN 61 5 60T . FLL_6v1 6TEUTLIGT
&CrmGonBambsailer  selbmIl  Lflgeder  &smHBHIbHmen  GLoewT 60l
CaTeTenasaCamh  BmenissT]. &g  utjbuflwusgdBatar  GHCrmGurGamb
CaT uT® 6Tl DIMPSBLILIL L G).

umguflwggdberer GGrmGumGamb Csmum et Hpliiiweduseir

OaTLyFfwmenr G0 UGl (emwolLTdlerd) eweold  eh o ulliflenrd et
o LevF Olgevsmeanmeargl, SmIpLenL (zygote) OFe0alellhhgH 2 (HheuT&Bgl.
Aemeusel  Arenih @55 GCITGrGsmd OCFHTGIHBmensd  GCaTemI (BTNl
Bgld g Ce1eg ol CUBCBTILVIEHSID (Hbm aild), PHEBTEIY
Quewt  GUBCBTALOMBSHID (HTW  euf) OuplulLemeu. @Bbhs Erewi(h
GCymBnGambseEnd Caibal @dHHmse; GEITCLIGsTbasmen (Homologous

pair) 2 _(heursES&mal.

@7 o ulflearbaer  eumbdmdsF  amd  wpapeugid  GHCmGonGamibaselt
SIMEUBAT T HESHBHETMOMUIS HHH MUHBHIDH 6B T6TEH I3e60T.

alQeurm  GCImGunGasmupd GBI L  wFwgh  HITENSHET  DIEL6LS
Qewi_edwl  sTyenidemen IhHHF OCFLSGBH. EHHTyemlH6eT  SHBOUTH
LJLEISS6T (genes) ererds GBILLILLLIG& e

Cx0 Baoflen o HauTdsHHer  GBurg  (Wwrnded)  GGymGon@amibaserilein
Qaweour@Bameir GGG mbsefert 165 IOTLGNISHET  DIGLEVFHI  HITT6U0T BN
ST ILBHHBS 61618 2_ewienoen] 2 BIHILGSHHS MBS

umpibuflwsHberer GGImeLmCGamd CamuTliger SLHT6Y

o 600OBMIBIEVID o 6iT6l SIlawIe0m EhT H6TT6V B &G UM 19MB&sTest
TS TLOGHMBLITEOT &(HHDHIHBH6I aleuTSH S L Sl S wUilanib b
aloursomergdl  SToed  amenil.  Gomser (1910)  ereueugmed  HGITGaT. .Le0m

GeuBartaTerdl §  (2Nn=8) eretip  LplIFAuled GBOsTeTaniILl L S ul16 6T

epeuld @mIHWnTssd CHeley GUBBEH. SbHFHL UWLLEFF Ul euTDSmNS SipB
Bredi(h  UTIRISEHHG6T (PYaUmL SHBH. BFHe0 Faull] ledevd GleueiTener

PBH  HUIBEHEHBTON  HleLeevH6T  X-GBImBmBamiisd  SIMIOHBHIGTENS).
LAY DIFHBG Gemenrwimer yuUaml Y-G&ErmGonCGamied SmemtliLi(heIg)s06m60
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aeipib O flalshaty. e Guewt LWILFHuled Hewisalar HBsSHBHTe0n
wIuemINIBG & Dle0e0e0H6NT STeulliLBHlemer. I8k gFwwld Siewr LIl
LFAUled @m oeeSed I BC  QuBmeTeNg. OhS I (LPIQeySHET
(Wpaugld  Gemed UGl  GFweoumigesr  Gurgdl X oBmb Y
&CymGonBambsefiler GFweoLTBHHeT DigliienL uiBsBuw SiemiophHieTener. 9IC
Gumed EhFET BB o L0 IBBID euenIFH GO  FBSHBHEHHBTET
wrugmibser  X-&8rmBuonG@ambset  aufunasBal &L SHSILGDH@mr. Db
SLU16)| B 61T 60T (LPI96)| 6T LD LI 600)| b & 61T GIE T EEER Y SHT60T
SDIMLO[HSI6ITENT 60T 61631 BH(HHNDH AUIGUTSH ST HS LS. LIT6L
&CymGLoTBambsEpHL 65T Denewihdl LlewewliBm  OJLUEmISSE6T  LITeD  LNen6wIlL
(sex linkage) elaipI SiMPESLILIGS SHTBET.

wyugibser oBEID &CImBwrCambsefler GFwsbLTHBEHESmLCw GUILIG

QuTgIauTs (h Fmnsleo1g & 6ot SDINDNHHIF CFe0B61IuID o _6lTer
&CImGoTBambseilel GLOTHSH clewienlHemsd [HEnELWITHIH 61l EHUSTLD
BIBBTewnged GFe060UIed 6IGLIBTHENMTL 2 mIg OFUIWNILLL S @ S(HLoQUl
(diploid) OQuuysm OFd Srewih @mwwsd s1ed (haploid sets)
&CImGLoTBambsmensd OETawi(Betondl. @D Hev 2 6o @ CHTGHIH eelbeuT(H
QuUBBETALWmHa  OUBLLGHBE. @F o ulflullear Simarss 2 LeoF
OQgevm@Epld @CF euemawten WILaM Hllsamerd (genetic complement)
CaremiBeiener. @GHamBsv UG Burgl, @&CrmGrGambsefilesr GgweoLITHH6N
QewLeVlelr CameiTenddamaen HIHLILILGHTH Lo (HLosvevToed UTFUfluD uBpiw
L|SI6DLOWITET IOBMILD LOTBILL L &(HHSHBM6NL LB 2 Ha|HBGI.

QoewiLedlwl smyewilaeit &CymBGLor@ambaseaier GFweoLTBSH6IT
RH BTreniuler 9l606060%H6lT | &HCTTELTCFTIDES EHLD B en et iTHBel
BenentuITdGal B(HEBHELD. B(HSHGLD.

GO (6T 2 BuHFHUTeT | Geiped UGLLIeaT CuTgl  @sHHlemnaey
Gurrg 5D BmId | &GymGn@amibaet Liflsleer.
Goumiun L
91606060&H6M6NTU|6ML_LLI
Hyeuonla6l L) slevtment.
OILo6woTL_edluLl SMJeniHen | Game  UGUISICUTEH  @HFHlemaey
gwontedh  HsHIL  flw | GCrmGurg@ambser  gwiomsll  Lflu
(LpiguLD. (LpiguLD. SHEVME0 2Cy
&CymGLoT@amiled o sitenm  LleneuorliLmBm
LOTUEDIGHHET  QUDSHBLIOTHS — HelHBHIL
L6185 606m6v

&CymBnB@smb 1oB@ID wWFug GFweoLTh — @F eLILIB

Gged uEUler (GamBed uly) Gurgd pewb  GCrmCrGamibser e
QFweoLmT(BE6T LB (WoHHUWIS FnmIseT LleTalHIOTm).
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RHDHMF6 &CymGLom@amibserflen 916060605617 65T LDTLIGTDIEU6D BUILD
(genotype) oigBosar @k GIUILL omwall$HC06W 2 seg
(A/a)

GapeL  UGLIesT el Blenevuied  eurpd ST Bleweouled  e@elGleum(h
&CymGonBampd @yl wjb Gurgl  @alCeuT(h  DI6L6eJ60HEHD B
bHeLBME (AA / aa) wIRHEDBL @IGeuTH  eLeSeID @
&CymGioigl 6d (chromatid) smewiiLGLD.

Sleim.".Cuerd  1-60  @dhHmge] GCITGLTGaTbHeT LIflouskest cpsold B
GaupiL' L 9evelevdmenmas (AA) wBmid (aa) LIfleHevenL &lemse.

Gamed  UGLler et .Buerd Il-e0  @sFHemga)  GHGImGTGaFTIbSEI6H
FBanafl  @Cymomgl &6 Lfl@leiimert. eleniBou  @aiGeumh  CFUIGIF60ID
Ga15) e ueLIBETET @0 Develene (LDJUaDI) 1GSHSHF OCFLSBSI

(A), (A), (@) wBBID ().

o _uliflestmsigsei &CymBon@ambas 61l eir
olemienfldbend (2n)

1262

ST EE)) Gy 6vof]
(@.".11CwiIn&GenmaID)

&S MTEUT6D QLI 6uofl 216
(FIFLLLD)

WUl Qaamuir 22
ST L1 6r0 10
&(HLDL| 80
SLie 34
SIfl F 24
o _(HeM6TTd  &HIIDPHIEG, 48
D& HTFGFT6ILD 20
OeUMBIGSTUILD 16
GamiGeomuimiLIerd 4
&Byeniledlerd

o gFmoed amewil mjser (Thomas Hunt Morgan - 1933)  ereireuy
urgibuflwsded  GGImGonBambseiesr umiE uBPw  SeIBLIQLILBEHHSTS
WhHSSHID FTHSH SHlewBoharer CohTuUsd Lflengll OLBMBT].

Wenewriiy (Linkage)

o o o ulfleidder SHellULL LewILSm6eNS HITaNHEGHD OJLEmISEHT DBHS
HMOWWmBEGDH  GHCITGITCaTbHeNTe0  IBHHF  OFevevLILBHBIMBET.  Liev
QUEMBWITET LIGWTILH@HHGHS SHMJenioTet wFuUamisbseT @61 @&CrmGur@amiolGsom
olvevdl  Caupi' L GCrmCorG@ambsaiGeor  SIMWHS(HEBHeOTD.  Geumi L
&CImGLoTBamibseailed SIMWHAH(HEGID LOFLEDITEISH  OLD6WTL V16T  HellHHIL
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flgde0 algllig smotaBa Haldbait Uflujd Herenoulenl wenel. 66w 606t
Ophs UeIBel LUBg ue o ulflweorenjser Geauml oo FHTeugmiberilev,
guomsll  Uflurg uediyenemujenLul  Hisbasenenll  uUBBlw  Suienel
GuoBosTewiL 6. @eleuTml  SewIL MBI L eneudbelled  (LpSHWIDTEIEH @60l
ulLmenl  (eoHmeHIed @CLIGTLe) HTaupshdHev elevedlwld GuL FeT LOBBID
Oregleommevl” &, yedtGleon o@lBuimfsenmed 1906-60 OGFWILILL L SLUIQITGLD.
BalfHelT  oGHT BB eVJHET  WBMID  HWIL  SHIHISRIS6T UMD
assumitimanymLw  (Homozygous) @elly ulLmenls staugsHamss
faull]  HB  eVIHET  OBMID el elgel  &HIHISEIS6T  GUBD
RHFLIGHILNen6IULMLW  LoBOBTH SHTOUTHHIL 0T Sl GFUIH6T]. EdbaH6e0UILT60
(WFHeO HFFHHHUTID (F1) Sieweandhmis STaUIHIGEHD 2MEHT BB LD6VJTH6N
LOBBID HEWIL &I HIHHISMET CUBB HTeugmisGen o (heuTdler. oleGe 2aHT
BIBIPEHLUI  LD6VTHET  IOBMILD  [HEWwIL  SJhHHMIGS6T  OUBB  SHTeUTHISHENT
PRGHHaemn  Gubpmeaiwnsad (PL / PL), feuly weojser oBmid eul L
QUYeN DFHJHIHHIB6T 2 DL Ul SHToUTHIH6T @BHMIGHSHIHEEMD GLBBEMEULITHED
opwiucLer (pl / pl. @emeu e Fi shasdCwnG Syl @bmE
Hetemld  QUBGBTHLeT sl  (CFTHement  Seoll)) GELIWNLEDLEUTE  Fo
FbeHHUTeL, Gewieler HlldHl Lflded  algHuler g, 1:1:1:1 eem
aHIUTTSSIULL  alFHSHHe0 SHTEUIRIG6T o (heuTdHaleoemev. LIBTE  Fo
FhHHUT6L, 2MHT  D6VTH6NT, HEWIL DHIHSHBIHET VG  FlaUlll] LD6VTH6N,
QL W&HIHIHIBT DIHSH eT6nIenlHmeUled Hl el ol @HH B
LIGRILBEhSHSTeT  LOJLIEmISSH6T  D(HImWhHH @61 Bment  @HHenFa]
&CrmBLomGamibsefled  SIMWbHIIeTeNel. @bPH LOJUNISDHET  HHIBEHEHEG6TC6
Iflud  setemwwBBaTed  SHalsbaitl  Uflur  1pyeuglestensv.  &CImGLomGamibael
Uflgeder Curgl JuemIbEeNer @bhs @IHRIGMIbHS SHIHD LlenewiliL] 6I6rms
DIMIPSHBLILIBLD.

&CymBLoTGamed UenewiliyBs Siebevgl LlenemilILBTs LOJLIGDISS6T SInLObHSI6IT6I
allgLb

e 08 @CIMGTGamiled sSTeOILGL DIHBOWHSH LOTLIISHT  &IBTHE6!
ungiouflunoreug  Uewemiiybp  wyuemisset  (linked genes)  ereniLGama.
aemen, 8y GHCrmGnBamiled SmewilILBLD & WIUEIGH6T GSBIUILSHHED
OFHTEmeVaTe0 DIMIHHHHHTL Dlewal LI ILBTS  Wwiuamidser (unlinked
genes) oevevgl Aol ald  JUADISEET el SIMPSSLILGSEIBar. b5
Blemews&sF dlableal (synteny) eaipl Quwy. @emeu Haevsb&HF &bl el
LOIUEDIHHET 61  SImWSFLILGH Bl AhH  HewevdsGHF  Fet el
(synteny) ea@ip OQuwj. @emeu @FeNIenLUD LOXIFnL 19en6NIe] Hopalmye]
(Recombination frequency) wdiler ouglientulsd  GoumILIBHS60TLD.
B 19enente) Biapalange LA 50% -GG Gwed  SHTEILILIL L T6V,
SouBenmll  LenentILBTSH  OJLUEIGSH6T 6D, 50%-S@GID  GHmBeuTd
Smpuliear  UeentlyBm  OFUsISSH6T  6IQIBID  aUMSLILGBSHHEOTD.  DI(HBHEH
SIMWhHSH  LFUSNISHET  algvleuTeT  Llenewilienuu]d, GgTemevaled  SIeMLbHS
LOTUEMISH6T H6MIbHSH LlenewillenUiu|d GeuailiLbGHHIFBSH.

Benewil wB@ID elevssd Gasmium@® (Coupling and Repulsion theory)
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e 61 @HFmge GCIMBLTGsTLHEND  STEHILLGL SH  QPHIGHHSHHIHLD
le0edeuH6lT @61 Gl  cevld @EIBTEGe I UL  DIDLHSHT6D  En6wILIL]
Sleoevgl Flerd euema Siewe (cis configuration) eeiyl SIMWSSILIGSBSI.

allevEe0 HILEVFHI LIT6T6ND 6UENS DIMOG] BI60VGSEVH6IT

o adFHmge GCIMBOTCsFTbLHeNed @BIG BBID OHHRIGHHHEEMD  O\HTEuoTL
9l606Se0H6IT  CauaiGouml &GITGLTGF TS0 iemiohg Goumil L GaLbL (Habel
epeuld  HANWTEHGeu  LoJHeUY DIMLHSTE0 DISHBEG 6I6VH60 DIGL6VGEH!  QTT6IT6rD
aumas Siemoe] (trans configuration) ey SiMWSSLILGSBSI.

Uenewrliienr euensssit (Kinds of Linkage)

o T.H. wriser Smeuenswimer Llenenilisenend el SibHTy.  Llenesriiim
LJUEmISH6T0 LHW JUanFCFTHme EeLeVTH(HHH60 DIe0eVSHI B(HEHFH6V60T
SIQLILIMLUTED DDl  (LPIDEDLOWITET  LNenemIliL] OBMID  (PUPeDLOWIBB  LNen6wILL
6TGATLIGOTGUT(GHLD.

wpeemwwiter Henewi (Complete linkage)

o LUlewewiliumm &b yLamisbsensSem Gl  Uflhg OCFssnid euruily W&
GOBAUTE DHBGD ULFSHH0 ewar e CFy  Iyeud e 6uHT60
QumnBmryseier Ggijdmad WLLHEWL  STEIILGS MBS gOolereied Gy
&CymGLoT@amdled SmewiiIBD  LlenewrliBm  oJUamidbSeler S@mUid  1Hs
SIHBHEH DIMIHHIETTHTe0 GHBISCHMBLD HH uTUILITeVene0.  BbHHIBLIDe]
wwewwrer  emewili] eoip  SIMWPSBLILGHBSI. Bmeu  OfleHTE
BeoL QuBBTeD et HEHTE&T. .Llevmaled (UL1D) sewrBlwilil (heiteng C.B.
LI eerd (1919) oot HGynGam. . Nevmaleir dev dpplemisefed GmISHCsBMD
(WPBBIIDTS HwL GUEBIIFHVmeL 616018  SH6wTLMIHSHT].

wwowwis Wemeniy (Incomplete linkage)

e UmeuliBm & JuambseT We alevdl SImWhAHUILST  GnISGsBMBID
P& OFHs  eumuIlILeTengl. Bz alleweneaurasll  QUBEBTT  SlsbeVTSH
By bemamBH6IT SISl L g|. @bl UemeolliyBm  LOJLGNISHSENT
GBIHCaBBHMmS OauelILGSHFBH. B H WopmWLWDBB L6l syl
SIMPSESILGIBH. Db BHamel aBl Faiger EETFCFTOTSHHE0 (HFHevleD
SIS (UL LD).

Henewriiys Qargdser (Linkage Groups)
e o GCmBonGsmbed  meT  euflenguled  SiewWbHSHIETOT  LlenewTlILMm

LDIY LI g00)1 b 3 6111 63T C&HTGLIIBESLI LNememtLIL | OFHTESHFH HeiT 61T M|
SIMWPWHSILGHBH.  6hH @H FBBlTHHID DiFHed STewtlLBLD Lleneorlilg
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(APP& LD]

T HHeMer  clewienldHmas  @BRush  0HT1GHEH  GCITCLTGambser e
oTewTeNHMBDHEG HHITHD SHTRILILIHLD.

fov 2 _ulfleomisefer Lenemiliyg OFHmEdsein

dBSIHHSTLH :

o _ulflersder QUUITSHeiT HenewilILsh OFHTEHIH®6l
LOWLL &BITiT
BCym@am.” . Ne0m
®eoli] L L mewfl
puwy, CymeroGumym
DS BTEFCFTENLD

Newewilly BmId  GWISCHMBID Pl B OFweLsEHD  THGITST
allenena|Hemend  OHTeTL . NewewIliL] eT&iLG  GSMIIILL  OJLICIGHHEN6IT
QIBTH  MUHDH(HBHGSLD. M0 GBIHCHEBBLD  SleuBenBsd  HeLLILIBEG
® LUBSHHID.00 Beunpllest CeumLTGH6THG OBTHSHBLILIL (BT,

LilemewriiL &BI5CHBMBLD

&BymBomB@amibaserled o gilen | @eveu  LlewewilILBp  OFLIEmISHEHEm6NL
LD LIG00)IE 61T SI(HBMWHG! | IflSSmE.
STemTLILI(HLD

B 560 RHHMF6] | @0 HHwFea| GHCITGLTCFTLOSHE 68
&CImGon@amibseiled o eiten @ | FCHTHF DievevTH GHCITGLOMYL HEHHE)
&BymBom@amid 1oL” BGLD LmlG | SenL Bl ®_6ITer 16901 (B 611l 60T
QuUILD. UFLOTB®BD  H&ApLD

yHw wyuamlEF CFjoHmadsemneT @& | LgHul LOJ IGO0 BaiydHemBH 61T
GBS BSI. Caraimleugme  cweold  CeummHamenern
9\ B[ HH B ysw 2 ulflerbd
CxaiB  aufleuGEHHBSI.

GpIECxmm (Crossing over)

RHHMF6] &CymGLom@amid ) 6m 60018561 601 FBam 5] SI6VEVTSH
&CymGLOTL 191" HEHEBlmL Bl DeneuuTuimeds  HlewL Mgl UfloTBmru’ (GU  yghlw
wjuanF  Cabend Camaipid o ulflw pawelBed GBIECaBMBID e6im
Q. ‘emHCammID’ e Ogmed  myser  (1912)  eT&ILIAUTTEL
(PSSTETHWILILIL L G Bz Game uGUler  YGrmBuerd 160 LTS Sle6sT
(Pachytene) mlewevuled B OUBISBSI. apSHIoTHS  Calbl (HHel
® (HAUTHSHHCUTH GHBISHCHMBLD AeFOFe0H6T60 HOLCUBISBH.  BF
GAMBL UGy GOISCsmmD Seveng BabFd  GmISCEMMBID  eTeIM
SIMPSESLILBL. B GuUTHaTSS STevlILBL Wea b (WoHHwH b uBs
BSLDAUTGLD. oflaTe el Lrdled BleveouleiGumrgl GuISCasBmID 2 L 60F
Ogevm6lled Hawamxm. B& o LevFoFd GnIHCasMBLD 9i6LVH EMLOLL Mg
SBISCHBMD 1AW HIWPSSLILIBGSIBSI.
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GBIECaBBHHe QFwedens (Mechanism of Crossing over)

GBISCHEBMID 6B b GBIUILL GFwed(pemnm Denewt BFJHev, HTEITHEMLD
(Tetard) o_poursed, GBIECHBBLD OBBID (WIQOBIHED 6T LID [HeNEVHM6I
9 GII6NL bW,

(i) Benewr GFJme0 (Synapsis)

Geamed UGy I yGymBuerd I 60 ewaBasmiiger Mensouled BTewih @RHIHmFa]
&CymBomBa b 61H & SemL_ Gl OBHHISIWL )6 6001 o (HouTHsd
OBHTLMRISHBHBG. RHIHMmF &Cym@on@amibs el 66115 0BT
DHBMWUFHTEL  CHTAIBID @ Bemewt  HHmge]  GCITGLTCaTLS6I
By oL Qenent Sievevgl emUeuTevswil. (bivalents) siempssiLGSBE.  Bbs
Bewewil] pPopalBe Bemen GFfHed olvevg HAOLFed (synapsis or
syndesis) eteii QUWT. Bes cpeIBl eUMBBHeNMTEL LIfles6e0TLD.

. enowd OpTLmE Qemewt  Bsfzed (Procentric synapsis) - SenewigHeo

&CymGLom@amiiesr ewWINILIGSHUTeD EHbHSHI OHTLBIGH MBS

. pel  QpmLms)  Gmemt  Gxfmed (Procentric  synapsis) - SenewigHed

&CrmGLomGamiies emwwILGSHUTed BmHbHl OFHTLMIGS MBS

. Bewiieor S enewr G560 (Random  synapsis)-  Semeniged
&CrmGomGambaaien eaheHll LGHHWIeN(HHSHID OSHTLHRISEOTLD.

(ii) preisem o Heursed (Tetrad formation)

Sy emL Benewruiley (bivalent) o _eiten PRI DHHMFa|
&CImGLGam(pd Byewi® @5H mwliymLwl FCxsTHH  GHECITCLmL Henen
2 (HUTHS OFHTLRIGSHBSHI. B om Ogen Crmowymed Eementdbaliul B
B\HBGLD. Ohs mHemeouled @aIOeuTH BT emL  BMenIBEHD BTG
GGGl sewen  OUBB(HESBH.  BF Brames Benev (tetrad stage)
TSI} DIMPSHBLILBH MBS

(iii) @pIsCaHBBLD

BTGIHEMID  [Hlemey o (heuTer Lletenn], UTHSles Hemeouled GHnISHCHBMID
B SDSBSHI. RHFHMF6 &CImGonGamibseier  F8arsifl SI6VEVTH
GCImGomgL H6iT R&IWI DleLeVH DIGBGSG GuBul L YeTealselled Senewrdmal.
Obs @sHmFe GOITGLTCsTbsale FCaTHI SlsvevTs GOITLTYL HEHHG
BeL Cuiwimerr  Benewiayll L6TTeM&B6T  SUITErOLOTEHSEIT  (6(HEMLD-HUITEYOLDT)  6163TMI
SIMWSBIUGHBH.  SWTErOT LGHUTD Favlenal DML Sjevevdk X
agel gemwl o HuTalBsT®h,  SiyeTefulled  Bgewih  GGITGLOMgL H6iT
® MLSH6L LOBBID BIBmenie] BHOLOUBID.  @FH6ar almenautsdF FCHTHI
SleveuTsH  GHEImomgL HeEheHHenL Bl FiowTem  HlewWIHHeT LFeroLFll  LFlommimLD
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(APP& LD]

CeIwtILGSBS. SDIHIMLOSHHTEL  HUINTGDILILY, GubuBsHHILIL L Bl
Sl GaTewi. SemeniLimenlis gl Lol (synaptonemal complex)
(uLb) Bewewt GCaFymHev BBID SwTeOwT CHTAMISHNSHES UPMSGHIHHBSHI.
Obhs Denewt Llenewilild dnl LWl @ oo Spewt BEETCHT. .Lsvr aled
® _(HAUTHTHFHTL GHBISCHMMID HewL GILIMBIcIS60M6V.

(iv) wyapiped (Terminalization)

o HnISCHMBID HewL OLIMBM LNevt SWITETOLDT6UT TS &CymGLomigL” serfl6sT

pelluGsmwu Chréadl BaEJHBg.  @bHsGa  (WYBIHED LGS BSI.
BFe  almenauTd  @HHemnge| GOITGLTCFTDS6T (WpewLWTSL  LflebaBgl
(ULLD).

GBIECsBBHHe aumase (Types of Crossing over)

o GmECaMBHIHGT  CUTH o (HAUTGHID  HWTEOIDTHEHEN6T 61630160015 6m 55U 60T
Sl uled @& cpeiipl auedHenTall LflesiuGaHBal. (UL LD).

oBmBs GBISCaBm : EraFd W GCTGLmgl e WL GHGL URGCHEBHI
Q(H SWITELDTENR! 2 (HeUTHESHIIBSHI.

Qi s GuECaBpL: QTMIB SDILB (WPHIBHI DIEVVBI DDOMBHH BTG
&CymGomgl &Epd LURGCHMBBWI BTNl SWITEOLOTHEHM6NT 2 (HEUTHEGH DSBS

ued GoESCamm : QreuigBe CBULL  SWTEVTSHSET 2 (HeUTEUSHT6V,
GUIHCHBH HHDalmIe GmBaITe EHHEGLD.

GUISCHEBBSI6T (PSS LSSlaILD

o LTHEfWmIS6T, FeOL, LEhedF, 2 WJ STeUJhmISH6T WBHID @levmIGH6T QLdblul
SIMDSHI o uilflenmigserieid &BIHCHMMLD HenL GUBILD. B FH601
(PSP ULISHSBIUMISH6TTEIGT,

GDISECEBBSHET (IPpSBISSIeUD

o LTHfWRISET, FoOL, LLEhedF, 2 WJ SHTaUJHIGHET LOBBID aleVkiGHeT QLdlul
DIMDHI o _uliflenmiserigild &BI5CHMMID WL GILIMILD B\ FHe01
(PSS WIS SBIUMBISHETTAICT,

GBIBCEBBSIGT eUMmBHET LOBBHID BFB6T BIgaLl genewiey Hseuenge) (RF)

1. &CymBumgl.  giewihsefler ufllorBmd, yHw wIucISHeler CFTHmEBsHE
aPCaTaIuSHTeL DHHIBIDe LIFleTogSHe0 (LpoHSHUI LRISTHBBISBS.
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(APP& LD]

GuIsCammpd  uBpslw  guieler  cwpeod GGITGLTECFTbSHETNE  LOTLIGWISH6NT
CrIHGaT 1960 DIMWHA(BLILIMNSS OFHFHEHI OBTelTen (PRSI BSI.

&BISCaMmM BBl enyelest SliglienL_u1Gs0Gu LD QUEMJLIL LD
® (HUTSHSLILGH MBS

WJUemIeleT HeTenld LoBBID GFweOLTBHMT DIBIHSHI CdTeTend &BISHCHBMID
2_50|HBSl.

@ Yl [HEITEMLD LW @GLD Bxybend GapTeaImIeSHTe0 STeUTLI
LWIFLOUHSESSH 0 @G LWSTLBGSHSLILBS MBS

opIgwL Igenemia] (Recombination)

GBIHCaBBHIGT  almenamed o (Ham@Gh UHw  uewiysemenl  Gumm
o uilfleomisGern OB IgeneRTalE6T 61T HIMPHBLILGHBEH.  BbHIBLDaT6e0
DNAGaMGT Sl mBibeT 2 el bl LOBIFnl 19enenTa] Gdmemil LHUl DI606560H6N
CaTohmed o (HeuUTE @Il BhsF OFWOIPMNB  LODIGL 1966 616D
SIMIPSHBLILGH MBS (LILLD).

SiMTaITeId  gBmIbosTeTeniul L. GBISCammHalen Curgd o (HeuT@Lb
DNA ippignl yenewie] wrgdfl ammel@  afer  sevli] DNA  ordflum@ib.
o1 (ppeors 196460  grilenr  emmed6L  (Robin Holiday) eesmueugmed

(WETEWLTPHWALLL . Bed6eu LD LIghHlensudenenll GLmmieTengl (LLLD).

asHmFa] DNA cpsvsampiset it @7l bsh DNA LyssenL e
SIHBMIHFH Denewt CFTHMG.

eremiBLHuyBemMBuierd GETgluiest cpsoid DNA el @rewi® @enipseflsd @b
B WLGD @b BLHFled FHimNgsslILGSDBSI.

HIWILTNT  BDEH6T  GBISGEMOHD  @SHMFHH SBPUL 6T BDewibH)
apmel@L o] oevevg ammedBL  shdly (Holiday junction) ey
® (HUTHBG).

Bbg apreiCL FhFy  Cpramw  BLSSOBHs B CLUTSBSI.
BsBes damen @LUGUWFey (branch migration) eeip SiwPESILGSMBS.
Bse1  amenors  Campenohd  Fiowpl  (Heteroduplex) ugd gy
® (HUTHMG).

DNA gmpser GamigsHsmstaur (V aufluns) oeveog SenL ol L orsGeur
(H sufluimrs) giewngdbasiL 6umLb.
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(APP& LD]

CFRIGHSHIHTOT FHIGWINQLIL] HSDHHTED, LB I9eneieyL a1 dnlpul GouBmenLobh
Flemlp o (Heum@GLb.

SHMLIOL L SHFHe0 HIewNglll] HBDHSTEL LDBIgnl Igeneniay BB CeuBmeniobhs
Flemlp o (Heum@GLb.

w@igmlgeneniey Bapalageys (RF) semsbdsp:

RF

I} &6Vl ILTeTELIT G 62t nsih) LDMIFnL 19 6M6TIT6)] a0 B HTeITm 6L 61T 65T
al(pdaTH  BIgnL genenia] Habalmye| 6arlLBSBSI. LOMIGnL” 196D63016)]
Bsbamre; (RF) (5psCspp  Bapelore) Sparambd @GHETsHEamed
BHIGHL_LILGHBG. — B0ewlll] 6UMS M6y GUBB  Sie0eSe0E6 el HHS)
Quplu'L Fralemerl UwWeLUBSHSH (ULLD) BIFaL 19enente] Hohalanre]
HeHHH CBTHDHBLILIL (HeTerHI.

_ OWTH S 1mIgnL 1QeneTalsele 616w 6l 6D

%100
QoTdH & g CHT6 B6L Ho6rTedT 6T6u0T 65015 NS

B 6+6 y
44+6+6+44

100

RF = 22 100
100

=12%

wyugnl euenyuLLb (Gene mapping)

&CrmBomBambsefled wWyLamISH6T Gy Frmen GCBIHCHTL 960 SieMLOHII6TETET.
Bmeuse  SlmbHIETT @ GHILLIL B S5IBE SenwalLb (locus,pl:
loci) ey SIDWSSILGSBSI. LOTUEDIGHMNET DIl HENSHUILD,
DIHBHCH 2 _6ilenn  OJLMIGHEHHEG DL Cuiujelien GHTemevey SLFlUICIBM®
GBI HGLD S auenyLIL G LOTLIGTDI GUEMLIL LD STTLILI(H S BS).
LILEDISHEHSHmLCW 2 6lem  GOFHTemeve] LOBIgnl l9enenia] HbalmyalBG
Cryaldasdled o etener. Sa Newewily euenguLld (linkage map) erereyd
SIMPSHSILGHBSEH.  OJUSH QUDTLIL D 6168 HHHHTHBHWDH (LPHGI(LHFH6060
T.H. ionjsefer  wmewapmasul  gpeo. 9y H.  eLjesuewi. 191360
o (HUTHHlem]. BF wJuemIbHeT GGITGLTGFTIN DIeWLDbHS 666  6T63IM
GPllimas BB
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UL Ozreneve (Map distance)

LU  aUMILILSHFHeT  OFHTemevenaud GPSHGD DG UILL VG
(mapunit) (m.u) oL SIDWEBILGABH. R UDILL  DI6VG 6TEILISI
GBIHCEBBHIGT @ NPSITLIYBESGHF FOWTGWD. @ 6UDJLUL  DIVND
@@ Gaengonysst (Centimorgan) (cM) eeweyd  gmpeord. a1 T.H.
TS Seusenenll  GUHMWULUGSHSHID  aIFHOTES 2 66N 100
Qzemglomjeer 1 wrjsmisd (M) swworgh. aBsaibst Lt A wBpd B
LJUEISH6HHG el Cuiujeen  GgHTemevey 3.5 euedJUL  SIVGH6IT 616015
CaxmymuoTesd  CBTRILTe, &FH 3.5 CFSQTIH6T DeVVH 3.5% DIe06VS)
0.035 wEIGsFTHm® HHPaNDT6] CISILSBEG EeN6TUITEGLD.

A B C D

—

3.5 cM 7.5 cM | 5.5 cM ’1

"l LY
= i) -r|

OHTLT&FFwiment Garmemens &6VLIL|561M60(HHSI &\ LOJLIGuD)IE> & 61Tl 60T
B\MEMIBEHHHTO  IDJLIGW|  QUGDJLILBIH6T S LendbslLBasH  S(mLerer
BeULIE6T (two-point crosses) elen SImGSLILGEBH.  BouBpied L enL &
GBIHCHBMBD HAUBIUSHTED HIGVEVIUILOTETENE!  DIGV6V.

wiigeitell Gangenens sevli] (Three-point test cross)

wrliyeiterl  CFTHemeT H6LLIL  (PIYa Helal  SlgliiedL uled WedH  HIeL6VIUILDTET
QUMILIL.  HILLID o (HeuTshsLLBHBS. B3 cpaB QOMIG  LOTBHILILIGHIL
shpLeaL el (heterozygote) cpsin @GBS @PHILIWIL|  B(H(LPL enLUTener
(homozygote) Gamgemen ool OFUluHTed ceIBl SieveSs0seredr LML
AUMBIMENL  UGLUTWIe]  QFumHsd  GBSHSHBSH. Bg  cwpeIml
9I6LV60BEHHG @Al Cuiwimer  OFmemevey B  GHCITGLTGFTOD  6hS
aflengulled  SIMOHBIGTNSH  GTAILMSSH HIOTlSH  LWSTLUGSSLILGHBSI.
AriemLd  GBHCamp  SewiLplwiLBausTd  @emel  0ddH  FHIELVIWILDTET
auMIUL G OFHTemevenaldh HHBMBSI.

eitau(pld  IhSHBISFT Igeneids  HHHHevL  Oamewi®  (pliyeed  CarmHemend
seollemertd Fpliums olhgk GdTeiTen (LU Lb.

&HETFCFTENSHH6L (COTN)., 2 61N el PBEIGHHEHTEND CBTEWIL  HI606560H6I

1. Ietetiug wibs euenj&d) (lazy) oiedevg Meold LILJhE euenmfluleL]

2. geeiugl uemuentiumer (glossy) Semev

3. seliLG FTEHBMI FhHleen (sugary) smeyent &
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Bbs o PBHEG Seveseosenlear (I g s) BuisbLmer  QriggSeTemLOUL|eL LI
sleveSevaemen (L G S) seoliy Qauwiuyn Gurg

QupOpriset LGS/LGS x 1gs/lgs

CaLl (basit LGS 1gs

F1 pséseotiyuifl LGS/1gs

GamTmHemens60LIL|

(B iuesTL lenenta] Fi epesim

POHGSSSmD QareniL Sis0esoaGemm(® sevli)) LGS/1gs % 1gs/lgs

Bbs wlyetell Gargemensd ety 8 GaupurL (23 = 8) Gaubl(Baserlen
6UEN S EHEN6TT 2 (HoUTEHGDH B 8560 740 U SHCHTETB60H6IT
SINWICILIBH S 6TB60T. LNeiTeu(hd DI L aueneniuled &HHTFEFToNSHH60  cLpaiIml
LNewewibd  LOJLIGHEHSET  @(h CFmHeneis  &Heullel(HbEH (1Pl sHe6l
STULL (HEITEIT6T.

wliyeitell  sevliiBamen LGLLITUIG

66161 | GFTHENMISH &6VLIL] afls | Calll euemadel | ayfisCaTaimsvaseieir
Gareipedeit LBSGHTHD cTesiiamiléan s

GUENBUILD
BuwevLmerensy  (Wild type) LGS 286

LO[H G LOT60T 1GS 33
L|eITLIGTLILIT6OT LgS 59
FIHBM] FHRH66rN LGs 4
LO[HBHLOTGOT, LIGTLIGITLILITGOT 1gS 2

LOhSHLOTGI, FJHHN] &FHJHIGT6N 44
LIGTLIGTLILIT6OT, FJHBHEN] Lgs 40
FHBI6T6N
LD[HSHLOM 6T, LIGITLIGYTLILITGOT, lgs 272
FJHBHM] T HBHIGT6N
QLoTGHSHLD 740

CuBsemi  (pyaysefled  BHTD  pddworsll  QuBGwry  (P)  w@pibd
pIgal lgemente)  euamauimer  (R) o mpiGerés  GouswiBLo. (WH6060
CUBCBTIHET&T CLPSIWI @HSH SH(HEYHL I  LOJLITDICIENHUIHISHETTTE0T

Bamgmemensd G161 adlg SIMLOATL_BIBEHSHBTEN  LDBIFnL 19 6HERT6)]
&60LIL aumED6iT |  CapraseLaerei AUMS
andSCaamedeir oTewT 6w &b 6m e LoppbG | LopgnS | G wipb S
LB&GHTHD
QUMBWILD
®uieoLITesTen6 LGS 286

(Bwiens
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6U6MSD)
LO[H & LOT 60T
L|TTLIGITLILIT6OT

3 f X X0)))

g SHBI6N6N

LO[H LT 6T,
LIGYTLIGTLILITGOT
LO[H LT 6T,

FJ 5B

g SHBI6T6N
LIGITLIGTTLILIT6OT,
FJ 5B

g SHBI6T6N

LO[H LT 6T,
LIGTLIGITLILITGOT,
FJHBHM]

g HSDI6IT6N
GIoTSHSLD 740 176 79 109

LGS uwpmpd lgs ewwuyd,  Ueitenf  @Jewi(h  LOBISwLIQENEWI6]  6UDD
simailLmismer @8y gwwsdHe LG/lgLS/1s,GS/gs esen  auflengwimss
GBSHHIS Cameren Geuewibld. Bbd D CFismasmend; HalJ BB 6HDHF
Coysmaem]d  pIgLigemenie) eums  (R) eends  amsHed  Gsmeiten
Bouemr(pLb.

Bl L ioppid G aais B ie0eSs0s6Mear SiemwaillHand SHemibIl (Lp&He06e0
OBHITLBIBEVLD. LG LOBEILD Ig 6TGOTLIGOT CuBGDTTH6 6T
LOTLIGIGIENSLIBIBETEGLID.  SeuBpledt opignl igenentey euenddel Lg wppid 1G

AGL. Obd BH DleVeSe0HEHDHETE  BIdL e Babalmyamel (RF)
LNGOTeU(HLOTMI & 60ThE5IL_6OITLD.

_ QITg & BIgal 19enETa BeITlal 616301 6301l 60

RF x100

QoTsh & el g Cahmest B6L &H6rMledT 61601 63015 WD

33+59+44+40
RF=

x100

:Ex100
0

RF
RF =23.7%
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|APP# 10|

DY CENTRE

o L oBmidb S eeim B  SieveSeodelalt  iemoail SHHBBTET  LOMIFnL 196HENT6
aumaHeT 1 S sy@b. Bhd BH DIEV6SOBEHEHEHTR  LDBIFnL 196N6wT6)]
Baspalengemey (RF) Leiteumonsm senrébalL 60mLD.

F_33+4+2+4O
740

x100

RF =7—9><100
740

RF=10.7%

o G oBmib S g B SleveSevbailaT  DIMDAILHHMBBHTET  DXIFnL 19ENENT6)
UMBHET g S QG Bbd B DI6LESOBEHDHHBTET  DXIFnL 19EN6NT6)
Bapalengeney (RF) Leieumors sentdbalL eumiD.

50+4+2+44
F = X
740

100

RF = @ x100
740

RF=14.7%

SIMAGHEH — SlmallmEefed  LleeniyBBenel  goaiaied  SiemeTdHdl
BIFaL lgenentey HBEHD D0% &G  GenmeUTaIENa. @50 LG
Smaill_miseT SFHs RE wdlideners QuBpeTensmed DifHsd 6HTensvaisd
HTET SOOI (IPIQUD  IEEBUITEL S Sl b  Bened  ETeRIMESLD
@emLufled W B ST  DHES  (LPIQUILD. 95601 LDTLIEI)IGH 61T 65T
aflngunens 1 s g ouslb. aTeiiBou  LOJLIGI  QUEMTLIL LoT6Td  LiedTau(hLomm
QUEMTLIL LDT60TEH|  LN6TeU(HLOTMI eU6DFUIEVTLD (LILLD).

LOTLIGEI GUEMTLIL LD

f 5 g

—_—

| 10.7 ausn]LL  SIeVEE6 | 14.7 QEDILL  SIeNGS6M |
I T |
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(APP& LD]

OpHuTes  HHHHe0  OFmeiten  Geuewiguigl, FNw  Bam  umIULS
Opmemevaymenmenr 10.7 m.u oB@ID 147 MU BFHmels Sal lgenmed 254 m.u
AGWL.  eme @g 1 wppid g ullet semsdLiu’L GgTemeve) 23.7 m.u
mal el  IHBITH 2 66Nl 95C8al L wmmib G 1opigwl 19enenie)
AUMBUL 6T  OHTLIULW  BJewih  GHOBbHS  elewienlldamd  OEmeurL
AP HCHTemevHmeN  (QOTHHWD 8 60) HewiLplwl GeuewiBl. QbsH Byewi(h
GMBHD 61600160011 &6 B Ol memiL a0 HCHTEIIMBELSH6IT Bl L&
GBISCHBBHHV(HHSH OUBLILLL @I ML BTl 196D6T6]  6UMBHEMTGLD.
BOrenih  GHOMHSH elewienlbend BTl aIHHEHTHIMEOHMET  (H  (LPHB
WL BOL  HeTSHSIL LTI  elbeuTaiemBulD ShHpwens Heoihsll.  Geuewmi(BLD.
goeeied @emal @aOuTaBID BT emL @Il 19eneTe)] UHSHCHTEIBmevD
GNP HSBSI. 586 B\ FH 60 &L eners F1fl Gauiu
33+59+44+40+4+4+2+2 = 188 @eueurm &l Gouemi(hLb. QLTSS
olamiawibend 740 0 @FH&T  FH  Hevedwiors  25.4%, BFH  OHImDI
Pl BeNeT FmbINEES PHDHBEHBBSHI.

wrliyeiterl  Gamgpenend Heoli] GUBGBTT CFjdbendenulll LleTeuhomrm  Lommis
o1(10& Gouemi(BHLb.

LSG/1sg x Isg/lsg

Swieouent GBISCHBBHIH BS
&CymBLom@a b6l > et &CymGom@amibaseit

BrLenL LpIgL gameauialsd 2_6iTenm LOJLUE 6uflend

| 5

LOJLIGEDI  GUEDTLIL SHFHGT LILICHTH6IT

ruamibHeile aflmgemuld SHIoTaldbsald, @ WWIUaelar Simwall &
SIHLWIT6ND  HTewIaYD,  OJUMMISHEHHEG  Qewl Cuwimenr  OHTemevenaIs
SMBIHL D BFH 2 FH|F M.

@emel B  Uewi Heoli] oBmID  (WLIUewil  SeoliHelled (P96 Henerd
BBl LILIGHTLI(HES T3 60T.

GURUILL o ulflendFHer Fobseomen LIUMNIS SH6ITenOENU!  LOFLIUIGOTETTH6NT
Lfiba Oareienald BF o HeSBal.
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Uebanl B Sjevateomer (Multi alleles)

b o ulflarddled  OaTBHFSLIULLeTen  LUBSCHTBMeUmSBU!  LI6WIL|HInD
(phenotypic trait) oiFeveiren el enewt LOTLEGDISHEDENEF  FTIHBHICTETSI.
Obhs alburaiBib @&HHamFe] GCITéTCambselled @ @GBUILL G &30
SImWhHleTNEBE olemwalld (locus) eeim  SIMWESLILBGSBSI. N0
Bement  RSHHMF6]  GHOITCLTGFTIOSH6N0 e@H WWILGINIGT  CLPETBI  DIGVEVS
SI5BE& OCuBulL 96060 aumEHeT Q6T MWl HHD HENLOHS(HLLIS
L60FaLl (B DI6L6SELH6IT 61601 DIMLPSHBLILIGB MBS

L60dnL (B Sl60eSe0H6M60T LIGRTLIEB6IT

R5FHmge GOITGLTGFTbS6led 2 6o LI ([BH DleVelevHelerT  aUflend
aliBurgiBy @By  SiMWalLHH60  DIEDLOHSHIGTETF). aeiGal  BhS
9I606560FH6IMeT  aUflenFHEHHGH6T GHNBISCHMBLD HewL GILIMBICIZ 60m6L.

Le0anL(h SIe0eSeLH6T BT UewILIBEG WL (BLD SHTTEILOTELD.

BuevLmenr euenad (wild type) oie0eledmeir CaTemiL  cuflens  gmiGLILIGHTLIeneT
CeuallILBHHID IBTEHEF  FHHIOTBBUPBB  STEUTHRISETHT  DIGVEJEVH6NT QMG
DI06VFH BOHDHHT  UMB HETENLOU|DL UL UBSCHTBB  allenere]Henern
Oeueliu®G &g etp3e0r.

B\(H6U6EM S LIT 60T FBHHOTBBLPBB LIe0&nL (b I606560H N6 &6VLIL|
CauwiwiBGurgi ST LBSCHTHBBEUNSBUILD erliompaIG  FBS
LOTBBBB  amEmwl 9585 DIMWHH(hbGLD, Suieourer eumsmwl (wild

type) 958 masn5.

BlBsmpwirent FTeuysHdHed HemoeoLnFed (self sterility in Nicotiana)

STUTHRIBN6D, SH6iT  DILTHD —Dlevevdl  HWIGLTHHSTHSEMmSE  (self
incompatability) wuebsnl B  Si06Se0E6T  EMFEWIOTHS 2 _6iTenen 6T60T
SIPWLILL(BeTeNgl.  HEINDGVLTHED 6IaiLBH @h STaUFHHeNHhaH  GLBLILIBLD
SIFHG B HBHHBIHET DICH HTUTHH GHevd (PQUled (PemeTHd BUIeVT
SHETMOUTETEL  (LPL DL HEHSHGH6T  SHAYBISH60 Hidemeud O  Suieors

BleneuUITGLD. meol. (East - 1925) eieniueuy ml8&m puwirenr SreuysHdeo
SWLIOUTHHBTHIHEND  DIVVSHI  HT  LOVLTH6D HIGNIDEGHS ST GHILOT60T
Le0dnl B OI606560BM6NTE BT MIHHT]. SULOUThhSTHSaem  (Self-
incompatibility) uvewienLs GGG  WwFuEIMen ‘S’ eelds  QEHTERIL M6V,
SluBplen oleveSsudelen auflend Si, Sy, Si, Si, Ss &uGD. (LLID)

WD HHABIHEL (LPVIID 2 (HATGID LeHHUTeN60 SHTaumiben eIBUTHID S151
Sevd  S5S  BuneBs @S FUTILImeETe] BT DeUWLITE  E(HLILIFEO6M6V
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ELET6V DI HHISH SHTAUJMHIBETHLD $1S;,  S354,  SsSe Gumesty
LOTHBBICLUTILIDeDIa] BTN MAIUITS 2 6iT6rel. Gaup' L. $15;
STOUTHISEHSH LB ool OGFLwWiLLLT60, SIHHHSGHTUI  SuIeOUTH
AUGTTAIFH606M60.  OLeTTeL DBHEIL 6T 515, mer Haly  IBSHHIHHTLTE S35,
SHTOUIHIGMENS  &evll]  CFUISHTE0  SlouBmled  SIHHHSHLTUI  [HEIE
QUGTTTEUMSHH  HTEWI(LPIQSHIBGI.

SWUEOUTHHSTSHS6MD auPHCHTaImevS6MenT Coupi' L. CFijdbeamas et

Quewt CQuBGITY Spemt QuBGBTT (L0&THS eLP6VLD)
(GovaWY UGI) 1S S,2S3 S3S4
S35
S35,
S4 5
S4S
515 . 545
S, S5 2 DT S, S5
S1Ss
S1 S4 SZ S3
Sz 83 Sz 84
Sy Sy

S35,

5152 S35

S1S2 6T 1060

S2S;3

S3S54 &6 1060

o 5 5 Ommewi Ouewr QuBGBTHLET Sy Sz OGamewi  syewr  QUBGBTMTS
&6V ILT60TLD CFwiwbBuT g &\ UMD LD TH S (GHLOTUISH6NT
CaupLBSHSHILGEBH. Sp Sz Osmemi gewr CUBGBTEMISH Hevliiend GFuiub
Gurgl B oumd WHIHHHGWTUIST  CounLBHSLILBGH MBS S, emeu
CBTEWIYHHS  DHTHHHBHIFHET HMST  LHHMEAIULID  SLETTeL Sz el
O&mewiL  BIHHHHIH6T H(HABIHVGEG GBLMLWSTE QHbHDHEH. SeleUTBTS
S1 S X 5354 xe0iled SMTSHFH  DBIHBHHHIBETHEHD HMeT  OUBBHTH
SIS MBS LOBBID BTG eumBWTer afHCHTaImBevHeTer S1 Sz, S1 Ss, So S3
oBud Sy Si etenl  QUBLILGAMBS. Gogud Fovo yHw  CFIHeNBH6I
Sl L auenentulled SHILILIL (BeiTeng).

Freugmideiev umed Miyewrwd (Sex determination in Plants)

o gBEGMBU 94% UHGD STaurmibened @Gy alBOTer 1D6VTHMeTd CldHTeuT
STOUTRIBENTS DISHTOUSH LW 2 MILILB6T (LDBJHDHHSHT6eNH6NT) LOMMILD  GlLIewor
2 mIIBM6T (GeVd BeneVH6IT) OIBHTWIL  DeVJH6NTH DL (HGD 2 6iTermen.
umed Seatewlo FHuwms @eweu GonGenmiond. .96 (monomorphic) smeurmise
oo DIMPHBLILIGA GBI, L0 6% LS@GID HTaUHIBN 60w  GILIewT
utededl 2 mMINLE6T HelSHHENTS  DIEDLOHIHICTET6. SauBenm L LomTLid
(dimorphic) smeugmiser eies HHESLILGHMBSH. QLW HTUT  LOVTH6IM60
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(APP& LD]

&I HHSHHTENHMEMULLD, G  HTeUJ  EVJH6MNED  GHe05  EeN6VSHEMEULD
L BC o (HuThGHEmer.  SITUIFFWLTTTHET SHTAUIHISTNED LITeDL HiTewrul
wem uBp LSHSBW Spfeld OFesHHler].  HTUJHIS6TNe0 UTed [HiJewrl
wenpenwt C.E. Allen) (1917) eisiueuf (pseled SewiLmbFHTI.  STeUmHIS6T60
LUTeL [HIJ6mIWD  6TellGl @(h  FldbSHeomen (LpemBUTGD, &enal  LDFLmISHET,
FMMIFGO60 WBmID amrJETaisenTed HwTensslLBSBSI.

engeller CovL 1o GLimellunr  (Glosvresor flid YeOLID) HTeUTHSH60 LIT6L [Hlfeuoruid
LIT60 &BymGLomBamibmerfled CLPGIT ] Sl L L& P Heifleonmed
&S BUUBGSHHILGHBEH.  Dleve,

Y &CrmBonBamid gyewt LTeladhendd HILOT6NSHH60

X &Bym@onB@amb GLiewt Lmedendhendd GBIILNBH60

X wppid Y &CymGur@smbsefled o een Coump' L guewiaser (I, 11, III, 1V,
V)

SHTOUJEISEMED FBDIFSHIMID LT BIFeRiuSHHed (WSS LB usSSBHT?

SID.  GHHwTauTed OLewnt (FHAIFIL L 1)) 61658 HTEUJLD HeL6D @660 E)HHFHEV
Ouewl  HTEUTIOTHAD  BDBIGHF GO0  EHHSHI0 D6 STEUJLOTHA|LD
QUGTTSHIBSI.

utured STeursdHed LITed [HlFewruiD

o FifuSH0 ameurus (Hawaii) pm(p eumusFfwrenysst viumel sreuyshsleo
(amfism) womor, 2n = 36) utedensd  GGITGLTGFTLSM6NT  SHEwIL1lbHSH6].
uliumewmengl 17 Semewidell 2 Levd GErmGon@ambsemenuyid 1 Semevor
umed  GHCymGonGambsemenuld GUBDIeTeN .  FH60 Spewr LLIUTeNS HTeuyd
XY iopmid Quewt ulimefld sreugid XX &GrmGon@amibesamend GaTeami(Beiengi.
welgHeflenr Um0  GGITGTGambseT GUTEL  Sl6LEOTIDED,  LILILUTEMUTGET  LIT6L
&CymGonBambse o Levd GGImGrGambset GumeiGp  HmevwrlILIh Iment.
wppid et uted  GGITGLTGambseT o 1 evd  (GGITGLTGaTbSeTe(HHSH
Gxpaiilwienal. GFwevgaiemouied Ut  GCITCLTGambEeT  HevlSHHIb
srenl ILBHemer gOaeisy Y &GrmBomBamibset oemt SeniGLhES o Ml
alenjFSbarer  wyUamibsamend, X GCrm@ur@ambseT OLewl ®6IIOLIHDHS
® mI' eueMFFHHTeT LOJLIGDIHHMETUD CUBBIeTETSI.

utumeflufled  umed  HIeTuID  cpETl  SHIELESIHENMTED S BLILGSSILGS BSI.
giemer m, My wBmib Mo,

udumeiuled umed [mHiFewTuiD

; PEIG/GBEISS ;
LOJLIGE) 6U6HEUILD S aaID LT@ILIT®H LmeSleorLd
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5P LewiLlenemnia]

OuBs YEEIGS
HETENLD

LG0T HETENLOENU
PBSGH60
DLW HETENLOEMU
261 & (FH 6\l & FH 60
o001 GlLiewr
Mom LOTBBILILICHTL] 6n6mT6) HETENLOGMLI
261 &G 6\l FH 60

QuemwT HTeUFLD

LOTMBBILT LiewoTLTenemia] SLEWT  SHTEUFLD

B(BUTEL  HTeUTLD
(DIfiBTe)

M; M, .
DI6LVLG ) it -

M, M, um_rmsmmm / OB @ngmﬁgg 6V (BS HTEUTLD
Sibe0s) LIGRTLIem6emTe)] @mIGHSH Siery

60T60LD
M; M, D

erolIGymasmiLiLenSled LImed [Bjeuoruiib

° LTeL MIFenIUID (PHET (WHeSled aVLiBrTamiLeny Gl rei@ara (Spaerocarpos
donnellii) 61603 NenyGuum.”.emuiL LT HTeUT 5360 (LD SHEBT(LPEDMBUITS
e sl L Gl 85l LOTBBILIMBDIEMLOLIL] &CrmGor@amenins
(heteromorphic) OsmewiLgi. Caifi s sreuswraig  (gametophyte)
QUHLOIQUI  IOBBILD  TBXILLB WL UG, et CHIL LTS  SHTeUF(LpLD
Quewr GaSlLa  smaugupd 8 GGImGuwr@ambamen (N=8) GCaTewiL @f
@@poigw 2 ulfl  ouEb. Bmpwyw  alssss  sTeugd  (sporophyte)
sIOUTWsIGL rBBIGsSLLs e (heterogametic) Gamemigl. — suewr
BB Ouest CaSL &5 FHTaugmseied gy 2 Lev GOrmGurCambser Gy
TS FWmerenel. e Oewt HTeugshHHlev o eitenn 61l LTeugd &CrmGom@Gamib
X 95, B3 gup 2 1Lewd GCmGnGsmbsenen ol (1 QUFWSTGID. L6
FHTarsHFHe0 o 6ten el Lmaug GCmBuwrGsmd Y Su&b, B& g 2 Levd
&CmGuonBambaemen alLdF APwat@bd. XY Blemev UBBheSGD aldhHHsH
STOUTLD  E\HEUMBWITET  (G6BsvalSHHIBemeT (Meisospores) o (HeuTdGHH Bl
Bx Feoo X GCmGwrnGsmbsemenuyd BB Y  &CrmBGonGamibsemenu b
Omemi(heiTengl. X  &CmBunGsmbsemen  GQUBBIeTen  aldhHiseT  GLiewT
Caifl e sHTaupshHmsulld Y &CmGonGambsenen GUBBIeTET ISHHIH6NT 6w
CalflLa HTUTHMPUID 2 (HeUTHESHB MBS

&BTFCFTENSHH60 LITeL [HlFewruiLb

o HAur Quuierd (&&HTEFGHTEND) @HLTEL D6V] STaUFSHHBasTer (Monoecious)
ABSHIHHHTLLIGD, DISTeUH 6wl LoBEID Guewt evJHeT 6T HTeugsHsHlev
STENILILI(H &5 63TMB60T. g LQrewi® IMBUITET LDEhHIFFfHemend O\BHTewl(H6iT6NgI.
SmiB  Blel s GHIaalelnha 2 (heuTGL mieil  EhF
D& HHHBHTeNTEM6N LB OuBB fpl WwevjseT LTFe (tassel) ooz sl
GEhFD 6T  HMPSILILBS B Gxmemt  GLOTLI9e(BHSH 2 (HeUTGLD
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(APP& LD]

LSBT (B L0EHhTFS GhevsD WL BL OuBB AP weojseT &Hif (ear or cob)
o160 SIMIPSHBLILIBHS BB

W&HHTFCFTNHHM @IHUTEOSHIIMD SFHT Ml evTH6eMNeT  LDBIHSHHDHTNTSH6I
LBOID  LTFeled emhd GHeusmisemear CaHIbOsheslLL L Fangale
SMIEWIOTS 2 (HouTHSLILBSBSI. Brewi®  HelldHHelwimer  Beneut
LOJUEDIGEEHHG  UHeors, ‘ba’ eems  wOJUuam  SHADBTSH  SHTaUFHHBESID
(Barren plant) ‘ts’ eeip wyuem LrFed  elwsseh (Tassel seed)
GBI CLUBLD. BF QBT  HeilenlD  BWID  BHUTEL  FHevtentoullest
(o1fls1e) Coupum B&Hs STJeRIOTES 2 6Tendl.  @HHLIGHILIen6wI6] 6EHTeuorL
SHYBTH  SHTauHHen oleveSed (ba) L gempseT WBBID &  Wehflenu
HHSGHUBIL T SLeWT LD6VTH6IT OBTewIL  HeitenowiTd  omBm alBHIBEH.  LTFe0
alensdarar oeoelsy (ts) LTgemey W&SIHBHD BB OLEHT LoeJTs  LOTHS
AlBFBH. DG LHJHDHHMSH 2 _BUSHH OCFUIHOMe0. DI L aIen6mTUTeD
Obhs Slevedeuseien GBFfodmaulsr SugliemLuled ULTeLHeTen  GCleuemiLm®
P9e| QETRHELILLBeTang.  @bsL  CUHLUTETWTE  FBHIOTBBREIS6T
AredeT © MUSHHD (GHMBUTL I96ITe0 gBUBHGIMBeT.  SSHITH6IM60 BT ILIBHLD
FmioeoTHeled  EIHHHHTENT @bSEHHMBG GUFeleisel (PSBWL  LMIG
AUBSHH MG

w&ETE BamendFed LTed HiFewiwd (2w Seww GBWE (+)enE uamimentds
SBESBSI)

Qﬂ;%ib uG/ ORGSO LOTEILTG LITed&Td
ba/ba |SILOL @BEGS SHAMD | ULQDW SBHI sueNT &
ts/ts STl ILI(BLD Quewt HTaUFLD
SLEOITEY L TF6V
@HEVBHLOTSH
LomBBLILIGSBS
ba/ba |@bRE WLBBID EBRGS LILIgemLp DLW SHTEUTLD
ts*/ ts* HETEMLD BB E0M60
SLETEL L TF6D
SITILILIH H6VL
ba*/bat | QILOL @HIGH Heienld ST LD[B@HL.D. I_I.Taim') @@!_IHG{) . .
tst/ts* T ATRNOY o0 (G LOGUT ML GILIBM
Ol TewIL6m6Y SHTeUTLD

ba*/ba* | @B& WBBID PERGS BHFTOBTERIL M6l @uwieoLiment O\LiewT
ts/ts SHETENLO SLETED LTG0 SHTeUTLD
SIBMWen6Y

ghAwrpsd (Mutation)

o o ulflemisEpHGeT gBUBLD WwIusm CeumiumGaeT Lflewimo WIBBHABE CLPev
SHTTOTS  alleNRIG S BSI. B 1LOTHBBD  IOBBID  OBIGnL 196N6ENTIa] DI
@reniGd  wyuem  GCoupLThHEhHETT  (PHHU  CIFUWLIEO(LPENBHETTGLD. (hH
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[APP9 Lu]

STUDY CENTRE

o ulflensgler Iyl Gummefled Hlebyer gBUGBLD LIBBLD FBHH LOTBBLD  6T6o
SIMPSEEILGIBSH.  FBH WLIBBL aaiB  Cgmed aflu/Gsr wealflery (1901)
aTeleuITe0  IBI(PSLILBGHSLILL L ). ®ai] obg  UfwCymed  (FCemtSiT
GUTLOTFSBIITENT) 6B SHTaufHFHev OCFulsh uuielear SjgliemLuied ‘FBH)
rBpésCamuren’ GeuefullLmy.  wyyltummefled &@m GUhHLD euemaWITeDT
LOTBBRIS6T gBUBSeper. ened Leiell FGHwmBB wBpid &CrmGwr@amb
FEIOMBBID B, BASS  IWILEINESET gHUBD FRBITHB  PleLDey
wjugm FePwmBpd  (Gene mutation) oiebevs Ueitell  FGIHIOTHBLD  cTer
DIMPSHBLILIBLD. 918 Gumey, &CymGTGFmMbHefeT SemID]  LOBBID
oTetemibemauiey  omBm  gBugesr oewer  GCrmGwmBambd  FHFHIoTHBBLD
(Chromosomal mutation) eeniLGL. FOHOTBBHHBE — BTT6UILOTE0T
sasHamens  FhHomBpsetr (Mutagens) eien  SienpSBLILGSBSI. Bzl
FRHOTBBSHHBEG STIewIDT oambdsmeans FRFHwrbBpPlsst (Mutagens) erer
SPsslLbEBg. BB FHILTBBHIET  6ipsmPH P SFEBDBHI.
FRHOTBBLOTEH  HTOMHCUT  HleLevH  HTWIL LILBouSHTCOT  HemL GILIMILD.
BHHmaBW FHFHIBB 2 uilflamesemend FHIHOTBBIS6T QBTN 2 (HeUToHHLD
QFUIH60 FBHSIOTBM ® (HeUTSHBID (mutagenesis)  LoBBID b
o ulflensHBes  sGAOMBBWHBB 2 ulflond  (mutagenized)  ereeyd
DINLPEHFHEVITLD.

F®IonBpHHer aumaser (Types of mutation)

U FHHTBBSHSHle GLTHIITeT EH UGLILGBM6TSH HTenTGUITLD.

e DNA aled 2 6ten o omb (base) owdevd @b Sewewt  HMJLD
LUTAHSSILBLD FHAHWTBBLD Yeiell FGHIOTHBBLD TR SIWPSSLILIGS B

® oI IUGINBGHeT STeollBl @  FRw  BHusalCumemL B  euflens
Ly glserilein eremrenibensdeaml LIHBY SDIMSHEGD FBHIHILDTBBHIS6T

FRIIOTBBSHIH (PSS 6UMBH6IT

aumaLILT g6 | FBHLOTBBE S 6 (WPSIW | (PSS LIewTLS6IT
SlgLILIenL UM B H6IT
GETHmLD HET6 F N UIT 60T Caflwrs FhHITBHISTe0 HloLDeugl
SID SITWILLILIL L Cafbhse FHHLOTBBISHMTE HiHpeug
® L6 aufl B I0LI(HEHLV60TSH OFe0H61T60
OF60 UMD 1T
B euifl BOICLHESF CFe0PH6T60 HldLDeug I
QFuwed SipliLy Buwieoumer GFWEOUITL 196D6T [Hab&HeS
(QeueMBGuiBmIgH6E0
(knockout), @esiemio (null)
GMB DML [Hlenev S wieourmen  CFWEOLITL 19 6m6uT
(hypomorphic) (e588) GBI
Hemd SIMLOLIL| [Blenev BuieoLmenr GFUIGOLITL 19 6m60T
(hypermorphic) SIFsFLug
Qawed gL (&L opsluim SHoumprerr CHIHH 6L HIGL6VG
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GeueflliLm(®) QUTHSFHOBB  CF60H61160

CaueILIBeug|

BuseiCuren, @ ugesh DNA mflenipuiled o _6iten @m &y

Bemenidb@L LTS oBOBTIH &Sy

Bewent S(bULIGI

P53 UHSH Hwfense udeorsl tuyfler (A—

(transition) G) ooz UGS LSHeoTasL]

wufliiger (T— C)

CaumiL L ugeS® Ly flenise ugleomasls enLifliliger

(transversion) (A—>T) oive0z1 eUfibigeIb@LI

ugleons Luyfler (C— G)

O NMAE PIB SlOVB! DSBS GlopuiL

(insertion) @mta.amﬂ@mrrﬁml_@esm Fn(HSH60TSH
Smlug

Bssb (deletion) QDI SleVeOSH DSBS GCoBuLL
BlubefGuimenL (BaeT 606V

(CIWINIEE -
swdwrer (silent) | APCam Sufiev auflensuiled LombpLDd
(55%) (synonymous) Be0m60

HOUBIHEOTEBL SIOGem Sflev auflensulled LOTHHBLD
QurmeiTuBLD Smuugl

yLFCFUIS) (missense) (@53 e060T)
QuwiFallener (non synonymous)
SLENES QLIT(H @B T SHSTH ILFOFUISHGLWITATETTeD (1PIga] Blenev
(nonsense) ((1Pgay) wryseBweer (UAA, UAG sisd60g
UGA) CaripiaiiiLig

s L paje| (frame FHWTer &L LSHSH60 2 66N cpaiisl
shift) wrysGsuwlemer (codon) b&jsHsleug.

yetredl s@wmppd (Point mutation)

e DNA aled 2 6Ten @ &1 GSemewl eLeVH WS D(HB60 2 _6lTel B
BemenidHelled IBMBID HLOUBIIMS BFH GHBIHHBSI.

yeitedl F®FH wrbpsHHer euensssr (Types of Point mutation)

e DNA aled meooLOumid yeTell FHIHOTBBLD QIeWih (WPHHU  UHBHEMTH
aUMBLILI(GSHSLILIL (H6TT6ITET. &1 Benewl LHCBH6T LOBBID HTT  Eenent
Bl FOFHBED IELVFH HHGHHEO LBUINUULITSLD. &My Bevewt LHSH
ghFHomspd aaiug DNA afar @ &1y Senewt WBOBTH ST Een6uoruime
uFHellh  CFUISHTGL  (LLLD). Bemad B DM UMD HONTHL
Lfl L BeTengi. @65  ugdleSh(Transition), Gaupc  uHeSH
(transversion) Gafsme0  Slvevdl  BHHGSH0  FOHOIMBL  ETEILI)
PuwsealCumenL B GSemeunseler GCFJHHD DIVVH HHGHHEO LOBMILD &S]
Bement CFTHHEL SDILEVGHI HHGHH6EV 6ITD DMPSIILUBHBSHI. Tl LTS,
Bhs Doz’ SMAHHD B0 FHHwomppd (indel mutation)
(Insertion-deletion) steniés GpILLILLILGSBS.
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uFHellh FHIHOMBBLD  DlLVeVH BSICL 6L  FHSHIOTBBEIGET  LOJLIGISHEH61T 60T
IyFegu1s GuWTasemell UTHSS B  BHeT DlglitienLuled LievGeum
alemsWTer Fha IBBRISeT H6p OCBTHHSLILIL (HeiTere.

m oG oflvsFBaTan @ WILSGBUlmer (codon) i8% SACeaT
SlflevsHHMHT  CouGmmm  wFUSGBWeTd  TBNumSSIUGLD  FHEHIOTHBBLD
PS> Slvevgl Swdwimear FRAwTBBL (synonymous or Silent) ereirm
SIMPSHSLILGH MBS R SOCam  SIflevdhIHMBETeT 6  ILSHGMB Uleneot
GouOmpmm OB  HIOVSHBHTET  LOTLISGBIWIEITS  OTHBSIWDLOSSLILIBHLD
FhHOMBBL  SuBGHEOTE  CQUTHETUBLD DLV @SHHeoTF  FHHLOTBBLD
(Missense or non-synonymous mutation) ¢I&i3 S®WsSILGHBH. @
SIOGIT  HIOleLSHHBHTET  OFLSGSBIWLET (P96 DILVGHI HIBISHIS  GMIUIETTS
LOTBBenL WD  FHAWTBBL  GuThenaiTsasTs Fhdwmppn  (Nonsense
mutation) eieBI SIMLPSSLILBGSBSI.

Yeitel s@HOTBBSIHE 6UMNSBH6IT

em DNA aled qm &1 ot BFfHded 6DV  [HdHEHHEVTEL
WIYFOFUISIOUWITa] &L LenIoLILSeneT  TBBLUUGAISET  allenemeumed  EUIeOLIT60T
UIesSHer Sl wBpid GFwetun®h Bwssliubeusl  &SLL  [bSJ6Y
g@FHorppd (Frame shift mutation) eieip SimpsaLILGSBS.

F®IoTBmsE smenidge (mutagenic agents)

U  FHHOTBBHMS o WILTHGWD STFenlsel FHHIOTHBBS — HT6wol D6l
Sevevgl  FhFHompplsst (Mutagens) eeiB  SiewwsELILIGSMBS. Beme
Brewi (B aUemBLILI(BLD, SuimLiuw FhFHomBpSHei LOBMILD Gouglwi
FHHOTBBISH6NT. (PeLeOT  (1927)  et@ILIGUTTED  (BEITGHT. LlsvTails)  (LpFHedt
WwHeoors QuiBLiwl FGSHILTHBSeNW &SIl BIHST].

Bupliw FeHwrBpisst (physical mutagents)

o 9galwieomehIHeir L60Geumy SHTOUTHBISHGI LOBMILD allevmiGBHerflev
FhFHOMBBRISmeT  gBUGSHS OCeuliupeney  oBDID  sFHTeisFasenmer  X-
BHTH6IT, HTOT SHTH6T, SLEL..UT SHTH6T, LT SFHTH6T, BUL JTesHer,
STeroLilé SHFTH6NT, &FHflwHS LOMBYSIULIBISG6IT LBt ST S HTH6NT
S FWIUBENMBLI  LIUIGOTLI(H SIS 6513601

Geauliupleney: Geuliupleney SIFH&FHGH0D QUTIpEH FEHTBBHH T aiH(LpLD
IH B/ b F BB S Geauliuplemey  SIFHBfHGD  GuTpgd  @rewiy  DNA
puwsbefiCurenL haendd Qe G o 6o el JoMeT  L1eneurLILH6N
o mLEHILLG @Jldseo  (replication) wuguwimEsd  HlehesemnenL
LIT &5l & &5l evT3 60T
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o FFlJeiFase: SNiaB HBTmeVmW ol LGISTHS  [HIBLOTEN6OWITISH)
GDBIFW  IOBEID  [HELOTERT DINEVHENHIGM6NS — OdTemi.  HIHTHM6ND
AEI RG] Benel SlweNmTd@HLD LOBMILD SIWTWLITEBTSH
B TIFHB6NTH QUMBLILBSHSUILI[H S 6TN360T. SWWTSGD  oBmID
SIWAWTESTH SHTAFHBNMTE  aUMBLILIGSHSLILIBHS 6ImeoT. SIWLGNWITEGLD
sFJaiFaselar GBS DeH60 HeNld LOBBID DIEDIATGVIGTEN 6TEVSL [JT6THEN6IT
SWWTeHs  GUTHIDTRT HFHE YBBMeVS CETamiBeTendl.  X-BHTHe,
SMOT  SHTH6T, Q60 .UT  SFHJH6T, LT SSHJHeT LBDID SO
aHJHer  Gureis  sFHJaIFHSEHEG 2 LUBGHHILULL  OFeoselevieiern
&CyrBomBamibsemeru b &CrmBiomigL” semertuLd ® L SHDHBSI.
(&CImBurGamd FhHFHomBBL), Swelwunssts sHyaiFarar UV sHljsein
HEWIL  DIENEVHETHIBENOTUID, (GHEDBEUTET YBMENGVUID  OBHTEITL 6NEUWITGLD.
Sl HUWLTEGD  sFHJaiFasmen alld GHoBbhd oMBIHEUS Fnlgll
FHmeT OB TEIL M6 CoBLUBEF FalBEHHEG DIHBTMWLUID 2 L &
Oamewi. o OF6ed  Hliewiamulflaer, alsHHHeT,  DBIHHHHIH6THEN6N
&FHWESSHHBE& 2 L LUBHSH LWSILIBGHBSI.

gmjud) QFn@emym (Sharbati Sonara)

o OwsHaar eumasWledmbas  (QFTCemym-64) &ToT  SHFeiFHer  cpsuld
o Haurdhslu’ L FhHommp  Cargemo aemwsd Fajugl CFmCemgm  ouEGLD.
®ax  (weeteuy  M.S. GAMABTHET LBBID  SUIH  G(paleyTeD
o HauTEalUl L. e @bFunl usemwol yglduler spbengd (Father of

Indian green revolution) stenr SienpdbaLILIGABTT.

ooanis@ ymewm (Castor Aruna)

o DS G HTAUTHHET FHIHOTBB  UMHBCUW  SHIDETHEG DIHEWIT — DLGLD.
Bemeu  SDIHE alanddelled Oeulil  BHuyl graismend CFasHs) (LpGIT
(WFHTFFwenL WG — HTewIL LB 6IBenT. (270 mI Hefled  (WHFFHWTGD
FIHTITW 0TS EG, BFHen cpevld 120 BT Heifled (LTl edment).

Cauglw s@PHwrpiser (Chemical Mutagens)

e Goug CQumpLsefler  cpeuld  FHWILLUGL — FhHTBBmISeT  Ceuglwl
FRHOTBBIBET 611D DIMPSBLILBGHBS. SlemaluiTelel, SBG — euTu
(mustard gas), ewpLyed oufevld, eHH0 BEPID CdHed  LGHGHe
ge0BunBer.  (EMS wmmpib MMS), asmzed wflsBser, wrdered o L,
Cumjoreogeman®, QCwrder oB@Ib  ehSHEITHRT  GIhSHHISBT(B:  MBLF6rd
aobmev DNA ailer  enpl ymer &1y Qevenideiey @ 195HHe0  LOBHID
LYOIBSHSe0ed  IHBB Gl WB  gBUGSSHIBlETE. BHEIMEL  OJLF
Cewigdouwigealer  Gumrgl  (WUWMWLWBB,  GMBUWEDLW  LTEGULIeHL (Hh6l
® (HeUTSHSLILIHE 6STmenT.
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Bmem s@PHwmpplast (Co-mutagens)

o Hov Gougrluied GFiTLomIm eI SIHBSGHBIW FBAHoTmS) LIGOTL B 6M6ITL
QupMmBaTIeL BB FEHLMBBIECTH  CoHFbha — DHET  FHmeven
SIHFFHHT60 Diewer Bemewt FEHIOTBIE6T 6TeTH DIWPSHBLILBH B
dBSHBIHHT_(H: DeOHTILIS Siblevld, maml JmeT GUITHme®B 6O giLIBLD
LUTSHLmL  DIHBUILBHBHISBSI.

e Bz506ured & a1, WEHT CF&EGagl 96l HEFFHHHETMOMU DIFHBLOTEGHSHMBSH.

o (WP 2 eualBuTfled Gysmwer SyuSLTHS HBG eurw (Mustard gas)
(L&GBeCym 61560 FoLemULB) LIWSTLBSHSUILIL L S|

X-sgjsmens Qaren®, upligFduisd H J weveoy (H ] Muller - 1928)
GTUTLIOT  (LPHEOT (IPHEOTHF FHSHIOTBBEHH N6  HITCU0TIQEUIT.

X-asdjse BBID &ToT HHFH6T cpeod L J edGLieof (L.j. Stadler)
GIILIGNT FHTEUIEIS6TE gBUGBL STl LILBLD FEHOTBBSHMS DIBaIHHT].

Couglw gBd wibps Gewsowempeamw C. oujus (C. Auerback - 1944)
GTeUTLIOT (LpFHeoT (1pSH6eV60 Oleuerfiuill L.

&GymBnBambseaier #@gwmbpd (Chromosomal mutations)

o  &CymBorGgmibaserflest SIELOLIL] LOBMILD 6T6U0T600T &b 6M & UL 1160 o 6w MGLD
LOTBPHIGET, @ 6Feveler JUam OFHTmawWSH0 WSl LTBBHMS
JBLGSHBIBBSI. Bbs s Quiw  wiBpReCar  G&GImGTGsTD
F®IoTBmESBeT  Devd GOITGLIGsmD  UippFdset  (Chromosomal
aberrations) eend  SHSLILBGSBSI. Q@  WILUEIB@&HeT Bl OLEID
LOTBELOTETE, JUam FEAHMHBBLD  6Iaa|ld DISHS  FUISHmeNS  OSHTeuTL
&CymGonBamd  uGHuled medLGOuUBID wIBBTegd  GCITGLTCsTd  FBHS)
LOTBEBD  6TaaD DIMWSSILGHBH.  Deveu HIWICITHE  SLU16)], LOFLG
UG@LUTUI®]  SIe060GEH  @Jemwtigen  cLpeolomdGeum &Il (LpIQULD. LOTMTH
U  FHHOTBBHMS HIwCemimes  ouuie] cpeold Sl BUule0Tg.
&Bym@om@amid FHHOTBBLD &\ QUM BHENTHLI LNflbslILBGH MBS,
&BymGLom@amiba6ril6vt 6T606T6001 &b 6M &5 U 1160 gmuUBLD LOTBMHBISEIT LOBMILD
&CrmGLmGamd om0 gBUBLD LOTBBHISE.

I. 3CymBr@smbd eeNTemNHmBUIEd GBLGBLD LOTBBHIGEI

o o ulflemiseflen eeauleumm GFevdailavd sTewiLBL  GHCrmELTGaFmIbas 6 60T
GT6UT6RNHEMS  [HlENEOUITEITS]. aemmed  FplenhHMBEHEBL  Beweu  OTBILIGLD.
SmUidenild, &lev S RT)] LOBMILD RIENG;) FBlevmis 660 Gy
arewtemibeamsauieoner  GCmGrGambsenens  QUBMIHHSTAND gL @Gy
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[APP9 Lu]

STUDY CENTRE

TSHFWTET  LeRILBmeNS OB TemNg(HEBTHI. aeiBou  &Bym@om@amibasevilent
67600163011 56 B Fmndleo1d 6ot LI6ooTLT 6m 6801 LoBEBIT(H Fmnslenrs 360 (HbHSDI
GoupiBsHaIuHevmev  opemev  GGITGLTGaTOe STemtlL@BD  FYLIGILIT(He 6
(oyuem) SHetenwlu FABplersdlar LewiLlenent BHlienrullbsBgl.

BummaulBBuw  Fev  Fwowbd 2 LewF  OQFuseler  GHCImGmGamib
cTewienfldmauiey BFIHHL BIGLVGH HHGHHVTEL HONHSH DIEVVH DIQLILIGNHL
Ca1es &GImGurGambseaisd wWIMBBLL  gHUBHBSI. Obs HenevdHEHd
&CymBonGambd  srememidmauled LBl dser  (humerical chromosomal
aberrations) ojbevg wuwid  (ploidy) ee  GLw. QWD @
UM ILI(HLD.

1. Ul OHTGHHBGHeT Hald  GHCImGnBambsenTed gBUBD  LOIQUILD
(GuouuTevmpiguiLb).

ii. @QymBunBambseier OQLTHHSH OCHTGHHWTEL gBUGBLD Wiguid (ELOUILDIQUILD)
(ULID)

iii. @mLogul OaTEHFHuled Q6 SI6060F] SIBHBS GuoBu L
&CrmBLonGamibamen CFJHHeL SILVHI bHHGHHEL LOTHBBSHH ML  GBLBLD
HlEMEOUWITGLD. ©ILOUIUTGOTLOIQUILD O FTemIY(HEEHLD o ulflaemndE,
Quouiufeomogul o ulflder oisdevg rB@Ioul o ulfisst (Heteroploidy)
aeiml Quwy. @3 Q@ eaumSLU@BD. 160G WQUID LOBBID GHeMM LDIQUILD.

LOIQUIGH ST  CUMSBEH6IT

LOLWILD

v
Gip infsumoiguin
|
v v

Lﬁ]@;lﬂll[;u.lb GSMDIGILID
v y v Y v v v " !
LenyGamdl _@LWL QLCgr@ambl @ULWL CuemmLn@amdl | | pr@emEsemb ByLoL 1606016 FmLl @“LWL
(2n+1) | | Loop@amBl (2n+2) QL ygrGambl (2n+3) (2n-1) wn@emEsmbl (2n.2) | DbevsdiGamid
(2n+1+1) (2n+242) (2n-1-1) (2n-2-2)

A \ *
@moiguid (n) | | @moiguid (2n) | | USTDIQUID (2n+n+n...)

\ ﬁ‘ﬁ
EIEMDGUID (x) BEILIGNOG LD SWSILIGTDIQUID
v ' v

&E{PLOLDIQ LD 0TI GIIL0IQ LLLD

1. 180@ wguid (Hyperploidy)
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(APP& LD]

o Amouwsh eTed  GCImBurGsmbsefled @@ Slebevgd  GomulL
&CrmBLomBambsel SHIFHHfHHIH STEMILBID HenevdH@ LOGLOIQUID 6T ILIHLD.
Bmoywl  Ce1gd  GCmGwrGsTbseEnde mLGsmll  (Disomy) eens
SHSULUGHBSH.  OGQUID PSIBl  aUmBHTEL  LIflbSIUGHBH.  Dievel
L 63TU(THLDT .

9l) eyCams (Trisomy)

Smwiuwl  GCmBwrGamd  CeTEHUIL b  GCITCLTGsmd SIFFFHHISH
sTewilILGL  Blewev eleflw  1gemyGambl (2n+1) eremiu@d. LemméerdeS (1910)
aeiileuy LM BT eoLgmGoteiwd FHTaugshdHed (Qbger Hemem) 19engEamLo
Blemeoullenetds  &ewiLPIbHST. Ueitenr]  Blé&Camiguimerm, emUFD LOBBID
FBemagym Gumais FHTaugmisefled SewiLBwliL’L .  Hov Fowmseled &
OeouaiBoum @GHCymBom@amb Beweidaled(hbhd &b Hold  &CITCLTGFTIDHEIT
gngpmyent @ mwul 0TEHd GHCImCLrGambaEpL T DHBFHHS STERILILIHLD
Hemev B enL gemyCam (2n+1+1) eIy SIMPSHBLILGSBSI.

&) O gn@sms (Tetrasomy)

* @ Qe Seoevdl  Brewih Dewewt  (GHEITGLTECFTIDHET  E(HLOIQUL
CaT@HIULET  DHNBFHHIH  STMILILGLD  BHlewevdeT (WedBGW G gr@amid
(2n+2) wpp @rlenl  OLLgr@sml (2n+2+2) et DIMPSBLILIGSBS.

Cargiemuied SimersHg alsomer L grCamisend sTenliLGS B

®) OGuewiLn@zms (Pentasomy)

o (GeauciGaumi &Bym@on@amid B et s eled (bl CLPGITM S5
&CrmBonBamibael Ul  CFTGIHULET  DHSfHHIE BTG
QuewtLT@ambl (2n+3) sTenn SIMPSSLILBSBSI.

2. gpwgud (Hypoploidy)

® o OFevelled 2 6fTem @B CFHTGHHUI(HHSH @M DILVVH DSBS
Guopulr L @&CrmGmGambseT GPSSLILILLTE GMDBWIQUID sl iLBL. B
B aumdHenTall LNfleslIuGHBEH. Dleval

9)) rGamBam (Monosomy)

Smwpuwl  aTgd  GOIMGrGsmbsalelhhah @m Hald  GCITCLTIGFTLD
BsaiiLmed 1wr8amBamsl (2n-1) sier SimpdaslILGHBSH.  Cuaid Byeni(B
SleLevdl Bl HasHd  GCITCLTGambaeT  @dslILL LT (penmGul
e 1omBam@smsl (Double monosomy) (2n-1-1) wBpid  eperpl
wr@amBamd  (Triple monosomy) (2n-1-1-1) e SiEMWSBELILGSDBSI.
@yl enL  omCemBaml HTeugmiseT L&EBTEFCFTOTHHL Hewil ML (heTerngl.
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&) BevedGams (Nullisomy)

* QM el HFHMmFe GOITCLTCFTDSET SevevH E(H Benewl RHHMF6]
&CImGon@ambset @ mwpwl  OFHTGHHUI(HHSH SSSILLLTE0  (PenBGL
Be0eIGa M (2n-2) wBpId @yl ent BeoelGamsl (Double Nullisomy) (2n-2-
2) o SIMPSHBILGHBSI. rCemGamile  SHTeuTmISMmeNd H6T  HEULIL]
CFUIuHETTe0  HELVIGFTID  FHTeUTHIBGMEN 2 (HoUuTdHd  EQUISILD. QUTSHIUTH
Beweu Bubgl allbaleser.

(ii) Guunoguid (Euploidy)

e @ o ulflarsdled @6aIm Sevevd DSBS CoBulL il  OFHTEGS
&CymBnBambseT  GUBMIETET  HeIeWOSHEG — Gouioguid  eerm  GLw.
QLOUILDIQUILDT DTS @MENMBLOIQUILD, ®)(HLOIQUILD LOBMILD LIGTLOIQ UILD 61601
AUMSILGSHHILGHBEH. @ 2 ulflarhdled Slebevd 2 LevF 6lFevedsd &)
Qzred  GCIMGLrTGambamet  QUBDIETHT  HETEMLSESG — Skouid  (2n)
aaruBapg. o Levd GOImGurGambseier LGHuieney elesienldmsas GsLbl
&CymBonGambseflen eewienibmemuws GHUNGSBE. @&  @gwID(n)
ST ILIGSMBEI. GBELLTS QMBENBLOIQUILD (monoploidy) (x)

@wsSelmbal - (haploidy) (n) GaupLGamss. ABHBIBHTLLTHF
gngmyents GCaTHIND  STEUTLDTISH  LIGTOQUIS SN 6T  (Qamdsamiemmuig)
glgwl  2n=6x=72 &CynGnGambsene  QBTERIL Fl. Ben  @wigw  (N)
&CymBonGamb  ciewienlbenas 36, oML BT  @menm  igwl  (X)
&OmCLTGamD eTewienibens 1281GFHWD. UHGa @HWOQUI OBBILD BHLOIQUIS
satemowjenLw  GOITGLTGambemen  HMEL(IPEHB  HENGU(IPMBUWITS @5
aentenibamauiey  OHTLIFHwns  BeneuBmISHS MBS @ 2 _ulflenbd
ueioiguld  HeitemiouTled o eiterr GuTgl WL (BD HTeT @MEOBLOQUISH  HESTENLD
GoumILIhSH B QH 2 _GWIMOWITET  S(HLOQUISSHE0, @BENBLOQUILD  LOBMILD
Ruoigul  GGImGmBamd SyHlul Dyewnge eTewienlldamaulld Gy WwIHflumsd
STeuILILI(HLD. SLEMSBUITEL  @DENBLOIQUILDTEISHI  @(HLOIQUILDTS  @(HEBS  (LPIQULD
SLGTEV  (HLOIQUIBIBET SIENTHSBID QBENBLOIQUIDTS E(HBS (LPQUITSI.

ueinouwid (Polyploidy)

* & o _uiflendgled By 6TIgMEHLD Guopui L SlQLILIEDL AEIEE:
&CymGonBamibsemen  GQUBMIETON  HETEMIDHGL  LGNOIQUID  aTTLILIBGSBSI.
PGV, [BT6TE, QbhH DIeVVH MWl SlliLmL. HTGH GCImGm@amibasemer
QuBBIeTNEBE (ensGw  (ibwiguib (3x), HreIQwWIDd (4x), gabwiguib (5x)
OBEID SIBIDIQUID  (6X) eTeTBI  DIMPSSILGSBSH.  CUTSHIUTSL  LIGTLOQUILD
SHTOUIHIGETN60  FTHTIWIOTHS — STILILIBH MBS SETEL  aIleLMIGHFH61TE0
oflares o e6ensd.  yHw sTeurdF Fbpslen o (HauThsHHBHE GHCrmGonCGamib
OaTGHHHeMeT olcwienldHmes DHBFI (PHHUIS  STIEIWLTGLD. SLETED
SHSH LRUSSHEMDL  @Bllmerd  CHTBmIalsELD. LeTouildb G\
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QUM BHETHLI LflbalubGHBS. Slenal
DJWIGVLIGITLDIQUILD.

1. gemeoguid (Autopolyploidy)

° gn 2 ulflaidded  @eigBe  GoBulL @Gy BTG
&CrmGonBambsei @By FBWAIHIHBESH6T SHHH CUBLILILLTED SHESTLIGTLOIQUILD
el ILI(BLD. Bemat A aumassenTasll  LflasliubGS B DIENa
SHEV(LPLDLOIQUIRISGGIT OBMILD FH6T  [HTGITLOIQUIKRIGEIT.

SR(LPLDLOIQU IS, SHTOUTHIS 61T &HGHTETEML LI CLPGIT I A5G
LTUIOSHTMHWSHHemen OUBBI(HSHMH. ST [BTEIOIQUID LOBBILD  E(HLOIQUI
Fpplends  sevl]  OCFUIISHTE  BenaudsamenF OCFUBMSWLTS 2 (HeUTdHS
(LPIQULD. Bemeusel  GempUThmLW CHO (HHemeT 2 (HaUTHEGHMBHTEL  DHSD
6Vl BHHMD  GUBEIETeNGl.  1BhSHHISSTL_B: FTGUY OFUIWINILGLD  eUTenLD
QUTSHIITS (LPDDIQUIKIGET LOBBILD  EYHYUWIRISM6T ol almdsenbm  Guflw
& 6011 6M6ITULEML_UIG]. G mwukismen el (pwwgL Tl SHS  Sleney
grsemyowub wBp Cursdaserse (Moulds) eadmer  HerenLoemuIuLD
QuEBBIeTENGI. SI(HSBLDLI6L (JLL/G’@T/T/_/T@'T LT&H6ML 6VT6T) & SUIBendUITeon
SEI(PWWIQUILD, alenHHeNBm  HLgFeml, QpUler, i epl, SHoHHTel, 6UTMLD
LB DN HEITD 2 (HEUTHSBLILIL L. SHE(LPLDLOIQ UIBIGEITTELD.

SHEBITEILOIQUIG SITEU RIS 6IT SH6IENI6ML LI [BITETE) OENG
LU TmSWSHHmenr  CLBHHSBSHI. @moguldh  SHTeugmIgereirn
&CymBiomBamibaem et @7 19rIenL_ul QFuIeug 6ot eLPEVLD Benal
ST LILIHSBG). aBHIHBHT_(B: ey, HymlengF, GHeygteo (alfalfa),
BleVHEBL M6V, 2 (HemeTHHIPMIG LOB®ID . .11

2. swevuanoiguib (Allopolyploidy)

e O OeuciBeoumren FBBlemiseilelBhad EFewi(h SlevevdH DIGBEG GoBul L
SliumL s s1EHd  GCmGurCambsment  OQumm o ulflamseEnds
S|WLIEOLISIOQUILD 6Tl GILIw. FBplensHBalenL Guiwimer  &60LILSH6TT60
BFHMAT 2 (HUTHS  (LPIQULD. Guoeud  CamevFFFlemertl  LIWIGTLGSHD)
&CImGorGamd @rlliemLwl  GFUIHT EH6T  CUTHIHEIMD  HHD
meUSBLILBHBSI. OIB(HEISIU Fmnslenmics erh & ablemLGul oL (BLD
SIWIGOLIGTIOIQUIS SHTAUTHISET 2 (HeUuTHSLILIGSBSI.

aBSHGsT B:1  griBemiyrerdsr  G.D.  &mjlulsenGar  (1927) pejuw
yLlweoreny, (wpeftenmid (griLierery FewLauerd, 2n=18) wBmid pLenL Gamerd
(Ligmerdsm  gelGrdwm, 2n=18) sreuymisemend Sl QFUIS (WSHEOTD LDHEF
gbp@Huled (F1) weol b seitenio OQamemi seolijuilfleemen o BuSHEH QFUIST].
o] (PpHeoTd waesF shsd (Fi) weol b seemn Gsmemi  seoliuiiflaemern
® BuUGHSH  CFUIST]. olu]  (pHeumd s FFHhHH  (F1) seflen G
GCmBTGamd @y igl]  CFUIIDBUTEHI  DIENAUB6T  AIGTIDTEIHTS (fertile)
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|APP# 10|

DY CENTRE

Lomnsleor. (Weitemmidldh  FHTeuy Geumpd (WL LSBT0  HTeuy  B6N60HEMETULD
OsTewIL. (PPS  SHTAUJPD 2 eWIESHHIHQUISTES  QHHGSWD 611 ]
aHTUTTSHSTT, Dpeoimed Sleufled  eIHTULTTIIBG WLIBTE EHHHHTe0  CLFHID
6JLOTBBLOGHL [HSHT].

TBSHHIHBTL(H:2 19" 19860, (Triticale) wefgeamsd 2 (HeuTSSLILLL
SHTENULILDTG)LD. WYWSHSHETMD  DiglitienL_ufled LFl196s60 clpediml  (WHSUWIL
Lfleysenmall Lflésliul Beterngl.

i. EreToguID: @il CaHTHImD BHILD MF SHTAUJRIGEHDHE Senl Guiuime
&6VLIL

ii. oipioguid: mremogul  Cargiemw  Lfligsd  uyrd  (osGyrell  Carglemio)
LOBBID M SHTeUIhISEHHS enL Guiuimert 6oL

iii. eTemrioQuid:  Sipogwl  GargHiemd  Lfligsd  gerdigeud  (Cmlly  Gsrglemio)
LOBBID M STOUIRISEHDHEG 6wl Cuiwimer &HevLIL.

OBl fl 19BF0  Heolll] HTeugonendl HCITel  Gsmplemio  OBBID
STAUTL  LeWTLHm6TH OBTwghBGD.  IBSHHSHHT LTH, Cargienoulsr OiHsHLl
UISF FH5IH SIMLUD e STaufHdHen DHe DG flev  mevdlemeotub
RpmIBs GuBmIeTengl.  oLeimed A& CaTaHimuled GHewmalTs o 6engl. S&)
SHHTEID TS LD eLP6VD FnMLILIL (BeiTeng (LILLD).

Carevsfizd oyt 10Beared (Colchicum autumnale) sreuy Gou WBBID HHBHLD
(corm) spFlweuBBleddbal LIflS0sBESILBL DeoHeomuI( BCBTe0FHFE SILELD.
STeUJ euenjhleNsened GHmmbhs OFplaled LWETLGSHHIDOUTSH LIGIQUISmS
STWIBIBH.  pFFflwepl B0 alHonsd CBTOFHBL 6D (LPevd
STuSHHed aHJCsmevFFFler HHLILISTEL elalalpll LTSHLILD gBLIBHeISH06m6L.

LOQUISSHET (PSHESULSHSIeILD

o QUGS HTUEIGmET @il L6  UIoQUld  STOUJHIGET  9IHD
AIfWSBHIL 8T SIFHB HBHeUMDLILL GID ST ILIBLD.

OUBLDLITEITET  DIGVRISTTSH SHTEUTHIBET SHEIBTEIOIQUIS SHTEUJRIGET DG LD.
Aemeu B Howsh STaumisemeT el Guiflul 1DeLJ LOBBID HEWIL  LO6V(HLD
BTVHMHSH OHTEWIQ(HEGLD.

SFsLLQuITer B  FHHmes  OBTERIQHLILSEITED  SHETLIILOQUIS
srouymiseT SiHs o ul] eewLenw (fresh weight) QuBBieTeTg.

Quuiuieor  wrws STaugmseT GCeumpi L GOyTGrTGambseiled  @LpUiL]
wpmpid Cayiler UBSHCHTBB allenenea Henend SILOTeNHS  LIUIGITLI(HE 6ITN360T.
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(APP& LD]

o L0 9EHAICWTEOOUTID  HTEUIRIGET  SIUID  LIGTOIQUID — OSHT6wTIL 6.
SIMAUB6IT LFleTToSHFH60 (PSS LRISTBHBISBSI.

I1. &GymBuonB@smbd Siewwiied wrBBriseT (&CIMGLTCsTD Siemwinied LB&s)

o gmwlly wIBUThHHeT  &myewiondsds  GCImBonCasmd ugd  BFJ&HHev
DIV BB GHHEVTEL  WJLeIGHeNeT 1B RUBIEG  SDlwwalBEGHd
SCrmBnBsmbd oemwly UIBPEFS  sm  DIMPSBLILGH B Bzl
Swefwned@ld  sHjeiFs  oevevd  Gougd Sl Bl QUTHETHETTED
gBUBH DS GCmGorBamiled gmuBL Lleney OBBILD  BISM6nIa]
SlgliumLuled UIph&dsaier BTG ImdHmeNsd SDEHITamID &
LNfleysenTs  aueSLILIBSHSLILL (HETeNS.

) wIUE Sl 6TerwT6RTHmaUled LDMBBLIS6T

l. BB DIFLVFH GHMBLT(H
2. @llunged OIe06VHI LBETH(HEUTH60

) WJugnl Simwall euflenguled gBU@BLD LOTBBRIS6NT

3. HMEVBIDG FH(HLILID
4. B 1DOLIWITSHED

1. péab sevevg Gopunt® (Deletion of Deficiency)

o GCmGrGamblest e UGSH B gBUYST DiFH BHSW 6T ILI{BLD.
&CrmGonBamd LGHuUTed o6y gBUBL UGHMWL CUTBISHSH HIO B
OBBID @MLUU’L  BHSD  eTeriLBLD. GoudIGUT(HETH6T,  LOHHSHIBENT
LBBID  SHTaIFSHSNTL  BFH  HHDBHMBSH. BGr@am. .Lievr  1DBBID
WEBTFCFTNS S0 BFH STl ILGHBSH (ULLD). BHHSD EH euenSLILIBLD.

1. mel pasD: @ GCITGurCamisr gCahaid (wememuled e Llenalenmed
gmL(BeUGI.

. @oLiu’L.  Bésb: oLluGHulsd Bm BLmselsd Wemey gmul(
BoLLuGSomw Bubs Hiel LGHseiear wy Gmentey gBUBSBSI.

o umeVlestt GGITCGLTGFTD OBWID GHSBMeL LGLILNHT  LTSHSeet Hlemeoullesr
Gurgl el  HIHBMBEHD  BTEOLILGHBSI. GIEEhIEEhE)
B emeuo1G&iy &6Vl601 Gumg BuieoLImest &Cym@om@amidlest B emevoruim
AUMGTUWISHSHTED 2 (HeUTHBSI.

Belomd MRS EHSGHDS GHMBLITHSEHL W euenenayde (deficiency
loops) wBmId BeauBedss GaBed UGG LGImGuerd BleneouletGLiTg)
STEMIGVTLD.  DISHBLILIQUITET HHSMmIB6T SMUIL almenalB@ eufleu@dh@Lb.
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2. @Il lursed Sevevgl Weppieutsed (Duplication or Repeat)

o B auflengulevmer wWIUMIGH6T @ GGITCLTGFTON @aIBIGEGD Gmul L
BLHFHe0 B OupusBES SILUurged ereiuBL. ST IQLILITSH606ITe0
Feov  wIUEISHET @TeNigB@GHD  CBULL  [HHELHTH 2 GIT6I6. B\gl
waHeded LMoy (1919) aaiueugmed  GET@FT. Llevr  alled  (LPHET(LPHE560
SISO L G). G  TBHHISHT_(HHNTH  LDHBTFCFTEND  LOBMILD
Ul Lmenll. GG cpeiinl aUNGHHENTH 2 66Nl

I. QzTjhdemenibs @ iglurgdsd (Tandem duplication)
o CmGuwnGambseiesr @I RILUMLHES UGHFH o Lenguits DIHeT EuIeOLITeo
LGHHGU Ual 965 auflenguled ENLOISTGLD.

1. semevdlp CaMLIBHmewmbd @rlgliunged (Reverse tandem duplication)
o CmGwrBambseiesr @I QILUMLHES UGHFH 2 Leguimts DIH6eT EUIeOLITeo
UGHSGU el wJuem OHTLT auflend HmELSIOTEH DIHIDUSTELD.

III. @ wrmiw @ygliurged (Displaced duplication)
o GCmBGwrBambsmefesr @I QIUMLHS UGHSH DIHT  SUieOUmel UGHHHSGF
FnmsH OFHTenevalsd 985 auflwgulsd SIMDAISTESLD.

Fmevdpd HmUuw (inversion)

o o GCIMGTCamied 2o 6ilenm WFLUEIGH6T 180° BHTIHHL  HEMELBSIDTH
LOTBBUILGSBS). Ao Brewih AL mseied Nemaul (b B Senewiey
HeOL OLIBISBS. @pmeneoulenr  Curg  eelalld  SLHTWIAPD  BIPLILD
JMLI[H IS 606M6V. OLEOIMeL U  auflewFulled 0Bl  Q(DMBIGENLOG]
BOLOUBISHBH.  HMLBDSH HHLLSHDSH (LPH6T (LpFH6ede0 6rOL Jeuewil (1926)
aISILIGUIT60 (PTG, LisvTailed HewiLBWlIL’L &l  HWevdldd HHLLD B
QUGB ILIHLD. Sl LUMITOFe flé  Hmevddd FHmuub, Cufloge [l
HEM6LDHIDSH SHLILLD (LILLD).

i. ummOsean fls  Smeodps  HoUub  (paracentric  inversion):
Caar CGrmiwy ole0e0Ts LGHUTD Hemevdidd HHUILID HenL GILIBIFH6D

ii. QUiCFaN s Fmevdpd Hmiub (pericentric inversion)
Caari Gymowy o eiten UGHUTD HMEVBHIDS SHHUULD HewL CUBISBSI.

SHMVBDS SHHLUUD LflenwimogdHled yHw Fppleamiser CHTaIB eubleu@@sHmal.

4. @LbeuwisHe0 (Translocation)

o HFHmFa Seveors GHCITCLTCFTLSERSSmL G GGITELTCFTD HicwiHaHe6l
UFLOTB®LD HemL OILINIEUSHTED @ 1bELWITSH60 61601 3] SIMLPSHSBLILIBLD.
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(APP& LD]

L OLWTHMeVS  GHBIHCEBMBHBHIL ST GWLILGHMS gBLUBHHS OFBmeiTend
FL TG, goeaied GMISCHMBHIHL @HHMFe] GHCITGLTEFTILSHEHHG)
AenL G gyl QummeT ufliom@Bpl  CFLIWINILGSBS. B 1bOILILITH6VI6D
RSHmae; weurdh  GCITBTCambaendd BmLBw  @&CrmGunGamib
SlewihHei uFiiommpld CFUIWNLGSHBE.  Bevel cpeTBl eUenSLILIBLD.

i. ereflw @LDEUWFHed (Simple translocation)

o o GCIMGTGsmled WL B @ Wemey gnUGSBEH.  emeyul L Hiewi(h
RHHMFe] Sleveurs GOITCLTCHTINT @ (Pemetulled GenemisBEHl. Bl
e Siflens bl GLpILD.

ii. pafey @LOuwFsed (Shift translocation)

® o &CymGLom@amidlest Wemeyu’ L HI6w1(H RHDHMF6 SI6LEVTH
GCITGLOTBamle WL FOF(HHLTH EenerTH M.

iii. ufwmsp @LWeuwFsed (Reciprocal translocation)

° Qg Bm  PHHmFa] Olveush  GCITGLTGF TS EHH S Bent_ Gul
&GImCLmGamd FHiewIhE6T LFerOLFL UFITHBBLOMLUSTGHWD. BFH (PenBWBB

&ois8smm (illegitimate crossing over) eeiab SiEpWHELILGL. S5

ewI(BLD @H euedHeNTHL LflbBLILL ([HeTermert (LILLD).

9) @dFumiiimene GLboLwFsed (Homozygous translocation)

o B IDOUWITHL BTewih Sewenideaiar Arewi® GGITGLTEFTDHEHID LIMIE
CameidBgl. BTG @sHHoFe GOImGLrCambseaie GL IDOLWIHS LGS
@Gy wrHflwns DHEHSGLD.

&) rppiliuewiienenie) S bOLwsHe (Heterozygous translocation)

o @allaurm Bment SHFHmae GOITCLTCFTHalaT @61 M G&GITGLTGHD
LB @b CuwisHeded URIG OHTeTSBE. wmm @  GCITGLTEaTD
BuwieoLimerr Bleweouled o 6iTeng).

FBpler o (HauThEHH 60 B bOILIWITHED (PSS LRISTBBISBSI.

sroupEiseiico DNA euenjdlens omspd (Metabolism in plants)

o o uiflemmisefent OLIHEPeVSHInMIH6T6L LOJLFTT OCFUISH ST  HenehFluIoTss
Hawb DNA saisaeuorea oBBId  e»WlICLTHETTS  SIEDLOHBHIGTNS.
wyyaty  Geuigsmend GBFUSpmeudsd, @MH DHFWLSHHHS DIMOLILTEH
DNA HBLDAUSHT6V, SIHT @71 1911, LI SILMTS BB SH6L,
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(APP& LD]

pICFybmawmL S0  Gurais  Hawweyser oP¥bEH  OFmelerHe0  10S
SIUFWIDTGLD.

Bema SIMSHBHILD DG DNA QUGTTE M SHLOTHBMLD
SIDWHSILGHBSE.  BdSHILUBBIF SF(HIHIOTH Beld HTewtGUTLD.

DNA @iy (DNA Replication): @ppeeouieGurg DN A-aier
Fflemp  LfleuenL b, @alOeum(m STUI SewulelBhbaIld DSBS 2 &b
Hemelm @D 2 (HaUTSHSLIUBHBSH.  DbHH @Il UTsH  HHImeUHDHIs
Cameend  @ULigli]  (LPENBUWTGLD. apTam  Bsui DNA -semss
Caraipid ArewiBG BmpdHeied @6Im LHwFHTaalb, wBompream stui DNA-
uflest @emipenwiufd GUBBIHLILGCSH BHMBGHH HTTEILOTGLD.

DNA uwsl péasb (DNA Repair): gmass o ulflemseieid
SlaUMNSl 60T DT LIGED)] OHTEMSHWILD [B6M6VSH HHETENLD QumBIeTeTg?
e uiflemseiar BlosHs eampaiBg DNA aaeamp o sei@mpa? o uly
QUTLDEUSH B BT Bxhemeusmeit Sl SHHIUTflHerMelld GuemT ILBHBSI.
o ufflemiise Lluled HemeusdHhdds BHemeusmeT ereiGeneien? GLogid
Slmal BeeolIUBS(HES DISHHWITeUF WImIS6T WITG!?

DNA safisgeud aumdibss.  goermeaisd LIpSHIBSGHH0 (PenBedd  @Ede0
L (O sTemiuGEBEH. o2y almaTald@Gl FHHLOTBBREIGT HHUPDLEUTSH
omS PHH  HTCHT  LWHIBSHE — CFTAIEHD  HHFLEBHHHD
(pevdsIampTd  DNA  Slapdngl. FBBIFGIP0  BTTNB6ET  HIGLEVS
Buipensuled o ulflamisetller o eenmihse Habeseaieamed  CHTEIBID
oumusyorer  BFgomser  Cumepeupmred, DNA -sefled  LpgIH6
JMBLI(H S GTB6MT. oo LremiseT LB@Ib OpTHHeflar o galumed Sene
e IGLITE HHBLILIBH6USHET €LPGVLD FegwIwILC (b DNA
B QL hSSLILBGSBS). @b LwH HESD  QFweosBerm o ulfleefer
OJUED — OHTMSUWSHMS  HemewTddh HEH  MUSS 256 S 6Be.
JUEISHOSHTMNS  BFSH DRSHHHIGMeN LWHLITTEGSD  elsionrs DNA
CFweLIBH B

SHTAUJBIHEIT alleVmIFTRIB 6L IGLITED, B Fur@aseNedmHbal o L GMQUITH
BLICUWTHE RSHIMIS  BUIGOTSHEN6. SmUiaid BT6T  (pIpeuBIDd  Gflul
@efuled [MHleiml  euTIpLD slmal  gefuflesr  dev LTHS  alenene serlleVHbal
aelaumml SHUILNSHHIS CEHTeialenmen ?

&flw gefluier yp emgrs sgfser DNA-uled evsilar @rle Senenralssl
CxpmeiF  OQFulmd  uTHHWTE  alemeTa damen  gBLI{BEHHE0TLD. SLEOTTEV
srougmiseied o efem  ..BuT_BLremevBwerd 63 OETH  BhsH DIl
Hewendmend HBTHH BuieolBlenevodsd DNA (lpe0dbammiseT 10T 2 $He|aid)
GBIUIL 5555

wpiGsisma (Recombination):
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* A DNA CLP6VE In 15| 60T o eiemraGeur SI6LVF) DNA
(PeLHIBIBEHHHLUIGom  wFyF  QFUIHHeT  wWIBBS  OBmeTenILBIG
wpIsiosma  GFwed 6B CFWeIaImed  FTHHWITHBSEI. &RV
uGLISICUTE HFHmFe GCImGLTGamd Gmeanaehdsdem G  &nISGHBMID
6B GlFied cpeold B HSDEBS.  GBISCEBBSSHCUNG BlsD SbHe
&CymBuom@amid ufllorBBELFwIemsL, (LpeT Luilesrs UG LILB61TIe0
L9 S (BUILTTSH6IT. G EEE TR SIMLDEHGLD DNA-ailesr
uTedBluwsalGumenL L. @ewp  SHWIgSSLILULH, B Senewie]  HHLDeIS
(PeLHIBI SleNaled HHAPD BICFTHMBF OlFUIOTGLD.

QU sm o _uljseisd (WamfGwm Gaefiso) DNA @iigliy

e DNA-uler  pluysefCurenl.  Os1Ly  euflengulsd o @GO L
BevdSlelBha DipeT Bl CSTLBEGSBE. B% Bl OSHTLBIGLD
Be0dE TalILBH MBS GQuouupr sm o ulfleeiesr DNA-alsd  @amiBG
GoBulL @l BedHGH6T STl ILBeIN3e6T. I(bSHBHISBHTLL TS,
FESBTEITLOFD  ClFjeidfiCu el merOl.  Lehewduled gmeHHmp 400
CPHTLES BevdbGHFHeT SBUUSTES Pl GeTengl.  udlaneaid GeusGaumn
auemaWTel LUrdndelsar 0Tl SiLmsw @rliglin] pearGearmes CET@GUL
(prereplication complex - preRC) geam  Srligliy  Sevdded
OaT@ sl BU  Ueer @7l BawsdHSULbGSng.  DH0HTGULI0 ml
UIamideT SILmBW  UGdh  Guulsm o ulflseisr DNA @yl

Bovsmad HEILBiw o Fab uGd (Origin recognition complex - ORC)
wres GFweoub@ma.  Feovl lgsst DNA @119l &1L SELIL6eTeMN®6lT, SUILDTS
OI e  OFTLFufleng  Omewi  ©evdFH®e6i (Autonomously
Replicating Sequence - ARS Sites) a1 omipsaslLGSamer. Syl igli]
Bevdmad Qo 2 FHad UGH Belalevds@Hdelled I BEW  Llemenihgl
O el eiTment.

Byl Bevdsded DNA-uler  mflewp Hemhal B OeDSHENTEHLI
Ufssliupn Revd@ ULl sl el UGS aariuGapg.  Guoulu)l’ &m
o ulflsefled w60 @iy GevdGHH6T EHLLSTED  6TewIenIBB AT IQUIL]
BHAUL_ML_H6IT ST LB GBI HHHBSI. DNA-aeir
FflempaEnsBmL G 2 6o ewaBLl Je36 LleneniliLsemen DsBN Diend &
sl Qeowpsenmall  Uflds amelGsead  aaiB  OBTH 2 FHe BB
LNl el L uTedmlug e GuimenL_L- BB 6IT L5601 (HLD MEUBL_J 8 60T
Uenemili®enmed S emL.  BevpdeamdHalmosd HbhbS BT 19SHSHeVISHT60
Lisid-A (RPA) o_gedips!.

(PBIBGHS SHenjaler STFIOTS I IQLLS SULMLSEG DILLTED  gBLBLD

Cowens  (YHIEGF Oaflalar OnsssHmsd SsBPL  CLTBuTErBsmoBrerd
aSD CBIS 2 50D
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o Aulier caped CaHTaimId B Dewpselled 6wl (PITGHIm  EewLD
QzmLy @) (leading strand) eeipid wWHOBTEB USHHEG S
(Qzmgieor @emip) (lagging strand) eieipid SiwpssliLGdamear.  DNA
@ripi; DNA uredw@rerd a et OprdHuilemsd GHTL S8 meubsLILIBGSMBS).
®g UmyGoed eleed SIMWSHLILIGH MBS @iy  OHTLRIGSBES
(P&TL  oiblgh  glewiLotd @ A RNA  gewillb o musHs)
WG GCouemiB. BsmBe RNA Jdenjwjy eeim Quwy.  Sens
o (Haurdhsll LengGed GHTH o Hesmal.

DNA uredioByerd  Gmrgd  @rllenu  Bapsdseusng 3 Hlevluiled
salsaei i’ L OH qeam GxemeuiuGdpg.  oniGurgigsrear DN A-uler
LTed@wCrerd 5 (emetuled(Hbgl ST IGLIeNLE OFHTLBIG (PQUID.  BHe6
RNA-ewjof Sba1 2 SeidBi.

puseiwny (2-Lam) DNA @rlwpining DNA uredw@red o (&ued. .um),
DNA urelw@rerd B (ficm) wmmpd DNA uredioByed € (erligeumesr)  eteot
WSIB euemsWTer GBTHS6T CHeneuliiBalaImser.

Beubiel

DNA Pol a - umediw@rerd RNA lenyin] 2 _(HaumdsshSm@En

DNA Pol B - uredioBrerd RNA @yl wlidBsmer (pseenn Opraunss G
o L &mHaled STewilILGH DS

DNA Pol & - uredw@red Bylwlis sl olfladlul 2 $ab
OBTHWTHD GIFUIEOLI[BHE 6TN360T.

DNA umedo@red  (0rm) DNA  @rlwliied  epsHelsll  LBIeNSUD
oMLl 606m60. ML HeupTen  HluysbealGumemL L seT  GUTHSHSIILIL (B
LG L DNA ® (Heaum@LbCUTG SlaUBens bHHF giflwiment
B beflCuimenL L semen GUTHSHI LIRS HHS 2 FH6 DSBS

e DNA @piginy 5 3 Hemsuled MapdBgh. o mamgd (UHwu Senp urd
exTLile0eor) DNA @ewpuiesr B d RNA tewgiofler 37 weweruied
aipmaug OH-z3 aghbdyorsll GuBp  (weneulesd oS Bma. 1960-&y1d
oW CIUId &TFTE 6leLe(HD SUTH FHTHBEHD, LUHBTHH CHTImid
Bm Ompseied  @eiml, Fm  HEWILMGSTS 2 (HaUTHBH  6leid
ST BI[HSHe0T] . ObHsH OCHTLIUBB SHIWILHBIGH6T QBTFTH  HIWIL HIGHET
(Okasaki fragments) ereniuGdemer.  emeoBserd eteti3 OBTE  OHTLIUBB
SHIHIL MBS el BoUSBGL LWTLHS GBI, QI TR HTFTEH  FHI60TL BISH6NT
NemewiuBmpl 2 (haumtGh Denlp LISipn@ @enlp e1erilBaSmal.

207 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




=
"‘“--:'j_'_:--a,_ (eiTGeorm) emLp
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e Gepriig Qemip

Bg o HauTdsUUBL HewF BILlsS Seul el (et BH(HD HoFhG
aHITE  DIMLOHSHETENSHI. LTBTSS OHTLIFAWTRT  SempuITs 2 (HeuTGLD
(WICaImID  Bewlp, 2 (HaUTHSILGBD Hewg, @FLiliyd el L (LpesiGenns
BBHD HMFHG QUUTOTSHTES 2 6Tl mevBHerd QHTHWITEL B HTFTSH
HIWILBIB6T LleneanibsliLBald, @ SWLsHar 3 weeiuied o eiter OH
OHTGUIBGW, WBOBTENEr 5 OHTGLIT0 2 _6tem LMo, .GuUL OHTGUIBEGLD
e G enewilil gBLGBISET clpeold @& HHDIBS.

SymiLTifed 1eComiwy GsTLjauflensd TTTAGGG

sreugmtiseiey Gombwy Gpyb &My @eveomeno (Plants lacks Telomere
Clock)

U]  USGHSHIHGE  QFeodeied  1CemlwGred  OBTH 2 (HuTHBEI.
AFGHSHF  OQgevdeT  SLGUUTLBB  OF6d  UGUULWD  SHBemell
QumBEI6TETET. gmaaiGal 11-gub auGULled SISHWTWD 6 BB 8-B6v
le@eombwiFser uppl wwWleapliTset.  GGrmCGTCambasefer mieluled LomS
oms  oemwhsd @G  eums  PudbeliCuremLl  GaTLFeuflenFseT 6B
o HouTdSIUL (B 1Ceomoiwi] CaHTaimISBEl.  IBSBHISIT LTS YT mLIFerd
srays  GCImGunCamiesr  weBmiwifledo  TTTAGGG a1 Sidohs
puwsealGumenL . OHTLT eufleng wBsumbuwemy imdsSpg.  1eBeomioGyerd
aaiiB OBTeH ST o (HaUTSEHBEG 2 _FHHBH. (PHGHTeNT alevmiGHerle0
o esitenigl Gumed @HOBTHUNGT Sleey, HToUJ 2 L VOFOH6MED LIQLILIQUITSSD
GMBaIFHemev.  allevmiSlemiseile g DIHBFHGLOUTH EH6T Diea)]
LQUILIQUITSES  GmBhHl 0Fe0H6T LGUBLD Hpenet  ELDSHE6IIment. oTeo1Beul
CPLILIGDL SHeWe0F  &llgdh &ML  GBIL  STlQuites o 6Tengl. Y
QUUISHITEOT SHTEUTHIGH6N 6T OFevserguid BbOBTH U6t ey
GOPBWTHBUUSTEL  DjeuBplled  1Geomblwy Gryd &My  GeveoTdlhHliug)
GBIUIL 55553 @emev  Gumeipy  oIFHL uGLuedLub  Glged
SIMWLILBHM6NSH  HTLIQeVID  HTeugmisenet GeuJmlieladeT LOBBID HTBBIH6TED
(Uaissed HFssen) DFd Oi6T6] USHSHHGF CFe0H6IT CBTEI(BETETHTEL
SlauBnled 10BGeTLIGTeL OBTEH DISHHID STILILGH MBS

GCymBnBsmb (weneisefler ylpliBasren SHNILULL SuIsES(pmB 61%h?
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(APP& LD]

CFeouEeBurg  GCrmBGwrBsmd AL UILMLHSHHID  DIFH6(LPEN6IISH6NTED
aifls @il Paspdng. FB& GGG (telomerase) s GBI
o saEmg. @ FABw RNA cpeodbamens aumjliunes Cameni® DiSTaIg
LNemJ oI Omemi(, 6] QUND Bl S6eMGUITenL L SHe6rmTed )60
CaTLjeuflengsemen  @HOBTEH o (heutddl weGeombiwy GCarams OCFuisBs
(DNA pluysefGuimentL  LmedoenyGaagen)

DNA @yiiginy sy suimeiwed (The Energetics of DNA Replication)

DNA o pusdsstear oubsemev 19 s IfGummluydeliGuimenL L sermeot
popbed  olgGamenagst gemyumerd..Gul  (dATP), weusen) Gourenenger
penguterd.”.Gul (dGTP), weiseieng GLrdflamngenyumerd..Cul (dCTP) wbpib
g opbeilengLiigangenyLmerd..Gul  (dTTP) eudwemen CsTHHHI 2 Hoydese.
aaiBeu PuysbeiGurenset DNA ous5585 Bmheveuwimer HemiCQUT(HL &SerTs
AlMBIGAUBIL BT DIHET LD  DVGIBMeT 2 (HeuThG  OFwWISHGHS
GHemeUWITE SLBMEMELULD HhH 2 56| &6 mBeoT.

DNA @ pssalsd uiesF gmem OGLueofler oguie (Experimental
evidence of DNA replication - Taylor’s Experiment)

J. Gamyuyl GLuiev, N6l 2 e WwBmID euTevl J anfulegerd S&Cwimy uT)
uwpeny  Cuemid DNA  Oumpdssdmsd eoldwm  Cuur ey  Geufled
a6 U|6TT6T6uT]. DNAsler sadfluwds  (wearGamouwimer  3H  engidigest
Garemis DNA emeuds @NUILG oisBel et o CLnBrigGuimdlymLi
GoBosTeTen UL L G sFHflwsss  @BUILBSH mBWLOgenaid  OBTewIL
QUGTIEHL & &) 60 Gauy mIBewen aleMTHH  DFCFHeTeTen DN Aaisd
SHfWEBSHSHSMD GUBF CFUWtLL L.  UdSLUIULGHH60 HGnBulL i’ L
&CymBonGambseflesr Oeusllliugiiy &yl  LeTealsefed Geuserll  HidHeimern
FHBI9HBLILLLendl1 CuTetml STl L .

Ophsrd GEuiLiu’ L &CrmBwnGsmbsemensd Oomewi  Gou  Hieldmend
GRWILLIULTS STeodlengel OCHTERIL  6UTEHL HHH 60 UTTHSHI DIHET CLPEVLD
Oge0  uELIer Ol LmBlemeoullsd  SiHest ool OFL  LGLULlest
QL Lmplensoulled SiHent  euenFdlenwid S BLULGHSH S CLrGrigBuimdlymi
cpeuld  aueyFFlemwids S BUUGSHFH L CLAGTCWImSTmY  cpevld  BHHD
&CrmBonBGambseT Uiy  CFUIWILILLL . Obhs Ul  eLPeVLD
SHeIL M FHeme)l,

1. saflwsssHIBG 2 LuBSSIUL (1PpHed Hmeo(penm &CTmCLor@amibserfisd
sFflwsbsoneaid  Bm  GCIToTgL Seflevd  STewrlILl L Gl 6JGlearentl 6L
GumBmmy DNA rmflenpuied @éadhflussd @GUEUILLLL BeTeng.  DL6TTe0
Gsui DNA @eipuiled safluibsd GBRUIBH6T STt iLi{Bels)e0emev.
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STUDY CENTRE

2. @pewiLmbd Hewev(penm  GCImGuonCGambenr &m GGymwomgl Hefled  e6iisled
LB FHrer sHflubsds GBEIuIl sSTeoiLl L g

Bibpaldet LTE UpmCUamID (empuled DNA @i 9sHsHmev Bepllsamg.
srauymisefsd LysFCsjsens (Protein synthesis in Plants)

o asGsidmas  OFwed WU  UQROWHSHHL  OBBID  HBeULOILIWITE]
(translation) e16ii3  EHBleMeLHEM0 HEOL OLIBIEBS.

oyue UYEWIGHHe0 (Transcription)

®bhs BawalaBurs DNA -aler  agauemwliyg  GFwaid 2 L &meisd
papdamper.  opemed MRNAalsd o sifen QFUIHUlSI(ETT euflend) LOFLS
SBeU6L  Quwiey HwEFS  cpeod emFLBLMieMmESHHe0  STewwr ILIBLD
fABLTGambsefsd Bawdipa. Guuulsm Oupp o ulflsaisd (Eukaryotes)
o maurdsld ~ MRNA-&&6T  @Bedpl  Uis 2 BusHdHeater  LoJUE
QuiHsemens  Gumpm  wTGamFevL Gyl  (monocistronic)  HeenID
OSBTEWIL 6MEUSHENTS 2 6IT6N6I.

wyugml LW BHSHeoTedl, LwBss Geausmigul JLamIaler Oienoail $ae0
® eifel  emaml 76 Liemewilisel  oEBulLL(G  Fflemwp  DNA  1flgeded
BIOUBIG BB

aumjiy Sen / WG Qsuwr e / QeefiiumenLwm Genp (Template
Strand / Non coding Strand / Antisense Strand)

¢ DNA-aled 3 — 5 daguled oemowniOusp, mMRNA ugOubBsHsesE

GUTTLILITE SMHSH D Tl Sedlp eTarlILBES B Obh»
GeueliliuTL L WT Q6mLD 6TaaD DIMDSBLILIBGH MBS

GHUIG OzmewiL Qe / amjildebeons S / OeaefilLTLenLujb Senip
(Coding Strand / Non-Template Strand / Sense Strand)

DNA-uler ey Sewpsdha@ eadimes 5 — 3" Havguleomobs B GBuid
o BB G AL ILGHBSI.

LOwiGssi L. mRNAulear &1 aflngsd Seomubd &1 alflnganul
(wapladb@ udHeors wpgrdled Osmen®) OGuBPBLLCs @UCuw augd

ST EUILOTGHLD.

LQWHSHH0 BawalBg DNA-ulsd oemwbsd @m GBIUILL &1 aufleng
weialwsdwns (promoter) CapmaliLGadng. @5 TATA a&m@ Sienwbs
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&1y auflengwn@d.  eleiBeu @EHd TATA Guenlp eler SIMGHBLILBH MBS
BObhs BevdsdHelmbal L GG MRNA uOUIGHSH BB (LPIQULD.

®8x GBumed DNA-uled ehgp Revdsdlet MRNA uredwByed GBI
LOWHHH0 DHidmel HipHHS OComeiren GeuewiBld ollLNSH 2 _ewiTHDH
2 b &M 6auflenF EIWID 2 66N DNA-Wler  @hs BevdE
(DI96)[H 6060 QFHTL T aflens (Termination  sequences)  efen
SIMLPSHBLILIGH MBS

Quuiuasm  Gubp o ulflseaisr oDl WWIUEY Q&M Hed
mlewTenlls&ulled epaiml LG HHmenll OLBBIeTeTS.

1. QURIGUBHSID FnBIH6T
2. TATA Guenip

3. LREWIBSHHL OHT_HDH BevdhES
LI QG SHSH60

SammleT  LOWEHHO — OFTLES @b 25 M aUflenFHenen
Aemiseasifw  CuGsuriLg T jaufleng TATAAT eeniuGd TATA
oleoevg  amrdheared  Guenp  (Hogness box) emwow  (eieilwsalwms
ST LGS BSI. Bene LYOWHSSH0  Hasbemeud &L BLUUBGSHSHID
LI SBISTGLD. QaupPiBel Gurgeumer UYOwWhsHHeo smanisst (General
Transcriptional Factor - GTF) ey Quwiy.  Fev LgQuIBSHSH60 SMyemnilser
(edtenwsbSuL T Crruinsll Llenewihdl 6ETeTdament.

Gouml Flov LYOWIBHHO STTMIH6T QUORIGLUBHHID FnBISHEHL BT  BeN6mIHI
Leirerl LiguGHoed Blobmed HflSLILBGSIIBBSI.

LIYQWIBHSHeL HHDe OCHTLRIS QUEBIGUBHSHID Fmpiser o galwmed RNA
LImeVlo@yerd GMLOUI (peTeufiulc &lemul SIENL_WLITETLD ST BB BbH
RUORIGUBSHBHID FnmIBeT B UGHHBMTEF GFwe0LBE SImBen.

1. gnewiBd GzmLy euflms (Enhancer sequence)- @z OFwers@d
alfleng 616016 LD SIMLPSHSLILIBGH DS L9 OB &HFH60 HIBLDM6
2aHHULGSHSINCH BEHBESHS STTEILOTEGLD.

2. QImIILGSSHID Ty eflens (Silencer sequence) - LYOWIBHH60
Bomal @BhdHD DIELVFH GHMOBHS 2 _HA|D ST UfleDFUITGLD.

amsHs Osmjaflnsd (Consensus sequence) - @ sMjaufleng  ewi(BHLD
BewiBd @F gMBHHHS aflenguiled @aleum SiMWall HHeVID  Dlgdhslg
SADHSBSS0.
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Bmad QFHTLIHEH Gurgieuter LwhsHsed smyewiser (GTF) wppio RNA
uredw@rerd Il o &1 eufipLHFH (mediator) @eipid CaemeauliiGdng. Bal
FTewiBd OHTLT ouflensd LBHID DIDWAHILGSHHID OCFHTLT  euflend S@rHL 6ot
RNA uredioByerd II-emeu QUT(HSHSH 2 FHeydmaI.

RNA umedinByerd DNA-ey et Ghriguinsll  Llenenuibdl — Cbmeialdleoamev.
LMBISL LIQOWheHHe0 STTenlsamen Dfiul 2 HabD (LTSIl 6T (HFHeVleD

Bmenibdl el UgwWhHHe0  CFwemev  HBHDHHISBSI. B 60
(LP&STEOT WIS ST TS

DNA-afsveiten LgssHBaTen GBUih Deudb@&Hsamend Sl BSiul 2 56 |dBal.

(werefwsHuL a1 Aewenibd RNA uredwBrenery  eufbL 31 LIQOWIHSHSH60
&Mgenl (PSS URISTHBBISBS. Bz Uete  mMRNA-alBsTer
By seflGuiment L sei 5 — 3 deguled auflewaiiuGsain G RNA -ules
Qe @D o (HeuTdSLILBGH MBS

QUi smm o ulfleeT cpaim auensuiter RNA umediw@red Smentl LGB
Beneu (pewpGuy I, II wmmd 11 ereor’t QuuiflL (i Beitereor.

QBT 2 LIS

RNA urmediwGyerd 1 FAGunGamiflesr Ouflur euemad RNA&zer (5S rRNA-

weus_6ily)

RNA umelioGyerd II mRNA - & b 61T 60T (Lp&ITB6uTTIQ & 61T (Beneu

hnRNA&s6T ereut LB evtment)

RNA urediw@yerd III tRNA-sx6i1, FGUTGsmblesr 5SS RNA, o I smalen

fflw  auemad SNRNA-Gx6T  (Bemet  SNRNA-&H6I
(@wau SNRNA&H6T 6T6d1lILIHE GOTB60T.

weBemmge MRNA Qsweunsssded usGauu L mRNA/RNA o mormpgded
peVSImEm CFwed(penm

GQuuism o ulflseisueten mMRNA, tRNA, rRNA odu  cpssimid
(pFHevblemevliLily  erer LB (primary transcript) (peiGenmy RNA-aledmbal
® (HeUTSaLILI{BHETseT. Obs weGeammg RNA-weu LgGwpss RNA
umedio@rerd I o seydma.  wimspulfl o L &mamy RNA (heterogenous
nuclear RNA) sgpoewsr hnRNA  eenun  weaGeammg  RNA
gL CLmienTaHms AUbHGE SIDLAUSHBS (LP6OTL 2 | &mHaled
USILGSHSUILBS BSI.
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Bl apLed (Capping)

o wasplemev RNA wguier (hnRNA) 5 (pewemuled Gosdled & emsCameng et
engumery..Cul  Gamewiy GFLwliupld Fev  OTBBHISET HieT CLPL6D  6T&ImI
SIMIPSHBLILIGH MBS

2 6T GgHHevTdHsLd

BlelepLenevd FHalfiHak MRNAald sreorniuBld 2 6T mBluydemGuITenL L &erhL 6T
QwHHed CHTGH BemewidBg.  LIYFOFWUIHL GuWTe], WLIYFLFWIST Guuije)
DIVITH  LGHFH6T, GOeWILJTeiHeT OBWID THFTAHIH6T  QHulauBBled o 6l
QSHHTHD DeVSHEGHHET  SHT6uTL LB ITN360T.

mIeT epLelleir BGxHemeu

1. RNA fwsmald bHEHD 2 Ha|Hhe0
MRNA-uled (a1 DIDWHSH (PHeL E6wTl Jresl bbb
mRNAemal ® I &(mHalleVl(hHb3 &L BLmienTesHI MG BLHHMS
PUHGUGHS
FCUTGam(L 1 MRNA-emeu Llenemnrsas

auted 2 meamssb (Tamling / polyadenylation)

. hnRNA uguimend ssaebuwfe) OFUISBEG 2 Ha|He0
. umeloulienL L semen CHTB@IIlILSBEH 2 H6H60
. gl Cumienmmasgleo MRNA-alar HenevsHaTemenul 9IS &ifEH5H60

GQuuup sm o ulflseflar DNA-aled o 6ten s @adBs  GBUIBD
UGSHB6T  OHTLIFFWTs SIS e06meL. OTBTHS  Hld  HIWIL HIH6TTH
SIMIOHGE  OTUIHHNMTHS STILLGH OB SHenet fFFTEG J. grouFLerd
wppid S0 ey e & SISlehJHeT  1977-60 HewiLMSlh,
AssampLlIBaETE  1993-60 Gmmued ufle  CUBBET. @(H  LOTUsmIe 6
B aleminmiseT @ewi gneisen (Introns) wmpid erdevmenset (Exons) eeipi
SIMLSHBLILIBH S TB60T. BeouBmlelT  eidbervmeidel  HIOGaIT  SblevmIGH6T60
O&TLJeuflenaFsHTent GG BEM6TLI Cumm HI6UOTL_MIBETTGLD.
SeupplimalenL Gu SIMLOHBI6TEN ©)600TL_JTGIIEB6IT SILOGeurT HYLOleLmIB 6T 60T
CaTLJeuflengdarer GBlueaiser smHuild GUBBIHLLSmev.  6aiCou Eeneu
2 (HHOBTHHGLD LT HHIH6IT, LTV GILI 1N (H&6T, QBT H6iT Guimedns
6T6UBENBU|LD o (HeUTHS 2 566U3606M60. [G115%:)) 61&6YOMGITEH (GTHLD
Bewil gmeis@pd HBGUTEHI Lemeyul L OJUEDIGS6IT 61601 HIHLDSHSLILIHED 6TB60T.

srauymisefled RNA-aledhha LIHHmd DmDSE o FHaITdH E6RILJTeH6N
SIEBBULL B, eIbeTaiseT Llaeniubld Fweaisbd RNA BauidhsHsd e6iml
Quwiy. yrsmiseT ueveuBmler GgT@Liumeorer GCsmenealgel EenulshHeIBILILSH6N
(Spliceosomes) 6133 FIFH6TH6T BHBSH 2 FHSAWRL.  GBSHBTY 40 (LPH6ED
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60 BTG WLy allLD OC&HTNIL HH6THNMTEH Een6l 2 666l

uew fAPlw o La®m RNAsemerww (sn RNAs), dflw o La@m AGummuydberiws
sd ssersmeryd (SNRNPs)  Gubmpene. Bened  B)6UTL_JT65TEH 6N
BemnopBlwe|b HEBAD 2 56|36iImeol.

fGsmemevid (Ribozymes) eai3 Gprauier o gHalCur®G, SewsHsSeBIli],
BT JTEOTHM6T  DIBBBIBHMBS. o1Fa1  Uetenll  us@Geuliul L. mRNA
BomwdHs 2 milimuall B Oeuelaubd, 2 &M SHlevel UPWUTS 2 I &H([Henel
Al BF gl GLTienTovdHm®d  SMLbHH  SmiGeTen  FGUTGFTDbSEHL 6,
ILUSHSBI0 OUWTaIBETE Semenibdl Oamendmal.  UysHmiser RNA-dwel
HU  DORHHID 2 L HHGHmeT  aufwunsdF  engl CLrientFSHHBESGD
SLSHILILBISH BBV FMIHS @H OlFweuT@LD.

oyysh Saeued Guwjey (Translation)

DNA-ufs0 o eitern woyys SHdHeusvdsementl Liyg Csuig eBHHeumD MRNA
fBumBambed  Uemewihgd  UTIOULIHL HHemen 2 (HauTdd 2 FHa BB
MRNA-ale0 o eten BudbeiCumenL . OHTLT euflens @Puibset, UTsHHe0
o oiten QOB SUdlevd CFHTLT eauflengdbaTer @Guluibsents, FEUTCFTLO 6T
CgweundasHTe0  LIHBBLULGL  HawalBE WIYs HHee0 Ouwjey er6iml
Owiuy.

LpeF Gajsmaulsd enswmeniLBL OFmesnssmssT Glwer (Codon):

DNA-ufed 91655055 DiewwbHlenen cpeim BlupsbeiGuimen L &6 oG
Sifeold  gaPBGIw  GPuilted  SBSILGSEDS.  BBBEG WsSHUIG
(Triplet code) ety Quwiy.  LYOWESBMISGLILTET MRNA-ulsd o eiten
GPwerser 5 — 3 Hewguled LghSBWILLG OB  Sflevd CHTL
aflengwns  IRBLUUGEBE. QLTSS 64 GBlWeideT o eienel.  SeuBmie
61 @Puaiser G Sifcomismens GGG GPwaisemm@d. UAA,
UAG b UGA 8w gplweaiser 6bsh  oiGam  ofleomisanend
GBILLZ0LEmEL. aaiGe  @emeu  QUTHET 2 UIHHTH GBS
oTeuTLILI(H ) 63T 60T

Ot sss @Gplwer (Start codon) - AUG GugaGuimeilesr et oidGert
SPLHMHE GBIEGD GBlweT OFHTL&5H GSBIWET 6IaTlILBHBS.

PoiSs Svevgd Bmd OFuump Gpwer (Stop or Termination codon):
o&fl  eeniupd UAA, subuy eremiuGy UAG, gued eeniuGid UGA
aHW  GBlWeHeT  ehHald  DIOCHITOIOSHMmBUID  GWNHBTH, OUTHEIT

o ISHHTH  (GHBIWGISHNTGHLD. Bemel FBIHH Sevevd BmiFH  GFuiud
SN WIETHEIT  6T6ATLILIH S 6ITM360T.

agj@Plwenser (Anticodons): oufBamm  ouflcvnismend HThIS  euHD t
RNA eeniuGd  wimsp  RNA-uled o 6ten  9IB5HBSHHMWOHS — CLPSTHI
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pusefCumen L s6T adJ@Blwer eseiuBapa. g MRNA-aled o eiten
6T GPWISGD Bewent @HHTH 2 etengl.  MRNA-uled o eiten
GPwenser tRNA-aler agljsd @Pweisenmed tRNA -uler 3" — 5 Hewauied
S eropSiwiLB ) 3 TmBent.

JYs SHHeued Guwigealler GFuleordéasid
BF SPHHEWIL  (LPHETENLOWITT LIgHeilled Bl

[. gleudaswenL Hev (Initiation)

arglel RNA eeoniuGic mRNA-uler AUG etei3 @pBlwiet  1oJLs5  SHH6Ie0
QuwiTemeusd OHTLES UGS  GHMIWGTIHMTGHLD. QUH  CLPEVGHEBISH6IT
SILmBW fBuUT@amb erei3 &L GLmLlenmery Hiewe _6TEhBILILT6L DTS SHH6I60
Quwiiey MHawwaBH. Oufu Hiwew DG FPNlul HewewT DleVE 61T BT
SpIsmaTll OuBm @& &6le GPULLTS [HIW 2 6TEHHILILTEGLD. HBEU6ED
Cuwie) Fowsbded WLGEL Bbd B DM JVSGBEHD Db,
MRNA-ma1  HysHHimealss 2 56 dl6ser. Weiteor; MRNA-aled o_eiTen
G WeTHmeT  LIgHSBleuHen peold LIFHFCFTHMS [HiBIDe] OHTL MG MBS
SIOBam  oiflevmismen HOUTCFMOBGHS OBTemi® eubzk MRNA-alsd o eiter
IUSSHBAUOBEHHG giL  uflmglilbhdHsd 2 FHAD (WPevsHImp QuISH H6NTH
worBp RNA-s6i  eleip  tRNAseT  OFuwieduBa emsent. FGuTGsmd RNA
st TRNA oenwoliy  oBmid  elewenyss  OFweonodsshHed  (LpdHEUIL
LIMISTHBBISBE!.

FGuUTGamb @elGauTeipid, MRNA-meal Llmeawidd meabd 2 Halb Bevdhd
QETEMMULD, tRNA-ema LTener S| MDD D Gxhemauuiment Bm
Bevds@Gamenud uBmieTengl. tRNA-meau Lenewisg audbs o saldb B
BvdGHH6Med aIml P-Bevdh@ 61aiBIld SIenpaHSLILIHS 6T360T.

. P-86ud@-0urigemn_sd tRNAemeu LT em6uoTah&H1LD B6vdh &, BFHIUTGLD.
Balalevsded 2 eiten tRNA, euen@pd GUUHLE smidleulest  SjigmieiujL 6
BmEmIHSHIGTETSI.

i. A-@evdsEd — SGamm  oemeved tRNA Lemenid@id BevdE SHleuTGib.
Belalevdbded o eiten tRNA, o 61 Gamewih  euglupo  oudGent
SlflevmisenTer  DINGaITHINI60 Llemeorliles cpeold HTHIS aUHBBH. BbD
BovdGzefed tRNAalar egfs@eswerssr MRNAalar  @pluleisenL et
Bemenibdl CBTETHBHI.

. urelOulienLl. Frde) BLdwenLged (Elongation of polypeptide chain)

fGuBamiesr P ojmid A Bevdb@®el DIHBHEH 2 6TeNHTe0 HIBIG SGHLOULD
tRNA-smen, mMRNAUWIGT S(HemIhSH Benel @5FH GHNIUITHEHL 6T ST
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STUDY CENTRE

Aot BFy galundmgd.  MRNA-aler BuydbaiCGumen I G TLTauflengsE,
gmusd  GPWSIBEHD  dHTESBWEISHEHD  QewewiCFHhHEH  LTeIGULIenL L
FhIFlel 2 (HeuTSHBSI.

wjugnl GPui® OCuwijlniser (Translators of the genetic code - tRNA):
tRNA @61, woyuemis GBuih Quwiinisenms Smbdl, oJUamish  @Guluilmer
pwseid oibevd T Jauflngemw UoCamoIllend OCFHTLT euflengwins
LD 13185 6313601 SIHTeUgH  wJuaeled(mbas  UTedOUlmLL &6  CHTeis
2 56)FGIMB6d.

tRNAaLet 910G ouflevd @il Slendled  OHTGSGLILTED  Benewibhl,
SITeuoTL_ LI L SIOGeorT SlerleL tRNA  wpaedev ® (HOUTHBG.
BhpapFdsnd Chrmauwmar mpmey ATP spha o2 seai@dng.  mMRNA-
alar O sss @Pwemear AUG wjysdh Haeusd OQuUwmelsd OHTLmid)
mUsHBEH.  QFH OWwHHCWwmeler NG  SIflVSHBGFW  GHMSIWeTTGLD.
BsBe Bma @b ] GBumet Oupp tRNA Gbs oubGem
SIflevHMHH HTRIF albgH FOUTOFTIOE P-Bevddled SIDTH MBS

Slevenet HIOCeIT  DIOVSHHMBBME  IHTHGB WINRTSH SHTHISUI  ET6wTL Teug)
tRNA cpevdbanpl, FOUTGFMOmT A-Blovshdled Lienemibdl SIBIG DIDLDbHIHI6TET
MmRNA-ule1 Qemewt @55 GPwai 1 Senent CxmGUTEHI CLogHGeueniiesr
B  SleveneteT  DHBHEH  GEmewi(h - euUFLILIBHE SIBenT. LT 6oT601i}
SauBiBHloLCw Culin, B Semewie CHTEIBISBSI.

B HmansHHe0 P-@evdsdled 2 6en tRNA —alBgd OGwdhHCureaier oidGeam
SIBLHHBSGmL G 2 sifem  edled  Llewewilil]  HIWIQSBLILLH  (LPFH6L
tRNA  fGunGsmier p-Bevdamaall b  alev@Hmal. Wetteor;  mMRNA
Aeopulesr  @@Bwer D (et &1 auflewgd  gmyb)  FHGuT@amibd
BBTSHMBS. Bgamed  OCHHCWTET - SEVMIRT HTHISIW BT TeUdl
tRNA P-gosdBed Qarewi® anliuGdps. SsBéomiuled paimsealg
tRNA sisBaflw  apampraigs  SioGamm  oiflevomer Fengapl et A-Be0dhaI60
AUHHML HBGI. Letedl]  Slevenllent  LOBBILD  FJendbGilen G GulienL (b
Bmanie| GBLGSBEI.

Bamar SIbHH FGUTGFTD, MRNA uler cpeim &1y auflngd ST HBIHSI,
A-Qevddle0 2 otenn  cpeiil  DIOGIT  HIdleLHIBMETT GLICIML L. Seneniaied
Gump GulemLiged tRNA, P-@eovsdB@s Csmeasi augliubasgs.  ESHermed
A Bed@ &16d Qeuwiu’ G SeellsdBe 6sH5 itamseiss RNA
Oameni(y auILILBESBSI.

Beiaumy  tRNA A-8owsadedmbg, P-QeusdBe baias  fEUTGFTOed
@LUGuwWTey e ILGSHBEH.  Bhs BLUuwTaIBEs CHemeuliBl SLBBEN6D
GTP-0s1(hH3 2 FHadma.
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o LUTIOUIMLL 2 (HauTHSSHIMBHTE DIOCT DifleVRIBEHHDH LGl GULIeHL (B
Nemewilienl  gBUBSHHID FGUTECaTLOe0 o oitenm  flGumemervld - GUILIENL 196D
lyTe. .QuUBTerd el OBTH o FHaydmal.  fAGumBsmib, MRNA-alar 5'— 3’
Hemguled cpeim  SMFeuflensd SMID  Ugliuguimes  BEHDGUTEH  DIOGeTT
SflevRIB6T QBN  @emTed, MRNAuler  eunfam L ederg, GuiemL L
Benemialer cweold Llewewibml UTeVGLLL LTS @ LoLWwTeuenLSBal.  LOJL
HFaued Ouwige] e BBty GBpemeu  OFweLTHHLD. SIfiSLoTHL
rsdCsysma  HawbBurgd @ MRNA-uled uwe  fGUTGsmibseI
BemeioyBml  HeWISSBM  UTeVOLILML HHET 2 (HeUTS6aIN360T. ey Lev
ABuTBambseT @m MRNA-uL&T Semeniay GUBB Henevdb@ll LITIGFTIDSH6IT
Slevevd UTeIFIGUTGFTDb&®6IT 6161 GILILI.

3. umedOulenLl o Busd (wyeuemLg ed (Termination of polypeptide
synthesis)

o wpamsHsd GBweasenmear UAA, UAG sisbevgs UGA @eapnled g8mhenid
o  fCuGsmisr  A-@evddBE  abdemLubCurgl,  enal GLmilenmer
LrsHhiseiey @amrer alGaldgd smenl (release factors) ihemen @evronsul
2_56EIBEI. Obs WYY BSSID GBwer FGUTGsTMIL DML bSHSID
UsFCFIEma (PYa dH@ aumIABH. HCa FCUTGaTDHeT OFedelle LTS
o BuHF OemPBsTeme el ILGSBS. QG HOUTGFMIe  Bewent
BlemenT  DIeVGHEHID  LIfihsl, Lemeniwmpmbs MRNA al@alsslinbeaugi e
o mauter LTI MRNA-mar ol B alev&Hmal.

sreurniseisy IBBIwens RNA @mwsdzme (Alternative Splicing in plants)

®  HTAIJHIGH6NT60 GplD6V SRS SHBIHEINT6V egMuBLD allenereseileV(HbHal
AlBLUBHINSGHF Frmdhal wyusm GeuelliLT®G 256 dSBaI.

LgQuidssiu’ L. MRNA  geamier, SemwdhdHed, sonmisamen, GeauaiGoup
Bevds@deiev  OFfle) GFuin  owiHed  GFuwin L. mRNA-zei
o auiLndemear. SpBapalng wiBppens RNA @eauwgse eewimp Ouuwy.
[SBIBYIIS ® (heUT60T IR RIS MRN Aseied(mbal Goupui’ L
LI Sepedbanpisel  CHTEBISMNSS @S5 2 (BLUISBIBET  eTeip Gl
wrBpipens  RNA Sauwidhselled  LeOIpenBH6T — STewilILBHH ei3e. Q(h
ruaialed(hhdH 2 (HuTGWL SUIeogFrul L UISHIST @565 eUmsulei
LT SMmISMTHS  S(HSLILIH S enment SIFHB  cTenIenlHmBUND  E6UTL JTeIIH6IT
o eitemr MRNA-aled RenuwihmHe0 HewL QUBIDGLTEH BFCFUIEL HBHDHMBSI.

MBI (B SenwiSHeden (PHBWSHSHIeID
1. wiBpes BamwsbdHedamd o Hmam@gh usamasiul L. mRNA sefermsd,
UeLGauml  euemsuled  SIOGeIm  SIflev  auflewFsenenl  GuBmID  Goenid

Gaweoum 1960 CaumIL L LTSHMmIS6T 2 (HeUTH 6360l
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R WwIuamalelBhe @55 2 (H GuBB LGB UTFHmiseT GHTersideiment.

@@ wrugiealedmhal Lew MRNA ugHeT CaHraimpidleiper.  OFLED  66sTnsles
allenemOUT(HL HoMedT eTewTenllHmed DIFHHLOTHBSI.

GLO60 HITLUHIHISMNE FLOTeNHDH DUSBCHBM H& SlWD6YBMeNLl OB B
2_56|BHBHI. SFTUS  GYSCaBs  ustlenus  Cxfey  OFuw B
2_56|SBH).

RNA - Ampsziudzssd (RNA Editing) - grapgmseisd wLgOwGHHed
papalBal vear mawbd RNA Qswennssbd (Post Transcriptional RNA
Processing in Plants)

GUUILL UssHmsd o _(HauTd@GaldBaTall  Lgbuw®hasil L. mRNA-ails
P SalGumTenL . @eaidBF OCFHGHHD, bHGHHVL DIeLVEH LHSH OFUIH60
paayseiear  cpeold, 2 (HaumdsUUGBL — uTedouliemLiger  DINGeIT SO0
OaTLJouflengulled OTBBRIBMET 2 WL ThGHaCsH DbHBHISILATGD.  (LPIQeUTH
o mam@d  RNA-ufled  ouiiGom  sufevmismens  GBuiG  Geuiud
CaTLjeuflens  wIBBLLGSTL  CoHmeuwmer LIS msL  GUBIpREHBSI.
LGmISMSHHT  JUaIHOSTOSLSIH0 GBUWIG G’ @ wyyFeauis),
mRNA LOWBSHNSGLIIET  OTBBEIWLSESILGSHD @  GSBIUILL
BAevsdlev L BOL Paweaus GPILILSHHHEIH. @by Bvdg C — U
BHFHTGID.  IFTaUH mFL CLTHST SMTHHBGSL UHeoTd WITFed SHMILD
SIMLOUSHTGLD.

RNA - p&aLILBH6e0 - Sraugmiseisv LOLbBSHHe0 HapalBELl e Beug
RNA eaufiens

ol ament wiugy Badllorifosn gradaenis srar
2 i sais) wyogy Sssiliong

sails Ul LLED wpen sl G
—d e
Sl EOMA e | S piy BismisnL wrL@pidas

+ LigEhwE s
Fode smol B mEmarmg i

ugEWfEEaaEY
l'—ri.l]ﬁl ) FuflEsmigy
51 RMA Q,E_';rr@.gg;m ol @ memermeg fwei

DNA
— e e

e | |

S ” "
sl B msmetm M

soflatise Qﬁmmmﬂqmmmgﬁﬂ siflEamms

865 Gumedrs SH(HSHILD Lol GL T memiLfluighalev BIBLDGUSBILD
SeuiLBlWlILL (heTengl.  Sened @Jewigevld HSWPD SHphHSD Lfidligest @)L ommmpLd
oI  MPSBILBSHBEH.  DHTUH @(h mUMISGL LFH6e0Ts  LOBOBTEIm
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STUDY CENTRE

omBBG  CEuiLGSHEOTEGLD. Smeuenaswimer  RNA BH(HHFH WLMLOGH60
SISWICILL (BeiTeNng). (1) udeS® PmSsd: L CLTHTEwIL fulmbiseT,
UGMHISNBHIST60 STenrl LB  Ufldligsr L oTBBl BHBEG&  IBhHHISITLLTGLD.
(2) QFmBL SleVeVH BBFHO FHHBHWD: ARG LUHWSTS @b BuybemGuiment L
@G QFmELIUGHBH DLV (WPILIBHS @  HluydbelGuimenL L
bHBILBSHBSHI.

RNA #HmsaLiLbaeder euensse

Editing HTUYFO\F 6060 601 .
e o eiemEIY Bws& pgey

C->U Sirely mRNA | S10Ger
enLOL_ GLrasmeudTigifiuim SILOGLRIBENEIL]
LITSIBITHSH6V
GamLmeiideriled
gmUBLD L6
CoumILm B et

1990 U-»>C | &mey _ Yoo  GupGee
emLoL_ GLTasmemTig i editing (U— C)

1991 Co>U ST6UJ  LISiHISH6u1 &L LIGBIE6W01 B 5 3601
1p&H6e0 GLomEasimert

RNA AmpsaLupGseder (poHalulsgieud

. 2wy Sraugmseler UsmsmisHHe0  Cuewmiur  Geuswnguws — oIOGerm
Slflevmismen OO BHS BFCFLL o FHeHBSI. T _SHdH  GHMlules
LOBBID (P96 Gl SLFluiemel S0 2 66 RiGLD.

. QFe0  mIewI2 _eEpmIIsTy  wyyluewi]  Geueflium enl & — FHTeugmisberiiev
PLBEGLESS 2 5BBE!.

. ufleormog CaHmmm euenFFluied Guewriiul L HIOCeT Siblev T&FFMIBEDHDHGIW
oy GPlwersenen WL CL (s BFH o HaF B

STajb WJLEIsser (Jumping genes)

STed yLgnibsemenl UBp CsealliuligmabaniysenT?

o ‘G IIHBBLOMLU|D LOJUSDIFTIFaD 6laia|d @& DmWPSSUILGSBSH.  OFLGD)
CHTMBWHH60, @FLSHHeBHHH LBREBTH BLiHHBe GLiuwmbd DNA
OaTLT auflenFsel SelauTyl  DIMLDDHBLILIGB L6 Bzmer  1948-syu1b
eI uTjugT  Gdellaird eaiB  6Wwfds  wyiueomev], WwoHeTFCFTeNg
STAUIHH0L  SeWLBhgH  ‘BLbGuwmD  SLGUUGSHHS  FmBIHeT’  6TelLl
QuwifiLmy.  20-silb HIBBTERNNYET WFU) © (HOIMULIBEHTET  SLUI6|SH61T60

CuwoOsT®m WIBBHSHmer Seufler HewibLlgl] gBUBSSHWSTe0, 1983-o1D
apenrgmaTer  Gpmusd  ufled @UGLERTISE — GUDRISLILIL L ). LI LIgT
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Qwaelleirsd Camen allensujmBHelled Haldhsd DleOWITEr CFeOHmeT U6
OGNS QUTE UL 60 HGHTF UIeoll6vT ® MBUSHHUITED Goumui’ L
GUGITEMIRIOISTEWIL.  [HeVLD, UL WBmID  Seuliy LeTellaEnLer  Hleneowmn
LML WILOTSH N6V &L BIHST.

GamendHHTaurHH e  JUEIOHTMBUISH Ac/Ds aiaiB  SHTeyd  LOFLIDIHH6T
STEHILILI(H S5 63TMB60T. Reaupmien  Ac Qrwrsdunsead, Ds Q&TLTUBIGGID
SMTEOIWLTHAD _6iTener.  Genedl BT6wlged AC HANHHIAUDTOIH. 2 L 6OF
Ogevmefled @& Dsajer  Gaibgleiien  mBlemeouled, Gamem  allewgulle
QUM HSHMHTET QMG  WJUE) 2 6Tem @D HHBG G OTHBBLODLHS),
SIHMAF  CFWEOULTSH LOJUEDINTS OTBM  euewieioBs  allenddell  BCHTeimps
CFWISBSI. oGy FUmet  euewiewild  GEmewiL  alleNSHHGL  UFHeUTHS
HLBHSHLLTeT  euewiewild OBTewiL.  alenddell  CHTEIBS — HTJEwIOTHBSI.
®bs Ac - Ds asmpisewen SLDOUWGBD &S GUUBSHS FmBIH6T  6Ter
OwsealaiTd aBSHHMISHITID, Gamemd uBPw  OJUEH  SLUIGITEVFT6T
olGevderomemiLy  LIfim  e@iueny  @LomBms  ammpisen  (Transposable
elements) oTaulLl QUi L. LOTLIG)IEH O\ TeN B UIBIHENT
[H16D6VSHHET6MLOU L ULIGNE SI606V, LOTBT& OBF|1D6)H S 636N DU |6HL_ULIEHE
TRUSBHTRT UHTIOTS  allenmiGld Canhener Glodellei ToaHer GFmamHemeGu
SLGLD.

B oTBBE Fapisefen (eH&luSHSIeuLD:

LeoliUL &anlgul  FBSH  LOTBBEIGmeT, LBpd o ulfladbder  FhdH BB
AiHHMmBDH BN Qe 2565 61360

LIflemTTLOg &H60  LOTLIGIFTT LIGTLORIGSET © 6WILTd Benal 6L 6uEdd 6ser.

LIUEIFT] QUi Hefled  Bemeu  FHHOITBBIHMTHAID  [HBHELTHBDEH I 60!
S WTEMRISMTSAD, @ wrHfl o ulflarsdaier oiageiu DNA-ameull

U&HS N1 SHTHIBH &L SHHHENMTH|LD FBbs (emBuiled
MSBWITENTLILI(H S5 IT360T.

seuy wJugn Osmemswid (Plant genome) - gf o ulflerddled  smewmiLIGL
QrdHsh  WIUEIGH6T LOBXID  DuBBIBSHMLCWL  SHEDWHSH UGH DT LBl
SaSIHIBGL o flu UG Owriss DNA seieuiflule wruemisosTendub
aeruBamg. o ulflend eeisle o ulfluebamy GFwedsEhHETE CFUILBm6rdH
GPUUSTES B 2 6lTeng). STouy  Quuiu sm o ulfleer cpeim  SHeonliul L
wrueml CTenswmismear QuBplsTerer. (1) e La®m wjugm OsTamswid (2)
ool CLramemil fll  wjuansesTamswnd  (3) usmsmis  LILUY  OCFHTENSWID
SHTAUTHEIGH6T60 DU (BLD ST LGS MBS
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opmiLmidled sredwmenmm — GieuCpmiigd Gsmg euenad (Thale cress) - o6l
BTG SHTeUyLd

1.

WJUemIOIUIED  IOBBILD  cpeuddamlesl  LIgly  aueT&FFenw  Mbihe  Gsmeiten
2 _Feb @b WISFSSTeUTD BSHIUTELD.

U CFHTSHWID (PIPUBHIOTHS CHTLFuflenguBHSILLL  (PHO LG
graorew 85 566 GBLUSMSS CaIbsal.

ABumB@amb DNA afled smeoriu@Bld 2 1 S(hHoeni  SenLILT6IE6T6T @)
uGHud  FBuTBgFmpsd RNA-emeuds  GBlebHBa. Bz 2 BB 4z
&CrmGon@ambseaier alefibiled SmewILILBHMBS).

GMBHSH i6e] LIUENISOSTMSHWID OLBB DigTeugs 10 GHCmGLTGambasemern
Smweursll  Gupp  (2n = 10) stapd  SHEUTESLD. QUTEWIQEL  LI6V
FhHHBMET 2 _WILTHGHID STaUFoTdw @& oJUamIFT]  UGUuTWIalBE@L
LWETLL $3mQUISHTHS 2 6lTengl.  @He JLam CHTanswdhded Qpmii DNA
(Repetitive DNA)- uler  ojemey GeopaurasGea 2 elengi. 60
alwpsam B  Gweuter DNA, smapsdear UrsmsepseHw  GBluib
CuBBaTE BHUUg GBI SHHEHSH.

USRS  eTafldlev  aueNIdHamigul  BSHSTeaugid WHF FNWSTHeD, Hi
S(HOYBID  SHTEUTIOTHED, @ITewI(h 6UTIPLD BT  [BT6T  HTEUTIOTHED, DIFHD
AlemSHBmeT o _(HAMHGID GHBIHUW  UTPSHMBFGHI0 CUBMB  HTEUTLOTHA|LD
9 6iTeNg) (@J,@j GUMJMRIGGT DL (HLD). FewiL LU’ L. FHHIDTHBBHISE6N
BHFTUTHF60 elaMdHled GoBedTeiteneomd.  LOFLENIGHOSHTMSHW  aleTD B0
DIFHBLOBLULSTL OJLSCHTHBB LoTBBEIGmeT 6lelgled GCombsmeitemeomLD.

mlewilel  #ly  2 eem @ msefled IFHToudH  alawiGeusiuled @& HTeurID
CoupPlasroned SHOIH AUTDEMBFGHLMD (PYdHIBH  6ailmd 1982-911D
apewiged G’ CangmensGen  HlHLISSI6TerT6. LDGOTI SHEmIL_ 63T
SLLTaMWTS BSHTarHmnd il aleawiGelsd ouuie) GFuiw  (Lpgujb
aaiLmS BFH ST (HSBII.
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o _uiliflGgmolevpi_ Laluled GBMI(penBEEHD CFwLed(LPENBEHEHLD

o ulflEsTPeOEI Laluied  elaiugdl  Uweuml (B 2 ulflwed  OFuledpens
Slalweon@. (pellly BISHBGD BB 2 UGS EHHEGHD LWL &dnlgUl
Slalwied euenyFd, o ulfluied GFwed(IpenBHeilei LWETUTH, DIEDLOLIL] LOBBID
QTGS 6eid gnmeoTd. 1919 b suewih asmBsflu QuTpSlwTenymTer &Tjed
gigl  eeueugmed o ulflogmfled mILualuled el GFT60 2 (HeuTdSUILIL L G|
o ulflOsHmHed HIL_ Uauled 616313 Q&meL ® (HaUTHSBLILIL L .
o ulflOsmHeomI Laluied etz o ulfleomser, — Habdel,  CFe0De6,
BICOTEIMILILBET  DIGLVH  HONGMIOLIBGHSLILL L  LPeUHEBIH6NTeT  CIHTH Hem6r
LWSTUGBSHSH 2 ulfluied SIeLevEH LB Lpe0HIaBIBMmeT  SDIHS S eDL U
QUT(HL SH6NMTE TBHBILD CFWIEOLTHHMET 266N SHEHUISHTESLD.

o ulyeszmpeomi ualuwieder eueniyéd

(1)

(i)

&sLbHH HIBBTewhselled o ulflosmhed mILualwed wWes  ufiigoTe
alenjFdlenwil  QuBEIeToNZl.  BeleuenTFAWTISH  QUPHBOTET  DIGL6VS)
urgibuflw o ulfesTHeomI  Laluled wBmID Halor o ulfleSTHeOHI Lialluled
aeIb B Hemevll|Hellel S Hel@ LfbHS0HTeiTen EUIgID.

. oSBTl Sjevevdl UMIbUfiw 2 ulflesmPledmi Laiuied

BLD  COSTOSWTHET0 2 (HoUTHSLILLL  FenlowlevenB  OCHTIHEOHIL LD  SHTeir
B\F. B HOFHTIHGOHIL LI 60 LiméblefluImIgemeITu LD, hlenTemIu )& emeruLb
LweuBSHSH  Hully, Opul, uTeoTewL sl ly Gurepy uTeLFT  GUT(HL HEMHLD,
@red, Gamemg, mmew, Ogmily, Wligr Gumam o ewia)l OUTHL &EHLD
sunfléasliuGdemer. umgbuflu o ulflosmheom ub  quier, Iy  Gumes
wgUTerd SWMfiied uwesUBGSHSLILIGSBSI.

189yb mHIBBTIHH6T0 Smlaluied BBID CFHTHOHI L (LpeTCarBmdd e
STJEILOTS FeMLOWevenBd GSHTHOEIL LD Splallwed el wglienul GuBBEI.

. paler 2 uifleogmPsompi Laiuled

paier o ulflogmpeom b  &m (WPEBW  DIbFmIGmend OB (BeT6nd).
@emeu uMFbLFWg CHTHeOHI LG (HHH GeaumiLil L ene.

wmigl gementa] DNA Osmpsomi ubdHear cpeold @GPl L BHenaldbsrs
yHwsH swumfliyse’ GUBIUSBE WILD WIBBLD CFWIWLINILGSH60.

USHSHTE 2 (heuTdslul L  OFTPHOEI USSHET o flewd OBHBID  DIGH6T
FepddH HTHBD. Gaempud  HTusLLHHe0 2 ulFsmhedmi Laluied
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(peuld 2 V0BG @@  LleDellwied LTe0] 6UJSHHBD  HeL GUBISBS!.
LD(HHS B BIGUETRIGHET, LDGILITEU S CHTIH60BMmIHET, BeueTeusT
CamiBaTenevsdeT wwBE@ID B o ulflogmpleonl b  SigliLienLullevmeot
OHTLH60H6IT Sleumsleor SWIMFILIL 61T 60T (PATCHIBBSHHBHTH
o ulflOHTHeOEI s SHHalHeT LW6TLIBHSHSHUILGET360T.

paler 2 ulflesmieonl Leluied 1Bdnl gemenia] DNA G mhedmi LD  cpsvld

gmBU®BLD U BB WL Gl OFsvellenenteydh  OBHTLHEOHIL LIS S 6T
SIMOHSH  UP(POBEHMETUD 2 6o _SHwg. 2 ulflOHTHe0mI Laluledes
(PSP SIDFHIHENTEUT  LN6oT6L(HLOTMI:

OBTH HH60 : SILD6OBIGET, CBTH He6T, SLELBAMBTELH6T, o uffl
aAHMICUTHLB6iT, HIew  CouHwIOUT(HL H6iT, el L IO6IH6T OBDID  HEFSHL
QummL serflelt o ML

BB 0F6L LIsHb, SLe0samTed wBmId o ullfl aHfl QummeT OLHLOaTaIeD
2 BuUSHFH OFuleugmaTer o ulflsalren

OBTH SH6I USILGSHHID CamMABFTamELH6IT 6D ® _uifl ® _alTeH6NTH
CFwedLI(BHH6L.

mABLJM6l, LevdamTed, LWHGHer Gumap o ullfl erfloummeT o BudHHuled
pewiaulfl 2 Cuslievser  (Inoculants) e ulfl o gmiseT  BBID
(516D 6VH| 8IS H BT H

@rewiLmD  Hemev  auenJFHensll  QumpL e  oBmiId  orCem@Genmeey
aiemngumg  (Monoclonal Antibody) o Busdlée smeuy wBBID  elevkis
Q560 GU6TLIL.

BTG WNOUTHL H6lT, OBTHSH6T, SHhLILFH6T, euenyFd  ammGoTeiser,
o uiifl THTLICUT(HLBH6iT LOBMILD BewTL_FOILITTevT 61T 65T 2 BuSHHulev
pIgnl 1gemenia] DNA Gsmifleomil Lib.

Qsweowems GumBluiwed (Process Engineering) »j wm &iwpmd  wBmibd
asfall  CurmLser &HHSFT0 vwsiuhs o ulflosmhed  HILaluled
sHalseiar LWeLTh SHlenpuled USLIUBGSHSHID Gmpsuule.

Obhs vdHed mHalar TP Lalwedar UGB DIDFHIS6T, DIH6T
2 BuUSHFH CuIBL &6, LweuTlh CureBensy aleufléaLiLL (HeiTermer.

o ullfl EzmsompL ualwig &1 DMewhDH HIHBEHEIT

210 EIBmTeniged 2 ulfl  GFmfeompiualuled  Ued  HIeHMBS6ITe0
LWISTUBSHSLILGBLD )} (PSS LIfleum@Lb. BLD(LPEHL_ULI QUTLP&I6L
LWSTUGSHSEHInQUl  @(H BOUSWTET HeoBWTGw. o ulfl CeHTLHeomI Lialuled
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Goupi' L. giemmeenTHw  Couenmewiento, LO(HSHSHIUD, FBWIF @GP  LOBMID
6u0T LD F&Hluiment CaTOBFTEmELH6IT6L alifleumeot LIWISTUT (B & 6m6TTdh
OB TewI(H6eITET G

2 \fiflenmissiie blFausen wHmD senfia o fiffwed

wyyayfl wimD o1 eflsm DieDELGET GsmPemI L tipssenensEnse

Bamn@ast BB BipiHlemeouyL e 2 gefluy & BuinSuws

iyl L AIEEDESEEIL Beo s o il Qeneensme

Siflafiug Uil Ligrn. GlFwensocs BEAISIGEET WHmD epnssisn
L sifleBwsy Buwsurasmeno LIWSHLIN(B.

Olsiiige.

aetis Brrsda sfls e
) uAfLOUESenn SranHET aETTSSe.
96 e oifled (o) uainse
.. o onssa SAdFasdn
il sop> | DOBRSBante  SSsissloniind  Buisius vy aOms ses
sfffepiun e o EERERIEE e o - [P o epusiL Gt Griaiiy ss
LTI (Ll Claneens 6 e N : siefédleny efliidungen (o) adlips.
saBoar wpno Opnfeonry  2SAoisn vops  GuTGLa®a WEL

m o wenssfsn evs ﬁsmmu Lﬂ&_& SieDLOLLITE . .

BIEIBILLID. LALGHLIG Ll Lgny, W LR GIGUHEDLBET

Oumgs senan@ur mebevg) BasimoueaihepmEum
FUMflILEHE aamisaOufED dakessn.

eUJeOMTBEILI UMjeneuulsd
LeOSIULL L LWeUTHHeT — OFmTewi. QL HOSTLIUL W  Sipfialulied
yoowonssd SHawd o ulflosmbeoml ualuied  euenjFduller (pdhHwl  eugeoTmml
BaayseT S6 UL 1IguiedL LIl (HeiTerer.

Qurgleumen FHMISHHBEG (LPEdTL]

6000 &.(p (OuT.&L.1p) — 3000 Hup (OUT.&L.(P) - FeOLenL L LWTLBHSHS
Qrmlsd SWMflHeHe0, LWFFTH BB SHTeugdh SPeHele0 GHBTHEHHD cLPeULD
LOGILITGTRISET  HUWIT5HEH60

205> BIBHTENYBE (e

1770 — <opewiGmuiesr  eomGaurdlwy  Gougdw  SugliienL ufevme  SLELHABTEV
OBTHSSM0 SHST].

1798 — eLeujl Gevieri] GQuflwibeno GHTUISSTET (PFHeL emeuFerd HBLUILLFenul
GUHMSHG 2 I 0FQIHH .

1838 — OeggmLed Gxmeiterd  (peoL T wBmid  MTer  Cmdsll  GuFdledlulerd
HCwrgmed Y sewipLiigli], Quwified wBmIb uHe| GEFUILILILIL 60.

1871 — eijeerol.  Gamml, OQFulev] B meurmd  OBTH  BeireuGLemer
&H6u1 (BLIIg & FH 601 LY SBEUTHID CFwmemns Bl 1guirs
LWL SSUILBSBSI.

1876 —  amufled  umeOLy  OBETHGHHIe0  Hiewiamulfledeaier — Umiglened
&I NS

208110 HITBBTERIYED

1917 — e ulflegmpeomi ualuled 6B  OFTeL  &TJ60  61Jd  6T6IILITTED
® (HUTSHBLILIL L .

1928 — 9|6levdbFTeILT LlemMbLOBI eTeilliauTe0 GLeNFeller HewT(BHLIQSBLILIL LS.

1941 — eoomey Liged wBmib  eileuy® LmiL  suHCuimgmed  mluGymerdCGuimym
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[APP9 Lu]

STUDY CENTRE

CHENNAI

sgrgraled  ComOsmeremiul L uflGsThameruie  allewenauTd @
ojuem — @ OBTe  &smHCsrtman (One gene one enzyme
hypothesis) (paiGLTABS6T).
1944 — 9Geoufl, Gwadsedwm’, GwassTIlly o@6wry DNAemeu @@ Wyl
QUT(HET 6160 6w MIH 60T

1953 — Gxuberd euml Feir, Llgneiflerd &Hifles  oHCGwmymed DNA aler @yl enL
Belp eIl HetBLISBUILIL L ).

1972 — &yuy, ewilldh, HITHTee ouBCummed  Hewl sl B (Restriction)
OBTHH6T HewI(BLIIQSHSLILIL L 6.

1973 — DNAeeaug giamgsHge0 - Lenmmeoll. DNA o 1 a1 ewewidgeo, DNA
LRIl Lemenie] O mpeompubd - wyyl QuipSiufwed - erdLmTesTeVl
Cxmamer, oleerl FTRIS, @TUTL  anselm  wBmIDd  Gamuyl  Gumwiy
HCwTgTed U WIBBLD  CFUIWLILILIGSH60.

—  Gamamevy, evervleet  oLHGwImgTed  TCaTEHGeNTETE0  HLEWTQLITIY
(Monoclonal antibody) o Busg GQsuwiwtiulL g
—  gmas], &eouJl oGy DNA Gsrijafloswunssd  Gemided

BILLSHMS © (HoUTEHS ITTEH6T.

— m.Gamemeoulled wWwealsh Geigeda 2 BLSHS)

— H.G.Gamymenm eleiieuymed 2 _ul(meiten  OFe0OaIh@EHe6T  GFUWeOLL anlgul
CFwBens® LOJLEY 2 (HEUTEDBLD.

— mHFW 9OWfHs BTG eld LIWETITL 9BSTer WpBIgal 9enemie] DNA
CamPeLEI LIalweler  (IPHED  LOHHSILIGD © BUSHFHIL  QUm(HeNTesT
aluypeiener (Humulin) omésssssl.

1983 — Teugmiseiles OJLUem WLIBBSHHBEG T1- Wenmerddl LwieUT(.

1986 — Gafl (Wevellerd eleiLIUTTeL LITEIIDETeL Fmidedd OHTLT alemer (PCR)
® (HOUTHBLUILIL L F).

1987 — emuBuimedlerdigsdh OTBM (LpemBUT6d LOTLIGI LOTHBBLD.

1992 - merdLlget (Pp&He0 GHCITGTGamb GHTL Joufleng iBHSUILILL Sl

1994 — W wyuem BplulL 2 e LIGemeuiCaeuy  HobsTeienul
SICwfNsHaT DMSHFHBHH.

1997 — Swer aleOWJl © 'S HIHOUTHEHHEN (LPeOD (PGHeL LOJLEDI LOTHH
alleumIBTer LTV 19 auend B GLmellenul 2 (HeumohaleT.

2000 — (pgHev SHTauy WU OFHTenswid SPTILTIded FHTedwmeaimalsd OHTLT
auflenFLBHBUILIL L G

21 SUb BITBBTERIQ6D

2001 — wwal% WJUENS OCHTmsU GFuwed H LD wwelsh Juamdh CFHTmal
&1L auflenagulsr (pHe0 auemIemeld OBTHHBHIH.

2002 — gejeuT FLedLauTaled (1p&He0 UWI] SHTeug wJUaml CFHTemswd OHTLT
aflengUBSHBHUILIL L G|

2003 — wels WIUe OHTeHHUW OFuId HLID HeomeuBmal. @& L06v 60T 60T
Smahd 46  GCImCGrGambseied o eifenm  elld  OFLIGIO 6T
OaTLJouflens LoB@ID SBHULIL HHT HHEUEOHEMET GULDHISIUIG).

2010 — &7 @ymujl Guerleufl. Suiedhanl.  Ganmemer euenmjli] (Lenmuied
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alleVmI@ HHOYBISHMED HL HHH HTL Q6O
2016 — usseuTsh GpTwimefseied WewiBd HLSS QFUIL Hewi(h OFevmeT (Stem
cel) o LQFaHFILILLE — HWBH OQFed Fd ens.
2017 - @655 SHWIBH CF0FH6T LUIIBHHIHL QUETTLIL.
2018 — GmwervoleVger, LT&HG GCamraiGmr sl Smeurmbd Chrul  HGBUY
OFevmeilled LD Smlums Sewilmibper. UBml GCumul FHEFemauled
BFHBE& (PSHHU LkIG STOTLILIL L .

urpibufiw @ uilflEsmileopi Lialluled
(Traditional Biotechnology)

o gnzaCa alaufldsam GUTEL HIOIPENLUI  CPSTEHHWITHETTED 2 (HeUTSHSLILIL L
Obs FmwwevmB GCSHTHOEIL LD STl CBETHSS MeubGD LITSHRFIULIRISm6NT
LWSTUBSHWSH.  aeiBeu, @& o ulfleomseied BUIBMBUTS  DIDIHS
HBeTHMENT DIQLILIHL WTH OBTewiL.  CFwIeOLITHBHMET 2 _6ITerL SFUISI.

OBTHSHHe0 (Fermentation)

o OBTHHH6L eiID GFmed BevdhdHest GomPuiesr “ .Quyaly (fervere) omba
QupLLLL &I. B& &TuFaHe (to boil) eem  QUImeTUGLD. GCBETH&HH
aailgl  euenjdlend LIBBEF GFwellsd &FD S IaBIBmeT  (CLITHIEUTS
&EHHCHMTer0) CHEMID 6TeLHL I HLSHSH FhS) DIeVVH  DLHIDEIBB
Blemeoulled DIOGUBIGBET, QUTUIHHET DIVVHI SLEVHABTELTSH  OTHBBIIEH  DLGLD.
OBTHSHH0  OBEMID  SUBNIET  HeOL(WemB  LWLTHSm6T  UBMIL  Ligliig)
mgGuomeored . DH 1856 9D  ewih 2 (HAUTHSLIULLF.  DlbD
aLewiiged  Lgmesterd  BTLG - Ceuglulwieomy  eumuflerd LML FerOL I96uIT6D
OBTHHH0 2 WILTHMH 6IadLend [HpLSSTT. o ully eurp SiHFemns
G0 Capemeulupd Gurgkl  Fev  auemd  UTHRFUWIRISEHD L 6hMTFHENHLD
OBTHSHHemev  CoBOETeTHeiBer. o ewiey LOBMID  FHILTET  OHTHe0H6M60
OBTHSHHO  CFWeLH6T  WHaD  UWSULSIQUISTS 2 6lTeNal.  BHIG
SLVBHAMTEL  LITEAIRIGBET 2 (hUTHS  FIHHMJ  HOJFeL  61HHGITEVTSH
LomBBLLUG@eamser. Qrmligsamer o [uFesuiu meoLmed Geueflui i CO»
® FHoImGH; STUISBIHET BWID UTELFTT  QUTHL SmeTll  LITHISTES|LD
LoeoTelpl L ejlb LweiiLBd &fliio iflevmiseien o Bushdulevid LweTLGSBS.

o ullfl elenenseven -Bioreactor
(OprgHseve - Fermentor)

e o ulflalenendevet (OBTH BV 6IGILSH @H UTHATD Sievevd CEHTeiTdHe060T
GD. B alemerlp  GUTHLBEHL T  HIewTaUNFHET  DIeL6VH  SieUMS6IT
OBTH®eT  Copemeuwimer GUTHLSmeN o BUSHSH OFUudBEG  alenerflujb
AUMBUID o FhHSH GBIV QPGS FmQUISTES  aUQAIMLDSSLILL (B
BmeGL. @b o ulflalemer sevelesd &THBEBILLLD, Slenjeyl LD (agitation),
Oeauiplenev, pH Gumeiisensy &L BUESSLILILQHBGWD. CBTHSH0 GoBsTed
USLILBSHSD LBBID  SPESTEL  USILUBGHSD 60l &  OFWO(LPEnBHEN6I
9 _ 66N b,
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i. Gupared ugslupsHsw (Upstream process)

* OBTHHHL OHTLRIGUSBE (PILUTH 2 61T DIMTHH  CFULICO(LPENBHETHLD
SIFTeUgH OBTH B0 Hlewamul] BHHHD, SWUTTUBSHHISHE0, QUL 26T &
Blewtamuly BHHD BHBID QUTHSHOTET 2 1 (sl Ll (inoculum) eueriisd]
aFwemel GoBsTed USLILBHHID 6Tl ILIBLD.

ii. &pdared usluBHSWD (Downstream Process)

OpTHHHMGHG LIBG 2 6ol DmeihdH  OFWGOIPDBHEHD  HLDSHSHT6V
USIUBSHSID eTrILBLD. QFCFWIEOPemBUTED ITENED alIpSHHeL mLDWIaTeVSHEH6D,
alengsHG 2 I U(BHSHHIFH6V, 6l &L (H&H6V LOMBMILD &SI LILITET eLP6VLD
f$H05bBHH0 CUTEIBNe 2 66 miglu|eienel. GLIHUTEID S&F6FuIedpenm
allHUILGD allenem GUT(HeMET HITUIMIDMUI 2 _6IT6NL S WLIF).

QBTHSHSH60 GFwedLpenB

* 2 BUSHHII QUIT(HLHeners FTibHS o uiifl a1l 6m 63T 6V60T
CaibosbGaHaILBHBII.

GEUILL  Oeuiuplensv, PpHed  OGum@msSswrer  euenjgHentt  GLM(beIT
(substrate) @y e sHH0 CFFsaULLBG e BibslLBSBS.

BFev 2 ulflond (pewamuifleer, oleomd [/  STay  OFed, GFed
HICTTEIMILILIBET IevevH OBTHH6T) CaFIdbal LGS MBS

O3] GBILLI L &6V SlenalBE GBI L GeuliLmleneouiied
MeUSBILBEBEI.

o ufflend a&TBmeTen  BeweoulGsom  SlevevFH  HTHBBMBB  HleweouNGeur
BxramauBamL meUSHBLILIL UTLD.

SPHHTL  LUSHILGSHHIH0  (PenBenulll  LWSILBGSHS  allenenIGLIT(HL H6IT
CuUBLILGETBeT.

eamfBaTeneoulsd CBTHHH606T LILIGTUT(HES6IT
OBTHGHH0 Lleiiaumld OFHTIHe0F T LWSTLT(HEHM6TS BT (HETETH. DIMEUUITEET:

1. miewiemulfl o ulflgareT o BusHH: Hlewieamuilfl Ggeosenmer (2 _ulflgalyer)
UTF®elT, UTHlefllmiseT, FeOl, Lehengder Gureaipemer  euenshaslil (B
® IHFIILLB @Bewp GFed Ursd (SCP) eaampenpdsiubhd  (ww Urs
cpeuloTdHll LWL merr.  @enel  eld o eoieuTsCeum,  allevmig,

FouanorsBaur QFweoLBGdSBar. BFBG obomn / sl Ggd LIHD erem
Owiuy.
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(APP& LD]

. Blewieulfl  euenTlensd IBBL  CUTHL S6iT  HlewaUfleeT elgH  LOBMID
alemIGHEHHG LWIeTNSHTH BHbGHD GCoughwill QUTHLHmen 2 MBLSHS)
Ceuidlemper. @bhs OUTHLS6T euenfdlensd IBBL  OUT(HLS6T  6T6iIm
SIDWHSILGH B,  Qeweu  @pewih  Ufleysenmall  LflsLiLbBaeiment.

o (PFHLPeme0  auenIFeng  IBBLUOUTHLS6T:  Hiewanulflselear o ully
QFWIEO(LPEDBEH 6T LUFTOAILUSBEHTS 2 BUSHS QFUILISEIgUIENE)
(PHUBHlemeL  auefFlensd  LIBBLGUT(HL 6T  6TlILGBL.  IBHHIHSTL (b:
aHFHeIme0, FLfld Siflevd, euTHlgdh Siblevd, HFI IS DiOleLD.

SyewiLTD Heweo euenjlensd  OTBBLUOUTHLS6T:  @JewiLMD  [Hlenev
alenjflens  LIBBLUCOUT(HeTH6T  Hiewiamulflseier  (pHBW  UTDSHND
Cewed(pmBs&  CoHaliuBeaudHeoemen. eEMmed el  FHUL S (BLD
Heteniol el Wenal. Seaubpled 2 ulfl  edHFiCurmsepd (Antibiotics)
® _GIeNMLBIGD. 6IBHHIGHT BHeT: QUCUTOL fFer-B  (36riGLmeninFerd
GpmGLmed), Oueldleven (CueldFadlwibslemnyCamedeid), 60l OFLIGL TenLDe 6ot
(e QlIBLTembgerd  dHlewggerd), QL gTengdbemen  (erolQrliGLmentpaerd
SflGwim. . Cudlweie), SLELHEOTUIHH6T, [HFS HBLOB6T, eIl L LO6TH6NT
BB LIB.

. Dwiguly OpTHSeT: Hewamiuilflamen auenTHGWL  CUTSHI Sieweu  GUETITLIL
o _HHFH60 Fev OETHBMNE &JSHlemer. OhHs OpTHser CamiL, o ewiey
LFLILBSSD, wauTeand (brewing), w@mBAUIWD SpFW  CFHTIHBEFTMeVHET6D
LGB &S LILIH & 613601 1B SHHIHSHTL_(HEB6IT: LGy 1eBGuierv, 9lenLpBsv61D,
Bamo@rer, emevliBLierd CUTEIBENEL.

. eaulij-omy omBBw, o ulj-emy Gugdw IBBL SieLevFH HemUCLIT(HET LOTHBMBLD:
OBTHEs maubG HlemiamulfleeT wHOY WHE SuTfliydbsemenr o ML
Qb FHpenerd OFTewi(heTeneal. 6HHaTmed DFIL IS SiblevoTs (alelsi),
aBar  yGymiuemmeney SF CLremms, ST LTemey FTFCUTeN  FJdhHemIUITS
(mau Lt C o BusbEHeE uwabBa ) 6eeJTened  eOgITUILTS  LDTHBB
OBTHHH0 LWSTLIGS B

gl Qged s (Single Cell Protein - SCP)

S CF60 UIHD eIl allevmiE o _6uielTd DLV OSH HIENeW © _6uieUTH
(supplementary food) uweLESSILGL — Hlewepulfiseisr 2 6UIbS
OgevmenT@D. H OFed IFH 2 BusHFHluled UweaLbGSSLILGLD Hiewremiuliflsel
&SCp CBTHHBLILIL (H6iTer60T.

* LTSlefluwmSel - GILoGHem HG60MLIe0D6V6ND Qg emxGeomL_Grmuer,
OF6e0aIBe0TGLOTETTEND  ©60&H6VIEI60T61D.

o UehamFHem - EMfldery Gsibuevigfled, gréhas@rrengl e  OFFaidl@ul
(Fer0L), GamemrgLm uwjL1gadler.
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uTd&elm - ervenLi(Hedlentt, &GenmoFeveum, &lenmiGLmGLomeTerd

gl GFed  UIomseT  SleuBBlal UIsFFHdl,  sMGurenaml Gl ser,
Camplyse, emeul LLOeisel, SHTEH 2 LseT GuTaiBeummlesr — &TJewuIoTsS
(PSHSHWIDTRT 2 _ewialTall  LUWTUGSHSLILGH SImer. Senel o ewiale (PSP
S Seowiunsng. Cweubd g eleiCeuel  aijjseT  BmID
SIMILMTTI9HsT Luwenid CoBosTeTend allehehTealsenTed LWaLIGSSLILBHBSI.

® _(HEeTHBIPRIG  USIUGSSIUBLD  OHTHBFTensuHallel(HbeH  SHemL&@GLD
sPabT (HIFID OCBTEWILSHI), MeudbBaTe0, GlaueLey FHMBLILTEG, alevmiE
o gib oBmIb sPeyny Cureis GUTHLSaTe0 erOemLIHedeITen6 61611860
QUGTTT S SIFHBealle0 LT HBIS6IT ST ® L6, QaTIpLILBET,
&TFCUTenamL Gl 1oBBID el L LO6ITH6T HedBhHS 2 _60Ienal 26wl T&EH6UTLD.
Guab, BHHMBW LWETUTHHET FHBBIFGHE0 LOTHUTL ML S  (GHMBESIMBS.
250 & OwsHmzpGeomisveved  GgHmHGem ey, oip@imLw  10s
oIFFeMe 2 ulflsHreT UwWeTUTL g6  elpeold 25 LedT TS 2 _BuUHIHenul
9 (HoUTHSHTn(HLD.

Sl OF60 UIHSHH6r LWweTITBaei

8 WsHsSIHMBE& IHBHBIel LwLbSBaE.

g oCrméalwnmer (g WwBpid  CHTeHITRT  IUPGSGL  QUITHL 616D
LWSTL(GSSUILBSH BSI.

B UIssHen wppild oL F FHFHSHeMET  FBhHH uHTIoTE  Csmip
alemyiied  LwWSUGHBH.  BFH  UBDUSET,  LOGIH6T,  HTEUHEML HEI
Guneaiipeumiiest © ewialBETES LFaUeLTS LWLSTLIGHSUILGSHMBSH.

Ba o aued OFHTHBFTN60H6MNED LOHICPL IQUITS  eUL L LOGT  CBTemIL HTH,
Slbwenet  CuTHL Hefledt o6 | FFHH DHUMU  SHBFHSGHID  SHTFemins,
G LIS, SHWITIHI6n60 9 6016)&H6IT LOBMILD ® a6 HGMILILBH6iTe0
LWeTUBHSHSUILBBBS.

1&g SuTfiifeond, GHmed LSHUILGSHHHIMID, HIEOT HleNEVHBIHHUITHALD
®g uweaTLBS B

paier 2 uilflesmieom Lusbdled gmuL Betem (WeTGRIBBRBISET

paier o ulflesThed HILUAIWED  SMISHEH  LOJLUGDI-FT]  eDUWTEHSH60
wem&et, LGIm_GLmienms Qemewiey OHTHLOHI LKISET OBMID  LienLpul
o ulflesmPeomI Laluwed GFwed(peammseied Guombsteteniiul L GubLmBael
GureipeuBens 2 oo sHujelengl. BHaiear o uilflosmpleomi ualuweder &
Foo paHw Gubundset &6 aleufldbalil (HeiTermer.
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wyugy — &1y Gumpiluilwed

woyuem  gmy  Gurpluiwed oebevgd DNA bpignl 9enewie] G&HTHs0 HILID
SI06VFH|  LOJLIED  [BHEVTHSID GGG @H OHTGULTET  OFTeLTGD. E)F60
CeusBaim CFmdHewen OFUIO(LPEBHET 2 _6iTen sl (Beitener. ened DNA

rBEiheTssd  wig DNA & o6 o ulfluledopbs Bmbs  LBEBI®
o ulflé@ LIBBIHD SBHUIm6al HenL OlILINIEeTN36T.

waiBu  seog I 0  umpbuflu  BIGL 1gmETTAIBETET  OIEMTUIEHMBENUL
SIMNBHHULITH6T.  umFbuflu  BIgel genenia] Gaiped UGUler Gurghl @55
Bemewt  GCITCLTGFTDHEHEHH LB  gBUBSH OJUED  LIFIOTHBBID S0V
BIgnL gmeuimeld  GBIEGWL.  Haler  OFHTPHOBEIL USMBL  LWSTLIBGSHS
CFWBMSHWITS  1DBIFnL Igenentenal  COFWIOLIGSHSLILBAISH  oXBIgnL 19enenia] DNA
Gampeompi b  (rDNA Gampeomi L) eamampssiIubans.  Guosuld &g
WJUeml LOTBB CGHTHEOHI LD 6a16aipid SIempdSUILGD. GBIUILL  yuaieii3E
G&PWIG Geuuwpw DNA @ o 2 ulfluilcdehbs S®bs wiB6BT®; 2 ulfleg
mBpL  Ggulms b OCFHTLHOBHLUIPmDB  HaaiessHls OETabheTeng.
B &lev GBI L SRS HBL HHSH6I (Vectors) (LPHOUTSH6NTS
CFWeOLIGSHSLILBGHAIBeT  DIGL6VH!  LIBIBHIMETUIL 60 SHHadl, LD HIIUTHS
Gumelis  &sMmaIB6eT LWSUGSSLILGHOmen  Sevevd g eIUGUTGFTLD
eLpeu@Lo, Gougrlulrs QuImT(HL_ 6T eLpev@Lo, [BI600T ® I 0Fa)IHSHH60
(Microinjection) epeoGiom GoOlEmeTentiLGaIma!.

wpigLigemeniey DNA GamoeopIl usbSHer Lighlensoseir

plaeondsd et Geuewngul, all(BOUSHGHHS, LILEDIM6 6&TeuT(HeiTern
DNA giewienL & sallewolbdhaiden. BaBeE 6Fma (Insert) etesipr Guuij.

@yuly OFe0aIdb@H6TCMBW  FWIOTS  GLIHESBLOML WSl  HTRIS HBL H)
aeild R  HLHFH cpevdsdmpier  DNA  siewiGsenem  QFmHE 61 elmed
pigL geneniey DNA (rDNA) cpevsbamp o (heurssliLGansl.

rDNA cpsodamens  STRFHUNBSSGD  wmplu’ L @Lulfl  OFc0smens
CaibosbhHHe0 LOBHID DleuBens  CUHHHWML W CFUISHED;, EFHeT W6VLD
rDNA QLih&S106DL S BGI.

aaiBel, Bbd DOAGHH OFwelemed GFmE oiHsene rDNA emeuGuim
DLV  DIFHeT  Lewilsemen  GeuelluBHEHID DiFFHene  LTHmISmen@uir
o (HUTHGDH B

GIRIOBEV6UTD  HTRIBSGHL HHHB6T  FHUBSSILL 60me0BWIT  DIHIGIEHE0EVTLD
oHH  ABOUSHSHS  juam  umedwBred  gmFed  alemenr  (PCR)
OBHTLH6OBIL LIg a6t €LPGULD OLI(HESHSBLOML W& (OEIIINNCE sk Bbhs
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QUHSHBLMLHSH BHLFH6T @LUIfl GFevedsr LGITLGLTlenmerndslenien o
eLpeuBLOT  BI606VGI OTUEI HILUTHE cLpeuBom  OF eSS ILIHE 6dTmeoT.

PCR: umelin@yerd  gmigdled alemer DNA  aler  @oinl'L  ugdHenul
BBHEUTHBID  (Wevellwes) OFuiwll  UweUBGSHSILUBD  CUTHIeUTET  DLUIaIS
O&HTHEOHBIL LILDTGLD.

wyugplt GurPlulwessten smalssr (Tools for Genetic Engineering)

o BB aleuflaasiul L FHedmba Bbs OHTHOHIL USH0 Fovo Slglilienl &
smHaldeT  pigml gewenta]  DNA  cpeudbamens o BuUSHEH  OFUINHBE
BxhremaulILBH B TEOTLIG] BLOSE) O flw QUHBBGI. SIQLILIML &
SHHONB6NToUT  OBTHH6N, HTRIBHHL HHHET OBBID  @LOLUNFSH6T.  OFLGIL
Curpuiweded BzpemeuliB We (WPeH&HW OETHEET SHoLEL(H OBTHH6T
(Restriction enzymes), DNA aneuBserd LoBEID SL60HM60Eh6T LITerd. .LIGL b
LS LD.

LI B OpTHser (Restriction enzymes)

o 1963 b Sewi®  urheflCwr  CuTter  auenfFFenwl &L BUUGSHDHD
&BITTJ GUOTLDIT 60T Byeni(h QBT SH6I FFeYOIQI] & Fluim BmemevuTed B mHS
sallemlLBSSIULL. @ OBTe DNA o L6t OwHmeed OHT@Gsemul
Cayadmal.  wBomTm BT DNAm gsewngsdng. DNAg  giewnngssd
OBETg Qe flédagest  elewiGLT  BubeiGuied ey, et  DNA
(PLHIBIHGET  GMIILILL  SIDLWTEND  HTeWIHngul UGHHEG  DI(HDeD
9lvevdl B HH0 DNA & giewngsdamer. OsBE HOLE. (BHH SHeNLD
(Restriction sites) eamiuG. Bemeu OFweOLBL alHSHHar SiglitienL uied
HenLBL_(H OIBIT I B6iT 1B Tl BN Gulerd (Exonuclease) LOMB3ILD
aramiBL B BefBGuwierd (Endonuclease) et auensliLi(hdSLiLBE eimpe.

a. adCamplubelGued OpTehH DNA  cpevdasapien @b (eetuled Smbal
PusCuITenL (hoemen BbhGHHMEI. 6-&m: 31, 61s8sm BlujsbefGuierd 111

. eteiBLnpluysefiGued Girgl DNA  apeodampiesr o LUmld 2 eiten
Sumerd..Bum ew etedL  Llemewitienul BH@GEm&. e-a1: Hind 11, EcoRl,
Pvul, Bam H1I, Taq I

QyeroL_if b argest BlewIguiiT  YTYLD SIBISE DB BTG EACCET

(BML_53L_([B) w QFmLiTeufleng
OpTH
Alul LI SEITUTEL T 5 AG/CT¥ A-G C-T wagmdul

QITL-IgLLI6T 3'TC/GA5 T-C G-A (eensseir

BamHI Gudleveverd 5G/GATCC3Y |G G-A-T-C gL G
LoINEaN WE T ENE T
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aberd 3'CCTAG/G5

C-C-T-A-G Gupeveriser
arero@a R & 5G/AATTCY |G A-A-T-T-C g (b
Capmeneo 3CCTAG/G5 | | |
C-T-T-A-A G pemeriser
Haelll | en5Guomlebeverd 5GG/CC|3 |G-G C-C wugmaw
gegumiL_ard 3CC/GG5 | C-C G-G wpevensei
HindIll | @5Gwmilsdsoerd 5A/AGCTIT3 |A A-G-CT gl
SeEnILGET ITTCGA/A5 | | |
T-T-C-G-A A

QreroLfldaget erewIGLMBlubaCWerd: cpevdbanmp &5HHFCHTeLH6I

e Opovlfldager  eremiCLMBWSeNCwed  GBETHSB6T  cpeudbanp  SSHHTICHTL
aeILGBD. @ewal  1BFnl gmenia] DNA  Qamhe0mIl USHET  DlgHDHeriond
CFweoLBFHSIBer. BHdH OBTHH6T UL UTHlefluImIHeTe0 © oiTenel. SImIG
@emey  UTHISTIY  Sewwldlear  uGHwTe LFweLBSapear. SauBBiBg
SmLB B LBpIhauTss 0s1@:d# (Restriction modification system) ereirm
Oy,

QyeroL_fls 6160t 616001 BL MBIy 61N GuIerd CLPGITM] (P& QUGS LILISBHM6IT
CareviBetengl. ealmas I, eumas I, auews III. Gmeu GFweoLBD alHdHde0
amledmbal BB CeupLBa &ime.

aema [ OpBrd WG wyEl gomawia] DNA  Gasmhledml LGHed DigHsd
LWSTUGSSILGEBSH. OuTgieuts, % 4 — 8 bp (base pairs) Gatewi(eien
@ GBI L 0T jaflengs@HeiBm DNA el wmend S iihal
SHeTgSHHBHI. Fev OBTHHEHGHHTR  IHHHHHT_(HH6T DI L aueneiuing  4.160
QaTHSHBLILIL (HEITEIT6T.

Qreol fldagesr  GpTeH  Hind I eiGurgid  @@iindii L aflengulsd 6
BITTY B)6) 6HTHENGIT SI6ML_LIT6ITLD SHILBIHS! el &d)60 DNA
PV I BIHENET  HIWIYSHBBSHI. DiGIflenFHeT DL WITed OCHTL Teuflengu L 6T
galgul 900 &@W GoBulL HoL& (B CBTHS6T 230 auens UTSHeflumisefed
Bwbs Lflea aBoHBILIGES @36,

Qe fldaget  elemiCLIBUSHaTICWeVEeT  HGHSH  UP(LPeDBHET  CLPGVLD
QWL liuGdamer. GETHuler (pHed epdHHI Guflers GuwenTwbd, SDIGSHDH
Qrewib  ewHBIBEsT  FABPlarsmsub,  SBSB  uBeuH 2 ulflarsde
BendamBlemerd, GmHures  Cymomelw 6wl ObHH  Hewi(BLIQLILT 6
OaTLouflengenwiuyd GSBILLIGSBSI.
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o aBHHGBHT LTH: EcORI aaiugled E — erovgafldluwm, co - Gsmemev, R - RY
13 Qeandbgapfienenubd, | — &ewiGLlgHslILl L (1pHed  eTentGLMHIUSherGuienerou b
GBISSBSI.

B& U FHMLEL (B OpTHseEpdssTar EH Goum o ulfledHil GuTmeT HHLIL
DIUEDISEHMETLD, — SepLWimend  semmisemenujd  (Recognition  sites)
Oamemieiengl. @bhsH OFHTLTouflend HoL&S (B Hod el ILGHBH. BF)
Qurgleuts (werlen @H5 eaflews (Palindrome) ou@. SiHTaIEH DiHS
sonsHev @rewid DNA @enpuiesr QT Jauflenguied 5 — 3' SHengulsvid
AUTFLILSBG QBTS2 66N

absHsaT H: MALAYALAM. @hs OGameoemen 6hsh  SHengulsed
LYSHSTID 6aTEBuITGLD.

wealer @55 Osmjaflens wilsst (Palindromic repeats) DNA
BB TaVIeTen e FOFFITeT LM OHTL Jeuflens

5 - CATTATATAATG -3
3'- GTAATATATTAC- %

@GPy 17 Smeniseiel OHTLJauflend (pHe0 eauflmgamul @UUip Curg
wpiseme  Hewguleid (reverse direction) @Gy rHf 2 eTenengHd
SITEUTGVITLD.

QM LJU  BhHUTEEF  Cargmenuier  augeuamwlled @  HMLSL(H
OpBTHUTEITEL o 6wl THSLILGLD Fflwmer 6aiedd Llene] (HSWIDTRISHTESID. @
fov oLs B OpTHHeT @renih DNA @ewipsefer enulliLi@aduier oam@L
e gBUBSHHIUBET alememouts  pmSw  (blunt) @evevg uBdsLL L
wener  (flush end) o eoimdma. Oeu FWEFST  HIGWNQUILEB6T  6l60
Sipdalupdeamear. Feo OpTHaeT DNA @ Qe B Gurg pligd
OQamewih  STEwIILBLD  (Wenedbsl o ewiLTdlaser. Seeu @LGBW  (Sticky)
Sleevg Pl igenemtauTen  (cohesive) (eneideT  eTeT  SIEWIDGBBLILIBE GBI,
BHarmaL Oeul hHeT FEFFITBB Gleul (HH6T 6IeTlILI(Ha 66T

GAATTC -3 Eco R" 5- G AATTC -3
cnuf -5 Qsfigge) 3 - CTTAA G -5

5 @LEDL (wene

ccceee -3z Smal , 5-lcce EBEE - 3

3'—- GGG CCC -&%

GGGCCC -5 —_
) Aefigge WP (Wemem&eT
LB LOBEID IPHISW (P66
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e DNA ipgignl 9enewia] OHTH6OBI LUSHHe0 (IpHHwl LUBIG auddbHam  Couml
Brewi GETHHem DNA meuBsherd oBBID &1L60EHMmM6V6T Lmerd. .LIGL 610 SL&LD.

DNA en6uBs6rd

e DNA aeBzserd Oprgl @yiewt @ewp DNA (dsDNA) elenr  aissemy
@mid  umerd. .Cul  cpeuddamidemen 5 - POy wpmid @m 3' - OH o e,
b lgCamenger gy uTerw..Gul (ATP) anihs almeruied GCFjHHlamagl.
Bz T urgdedmbs LfleH05BHSILGHBSI.

smeuBaen eflemen
- O

B — () o—r—o—s— B

-0
DNA 6160 B 610
2Pi <—PPi| <”| ATP (or NAD*)

DNA @emip

DNA eeuBxserd allenet

SLEVHEMEVEI  LiTerd.”.LIGL 61D

o 9c0dmeveT LMo, .LIGLed el DNA eweu  wmBp  SiedwEGD @b
OpTHWLTGD. Ba Syreor Smwp DNA alar (AsDNA) 5 apevel
LGHuled olevevdl eBeds Ao DNA alsd (sSDNA) oevevg RNA aied
GBUILL urerd. .Bul OFT@How CFiEdBa DIeL6VFHI HEHESGHIBSHI. EFHEITED
9I5| GW-B BBISHHMD (self-ligation) HHEBBSHI. OF
urdlefluimigsefed(hbSIb HEMIBGL 19 FmIGL60 L& H U6 (HHSID
L 505BESLILGHBSI.

Se0BM6v6I Limerd..LGLerd GFwisbLT®
FThBEBL5HF (Vectors)
JUem  BhHeOTHES CFrHemetule BOBTH (WHHWdH dmml  Nemmerod

Gumelis @  FHTRFSELSHUTGD. @F  HTRSGILGHFH  6aLFH  &Hiul
Syl wd gnigul @ Fflw DNA  cpeudbampr@ld. & @b SLSHHUITH
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CFweoLhIBEH WBEILD HHeVTHSL LFCFTHMANSITE DIHaI6N OCFHBLILLL
DNA giewigent &LSHHWUITE  UWUSTUGHSUILUGHMBGE. HTRIDEEHLHH  HH60THD
oarjgl (cloning vehicle) oebevg Baeords DNA (cloning DNA) e
SIDWHSILGHBSH.  STRHSEL_SHHH6Me0 @  euendH6eT 2 eifener. (1)
BHOTSES SHMmBss_5H (Cloning vector) (2) Qeuefiliupssid (Expression
vector) STRISGHLHFH. BIOTESSH STRBGEL5HH CUTHGHSW0TT  @bLulf
CFeoab@&HeT  BEevThsd DNA  Gaasemev (DNA-Insert) maeordsid Gauiul
UWRTUGSHSUILGSBSE.  QeueluBHHID STRHGHLHFH  @UUIflaeT LIHHensd
o auiLThGaudnater DNA Gamdlenw Galaflium L uwl o Ha|dBal.

SMLHE_B OprHsefe 2 _saluy e Swed DNA gl Uemmeroill o L 6
CFmaUILBSBS

SHTRSHHLSHHUNHT LIRILISE6IT:

o FTRFEHLHFHH6T @il OFsvaub@GHeT SeuBpientuw DNA  Gamaevi et
gaL_Geu L160 LOL_TRI(&) BHELSH6I 63T 2 BLGHFHBHTH ST FENUITS
QUHSHBLOMLULD FHBEnIenL WIF|.

e Bx gemaled FAPwsTe Bpds GCouemiB;, GHMDBHD (PeOSHFBI  6TenL
Camanghbs BeuewiBo, oHTaId 10 @BsumBuerisad (10kb) @enmeure
SIeTeN6U CTML UL WIFHI. DHT STTeiond oL ullfl CFe0aNIHGH6T HIEHLDSHED
/ mBIHe0 eTeflGTEBa.

STRHGELSH  OUBSBLMLSNESTE b  CosmBpelow  (Origin)
Oaremigmebs  Cauewibl. @ HeImed i  @Uulfl  QFeLaNIsE 6T
SO FOFUITS CLIHSBBMLULD FHmenerll CuUBILD.

®a o uifladiurmeT HBUY  Bumems  CQUTHSISLOTHT  SieHL WITETSH
GBlenul (marker) OBITeuTg(HBH Gouemt(BLD. B\ FH601T60 LOJLIGI)|
MBELMLbHS  @Uulfl  CFe0IbE6eT DIHMET DML UWITETD  HeurL Ml
(LPIQULD.

FhdsaLHH DNA  OCFmessd o L6l  QhhidmaumalbBE — SHeollil L
D& GEBMmIBmen QUBSHHE CeouswIBd WLBBID DiFH  SHTHRISUNHBEGLD
DNA QGsmaed o 1Lea1 Gagha  @uyulf GFe060aT  LOTLIGH)
CHTMBIWSHFHIL 0T  @hEFmeniujld  FHpewerl  QuBBlmbes  Ceuami(BLb.
QupLbUITeLT 6T G HITJE0TLOTSH LWSTL(BHSHSHEHGnIQ U b&H6VTHBHDH
STRIBHBL_HHB6T  @amld@Gd  GuBul L SOLEL([BH  HENHIBM6ND
QsmewiBeenar. Semel Liew Baeonrds senmiser (Multiple Cloning Site
MCS) spvevs v  Bewewiiiumeiser  (Polylinker)  etemiu.  Lev
bpBeUTHE  demmidbeier  (MCS)  @miy GBapevauliuBld  HLbdl (B
OBTHHmeT LWSLTLI9BEG aufeuensd CFUISBaI.
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RH DHTRSGILHHHGHT HIPOTHHHMS 6I6MBSTSHMUSMBE LN6OToU(HLD  LIGWILISHENT
Gxhemaul LI 63TmeoT.

SRS BB SHHUN6I  LIRILISH6IT

1. QumpsasweLgeder GCzrpp (Origin of replication - Ori): @bs
OaTLTouflengulled(phbdl  HTer  AFLlIuTgHed  OHTLRISILGSBEH. Db
CamLjaflengull el e  SHlewi®  DNA  Senenrdbaliu’ Lmed gl uiif]
CFeLVIGHGH6T DIGHMEIL CUHSBOMLWF GFUIL (LpIQULD.

2. CaibosBsaL SmLwrans@y (Selectable marker): Ori sgup GsjsHa
STRHSBL_5HHG @ CHIHOHBEHGID SmLwTensGn ChHameuliBS B
&g WLIUGY  TBBMLWTEH  CFeOHmeNT  DIHLWTEND  H6RILBIHI
SlUBB  HHGHAUHID OFUEY  WTBBLMLHEH OCFesdaillar  auenFdlenul
CaIbsBHD DMIOSHHBBS.

3. paendsd sembd (Cloning Site): ool DNA & Somens@d
QUTmBLB, SHTRSGILH5HHG oo Sommisel QpLloid @61 @
SIMLWITNS &H6MD (HLOLISHHESSHTEH 266Nl
SRS SHLSHH U uenBH6iT

QM dev HTHIFHHLHHH6T SO alfleurs aleuflbaliLi’ (HeTerer.
LemmervilL

Wemmerolll. eteotugl  umsleflu  @GCrmBuon@amening  Hally  umdleflu
OFev&H61M60 &CymGLomCGamoimi @, GleuemGu SITEILILI(BLD HEV6NFMFUITSH
OU@BGBSIMLWH gnigul @y el @ep (ds circular DNA) e’ angen DNA
(WeVSImM  GW.  Uenmmerdlll  SleuBmienLwl  OFTbhS  OILIHEBLOML 61 SHBHT 60T

LOTLIGIFT] HBOULHM6NTSH OB T6uT(HeTer .

pBR 322 1femmeriol”

amp® - LD 1#l60l6iT &(BLIL WILI6G)
tet? - GLLgTengSeliled HBLIL WwIUGM)

pBR 322
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pBR 322 ippidslLenwdsiinlL  Hetmeolfll  oy@b. BFH  HHUTHS

STRIHSELSHHUTS — DFHH0OME0  LWSTLGSSILGSBSH.  Bal 4361 bp
Qxtewieiiongl. PBR 60 p eesiug Wemmevfl, B wBmiw R wpensGu
Nemmeroll. o _(haurdsSw  opflelwsd  iiepTdeller  GuUWTHenTer  GLmedleu]
B Crmlyfleed Bl Smeuamyulld  GBidbSleimer. 322 6leIm 616w
SDIAUTHGEHEDL_ULI DUIRISHH S 60 ® (HEUTSHSLILIL L LN6MmTeroLolL 1o 6ot
oTewienfBmaTGD. BFHe0 @rewi® GCoumpu' L o ulfladTiGurmeT  HHUILY
IUEIGHEHD  (ampR, tetR), uwe soLsl(p Oprdasepssten (Hind II,
EcoRI, BamH I, Sal I, Pvu II, Pst I, Cla [) s wrendsenmbisend oBpibd
Ori wyugmia|ld 2 efTener. LlemmerOill. QLIHBHIMLaIH60 FBHUBLD L|TSHHIHEHLD

Rop eui Qsuismpsi.

T1i NemmerodL

Ti  demmedf. wev  QHounHullenevd  HTaUImIBETND  HLPMEVHEM6NTSH
FSTewiBoudBG sryewiorel  SIBCrmurseflund 1guiiGudluweied LTsHeflulgdge0
STILLGSBSEH. B wIBmID (tra) WIuEDmeaIsS SHTHISU|ETETS. BBID S
T - DNA wau @ umslefluigsgledmbal BOpT@m UTsleflulld oi6060%5  SHTeuy
Cge0elB@ WIBBISHBG 2 HIBH. BHS LlenTeOl WIBBID WLFUGHIN6
dBHBIF CFe0SBSI. Bzl LBl GBIty & Bl STent Onc  wyuegnl,
OUHSBLMLHVISEG GCHemeuwimen Ori WFUEDI LOBHBILD  6N6UTSHSHETENLOSHSHT6
Inc wyuemiemey b Lenmerodl Qupmiemeng). Ti Wemmerodl gesr T - DNA
stal-DNA o 1 a1 Heweouwnd @hhidamenssIubHBSH.  D1HCTUTSiefluib
LNemmerolil &6~ HTaUfmIG6eiiled  al(HDUSHEHD  LIGWILISHEHEBTE  LOJLIG)IES D660
BIDOPLIUSBG LWSTLGH MBS

SIS SLSHFHsenms G oTBhlsbsmpissit (ITransposon as Vector)

AL omBPSaImpIBeT  (@Lwmmpld GFuwwiue Geuemigul  SwBl SIeLVG
B 1bOILIWI(HLD Fnml) Qb Y& ST &360 HLDEMLDEF
CFmPHsTeTeNSHHHH DNA OsTLjauflenswnad. Sbs BHobalsd @eudHs
Sl GHBHTH  6hd @ OFTLJaufleng O HTLTedUWD  GUBMIFTLOM
LOTLIGDICSHTEnSH UG 60 Bene CFmaLIUL Gouemi(BHLD. 160160,
BLmBYsampIEeT BLSGD Juaibset (walking genes or jumping
genes) eelLGEBH.  eteGeu UGN  BBID LIS  GFwedurBaemen
uGLuTWle] OQFUISBHTE LOJUGDIF FTJ SHAIHTTS 6w LILIGTLIHS 660
Aemeu  @yullfl  GFevedled UHW  UBUMBUWIGHMS 2 _6WILTHGHIBS).
opmiLTaded  sredwmenm  wmmid F.Casremev  Gumei  uTdHLeflwmigered
@ ompPSampIseNe LWETUTE Hel@ UIe| QFuIwLILL (HeTerng.

BLEHGSD IUGDISGSHET - Juam BLoHHelev 1 kbs@b GomulL pewi
DNA @pupsoowins OaTLjauflengiubGsHasiubGaSmal.
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QeueiLTGENLW SHTEIBBL 5 H6IT
(Expression Vectors)

o UL Lrsmsmen OCeuelliuBHIBIINSBEG OUTHSHIHIOTET  HTBIS HHL HIHSH6I
CeualiiLTBeOL W HTRFHHELHHH6T DG, OSHSTRHHELHSH  @bLjullfluller
LT SRISEHSHSTH  LUQLw(hHHe0 LOBBID HPeued GUWTaSGHSH ChHemeuwimen
FIHNBHM6NDH  OBTI(BeToNF. DHHeTaled SIUID LJHRIBM6NT 2 BLISHS)
QrlugBEe QLUUIflEg B& o Fadamer absHsetG: pUC 19
Vector.

GafiULBsg o
gridlsLgs) qupnsT BIEESSIDETEN
Gg,m_rralﬂms GG, O nirauflsna
Simal 2 LUGSHILLL

DNAsva LigblwBsssn,

a6k GLWITL 6l
Qaidsimen. @m’i
Liméiefiu YgiLimaen S GTLLLITEN B )
gL iaflens %m"fi”m@ﬂm (mar : o8 —
@Wﬁ?ﬂﬁvﬂ a1 eLimen
@mm% 5B

Zienal ClETLESD, QRS e
SUHELESBREHETE \Y wmw@wﬂw
Clem_nauflensanu ClanamEsneng).

GeuefliLT(® g;rrrmaﬂesang,ﬁ

&53bs5 @wUuilfl (Competent Host) (opiswnligenemiey DNA OsmemiG LoyLgm
LOTHBLD  CFUIeUSHBESTET)

e @ o ulj OOsTeHFH Soevdl @DLUUNHBSGHT  bBIgl gemewia] DNA
(PeLBIBIHET  OUHBHD vl  CouewiBd. F.GHmTemen, ForOL.  afleLmiE)
VLG HTauy  OFe0d6el  BGuTelB UL eumad  @UUINT OFeLH6T  LOFLIED
BBHOUTHHHH60 STewllILBHemert. oLul] OFeoseledT 6UmS [HBHEVTHEF
CrrmpematedwF FTIHBHH. F.CHTenev CUEHUTEID DIFHWOTS LIWETLIGSHSILGLD
o ulflwm@o. glemefled EFHeienl ul wiusy el  alfleuTts  SLuie]
Qauiwiul (BeiTengl. GFHemer  61aMHe0  MBWITEMTOYD,  UGTTHBAD  (LPIQULD.
LeCouml  6UNS HTRIHHEHLHHBMET GBS OBWID UTHSTUOSSH. QI
eyl Ogeveors  F.GCamemevenw!  alplus  GCxiey  OFUISBE  @(H
(LPSHSWIDTET LewIL] 2 SHbhSH euemliy Heneoulled @Het OFeoHe6T gaeilbleuTr 20
POLSHBGSWD QTewILTH LIGLILINL &6iImseol.
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ool (Cosmid)

STV BT HIHenenia [Hlewienwld BT OHTLJouflengemul SISHTauG)
pHHamenia) Hielenwid (cohesive terminus - Cos) GsmemiBeiten  LlemmeroiL
oGD. Bmal B@lml Ul Cos HendH8xhTH o 6iten eombLT (1) ..umey (1
~urey) DNA  efer @@ glewienLujld, @b umdleflul  (Nemmerdill enl_ujib
QumpmieTen Llenmeroill seilell(hbgd GUBLILILL &6Vl HTHISHSL HHHMTGHLD.

LIGD
«—-\@maﬁmunm
Ame f - el J,

e

ColE1
ori

Cos site

ursleflwuGur. .urgy sThSssLSHH6 (Bacteriophage Vectors)

o umslefGuIT. .UTYy eaug uTdeflummelsd CHTBBGHIIQUI  DUTEVH6T SIEGLD.
WD FTHTIEOIOTS UWSTLGSSLILBLD F.CHTemev .".UTME6T, € - ..umey (4
Surgd)  wpmpid M13 Cumgy Gumetp CUTE}  HTRISSBELGHHE6T  Llenmmerdill
SLHHBmeN QL DIFHB HBEIDHL WMAULITGHLD. . .LUTEY HTRISHSHEL SHSHH6M60
25 kb eueny 2 _sitemr DNA ooy Senewicsds (LpIQULD.

eombLm ey (A..ume]):  meoflFFwm  Gamemevenuwldh  OFHTMMILD @
AUMBOFHTBMBEL Hlewev UTHlFGWIT e-.".uTe] (A..UTR) SLGWD. UTDLT . .LTedlesr
(A..uTgl) WJUEIsS OTemawid 48502 bp menweLwg. Sismeug 49 kb
BmID 50 LJUISHMmeTd  OClBTewI(HeT6nS.

a;;ﬁ
WDy
BEmL ew“

Emw
L) {

*‘*ﬁ”&w’““ s g
GsrenswID

Eﬂlﬁ.u.l:gm‘
\uum LT
ey g
gaﬂ;&l_@ 7 iy >
SumRill sThdssLGFH@e (Phagemid Veotors)
o umTRUll  STRSGESLSFHSH6T  @sl Ll  GFuwiulL  emmerdill

STRIFSILSHHBNMMGL. Bauppsled  Ganpbsd  CamBmelwmer  Ori  LOJLIgmI
STOILLUGSBH. Bewd  FHalf @ . UTIHHA  CUHHSLOML UJLD
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(APP& LD]

Caxmimpiealenwiujd  GumBmieTengl.  pBluescript SK  (+/-)eldiug . .umgluil”
HTRIB BB HH DG 61HHBHIHHTL_LTGLD.

-

Amp' |

ssgD allsms LyFLLNL Ly
vodigsd [Caft G550
L GuCsmL [}

| aumm |

g /|
dsDNA 1Jn\\.__ B __./‘4 ori

urslefu GFwbemas &GymGor@amb (Bacterial Artificial Chromosome Vector
- BAC Vector)

o urseflumeleas GFwmBens G&GImBwIGsTd (BAC) eaaiugl @m @GS SHryb
SLSHFHID Uemmevill. SHTRSSESLSHWUTGW. & Wasloufw  Seneleors
owed DNA @ mpaeursdsd Uil o (HeauTdhslll L HTGWD. SRS S 5
gLl gementey  DNA (rDNA) Qampedml Lbded  Wsad  Lwielsien
bHOTEEH HTRBSGH_SHUTGD. Bemear 300 kb euewgulevmrer DNA
CFmPBemen  HBeUTHHD Oguiul  (pujbd. Gwed Eenel  [HleneouwlTerenel
BHBID LWSTLGSSHISMBE 61611 HTEInE.

Mot| Hmndlll
BamH

. - 1:| ‘4 Mot |
E%B Sph \':"'r
A%

{

1
[ M| |
\kﬁrﬁ. |

. repE  onS

ool QFwmens GGImBLIGFmD (Yeast Artificial Chromosome Vector -
YAC Vector)

Forol.  QFwmens GGImGLIGHmD Nemmerdl. &L SHud merol-  GHCrmGomGamib
GumeiiGp  GFweoLGHBH. BH BDH algamHelled STEILGHBH. DIHTEUS
oL eugen wmmb  CxIB  eugeud. el eugel  FerOl  QFWLIMBENSD
&GImGn@amd  urseflumseied, GCsTH  eugeud el  GFWLMENS
&CymGLoT@amibaeiT merdl. OFeLeIeID OCILI(HEHLDEML &) 63IBeoT.

GBS STHBSHLGHHH6T (Shuttle Vectors)

e Om Gaupr Fppleomiseiear  OFuHeNBGT  OLHEBHFHLOML QIHMBEHT 60T
aIMBHUI6L QU UENLDSHBLUILIL L LemmeroLolL&6iT SHT 60T GOBHMTSH
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(APP& LD]

HTRIHHEL_HHBMTGD. BDbH HTRBGILHHH6T OB 19en60T6] GHTLHED
BILUSHHeTe0 o (HUTHSLIULL 6. BbdH GHOBBHTH HTRISHIL HHH6T @
@Lulfl GFe0eded OUmEBSWMLHESH Coupl 6bhe LTBBUD  CHemeuLiL moed
LBEBTH  @bUUIfleE @b Ouw(mSeBer. OLHUTEOTE 2 6wHIenoul &(h
HTRIB BB HHH6T BelauenHmulF GCFhHemeUWIT@GLD.

DNA @m ©B7 el@mBbUd clpeudbdnpl 6@ISTe0 g CFed gFelemeT oG
&SLES (1pWITHl. LTemmerdldledl. &L LTWIWTS  UTSHleflUIBISEhoHESHeNT HIDDoHS,
ursleflul  Ggevde DNA &  adBSHHHOBTETEN  HGHHHMAUUWITS  LDTBB
GouewiBo. B@pM& STe0AwWD Cumep G Uewewry o enrwl  Gni
Sweflenwlds  OFmewi o  GPUILL  GFpleled  uTdleflul  GF60H6N
amaubsllL GeuewiBid. ey 1mignl gementa] DNA @ HsHmaul  GFeoseried
SULTWIOTS HIoWHSIUGSHBH. BIBG BObHH OFe0FH6T 1B  Fnl l9en6m0T6]
DNA 2 L& ueafidsl guied eneubsliLBdleser oBpid DeHmerd CHTLJhal
GUHW  sTeuHHBG 42°C (Geulin IFTEFF)e0 MeudbsILL(H OBHBID  OIFH6
ety ewihd Leldbal 19uled eweausbsliLhdSamer. Qg wplgnl gmeania] DNA
M6l UTHleflLmiseT 6ihsHHd OFBTeTUSBE JHIMUTHSBSI.

® WU &(H LFHmisenet Geuelliun® oL wd CFuiul o ewuienou]l &
QFevmeil el LWSTUGSHSLILIGS GBI Joemalled @(h GFuweHBeT aTUIHS
UISHSHMSH 2 eiLTHGHUSBE& bH LIS Fflwms  wiglien ul  Ceuewi(BLd
LBBID HHeued GuWTeIBE e giuUGL WIBBRISEHD giLL GG, @&
CaTevauIl & OFeLHaMe0 (FF.Camene) &FTdHHIWLILEE0M6V.

LOJLIGR) LOMTBMB (LPeNBE6IT

wpIgnl gmenta] DNA  cpeodsdamp o mauthdul  Uasien] oiBhHs  Uighenev
SlauBens  QUTHGHSTeET LU 0Fe06060 HIMHIDSHHELVTGLD.  LDBIGnL 196N6mTa]
SRS EHLSHHBHMmET HIMWILSBEG L0  OFWIEO(LPenBEH6T 666,  SHIenel
HTRHEHLHFH euewsd WBHID  @bUuilfl QFed GuTaiB L6  HTyewnlEHmerndF
FNIbSHSI.

STUIHRISET60 LTI LOTBBHMS DIMLAUISBEG DQLienL  (peit  CHemeuwins
STRSHESLSHenw  sULemwol] G  Couewip. BbdH STHFHELHI
UMM  SHTRISHEF CFOFBH. BbHSH WIUE) DIGHET BJewi( LdbSH(LPLD
Bxpremeuwimert &S GUUTL(H OFHTLTouflengHenmed @GLOLILL (BeTengl. DISTOUDH! (H
(Lp6BTEuTULIEH &) (Promotor) OBBID @ (PYABISHS) (Terminator)
S FWBBTe0 GUUL Beiengl. Ueiy @bhs wyusmisbse @uulfl $Hreurddleo
meUSBLILBHBSI.

SHTAUTHEIGHT60 BT6wI(H GUMBWITET LOJLIGDI OTHBM (LPEHBHET 2666, HIEne

o Grg (o) MBS _GHFH omp wrugy wiss (Direct or vectorless
gene transfer)
B(IPS () SHThd G 53 eufl wruey wrspn (Indirect or vector -
mediated gene transfer)
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GBIy SI6VevE FTHSHGE_SHFH DIBB LOJFLGHI LOTHBBLD:

o GBI  SLVH  HTRGSGHLHH QBB WJUED  IHBB (PeBUTleL
Al(BOUSSHSHS SIUI6L LOJLIGDIMe SThISSHILSHFH 2 _Hal Ee060VTOe0 LU
STUTHHBS6TeNTE  CFSHSHUILGSBSEH.  Lsiaumeust  SHrougmiseiso  Coylg
LOJUE! LOTBBSHHME F60 OUITHIOUTET (LPDBSHENMTGLD.

3. Gaugdwlwed eufl Uy OIBE: UTe)  1HFHE0HT  HlemeTHEHTEL  LOBBID
QLo gmesr  Fev..CuL  Gumeiy  Fev  Geuglll  GQUIIHLH6T  HTAUTMHISH6NT6EV
LGrm BLmilenmerdl sehd@GeT DNA el ei(BHaHIS0HTeiTensd; giTeut(ha enmsent.

1. B 2 I 0Fuisaise0 (Microinjection): smeuy Gge0semeT LOFLIGHI LOTHBHBLD
Guis DNAal Gbyguines @ 106 Hiewewiul (Lpeneiulenl Ul Hemienlmy o6
96060 HlewT LN Igemerl LWTLBSHSH o L smHalanel o I 0FesHHILIBGH MBS
yGrmCLmienmerdl &6l @ &S Hrmdulear  Gwed  (HIeHICamITHS  BH6evT6mIT
sewienimy  SHBLIgenr  Gwed  eweussLLLL  HHCITEL)  BHIE  (PLSHSLD
CQeuliwuBGSHSIBer.  Slevevdl 2 Mlehd  Beveouled LIIEOULLTED  HeneubHBishs)
meUSSLILBGHBSI

8. Weigiemenunss (wenpulsd wyugy BB (Electroporation methods of
gene transfer): LGym GLmlenmerOl &6 OFe0B6T SIGVNH HFSBEHHESG o Wi
UaIoipsHs aleng OCaThsasluGaBEH. B enmedor  Felaled SHBHTEIH
BHIMETHMET 2 _GWILTHGHBH. Bbd  Hlewendel  cpsold owied  DNA
o 6TEeM(BHSHSILIBSBSI.

pdE W i g B &g BrLdng dar
Gse seigy ' ULy | s g
. el | Ly G (IR S
+ P, !

. +
- | | = _’_J)l -I -
~ "W -
'-._'*-_'_f:::'-- A~

*
+

GFareusigud Bemand
Beisoghsss GG,

ST HIMEMUWITES (DB  LOJFLIGDILOTHBLD

FeOlGUTGambd eufl wJugm WIBB Wem: OFwmens uTerdCUT LGB
LIBUTGEMDE6T 6163 HICWINLIGET LOJLIGI  LOTMBSHSHE0 LT ©_6iTemeneuiTd
o eiteniadl.  OJLE  Sevevdl DNA  IUGuUTCGamied(mbg HTauy  GFe0ser 6o
BIWIMLIGBEHSHG LOTBBLIUGHSIBH. DFH S1HBp 2 mp Gl L. DN Aaileamed
BEIGOD  ouUsGeT STHAF  CQFomlLBEBE.  OHS  OSTHBIL Lpms
SIFneoloTedl,  geeeiey eIGUTEGFmD miempsEILL L. DNAmeu  mHiewi@LOD
omuseieeten oo  pH, yGrmlieGued GETg  opElweuBBTed  gBLELD
Femzalel(hbdh UTHSTEHBH. OJUam WLIBBSHHET  aleveneutsd  eLGUTGFTLD
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[APP9 Lu]

STUDY CENTRE

wppid  s1BpIs  GUPluller GCLrGemmlenmedl. SemenisBgl. Gbhs OCFwedwems
QIBUITOLIGF6T 6TedTml  GILILIT.
Qe Fda

Py yhamtinas evsomiELn @ mblaims 5 &WDN#

+
E_ aGlrasibishe) BU3aE0
¥ e A3 e ey
Hampy S5 e
R

aamELn@sm
aanlnlend il sdlwege
ONA 5

s 55
aadsnEsmd

eIIBUMGamD  LOFLIGNILOTHBBLD

o . euUBWTeledigd (IpeMM: [HiEwIENIW SHHIS SHIGV6VSHI LMlewLear (1-3  pm)
SF6eNHeNTeL UFa G L oued DNA Seovds@ Hai Slevevd 6Feoseren
1Ba1  Sisel  FHLLTsHenwt  (oJueEml  SHLLTSS  (gene gun) /  mlewt  6INf&He0
gliuméd  (micro projectile gun) / OGeugliyg  snurssd  (shot gun))
LWSTILBHSHS DIFS  allewFulLel 0FSSILUGHBSEH. Laiy STEHSIULL  CFe0H60
Sevevgl FHaEdsdel CaJey OQFUINLLL 261 $5H60 eUeNTHBLILBGH GBI  EFHe0!
(P6ULD  LOJLIGD  LOTHBBIOMLHSH 0F60H6MeN(BHH  HTOUTRIHENET  LEEH(HEUTSHESLD
QauIw  (Lp1guLb.

JLED HUILNEE]

|3|_|_|rru1
DNA LgiLrL
BHE IS 6
Semnesuigs sLE

— §lenm A Faeblenmen
DNAp-;"l v slen fpsgme
TN T AR

BhE glea . . o

@su&[g. g?suu AL
UG HILUTSS UL  LOFLIGILOTBBLD

LOEMB(PS SIVVSHI STRISGHLGHFH Ul LOTLIGMI LOMHBBLD:

e o UenmeOlll SThFHSELHFH 2 HaCWTH gBUGSHIUILGBLD LOFLIGDI  LOTHBHBLD
MBS DLV HTRIFHHLSHFH aulf LOJLUED WIBBLD TaILGSBSH. HTeuT
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(APP& LD]

JUgm  WLIBBHHIBEG  LWSUGSSUIUGLD — UeCam  HTRISHSSL HFHHerlev
(WPSHHWIOTE  LWaETUGSSIUBGE  SiBCrmundleflwin  uulGudlweteniesr  Ti
Henmerotdl. ou@b. @phs urdlefluid Ti Henmmerdifll (Hlpemevenul 6w T&GLD)
o OImPSBLILGLD Nemmeroill enujid Quiflw uflorms DNAeler (T-DNA —
&L 5HF| DNA) Qb L& enwiu b O ECRINIE] Bemal
OHTBBISHVISSTNMTGD  OFevHeledT  HTouy  WJUSIS  OHTEHSHUBSHHMBE
LoTBELILL G HTGUT BHLOMEVEDLI (bGL spameo-Crown  gall)
o _WILTHGIHemer. BbsH UTHefusbHng sHalenul Llemmerowil ger T-
DNA ugdeow smeuy wjuean OHTensusbIHB@E&HeT CFalsHsHdanigul SUIeOLIT6T
HBET  2_FTENHT6L, STUWIDML[HSEH HONMRIFB6M60 2 6o  OF60H6NT  CHTHBBIHED
SIDLSHGW. BT  FHTTEWIOTS QFH  HTeUIhIS6MNeT QUIBend  LOJLIGDIL
QuIlwITen eI DIMPSHBLILIBS B

S0  JUID  (IhSHHSHTLLTS  YFF el HTHEHHBEG  HwL
gBuGSHaID Bt wguam) sreuy Gzje wLwTeTs GX  WwWIuEEID (B
Ourgieurs npt II Gumep o ulifl eagjl  GummeT  WIUEDITGD; @5
Capammeninden ety o UIfleIHTOLTHEDEHESG HMLMUW o Wi THGHmEH.) 11
Hemmerofi gesr  T-DNA  u@guled mpaeuonssd  Geuiwliddeamper. &emel
Caxemauwmp  DNA Qs jaflens SLBIGsEHdEG UHOTE  HBHEUTHSBLD
Qe ILB S STmeot.

pIgL Igenewiey — OFedEndsTH  Feldemd — QFuIHeL  (Screening  for
Recombinants)

GuTmHHoTer LUl QF6eded Mg 19emenia] DNAmeal HiwHEH 2 L 6t
rDNA peodbgmenpll OUBB OFe0dmeNT iDL WITEND  HewILBlaug  LHda|b
SluflonGh. @b Cswed Feldbmss OFuiked (Screening)  ereim)
SIMPSBLILIBGB B LOMIFnL” 19 69606 SIDLHSD @F6vL660 ®_6ITer
STRDSBLHH Slevevadl wed DNA  uewiysenem  GQeuefliLBsHHS emBgl.
LOMMTE LOBIFnL 196065016 SINL_UWITS OF60H6I 8bs LIGUOTL 856061
CeuaflILBHHINH Be0ene0. BFHBHTH 60 (HBHET  LILIGTLIHHSHLILIBE 36T
SlUBBle0 Q(H (WM Hevld Oleuewieniod GHiTe] (LPEHBUWITELD.

® I'QFHEGH0 OFwedlpli] — mevd - Geuewiend &Tevedl GHyey (Lpewm

o Bg BIgn 1gemena] Llemmerollll el FeldbenddF OFuiul UWTUBHSHSILBLD
Hmpeit  10dBH  (WemBuIT@GD. @ibpenpuled lacZ eteis  AUIGUTTLT OFLEH 9
HTRBSBLHHDBGHeT CFBBILGEBH. BObs lacZ —areudbBLTABGL 60 6163

OpTHHGH GBUIG OGFuidpg. Gosbd @& HoOLES.B OBETHSG GBuIB
CewisBgl. Coebd B& HOLE. B OBETHHEG LD DEDLWITTS HEMHIBEN6N
OB TewI(H6eITET S
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(APP& LD]

o X - gal eemewpssiiu@h (5-LGrmGuor -4 G&GemGyr - GewiGLTemeved - - D
—  &meudsCLTemLfCGamengl ) OCFwBend  SHeMICUT(HL HenerT-BTe0sGL TFGL 61D
o MLHHBH LOBBID HOIWTSH [H6O [HB  aleneTOLTHmeT 2 (HeUTHESGS MBS
lacZ &@e1  owed  wjugmdel  maldGd  Curdkl BhSH  LDJLEDI
CFwWepSSH B eTea1 ol HELHIBLD © GWILMTHTHI. GleueuBTenLD BIBLD
st ILGEBH.  gOamaied lacZ  QFwedlipiniemsd  P-sreusGLTHGL 6D
® el TSHELILBaIFHVmev. 6118 HeMlIGUT([HeTed Gleuewientd BB BTV HEN6IT
o meautd@. TDNA OQasreni @uyulfl OQFed X-galey QuBpieTeTer. LTBTS
ol yementey DNA Ouppsigng @&r OCFesel Heops  STeveldener
® WL MTHGDH M.  HTevedl BB DlgliemLUled  LOBIGnL 196N6mTIe]  DIEDLHS
QFevm6T Oafley GEFLIwWIlILIBGS TmBenT.

s) lacwadipid B g
LESITEE =

i
fﬂmﬁﬁﬁﬂm S AN 54 f" £ :g jessd simg)
- pUC 18 lacZ 4 :' %ﬂﬁ?mm- 1
leFmsl Ceram o)

11

N N
—— 2y IR/ IPTGIX-gal 500

) BV — ClEUMINIDSSHTS AUQIMDSSLILIL L LlenTedl. SThSSHSL HIF)
&) Hev — Oeuewienio Hmeveri Gy

o ullfl eAJUCuTmeT SOBUY SewLwmrend G (Antibiotic Resistance
Marker)

e o uflfl eFHIJUCUTHET SHBULY SidLWTeNd GHB 61U @  LOFLIGDIITGLD.
®g Ogevzmaied 2 ulfl aHTUCUTHEHHHTERT 6IHITILSH HeTDIOMUI  GULDHIGHLD
R UISHSHMS o _WILTHGHFMSH. jugm rpplu’ . DNA  Gsmewi
LIT&bLeffIUImIg 66Tt o ulflergFrieummert OleITemTL @(h QUGTTT &H61T&HFH] 60
QUEMTLILIGHIET  (LPGULD  SIGMLWIT6NLD &SI MSIUIGOTLD.  LOBIFnL 196n6T6Y  DIGOL b
Cgevm6ell  @HH  UMTHeNHHeL  euenjdleiipert.  gOealled  SubLIleVlen,
&BenGymib." .Neldbdme0, G gTengddleflen Slevevdl GCohermeniodlent  OlEmeusrL
adT o ulfl CurmpLasenrdd SHoLmwd GHUWIG OCFuid FUEDISHSem6r
Bemey  OummleTenel. LOTETE BFHF OCFeLFH6T BbHH GUETTHEMTHHED  GU6N]T
wpwirgl. oGl @3 @h UweleiTen GaiTey GEFWIWLILILL &H8ngul SienLUIT6N
GBWTe UWeTLGEBSI.

BEHeL B gBHev GmPeom Lwens (Replica plating technique)

o B505THOERIL LSHE0 auenilildh SLIged eueNTHSUILGBLD  HTeveNH6T  [HH6D
dBSHBULBS GBI  UeNTLIL] HLIQ6D GUET(HID HTevedldHelledt euenyliy  HL 1gest
g Hewiaul] BSHSUULL @ agHlenl  @Bml BHIILGSHBS.  Leiteory
AUYBLIgenUl  @JewiLToudl Hlewiamuly BhasliulL  euenjliy  SLiged M
adbss Gouewiho. @He  alememaurs UHW  SLB  (PHOSUS  FHLIQ6D
HTeveN&H6T AHHH DCH LI SiwalLmiHeied OHTHBBI OLBB GFe0HmeTdD
Oamewi(hetongl. OCUTHUTS GEJewiLTougdl SLIged UWSTUGSSLILBGLD o6 HID
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(APP& LD]

(WPHL  HLIgeL LWSLBSSLIUGBLD a1 HH0(HHEH  CaupLbGaImg.  SD&Hlev
o ulflerSFrOUTmHeT OETewI(BeTeoNd DleLevSHI UETTFS  HTTewNH6T  E60em6L.
Belaemnaulled WIBBULLL 6Fe0s6eT OFfley OgFuiwILBaeTer.

gyﬁﬁlﬂsﬂﬂj&mr’rmumm
15@'};«_@@&0'-

anaug g6

L0088 Beenzg L0 sla Danenig
- = t ¢t

Wiy mou 506 Ul ean 554
QLmE s 55

-5

glaimosn Bg [plein g Lenanggl snsefisafien
Basiis. Gl s

LU

BHOVTHS SLIQBHSH60 Qg,rr@si)@Lu (enB

peuddmm  OzmPeopluipenspsst  (Molecular Techniques) -  wyugIL
Curpaiemer L5056, @ WaembLfssin (Isolation of Genetic
Material and Gel Electrophoresis)

o atamBLflsae0 eaiug @b LUflssHe0 GaTfeompi uapedpun@G. @& Chi
wBpId  aHT  Weimm L 1lb  Osmewi  GeueuBGoum o uflifl  ep6evdgnBIHmer
Nflésll uweTUbSBSI.

Gl penm
o artgmgid (DC) GoausHsid GuTdl (Pe0HImMBIFE6ET SaIBNBIET  L0leTdHenLDEMUIL

QuTBISH BLb OGuwijdemer. GCeousiGouml cpevdHInmIBele  LOeTFMLODH6N
O6u6IGaumTerTenal.

+ve Wetem' L Gump Cujllear owelseiguag (-ve) edlimbereurus Crrés
EY LN

-ve Wi L1b Gumm eFHjler Swelser operg (+ve) Grjsiourus Gpmeha
BEISBS

915Cymerd Qoo WeitemBLIfIILY (Agarose GEL electrohoresis)

o il DNA gemihsmenr gSruienoliubhsdsh @IDWpeds  (PSHWIDTS
LWSTUGSSUILGSHBEH. Feo 100 (1pHed 20,000 euenguieomest &I  Een6miselt
o stem DNA giewipasenen Lf5H0s5055 1aCymed  GummsSsorear DNA
FlewIBEmen HMUImLILGHS LTedoibyevenwol. &upwid (Polyacrylamide)

® FHHHHTH SHBULBSBSI. BbsH SpLod LIGOLIQUI &lése0ment
CLP6VE Fn BIHETTTEV S,60 Fal_ L ®LOLILITGLD. DNA LP6VHIn M| ST

OGTFMOWML U (LPeLHImBI DUGWD. BFH W LevHHeL  emeudbsLILBLCUTSH
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(APP& LD]

Supwd auplune AL GuwTHpg. ey 0HfHEH SeLwren Gn Gumbp
DNA glewipseied olgsbsly WeateombLfished BabeHsiubln Cursl Sigl
Oxflwres @Gu cpeudamplear L OF([HGHeUMeL  HIeLeIWITS  Diemaill
SIDIOHSEDESI.

S1ECrmed oo  WetemBUflSHe61 [besienodsenToua: SiFd o ewy DNA
FHpelled UL enLwTengl [bHeilG SULSlwLGHBEH. DbHH BIPWSHHe0 o eiten
DNA aier ulewiwmeng  edhFHiguid  UGymemiol.  (Ethidum bromide)
oeEID  FTWHMSHD Osmenwih  sTwGLBBLLGEBEH. DNA & saiandss
Levemm@d Wefl] eeflulled sSewiplwieomd. SigTeuskl Lpeast sHfled  Werlly
6l cpeuld eeaflwyl B Gurgl BH SJeha W6 eefledll 2 6w THGHH MBS
BB B LmBLILLLD 61(HE&H60MLD.

aleugmushFed SHMILBIHD eIl SHTauTdH Hadbselled GHTuis STyemnisemernd
&SIl LWSTUGSHSUILGD UGl  auendEF CFTHenerdamen  GMILILSTGLD.
WHaD HBNOHS BT (LHeDBHENTEET.

. ELISA (Enzyme Linked Immuno Sorbent Assay) OprglsenL e

BAenewisslLl L. CHTUI SHBLIenUS FnJTUlbSSH6V.

ELISA &g eadHjygsd  OBpILd S pful 2 $ajd  STyemnisemerLl
LwWaTLBSHS  Crruissmyals@f FBplamemer Sl o b  (PenBWTEGLD
SIFdeneYd  BLoYSMeIBHSH mauged UTHSSUULL  SHTEUTHRISEN6T  SHTEU]T
Crpmu1 oM@ o senaBenn smenGw(hass ELISA aler vwen® mHeng
SN (HelTerngl.

. DNA gimel

maUTerUE6T  BmId  LIB CHTUI  STJenldenensd  SIHLWTND  SHTERILSBE
DNA gimelser, sdfluiss oBpld sHHUSHD  DI0THM6UDB6T  ([HTTSH6I
LBBID FSHT6 @BUlGWBLIL) LFusowTer s&mHalwm@Lb.

o 'am oSl seolpssd (Nucleic Acid Hybridization) — gBpew®iy
BIL-LI(LpenBa6iT

DIH P 6T6U0T6U0T] &b 61 & UL 60T 60T eLP6LSHFn BIBH61T 6Vl (HH S Lfl$C&HBHSLIIL L
Grpewauliiplc DNA owvevd RNA  grewiGasemen  @GmllUTEd  SienL WITETLD
sTenl o UfseBub  smelwuns @BUlow®Gly  (WedBWTI®Hl  LUJaIeuTH
LWETLBSSLILGEBS. @BCWHSH60 6IFLSH umsHTL (B (Sample) o &
SINRIBMET BB (PLBBD Sevevdl H  smmduled (solid support)
bl CrrlgeaBsumerd  (MBeVTEILIL VWD)  FHUBSHHID  CFWLIEOIPEHBUITEGLD.
BBlowhsslu’ L o 's(m Slbeomser L6 sSeolipshsd CarsHamersered
SlaupBlear @GMIUILL Bevdma SHewiL Ml LweTUGS B

247 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




[

CHENNAI

@BBowEy Qzmisowempsaier euamassl (Types of Blotting Techniques)

o ggjeit @BPYOWGIY (Southern Blotting): o1sCymed B H e HHSI
bl CrmeFeoaBeomerd  FeualB@ DNA-emeu wiBmioug FHier @bpeuIBLL
GTGUTLILI(HLD.

Brysien eBew®y (Northern Blotting): ewpl GrmeasvsGsumerd FeualB@
RNA -e»eu omBmieugs BTIsSTen e@bulow®Ly eeriudLb.

QieuerdL_yedT BIGWGBLIL (Western Blotting): LT HHMS
B CrmeFeanGeomerd FelalB@ LaTETBLIFILIL 60D TBMIeUSHI  GleerOL Jeut
BMIGWIBLIL  eTeTILIBLD.

Fojar @blowply 6smsomL Lipempssr (Southern Blotting Techniques) —

DNA:

* OhHs g wev(Lpen®s 197560 FHiJ 6 (Southern) 6TGUTLIGUT TGV
SN WsIUGSSIU L. B0  Bueotlpobs @By (Denatured DNA)
9158y SIS HHHAH  MBLECITOFGTed  FHTaBEG  SleLeLS
augal 9srendd  (Filter Paper Technique) iomBpULGSBE. Bbs
CHTHOBI Li(LpenB &S] 601 e CBLILY OBTHLBIL LI(LpenB g SIJ 601
BCW®LY  QamPeomi utpens  (Southern Blotting Technique)  ete
SIDLPSHBLILGH MBS

LIQHl 66055 61T

o 958Imerd  FmbIDSH I HHH B CITEFLIGTED  algHTERHEGH DNA e
rBpieugl mlewieny Gaweourligesr (Capillar action) ewpesod smdBuIDTEBS).

goulewkiy OSTleHIL L epnsEhsélanL G 2_drar Geumumbaer

&3T60T @orilewibLy BT STe @hulewibiy leusioLTedT @muflen Ly

GlwirT aevurcpLig iumenfleor NI ST60T STEITUS 6B E16UETVLIT60T TE0TLIZ S)(H HEUMMTETT
CILWIT SHT6T ShHLD SEUMTETT EIIWLITMELD. EILIITT(SLD.

Uflssliueeus) DNA RNA YT SIS el

Buwishflpszed GaewauliupFma| Caemeuuiedenad CaemauiLpSm &)
(Denaturation)

Feley enpLCrmelssbaGeonen / | 215CsuTmeLsTERFEOTSE] enpLCrmeFeda)Genmsiv
€D IHEDITENT Bl SHHled

SEOLILMISHHLD DNA - DNA RNA — DNA UIsb — erdluyrso (antibody)

STLANLGS SIFHED sdliflluss UL sSflHs LD B(per siemm
(visualizing) (autoradiogram)
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STUDY CENTRE

Ggmguilb &F M606HT S Gy (SSCO) 61631 SHITRIGHE0 HMJF6L
LWSTUGSSILUBHBH. BHev DNA ofsons sorspg. DHamer bl Grm
CFe0a0IBeumeryd FolalB@ WD L6V LOTBMBLILIGSBSI.

by  Hapalear  smyenionsd SSDNA-amengd  Feualer o663 60
LN SSILBS BSI.

@b DNA o Ls@m SfludHai e SeolyBISSD CEFuwiLGaBE  LoBBID
Bma sHfwdHs U@L eLpevLD & 6u6T(HEuoTT 6VTLD.

sFHflwss ULGLGIY (Autoradiography) — sglflussd o euiLTé@L @b
Gummeiled SemLwmendL L @@ Sp (component) GeualliLBGSHSILL TS
alliuLs &mHGemm meusslUGL Curgdl SiewLwmemdL iU’ L Fapllel(Hbgl
o IOPLILBL @6l Iebevd SHFWESHTE 2 Wil THSULUGL @ LIbUSHmd
@efiiuLll umsdngded (Photographic emulsion) o maurésgh GOapmfeomi L
CFWIEO(LPEDBUITGLD.

By @BBlow@mly (Northern Blot)

RNA  GgeoeBeomerd Bl Gl (BLeT  LlenenibalILBaISHeome0  6T6oTLIG)
SNt HeTengl.  eeiGel, Sievalel LOBBID SieuFd Gupaler] (1979) @
Ceuienpenwt  SHlLdllLer.  @Fs0  RNA  ulenLser — 915Crmerd
B wwHHBHH  MBLCITeL  OFeLaIGeuTed  augSTeTIBE  LTHBMBLILIGHE ET36T.
BwsHedmba  Fply  eagsstensE (Special Filter Paper) RNA
OTBBLULGIS  BITSI6T @BBOWEIY  SaUUBISSD aamLGSBSI.  BTTSHT6r
@BBIOWEILY  SslDIHSD  aaLuGSBH.  BIISIET  @BBOWELIBE
LWSIUGSSILGL  augHTeT  eum Gueir 540  etemId  FHTeled  BHHS
SWMfeSUILBLD S\enL0GeotT QuesTEn F TS Fl GG S 60 (Amino
Benzyloxymethyl) st sy@w.

QeuerbL et @BOwdly (Western Blot)

epBOWELIY  HTEndE WeaemBLfiiy wepulsd UrsmiseT LomBpUuGeag
GleuerdL_iTeat oM CWIBLILY ST ILIHH M. ©laerOL_ 65T oMl GWIBLILY
OaTHeOEI LI(pedBuled ewBLGrm GFeLanIGemerd auYHTeT LWETLGSHBUILIBGS MBS
sHfluss  oepLwremiLlIU’ L  aFliyrsd  (antibody)  geimnilermso
PBPOWGBLIY  SiGail cpeod opuiey GFuwupd GuTE @k GEILILL LIS
SIOLWTMILESSULGSBS. Qb aHUIsd @k GSBUILL  LIssSSI e
Qoaisng. @b  WHSHHE  dPImesstar  @bs  aHIiygsd
SWMeSULL L HTGLD.
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BeovdE wjugy elmenemeal o ulgnuibBiaed (Bioassay for Target Gene
Effect)

BevdH@ LJUEm 6L BHeOTHSD GFuiwiuL. Geuswimu oiebevdl FMLuns
shHwmBBL QFuiw Geuemiow evdd DNA, owed DNA (foreign DNA),
uwenfl DNA (Passenger DNA), Geuefluled o meur@d DNA (exogenous
DNA), Gzpeauupio DNA spvevg 6Fmesdo DNA (insert DNA) sy&ib.
wyuem Bevdh@G GCFTHMDIHET 2 I H([HHHM6N EeHEGHH6NTH  OClBTer(HeITerme.
LOTLIGw)I QeueGUIBBHH MBS (Gene  Knock-out). 10161 G5 B BT360T.
Crp1ds5HBEG BNl amd GeudGHIel ST  sLHIHH6T (Vectors)
LWSTUGSSUILBSEBer. (1) 2 61 OCFmE HTHSEHLSHHH6T (insertion
vectors) (ii) uFHeSB oivevg LMBBEE SHTHmSESLSHFHH6T (replacement
vectors.)

oa(BOSTBEIB (Transfection): emaugerd SI6L6VTH (LHEMBEHEMTEL GFLII6INT
Sued o Lam Sflevmser (foreign nucleic acid) mHiwWSSILIBSHETESLD.

.2 LeFmab smdssl g (Insertion vectors) @5s BLHHBGeN

(homologous regions) gmmdssLsHHHen CHIHCHET.H  SIEMDLILISBETS
(linearised) wIBBLILGAISTE B0EETE BCHIHOBBHHBLILL L DML S0
(PWRUGHIDTS  CFmHBILBSODBeT. (PHeVeD, BbHPH SHTRSHEILSHHH6T UL
algaloTs 2 eilemer  eiBTeD  GBF Gam(h  SIeWIDUILSHENTS  LOTH3IS 63IBeoT.
CaihOSBHBLILLL e WiTensGNBensg —(selectable markers) oymaev
o eitenn OFHTLTaUflenFsaia @ glILienL HeVId@ aILD6EHS S 6TB6M.

. BB sThdssLSSH  (replacement vector) @Gy S Hmsll QUBBIETETS
(Homology  region) LOMBMILD 255  CrIsCHM I196ev (Co-linear)
SIDHSHHTGHD. Obd HTESEH 55 2aBOSTBHISMSEG (transfection)
(Wpaiten] @55 B HHBG OeualBu Hetenenr GHTHGHTL(H SiewOLILITS OTBHIS
Camaidmal. @ GBHCaEBBID  gBuUl®B 2 6T Hewwwd DNA- &0
Geuafluied o (meurer DNA worBp$h Cauiwutiu@apg.

oJue OFTemsWd OCSHTLjaflnswTsspd BEILD STauy WJug STl
EFweHL LEsEpD (Genome sequencing and Plant Genome Projects)

om o ulflaibder / OFe0ede DIMTHEH LIGILSETUD [Bienru e
SIMOHSH  JUEISH6TE BTG  oJUamISH OHTendUID el ILBLD. &b
LOTLIGIDISH CFHTenHUILD o I & LOTLIGIDIS OpTenawioTEGour,
ol GLramenngflul  wyuemlsh OHTmHWILTHEMUT  DIGL6VH  H6wid  LOJLIGDIG
OaTenaWTECT  E(HEHHEVTID.  LeL  HTouImidbelled OJLUaMISH OHTenHUILD
Qweoul BB Ceuefiin® oewLwrs DNA (non expressive DNA)
LT SHhISHmend OBTenlghb@Gh. JUamlsh 0eTmsw 0Fulsd HLGHHe0 OCorshs
STUISHHeT  Iuamldh OFHTemsw(pd UGLUTWIe CFUIWILGSBEH. B0
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OaTLJouflengwnsspld  1oBB  STaugmsCemmh o e6en  GFHTLJouflenFuwinds
UUeWLWD UGLuUTWIe] GFUwWiLGSBE. B8 Gureais wJuanldh OCGHTmaWl
CFwevd LmiseT  HenmOGLTGomererd  (undl), opPTULTUSed  HTeSwTeIT
(Arabidopsis thaliana), oiflfl, w&sT@aremnd GureB  HTeuFmHIBETeD
GLoBO®TeITeMLILIL (h6ITET6T.

b o ulflearsdear iU OHTmsU o 6TeTdbsll CuUTmHeT &TT  (SiY)
Bewenmidberient  elewtentbmpHaiGeor,  Slevevgk  Cngdlinied @il
DNAafer oenalGeor GameusoliLBamg.

yUemIsS OsTemswd GsTLjaflmswurssd (Genome sequencing): @b
o _uflifleordglest (PLD E\HLDIgUI GEEnhuEEHHEI Y LD LIGu0)I& & 61T 60T
SIMWAIL HMGH DNSIUD (LPEDBUITGLD.

DNAgU uweupsd uflemol umens wHig Osuigsd (Evolutionary
Pattern assessed using DNA)

SlewienD  SLewihHeNed LeLCum FHTeuy GeamisEnhsE @enL Guiwimet Lflewrmio
o meajwepaer DNA  genmemeuujd, DNA GsmLy euflenguied o eiten
abpiemw  CauBmiemdamenud  LWSTLGSS  wHIIH  CFuwliuba eimeot.
AHHmaw  uGLUTWaleEr SiglitmLulled o ulflemiser wLBHBID  Seumplen
2 B6)(LPeDBHET HemerLl Lifl6woTTLD QUENTLIL SHFH6v (cladogram)

GBIGSUILBHAIBl. BSHHmBW Hlewernll Liflewimo euenyuLld & Coumu’ L
BamiseEhddG e Guwrer wyuaniFT] Sl Geueflaws (Genetic distance)
&T._B. Gueud D& o Beid BOWTMH BeiHmd UG Gurgl 6bhs
SeMalBG OFHTEOHEMD  DIELVFH  DIEWIMIDS — HeTMD  OFHTewT(HeiTeN G
IRLMSS ST (HBBSI.

wyugmish OFTensw FFauflemswurssd (Genome editing) wmmpw CRISPR -
Cas 9

@ o ulfleagghear DNA-ealed BB gBUGSHID FHBeT  QBmemIL
OameomI LmiseTar @ CFHTGHFH STl WIUaIsH CFHTendUl Fauflenguwmdaid
VLG LOJLE  FTUflenFWTSSITGD. BbdH OFHTHeOHIL LUMIS6T OFLDIS
CFHTmBWSHH ST 6hdH @h WU FTJ QummL semenr GCFobaGeut, HHBCeT,
rBBGaT SIS ESBSHI. WLILMISOSTMSWL  FJalflngunTdssHHer LGB
SIEDIG(LPMBH6IT 2 (HauTHSLILL (helTenerl. SauBpsled  SIEWTIMDDH  HT60SH 60
o maurdhsli’ L @eam CRISPR - Cas 9 eeniuGamg. @@ @6im Syewi
QUMISTET  BenLOeuell  OBTewIL  @LewLwimen (pellel eSHd  LOTHEe6N
(Clustered Regularly Interspaced Short Palindromic Repeats - CRISPR)
wppid CRISPR Q&TLjyenul UJsHd 9 6eiuBHet &H([Hdbd QallDTGh. &bd
CRISPR - Cas 9 QGargg opflalwsd FwasmwsHed iHs Senalenmet
aTHMmS 2 (HauThdHluleTengl. gOeielled  (phHedHUl, Lenpul  LOJLIEIS
OxTensd  Fauflogwndss (peopdeneT ol @5 GCeusomeigl, 66T,
9IHB  HlevslWDTergh  BEId HFHH  GFwed FHmeiewt wigl. CRISPR e
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CuBlsTeaniul’ L Qevdd Hef wwrpp (targeted mutagenesis), wyLgwI
ugHeS® (gene replacement) GuUTEIBoUBANED BENL (POBEF FTHHUISHIMB
dBHBISIT_(HUSBE UWATLUGSHSILULL  (IPH60  SHTAUJHISETN60  (LPHSHUILDTETS]
oiflfl  FHTeuFT@GD.  FuamIs  OHTmsW  FauflenFwndss  SHeIWITe
CRISPRy  uwwepsd seoliilear  oiflflenw o (Heumdseomd;  @eumnsler
AlemSHBmeNT  HBHEUTHHID OFUIL  (Wlgujld. @UbSHWImerd  Hmewil, GleumisBL g6
FHSHCIFT OBWID DIUTHEHDLUI FHTHHEHD @h LUSHW Luieler eLpeuLD
oifiFlenw 61y  LTeLBIeMeOUNEI(HHSHI LITeJeLT Hlenevd@ LOTHBBIISBE Difld
STAUTHMS LOBIDTHBBID CFUIWIGOTD 6TSILMSHSH OHeMeuTs STl QU666

RNA gniss® (RNA Interference - RNA i)

e o UlflaisFHeor SmaISHH Lewisend o sl DNA alear ugdHsefeeen
UeLBauml  JUEISHET  OeueflLM 96T  alleweauT@Gld. @hs  Geuslllium®
LpQWBSHe0  (transcription) @BpId SHHeued  GQuwiFe)  (translation)
S FLmal 2 eTeLsHwGE.  UwhsdHeo  aeiugd  DNAeler @
Bepuledmha (QeuaflliLm e ujld @ewip) WIFLEFTT SHHaleodem RNA eaured
bHOTHSILUGLD  Bapaurgd. Bbsd RNA o mamssiur L o 1 GamGuw
Crrowns gl CLTiameFsHIMBE @Il (PQUITH. DB SHHaIL OGLIWITmel
GumosTeren (puwngl. B& SJauflngwrssd (edited) QL Geauewi(BLp.
B0 OuwTeyss  gmm  (wpepuled wIBBLIULG  YssF  CaFibemsamul
Cuoposmeaidpa. RNA @ewpuiler @b @WwsHHw LGS uimer @6l Jmeigbei
(introns) bSBLILL Gouemi(BHLD. Bbs DMV H D] LT BRI ETHLD
SHHaUCLWITOSHE (P  BOLOUBID GuieoLTeT  LOTHBBRIGSTGD. DIhIG
DNAafer oo uGHHeT OQFwedLLTDed 2 6iTeniadl. elelanid, @F RNA
Gpss G afiszsLb (RNA interference pathway / RNAi pathway)
st uGadpa. RNA @mssh eaug @ uiflu GFuied Babaum@lb.
&30 RNA cpevdampidel  woJUem  Geuefilium edl.  SIV60H  HBHEI6V
Quwiewar HoL OQFuFasmer. g evsd MRNA  cpsvdHanBIsmen
Cewelipsss GFuisuger cwpeod GuoBosTeTaT LGS BSI.

AUPSHSHLHHBES @ eelenowTsSIUl L  (PpaIoTHfl o eeng. & Eyewni(h
LIQ[Bl6m60H 61T 65T SIQLILIENL_UT6D HeOL QUBISBS. 6U0l6UTETNSIEVILD

FOUTHwSalBuierd GBETa FHUBHBEHL. (WHeL UgHlemsouled gmewiGid RNA
[Ba1 dsRNA -g56ur miRNA - et (paeeno  Ligwims  (transcript)
Smsseunid] RNAase - Il Gprdsenmed @ @Gleviwmear  Senlufl B
(interfering) RNA o5 (siRNA) usliupssiuGdng. Obd OBTsHser
oL gy wipd GGmam (Dicer and Drosha) eeim  SienpsasliLGaemsent.
Brewimougl  LgBHeweouled, SIRNA a6t alweareydsd gl BUOUT(HET
(effector complex), doseomer RNA grmewiOu’ G Geueliium el suenss
sbdeh (silencing) sl G oewiurer RISC (RNA induced silencing
complex) - @ev GFavssliLGAeamer. RISC Gamjsseder Gurg (assembly)

252 | P a ge APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




siRNA 9o w  dmeT  Senwlenl  @pddHBaE  LBEBID @iy
Sepuiemw RNA, mRNA @eovsgLear seolipidns. BsHsmawl RNAIL
HTOUTHMSH 2 _WigmID 2 (Hewenll L1pdsmeied (nematodes) srewiliLGH B

wyueml IBBLILLL S Freugrisst (Transgenic plants / Genetically modified
crops - GM crops)

sMeNH0ETe0e) eIFliLSHaems — Henen@uTBsl (Glyphosate)

Ly meomiseiled  eIBUTEHID HTWIILBLD e LIFFFenet  HemendHenT@LD.
smender  UWlTsEpLT  Gflw  eel, B o euve B@Id  CrTUIse 6
FLSHHBENMS 2 6lT6N60l. DaBemmsd  SLGUUGSHTOIL LT  HEDETHEN
Lwilfelenen&gemev GUIULIL $5HH DieNeY GHMBSHHIABLD.

OJLUe MBIl L g  STaugmiser GaiOmrm o ulfluflesr ygsenwwmer DNA
BIWIPSSLILL L. 1OJLIEMIS OHTenswd CGUBBS SHTEUTRISG6NTELD.

HemenGUTBsL.  smendosTeved — IGIWfSE  HBIeUEIDTET  LOT6IFTe LT
(Monsanto) cpeoons  SUNfleSILGHBSH. OHT euemid  OQUUIT  ‘Teyeusr
oI’ Bb. B& SHTaugmiseiss 5 FCeamenumGeul  HHHCw - 3
S.umerd.”.Gul AbsGLend OprdHenwt (5 enopyrucate shikimate 3, phosphate
synthase - EPSPS) senL Qsuleuse cpeold SHTeufmibemend GaTeoaSBal.
@by OpTsH  mE@wewTpl B  OOGaIT  DiblevmISeT,  MEUL L LOETHET, L6V
BJewiLmTD Hlewev SHmeuy eauenFlend CumHL Herfler 2 MLGHHUTD FHUBS MBS

sTaurtiuulysefed SHmenGurBal. FHILUSHHETMDMU 2 (HoUTHS LD U6
o eitemerl. SauBpsled @b 2 SHFH  ewieT)  UTSHleflul UGN 6eiTen[s
BIOWIUSTGD. @bhSH 1JUam @b HawemIBUTGF. - FHTHIG ealems EPSPS-
mF 2 _MILTHGIHBSHI. OBOBTH 2 58 e GCoumul L wewieuTd UTdleflul
JUEDIENe  BIDWPLIUSTGWL. D  HewenBGunBGsl. Hmzs@d  OpTHenwl
® BUSHF CFUISBII.

SHMENHOBTLMIMNULISH STRIGLD  SHATEOOWEDL U  STEUJHIBEMET  D|gDISn60MmISH6IT
(Advantage of herbicide tolerant crops):

BHMENH6NT GHMBSHBLILBASHT6O allenenFFed DIFHBFEHB B

BHMeNH0BHTe060 GGl GHMBISBSI.

SHTAUTBRIBEHHGSGLD, HMeNHEHHGWD ewL Cuiwmer Gurl iy GmBHBS.
GMBeUTeT  BFFL  GUIHLS6T LWSLGSSLILGISTEO  DleuBmledt LTSI
Lo6wT600160  (&HemmeuTsGaut, GFUIHmenT GemBeuTsGeur STeIlILIBLD.

LDGOT 6301] 63T HETENLOEN LI LD, hlensT U Tfls6merTu LD B FHe0 eLPGVLD
LIT&IHTEBHEUTLD
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SlemenBGuTBsL Fdllysh TN CBTMIL 2_(HEMENHHPEIG STEUTSHMS
® (HUTHGLD udl(Lpemm:

‘unl;’ SLSHFH ePeULOTS  HIHLDSH60
‘ury’ wyue CETERIL. o (HewemdhdIPmIFaT OFsbemev eIl OFUIg%H60

\J

BHM6NH0BHTe060 THTLIL 2 (HEneNSHBIPRIG OFe0H6I

U SInL SHSHED GUETTLIL
2

Bxmeverd —> 2 MILILHETTHESID

LU LOTBBL QEFIWlLL L Semen&6sTevs) FHTheHme 1 T0lHT6TEmHLD
SHITEUJRIGH6IT

S.UmeroLm  senendosmevsd aidyllysh satenw (Herbicide Tolerant - Basta)

CumerolGenitsfldleir  etaiiemid  GeugHuwil  GuTpeT QL mSW  QUTHIUTS
CFweoLBl  BmendOsmevelular  euemiall  Guuwiy utedLT (basta) su@ib.
ureroLT  sewendameved  ergyiy  wyueml (PPT)  (L-.".umerdliGeonm & g5\ & eor)
OQwystCsr  goLeur  (Medicago Sativa) e@ib  BTOUISHSeIHHS
I 505G5sLUGSBE. BFH  Gwrelwmr o amGonjiled  uRGCsBELD
GepLLewer FbHCLed ety OpTHemwd FHoL OFuidmsg. PPT  wyuem
Lemaullensoulled o eHIenDGHSLILIL L Sl LoBMILD LDJLIGID)I LOTBBLOEML [
Lewemuienevs Hraugid PPTa@ e1diliyg serenioulenl wigl. SHemel GCumems
@m OBTgl el OriGLTmWwFed  mansGrmetGamised  (Streptomycetes
hygroscopicus)-ed@mbaid  LIf&0s5BssLLBeTengl.  @Heveten  Lmy  (bar)
woyue . .uUTerlICamHanydlear  SFil e ed L gmeterd. .LGred (PAT) easiLens

GBsIBH. Ba uUmSSH ppid  Hlepl  Cume  LulTH  HTeuTmIG6Te0
9 6MBIMPSHBLILL(h LOJLIGW) LOTBBLD Cauwi’ L SHITEUJ RIS
® (HUTSHBLILIHE 6STBe0T.

yFfse aHuys SHeaeno — Bt o uulijseir
(Insect resistance - Bt crops)
i. Bt umpsg (Bt Cotton)

Bt umsd eemug  wyuem  wmEpUlL @ 2 ulflend (GMO)  oebevg)
JUE@DIF & IBp  GFwiwiuL. grguilfl (pest) eadliiiy GuBB UGSHS
srauy  gaonGD. & stuywpelBdd — (bollworm)  edymenr &S
TS SHeenoenU! OB T (HETeNSI.
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o Gudledeverd giflehAOissiFled (Bacillus thuringiensis) eeii  LTsLefluig e
gamIGeT 200-6@& SFsonear GelaiGaum Bt pFasl QUIHL Semen 2 @BLISHS)
CFu1seTm60T. Benel 66 0leuTETMILD GeueuGaum WR:2:3E QLY E))
ShSMpdBemer.  OQugbuTeoTer Bt p&s®e  eunifeur  Hleweoulgieiten
DIHSIILFFB6IT, U HBHIILFFH6T,  UMIBHDBOT,  LIHHHSBTUILILLDSSHET,
o amiewil  (gad flies) CGureiBauBens  SISABH. ST BB
o uilfleomisend@ e6alald UTHLmUWD gBLIBHSHDI0H606m6V.

by Cry Osiegdows GCsibs eamiGLrLrsflaled (endotoxin) o eren
BEFFLI  UYSHSEHSEG — Juen  GPuih  CFuwluGHama.  LhSHHH
BTUISHMS HTbd Sigmer o angoid  Curg  Cry m&Fs  ysdullen
aUIBSleDIeT CFIBI HMISH MBS

GLe& 6w  Feleydel @(h oo  eudlwiomer L1 GUT(HL HerTest
o oTOenBlemL  HhHbDH@mer. @t  cpeold  GuUILLTHWD  Suielsern e
Gurgiorenr  sleney  Ffwessd  YFFseled  DUSSILGHMEH.  BHeT60
FpGLeda  ULHH o eiten  ellHellwl  OFeLHeT  EDBSHSImer. B
UFAuler eomeurdder @MUILIMBG STeRILOTSBS.

HETeNLOS6IT

Bt umgguien  Heirenlos6lT LleIaHLOTBI

LSS alemendged DFSFHHBSEHI, golemeled STUILILLDSH6T  HTdHEHH60
b6l SBULGSSILBSBSI.

Bt umsg LulfiGeudled LWSTUESSILGL LEFSH WHbHSH GHMBSSUILGSBS.
LU euenJLiled o 6WILTeH@GHD 0F606)] GMBHBSI.

SHMLOE6IT

Bt umsguiler Fenoseit LlaTeumoms
Bt umss alewsulear alemev &IHHID.
@& e afflud  apded 120 pTL&eT  wGOW. Ueeny @set  effluid
SOBSBSI.
g1y o Mehdid HHHNILFHsen (Jassids), ogeleaill ysdser (aphids),
Oeoueiiemerr  Fdeim  (white flies) Gurampeuppibeg  adime B
CFuwIeLLI(H6USH606m6V.
&IMHHFCFTHmBUID FlewewT LFujld LUFFeemen LTHESHBEH. EHeITeL
AleMeNFF60 (HMMBSBSI.

ii. Bt sggflssmui (Bt Brinjal)

o LBOBTH WIUGY LOTHBBOMLHSHSH HTeUJD DHUTGWL. B CeuaiCGaum aims
&SGR HETL LWl goemseler  wIuamls OHTmsWHHBGHeT  Gudledeverd
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FiflehFOweiiFlerd etemId WewieuTd UTdhleflugHelHbHEH LIfHOHBEHBULL LIS
LTS LOTLIG)] (CrylAc) T63IB LOTLIG)I6n 6 BIMLOLILIHTED
® (HEUTSHSLILILL HTGLD. BbSH wyugmieL el CaFIba (LpeBT6aTIULI S &) B 6T
(promotors), (pyamIsHs (terminator) e 2 WIflaHTLGUT®HET SHewL
(antibiotic resistance), sELwTeTE @GN wyuem  (marker gene)
Gureiipeney  SIBGITUTSRlUID Ul gBUBSHSUILGBD 2 GTHIMINHH60  LPeVLD
yuegml  omBpsld Geuiwiueadpg. Bt ssdflsatul QeoliGLriGLgT
(lepidoptera) euemwen yFFBEHEG GUOLILTE SSHFHHTL  OBBID SHewi(h
gleweniiLmes@ (leucinodes orbonalis) eidyme o (HeurdaiiuL (HeiTengi.

iii. gmm 6@ seolfend (Dhara mustard Hybrid - DMH)

oF 2 FHal OCFWOH LSBT 196060  ULSMLSBINSHMHEF  BFihHD
LulTeelled  LOJUEDIFFTT  LOTHBBHIGMET  MBWTEHD  SPialluied LIS S e
opfalwed oPeh] Gualammed Juaml wiBpwenLbs DMH - 11 eems
&bH& JHD 2 (HUTHSUULLF. BF SmeNH0ETe060 IHTLILSH6EmD  CLBMB
(Herbicide tolerant - HT), wyuewm wrbBmpul L Sreugon@d. @& uigGererd /
umjeoLmy (Barnase / Barstar) eeignid GOHTPOBEILUSMBI  LWLGSTLIGSHSH
Lo6wT6u0T60 eUT(PLD LITSlefluidhalen wyueml CFjssiiul (b 2 (Haursslubl SbHE
AUMBWLTGWL. BFH @F  HASIHHFCFTHMS  HTAUTLOTGLD. LDGUOTGUITLD
urslefluisHedmbs DMH - 11 cpeigl  oyLemidbsamend  Gamemt(heimendl.
Siemau ..Uy wyueml (Bar gene), ujGared wguemi (Barnase gene) wmmib

C.umyeroLmy  wyueml (barstar gene). @bs UM WJUEDI, SHTeUJHend . .LITeroLT
TIEID HMENHOBHTEVIGHE IHTLULISHHEMD 2 nL UIHTHGHHBSHI.

emeugerd eiFlinsdeteno (Virus Resistance)

L0  SHTOUTMIHET MaUTeD  HTHGHH6UTe0 LTHSSLILGHSIMBe. EDHIML  DISHD
[GIToNTN[I LOBMILD @SmULb © 6T T&5|60TM360T. o ulifl O&HTHEOBIL LID
LWSTUGBSHSUILL (B ameuTenIIi&, TS T6T LD LIGU0)IE & 61T gL ulflenien
CFaISHFLILIH S OTB60T. B\ FH 601 eLPGVLD EMEUTEND TS &HEVEMLD
o (HauThHLILGHBH. magerd DNA melF QFwelipdsd GFuiLodnigul SHenl
LOTLIGIHEM6N  BIMIPLILIHET (Lpe0lD @& FTHHWILDTEBSI.

- GemeujGareuy sabamefll (FlavorSavr tomato)

SIBCITUTSflwgHmSL LwWaLGSHSH  CoBeismeieniul’ L woyusmi’  Gumpsluiuied
epevlons  FlavrSavr sésmel o (hautdsliuGaAma. ISTais, SHoHamefll Hevwr

BTLSEHHEG SuiebUmel [HIBLD  WBMILD  eWID  LOTBIED  HleweVHBISHS
MUSSLILIBGH DS

LOTLIGEDIL] GuTpluiuwedesr €LPGVLD SHHHT6IMHBTU LI(LDSHSH6L
STOSULGSHSILGHBEH  OBBID ~ @FHeT  cpeold  Hell  GILDETMLOWITEUS)
SbhHSUILGSHMBH  OBE@ID  Hewil  BIL&S6T OHLIOed UTHSTESILIBSBSI.
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o _ewifgHenl Wyuaml (anti sense gene) o&GrTUTGIRRUI U WOJUEDI  OTHH
QFweoum (B (LpemBWITEL  HEWIL  HTL&6T OFHLMDD SQHBGWD — HbsHTer
® (HUTHSILGHBEH. BFHe0 Oeuefllium 9BE eadHyrenr wJueml (antisense
gene) BImSSILBSBS.

e Obp wiugm uTeiBsaECITGaIed  (polygalacturonase) — Gpmrgufes
o pusHews BeLui® (interferes) QFuIPBH. BFHmed HTUI  HNULITOISI
STOHOTHBSH. @S  clpevld  HHBMeilenwl  Hewil BT  Cailinier Gumrgbd
OBGHHMID 1hHHF GFeoad CuTHID HEHBTeTMW GFBLTOED LTHISTHHEOTLD.

Outemp ofd - o ulfleud emLb GFfsmed (Golden rice -
Biofortification)

e Qg WJuam Oumpsluiweneoll LWETLGHSHS 2 (Haumdslul L Qureahnp  oifldl
(eogam  FLewLeouT - SflF) et @ JHOTGWL. 2 ulflF CFuied epevLD
® (HoUTHBLILLL el Lifesr  A-alet  (peiGeormiguwimedr — 1T LT  SGymL 1968
ofiFulesr o ewigmid  UGHUTD  HIDWHBILUGUSTSHID. BFH  OmGHT
Gum_flaerd (Ingo Potrykus) wmpid oieugg @pelemmed 2 (heurdbalillL S.
@1 Cprdsbd  Oped  uwlfiLluGh  uGgEH  B@ID LWSTLGSSULGLD
LUGHHeMe0 Hlevayd emeul Ll A @GHdBLUUT ML [HHEGHHOTGHID. EFH6NTe0
ObHSI QUULISIMBELLIL L DIFHB Slemallevmel  (GHWhenSEeNer @MU
GmBESSUIUBLD.  OumamnB oifld  oieer  GuBCpreny el gwpHeoTs
Gaysdali’ L. cpeiiml euemswimer  LILLm = &Cymlileet o (HauTdHd
LOTLIGID)IE & 6w)61T S O3 ciCRIIE S|6MEUULITAIGHT BT erderverd
@&BLmpyflerderved (Narcissus pseudonarcissus) eeB  HTUFSHOHHS!
(daffodil) @QuptmrL “psy’seip  (phytoene synthase) wyguewi, efellefwim
wifiGLrBeurgym  (Erwinia uredorara) et  ew-eump UTdlefluwing N edmb
Gupiiu’ L ‘crt.1l’ e U BB Buied Gped FaHHET (Wild rice)
smeyewt  Haaledmbgd OupiuL  ‘lyc’ (lycopene cyclase) eiais  LogLigw)
Gureiipensy LG LD.

ST 6001 SIfiF T &5 ) 601 &(F6)}, 6001 Ha eem &CymL19ements
CamemrgmliLgevenen. QUTaHB SIfld wFueml WwIBBUlL SIflF  aumaWTEGLD.
B FH6uTev SBOUTE B FHei &(Th6), 6001 FHaaleL e &Gy 10601
BaiiHmaLBIB MBS Bz LDMIFnL” 19 65) 606 DNA  Qsmeoml LiGHemal
LWeTUBSHSH  CeFliwiuGampg. ouramimn  oifldl  GuhmSHelled  Hleveyd
GBLBS Heeww (blindness), alifiQsusmiiey  eupldl  (Xerophthalmia)
S HWBemB B BLUGSHHISBSI.

wyugy rBpluC L. 2 _aeyset (GM food) — beaiemS6I

e FhGullfl (pest) oBB oiFs almeanssed
o 5FFld Oameved LwWELTH 70% Sleey GeNBLIL
e wewl LTHIUTH LJFmFmaienls @mBHHBEI.
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e wewl Hlewamuilflsh OHTensd CueTLILIBGSBSI.
QSHHIH6NTS  [HLOLILILIBLEN6Y

&H6060JemeL LITAHSHBE, FmpIs OFweouT el UTHSHBSHI, UBBICHTenW
® WL THGH MBS

apmiGoresr  Fwifeeno  LB@YID 2 LeBlemen  FHGamevey  (physical
disorder)

ursleflu  UrssHHer  smgewions CGrmul  eidIliysheeieno  OHT@GHSHulled
Guorgworer alleneneyseT emLIBE 66T

aFHFuyS ey OFTGHHuled ComFomer alenereysen 6mLIBE BT

o Uppsdlwenbs HTESH (Hej Wenswengey ealemer) (Anaphylactic
shock) Bmid geleuTenio.

o almapzefllear o2 ulfiiys sHeaeww iy GM  uuiljseler  (1pgenIsHs
alemssd OCFmbsml LsSHe0 (Terminator seed technology) smemiiLiGeugi.

uredenanl grdiiuj LGy (Polyhydroxybutyrate - PHB)

e Qewmemall umeiwjset (synthetic polymers) srefigled  FemgeuenL wimogvitd,
LD6uoT  LOT&MISH WTHD, 6ifldbGn Curgl @pedled, UBMIGHTUI o 6w TéhELWD
wLwrhFer (dioxin) BFIsmaUIBISHBNTHAID 2 _6llenar. 6IaIBal, @lD60
LOTSHMISHBTSH LOMB) LIT6JLD]T &6merT QUEBIOISHBSHTEOT (PWIBE 6N
GLoBO\SBTeTEMLILILL 60T, LITellenamLFT&en 1,605 CerTCeuL 61T
(Polyhydroxyalkanoates - PHAS), urelenamnt grédiiiuj L Gy ser (PHB)
B Arewihd FempeuenL W dnlgul o ulfl uredwjsenT@D. QeuBBiBE@ Lev
LSS  LWeTUTHH6T 2 eiTenal. 6I(HSHSHT LTS FFwmer gBLIL &HFHle0
woba CayssluGaed (drug delivery), smssl® omwss (scaffold)
OBEID Ul aITELeH6T DmdHs Bemel 2 sadlamer. PHAs Gurgiens
o ulflwr Qum cpedgmpisenTaad (biological macro molecules) Geurin
LHemmevps@aemaab (thermoplastics) OQswedupbdemer. Semeu 2 ulflw
FenFeaumLwid gmiguieneal. o ulflul @HHGUTGD HIEID DL UIna.

LeLCouml  GUEDSBWITET  HIeWIEUNTHT LWETUGSSILULH  Le0Geuml  eUeDSULITET
PHA —sae1 o (maumssliupdamer. Seampsled Sgmo G umdlefluimisenet
Budleveverd Gsmervigfluid, Gudlevsverd Flieml 606D, SHTedlLITLefuID

&HEHBL el & HID GureiimeneUULD, ST ST LI &L fULIMIE 6YTIT 60T

@&BLmGurenmerd  FppSlenmimer, oueomededeaterd  wyl Gymumed  (Alcaligenes
utrophus) GureTBENEUUD DI MHIGLD.
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ureleonsigs e (polylactic acid - PLA)

utedevndigds  Siflevld  Sleveugl  Lmedeorden (B (polylactide) o ufflw
FemauenL WdHgnguigl. o ulflu GgwesdurGenLwl Oeulil Llenmerdigd LELD.

®g wéas1F  Gamen HysFb (corn starch), igesitelds  @wmie  Ceugsei
(cassava  roots), Fer60BH6IT, SHIFLD 9I606VF) &(THLDL] Guimrests
Bemyaplsa5555  cpeoliOumBL seMed(hha  OupliuGl  &flo el
(aliphatic), ureSQuwiedLy (polyester) euow. PLA swrfiifed Sgeni®
(PHIUW  @WBOB  DIVGHSH6IT  (Monomers) UWSILGSSILIBSOBeT. 0TS
Slfleolb  LBEYID  euTHenLL  ee &0  ewLOwedLy  (cyclic diester)
sombemeoulsvieiien HBF  YUHCLTCuL  Burmeiz o Geunas  almertuysa
(catalyst) GumempeuBplenr o FHalCuTG @b CeoudlliCuTHeTsT euemen
SIMIOLINL  HBSHHE0 HTaI LOGaD FTHTIewIoTe  aud(peppun@. o Goors
alenaishd alemenr o BBID | uTeleuTdhigd SIfVHHE FID SieT6 H6ITE0
(LPIQUHL BB

uFemd WenjGeumail Lysb (Green flurescent protein - GFP)

Bzx 238 oiGamm oufev erFFmidenmev (26.9 kDa) eysaiiul Beftengl. Heold
(PFHO LB oaHT SHTH6MTEL el L LLGL Gurgk (395 nm) % SDbHS
LUFDF HIBLOTS 61D

CFwebaud(Lpenm

ugeng WenjQeureft ygsd (Green Fluorescent Protein - GFP)

2
SbGumflur  alsGLmflwrealelmhgl (Cevedl 1er) LIflH0%5HSHH60
2

U @mwssed (gene splicing)

QamPeomI Lpens —> yua GBlwgdsd (codon)
LTHBBLD  CFUIHED

oymiLmided sredwmenm (Arabidopsis thaliana)
.&ﬂ&lu‘&@“@i@@w&@@

SmiLTOderd HTeOlWmeIm HTaugdHdHle0 GeusilLm_enL geo

o ulflwelsd GFP (pevdamml opdbenimer $aly Gauml 6hdh FmbBHeo Hlenewid
sryeniisen  (cofactor), wguemisTy eleweniIGUTBL &6 (gene products),
OBTH®6T, Hom QUTHL &6im (substrators) GumeimBene BGHEMAUUILIL MDD &IB

BBwsHsTEdsmen (chromatophores) o emiLtésgh Ssemed GFP  q@m
WaFdphsd 2 ulflued smalurssd OFwedLBSHBEI.
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GFP waaiwseisd sisGeaumflum alsCGurflur (Aequorea victoria) ereiignid
Omeved  edlled Smpha fH05GHSILUCL  @F UISTGh. 6Fed  1oB@IbD
apevdsdmm 2 ulflweled GFP  ojuem on9ésly @  wyuam  Geuediium’ (G
olaliiumeny  (reporter) &s@malwmed UWESTLUGSSILGEDBSH. B 2 ulf
o amjalsenen  (biosensor) o (peurdas  WOIHBDBIH  OUBB  aYEIKIEBTD
LGB SIBEI.

e ulifl wmbsTssn (Biopharming)

(PVBEM  LO(HHSHTHSID 6leied DIMWSHHLILBGLD 2 ullfl HHSHTEHESD 6l
LWSTUTL. BSH&TS HHEH FT1J OUTHLSeneT 2 6wl TéHd  oJuUemill Gurpluiuied
¢LPGULD  LOJLIG|  LOTMBMLOGML b HTEUTRIGEMET 2 (HeUThSI LWGTLBSHSHISTGLD.
B&  “cpeudamml  GeuenTewienld HIGVEVGHI  CLPeVBHInM  ID(HHBTHBID — 6T6uaLD
SIPWILGHBSI. S ueoLITest LO(hSH SIS STeUTmIS6Te0(HHI Bemel
OTBILL Leval. STaugmisemer 2 ulfl elemearssevaisenas (bioreactors) wmmpii
LWSTLBGSHSHISH60 Hater o ulfl QHTHeOEHIL LSH0 DFHs (WPHSHusSHaud CuBp
QUHSIMBSHI. DI OTBBOML [HSH SHTOUTHIGM6NL LWLIBSHIL 60  6U6HBHUITET
@GBSI QUTHLBemen GUB6OTLD. IhHHIGHTL B : CuTeBB oifid.

o ulfl eufsHméHab (Bioremediation)

Glp6L  LTHBIHMEV SFHSD OCFuiul HIHIEIUNTHET  DIGL6VH]  HTEUTHIBEN6ILI

LWSTUBSSIeug 2 uilfl afSShSSHD aLLESBSI. Shab], CTBaTams
sfe), FLdsleamser CuTaiBaBenB 2 6fTenLsHul  SlaseneT FfoFuiw

Bhd WMGW®B UWSUGSSILGEBEH. 2 ulfl  afSHBSSHD e,
BeVHBY B pBweBpled BHBGWD eewiCeniul &Fay, QU Grmedw Geuglul
aFFRIB6NT, LUFHE0HTeL00H6T  levevdl  aueiie Geonsmise  GUTEIBaIBMB
bHSHBHI. L6L eIhSHHISHT. (HHelled @uiBLluw wBpid Bfled LwWaLGSHSUILGLD
o ulfleufsamdbsd o SHHH6 LlealmLomm):

o ulfl aufsHmHHD OCFweOUT IYBEG GGoed FBPamsenTs 2 6TbTl (b
Biewiamiuljsh Osmensemwll (microbial population) LWSTLGSSHISHE.

SHBaImL] GuoBOaTeni  Sl6060EH  algauemoli  GFwwi’ L Hlewremiuiif]
o ysl Levsemen (Inoculants) Qsmewi 2 ulfl eufsHmeHsd CFuisev.

ugmg  OHTPLBHI LD -  SHTaugmsmen o ulfl S HHHHHMBE
LIIGTLI(H SHSHIH6V.

o ulfl aufsHmEHH CFMPeoEIL LUSHBHTRT F60 61BHSHAHIBHTL (HBH6I:

sty  aufisHmssd  (Phytoremediation) -  @lped  wrspisSsemen
SHTOUIHIGMEN LWSTLBGSHSH HHHHD 6Fu1560.

260 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187




(APP& LD]

uehews afsHmESSD (Mycoremediation) — Yehenssamends GsTeni(h
GHlP60 LOTEBISH BT H(HHSHID CFUISHe0.

o ulfleuf &MHEBTLIWeNSH (Bioventing) - @5 os5FRa  i6060S
sTBCBTLLHmS DHBEHGD @ OCFWeT@GHD. EFHT (P60  GHLP6D
rapIGHHHeler Heanpemeud HIfHUILIGGHHE0MID.

e o ulfl auf sorsHl Lfiszed (Bioleaching) — wrepissiLLL
B mseaMedBhal Hmyged o Geors wrapisHsmer (metal pollutant)
&HMIF6L Hlemevuiled mlewemtulfldenemil LWTLGSHS LB L 6v.

o _uf Y ANGEGERY (Bioaugmentation) - Flov
CxibhOsmHdHaILL  Hieweniulfsenen  GFILLHET  cpevld  FlenHeuenL ujld
Cousdhglemen DFHBfleEssF GFuiud GFwedLpemD.

o motsGse0  (Composting) —  miewienlwflesemensd — Osmemi(h &L
shHemeT 2 JIOTEH IBBID  OFwed(pens. @& STauy euenjFdsHG
oar” |11 QUTHEMTS LUIGTLI(HLD.

Gaugiigev  eugasl Led (Rhizofiltration) — miewtenlluijsenens Oomemni(h
o 6TEeN(HHHL DleLevdl HiflD CFLomIBMEN FlendHdSH60.

Gauftigev  miwieamuiflgd  smewied  (Rhizostimualtion) —  smeuy

auenjFslenwl  Geulijey  HlewiemUNfldeT clpeold  HITWIL60; BFH  FBhHD
AUMTFS  GLDBlenevdemen  OBTHLILIGHT  cpeuloTHBeum  BHFHL  CQUT(HL Hener
GmBLILISTTGOT  HIT6wTLLILIBSIBSI.

auglbseit (Limitations)

e o2 Ulfl awPdSFHHHS (Wenpuled o ulfludamealBEGeTenT@D LOTHBISHIH Hen6r
L GG mBB GuieVLD.

LTHBISSILULL &L Bis6eNed 2 6o GbHenevdenhdd gmnu WL HGw o ullfl
APSHFHHHSH CFweO(pemBHmeNd GBILILTS CFUIL (LPIQULD.

LTGEBISSIULL B HFHev Guflu  oenaleomer  GaFweduTHHemen  Fpiw
Slenaleorer (paTGaTHemaisel GFUls eterCGr Llemmmp Geuewsi(BLb.

o uiifl PSP (HSHSHLD CFWIIHBTH LOTLIGIIL] Curpluiiwied
CaMPOBI LSS  LweTUTG — JUEDl  WIBBLbHS  bHiewemulfleemern
2 (HAUTHS HGVLSHI  HIWIEUTFS  Fnl LeDIDLILEHMET 2 (HoUTHS  LOGHa|D
oipls Fmett Ceusmguilhssev.
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o ulflerflOumrepeir (Bio fuel) / urd e ulflenfiOunmer (Algal Biofuel)

utdl o ulfl  enfl emflOuTmeT ©evevdl  UTF  eull  eTewrGlemIUl  6TETMILD
SImWPSHSILGLD uTd  erfloummer GuL Grmelluwl  6TewOlewIUl  6T6IB  OIFHTELEVIUNED
a&F SHyeu aflOUTHEHSHS @(h WIBBTS 2 6TeNH. DiFH UTFHmeT DFHD
aBmemevsd  OFmewiL  eTewrGemiuIules  eeolIOUTHOTTS  LWTLGHHBHISBSI.
Gueutb  uTd  afEOUTHL H6IT  QUTHIUTHL  LWSTLUBSSUILIGBD LGOI 6T
wéeTF  Ggmemd, &by  CuraipsuBmlell(hbsk OUBLUGL UBBVISES @
LTBBTS  alehIGHHHIBer. SLBBeL OHHGBBQUID 2 605 2 66| OH(HHHIQUILD
urdl  euenjinied (Algal culture) @m ousms SrewIguleTeer.  BbS
aenmyiy o ullfl leged o BUSHEITHD, @57 o ullfl erfleummL o6
® BUSHHBHTHAID LWSTUGSSIUGHBSH. BDbHd 2 MusHEH CouenmenienodGLl
LWSIULTS — BHleovdmall uwasiubGsHFpa.  CumflCwnsrdsead  Llgmens
(Botryococcus  braunii) eeip U Qurgieuts  o_ulflenflQuUIT(meiT
SUmfiiBg uweTUGSHSUILGS BSI.

s emis 15086586

i gyps

Bpsew0 upiLiss 5566
OgmilepL LikiseT el g6

urd o_uliflerflQummeit

urfsenmed o ulflw enamlymer o Busbdk (Biological hydrogen production
by algae)

o ulflw ewamlgmer o BusHgk  utdselled el o ulflu  (pempuled
Bifend@ld  OFwed  (edBWIGWD. Gurdieuter @ellFCFTdmauler  Gumg
SemmAGL1Gwmererd Fetamrigey (Chlamydomonas reinhardtii) etetip Lnd
ahdmer  CeaelCuBpIFBa. BsBE &hdHD OEThessluLTsd  Burg
el 5CFTHme MHapaled BFH maBl Jmel o MUSHEE LTBISBSH  LOBBID
61608 L_JT6OIH6IT C.OuUTL TS FenIh@, &L SHPLILIH S GTB60T. (Fe) —
maml CrredGeterd QBETHH6T BouBenm SMaiHEH MABL JNET aTu] 2 BLGHI)
CFu1seTmeoT.

o ufiflewend mm_ed (Bioprospecting)
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o uflfl euembd BTL6V elailg o ufliflur  epeoliGUTHL Bl BhEH UHw allenev
QUTHLBemeT  HEWILMBHED OBWILD  6UEMIBLOWIDTESD G, 2 ullifleuernid
[BITL_60160 o WIfleUm(mHeIT O&melTenerTu b Ggyeumib. B glev o 6iTteIHJ
WwéHHMLLOHHEH CHTmId SuiBend uUBBSW LTy SIfle] G5 LD&HSH6NT6L
SHTUHHBEHTH 2 66 HHeNT @ULGH DSICWT DiauTHEndE elalald
Bulib OHTHSHSTOE0 ST LU (G UWaTLGHSILGHBSI.

o uifiieuTme Gameiienen (Biopiracy)

Cxpdflw  yjuem  euenmibelent g HellulL  sLBUUTL L Oumid
BBIeUETRIS6TNEITe0  DIGICIMRIGATHT 2 WML 2 FlenlowlmenHEhdhE
GuUITgIOTET SIRISHTILD DIGLLFH MHUID  AUPHIGHTION DINSleYFTT CFTSHHISenLD
&FL_L_RIBH6m6IT & LITETHSH60 o ulfls QuIT(heIT OITeiTen6r 6T60T
aIUBISSIUGHBH. 2 ulfll  GumeT  OFmeTemend@  IBHHHHT LTS
wehFeil, Geuby M@ID WD HeSIENHS UTHDS DiflFuilesr 6WfeHs
B BIGUTRIS eSS YTy j:¥: STUILfIoLD LOBMILD I (PS5 FH D
DVUVSSHFH M0  aUPRISLILILL  FusHw  sTiayfliod. b cpeiIml
® BUSHHI OUTHLBEHD @HHUI — UTHEVSHIHTE  HINEWISH  HEwIL &6
o &BTL(HSHSGFWSTGLD.

GoubLled 2 ulfiiGurmer Gsmeitensm (Biopiracy of Neem)

@bhHW  10&5H6T  Lehewd oppmid  ursleflul  Capmed  GBmul  OHTHBBELSmENT
s GUUGSHS U  aufseley  Coubllememu|d  DiHeT  6eTenrblemTUIUIULLD
LWTLUBSHS  aubHeny. GCoublles Liewisenen @bHWTHET 2 605D  (LHLYGUSID
® eitenm  DSHHEHLET LBHEH Osmemieny. W.R. &Gred (W.R. Grace) o6
9Ioflds  usiem’ G Boeeapd  (MNC)  96wfds  Galenmewnigienmu b
(USDA - United States Department of Agriculture) 1990 sub SiewTg6T
YBUGHUTd Bbs ommeas ke REmIiw  sTiyfion  BpieuetdHled
(EPO) @5 amiyfliob o fiob  “Ufs0smessiu L By  Geumiiy
(hydrophobic) Geulii  erewiGemmuiufesr o galujLer  STougmiseier  GLosd
gmuBL Crruisemend S BLLGSHHID @ CFwed(WwamBeHaETed CHTIlulL gl
Goublledr ehemag eIFHTUIL oBMID UTHleflul T  LewiLdemen  STULFIoLD
Cauwieugl o ulfill QummeT OCaTeTewensdsE @F 6IHHHGITLLIGD. elelenid
OphsHwFseier urrbufiw  SfleuTeid @mISHuled UTSHISTHSILL B, STLILFILOD
Brs5a CFuwiul L g.

wehgeied o uifleuTmenr Osmeitenem (Biopiracy in Turmeric)

1995-gub eI SIOWflES @mEFHW BTl STULflend  WBEBID  6U6wIH
GUiG oeevsd (United States Patent and Trademark Office)
wehFewel @@  SHBW  prdelwrs  UwWETUGSHIMUSBE — STLLFlenLDm
QUPRIBWIGI. LDEHF6T EHHUI DSHSH6NTe0 Ljenisemen Geauslons  GeulILGHHLD,
LewT  SgliL|semen  GeILUGBSHSD, @h I BHHSTES  LweTUGSSLILL (B
AUMHBBHI. LDEhFeT BHFH U bdHH6NTe0 Lewibenel GCouslons  GemilL(bheHSHaLD,
Hewl  SLIBenel  GHeuILILUBSHSAD e el W@HHITES UweTLBGHSUILL (B
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AUMBBBEHI. 1953-60 @HHU WHSBHN HPBHHTL @(H FehFlewsd S (Hen]
(Journal article) GeuefulLi L&, P Bbd WHSSHIE GBI
o oitenigl. oiGau, @FHeT  cpeold  EhFellest  HH  BHTFeNl  LIewoIL
® HHHME UHWH60eL 6IHLFZID, BB @ UHw SHemiBLIglILe0s0 6T6TLISID,
@hHwgseier umybufiw Ol @ UGH ee@UBID HepLemiomerg. US
SO 1oBmIb  euenlad  GHUIh DsSHBETEr  AHTIL  BHS
dBSHBIGITI960  QUILSOSTETOTILL L & oBBID  DbHuiTseier — UmFLbLIFul
oley uTHISTSSUILULLG. g o ulfll CQummeT OFmeTeneTdsTer LLBOMI(H
61(hHBIBBTL L TGLD.

urangd SifiFuied o ulfiieummer Gsmeitensn (Biopiracy of Basmati Rice)

1997 &b spewiy  Galiiuy  2-spb Cxpgk  US  asmiyflemo wmmid
alelaHGN  Dleveuevsld “UT&ng  SIflFl  STeveuflEHeT OBBID  HT6NUIBIGHET
Oam jurer  asriyfligms  eyed  GLéd  (Rice tec) e GLdamerd
PoaSHHBEG U 2 _flevnsamensd OBTHHIMH. B0 “UTEHE” 616
Gamevemev @pHHmIeuetd L GO LWETLGSHHID 2 Flenwoujd i miGw. Genid
abd @  SlBISIhGaNE  almenaTssh  CHTAIBID  alenSHHemen
LWSTUBRSHSHISHE0 — gTjumet o flewoujld  SILmIGD. STeuy  CubuBsHaIbd
Gweneouyld  Bbhs &TOUFD  eupBIGHBEH.  RiceTec—er uUHw  od
SHTLANHEHLD  FemIDWIEL  LewILHeT, SHFFL  Cum@meller  Slee),  Sifld
SHT60N ULIMIGH61T60 6T616)61TR)] ® 6iTeNg GTGITLIGHT AU BlemTuNs@Lb
aUN(pBHEHD BbHSH STLLFILSHHD DILRIGLD.

@hHwur Abs uteowd  oflFl o ulflesmetemenenwt WTOelBg TRIPS
RUUHSHMS P QFwed elel TBHHF OFaBEH. BFHeImed 200281 S60I0H
US asmiyflold  oeviaieusd  enjerd Qs  BHoleuarhHL 0 mbam 15 2 flenind
Cam(HBHeLBMeN THH OCFUISHH. DIFHEL (LPSHBWIDTS LITEOS  6leiB  GlLulhLD
SILRIGLD. STUYFo Bpeueid emyed OLd HBluasHHear JHHemd mFerd
awevert 867" (Rice line 867) eiadim womBplwig. ©saicpeold SbdHul  UTerond)
7SSt CeuelbT B gBmILSHdHTer © [Ffliold LTSHISTHSLILL L F).

o ulflesmPeopi Lalweder LweLT@ser (Applications of Biotechnology)

2190 mHIBBIeNNget  W&ad  (pdPHlwiomer uweuml (B G HTL T LW
ofalwesealled @b (PEBWSHFHeUD uTuIHS Hews 2 ulflESTHEOHI LILOTGLD.
®& B UTPHMBMU @(H Lignleen (emuiled GFevall  [HLOE&G6TeN &
BOUSHGHS SIDBWTSLD.

o ulflesTHevmI Lalwede LwWeaLTHH6T Gouenmenientd, LDHSHHIOID,  GHLD6V,
alenllad OFHTHevde GuTeB Lew SHemmHelled DIFH0OTH LWGTLIHS MBS

Obhs SMelulsd LJUaD LTHRBE HTeUT eSB! Oumeug Cureaip SIHS
wFlLjeien  alemenademen  GUBBIETENH.  6I(BHHISHTL (KBTS  LOJLIGDI
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TBBwmLBS UBSSH (Bt - umsd), ofd, séatel, ymasulamev,
&T6eV." LNemal, 2 (HemendbdIpmIG, eaumenlp GurepeuBensd GIULIL 6VTLD.

Goueimemr  LUTTHeNed HemenHOBETEL  GIHTULSHH6MD, BDMISE THILILS
Hetemlp  (strees resistant), Gmpmul eATLILSSHIMD CUTSIBBMBS OlBTEwTL
AUMBHMET 2 (HouTdhGeaudl 2 WflOsTHOBILUSHET  1HHBTE  alenera]
DG LD.

welHHemed @eaisedar @Gempuurl(h Gurenw gf GFuiweyb FEsTamevmL
LWSTLBESHS wals Beaseda wHpD QIHs UISSMS 2 [Bauds b S6
o uflfl GambeomI L OHTHBEFTEN6VHET LILIGTLIHE 63360,

o WIfOsMPOBI L OxmPoBsTensv  cpeold  HBULF  whEH  (Vaccine),
OpTHH6T, o ull] IHFUOUTHL &6IT, UT6L &TibHS SWTHLILS6T, LTEIRIG6N
(Beverages) Guneimeusenns o BusSs GesuiwiLBGEBS.

o ulFesmeompl usdHer cpeod o ulfl Hevaisenst (biochips) SiglienLuims
Oamewi o _uliflw sewflell 2 (Haums@GHeo GeVId T FTHEMGTUWITGLD.

U CUIPluIWEd LU MEBWTEHHMEL o 6oL SHWF; Ha  euemLiL]

PoSGHSH Hmer  Gump  (totipotent plant cell) smeuy  GFsvdensv
mlewiemulfl — HéHsiul L (pempulled  SUGUUGSSIULL  GH6VeL  SHTeu]T
BhBHLVTHBLD OCFUINISHTGLD.

o eawieyd GamfiBarensouied eroemLhederm (Spirulina)-emeuls LWETLGSHSH el
Oge0 oD OUBLILIGSBSI.

@rewiLmd  Blewev  euenTHenHll  GUTHL &6, o ulfl o griser, 2 ullf
ShGUfled GaTevelser, OBTHH6T GuramBenal 2 MUSHEH CFILILGEBS).

Gweoat] o ulflosmfeoml LSHBHTH, o ulflsHrer eummed  (Biomass

energy), o ulfl eflour@mer, o ulflenfl &HmSsb, sSTay S HSSHD
Gueiipeney o (HEUTSHSLILIL (H6IT6T60T.
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SVG — 5
STaUTsH HG GUeTTLILY

STaugl  YGym GLmlenmmerdl &6, OFe0H6iT, HFdbH6eT DIELVH 2 MILIL|EHM6N
SluBBiST  BUIOLTET  DleVeVEH FTHTImIF  GHeled @mbha LINGH0HbHHHF
CFwBmaWTer GLHmeUTed 6UeMTHHMeVsH Hdi GUeTTIL 6T6arsCBmD. Seneu
Gargpmen HevHFHeL  Hmeugll  LGrmL GLmlenmerdl &6, OF60H6NT,  HEDHBH6N
DBUILD  © MILILS6T  GUENTLIL] 6TeTBID SIMPSSLILBL  (In Vitro (sudder) —
sewienmmly [/ GarHeme GTulanien) @ SHerl Lflamp GnI@w STe0HSUID,
B HHeVId S BUUGSHSUILIL L GLBlemevuied L16060TU Y &5 & 6301 h&HT 60T
STOUTRIGMTHL  CLHSHOMLIBSH. & eueniy OHTHed HILLID 6uemi®
Crradled  HTauy 2 MusHFH WL GlESES  FHTeuy  SUITUIFFBHEHHELD
LWSTUBGSIBEI. SHTeush H&  eueniy JUgm WLIBBLUILILL  SHTeUJhIG6rTeor
BEpmHauTdSHHe0  HalTdd  (PUTH  SHalWmsll  URISTHHRISBS. S
STHSE, SHTauTsd Ha  euemtiledr oo (WPHHWI  UWSTUTHSHNTS  Oifiwl
STeurll GLmSsD, o witgy (elite varieties) sreugmiseiien LTHISTIL, meuFerd
oBB STy o BusHd, wJuegwl euendsam (Germplasm) uUTHIBTHSH60,
CamPmaTeneoulsd  @pewiLmbd  [Hlemew  euenTFHend  WIBBL  CUT(HeTSH6I
2 BUSHFH LBBID UL 2 _sileneal. @bHFHL UTLSIHe0 H& euemTller sugeoTyl,
CamPed mHILUD, eums, UWLThH BB DIBOHEN  LIFFdenensendsmet
allfllieoorTey S dlulen  alleum e HUILIH S 6360

Oggmoedl BTL(BS STeugailweonT ST el GamuimGsvemi (1902) (P DHGHS
HBSIT HHSHMS (PTGLTPHSTT. Goeud SieuT eueniTiiy o6 &HaHle0 Geoldluibd
L ugflund STy BensvuienL_g & CF60BHeMeNL LWIGTUBSHHF
CewmemawTer  Gedled SHTeuFF  OFLBMET  (LPHET  (LHeVIeL  eUGTTHSIL
CUHEBLMLHS OCFes0dmenl LWRTUGSHSHEF OCFWMBHSWTH  @GLO060 STeUTHF
CF60HMET  (LPHEN(LPFHEVI60 UeMTHBIL OLHBHMLHSH CFe0HmeNs SHlenL &Ll
CQuBBTT. QeuT HTeuFdh Ha eIl FHHeHWTHD SHHSLILIBGHMITT.

&g euenTilel SgliLienL & OFHTeTenNHH6IT:

SHTaush HgF eueTilelr DIQLIDL S  HHSHHIHHENTEUNT (LD DG HH M6,
CoupunbmiHeo, wBICBILTH DML FH6O, CoumpimTh BHHe0 GuUTEIBEmEULITEGLD.

W@ 56 Hmp6r (Totipotency):

Jwed  FHmeaiidmend OsmeniheTen o ulmelTen HTeuys OlFeosenem oer’ |
(PMIFEL) oL HHHeL eUaMTHGWLD BuTgdl Slemeu  (PIRSH Helld  HTEUTLOTH
auenT&FSAwenL Wb UewICL (WD DSHSGHHHBET 61T ILIBLD.
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Gaupm@mizev (Differentiation):

o Ggeumafed o ullfl Goughulw 1BBID DWW LOTHBBHRIGT  gBUBSHS
SlouBenss FpliuTer Sl BoID Unlulener GCBosTeTend CFuiHev.

EIGaupTGuised (Redifferentiation):

o gmaaGal Gaupiumhmdm @ OFed Gwed GaumiLThmm WBOBTEH CFeveTH
LOTBBLOENL_H60. 6IHHBHIGHT(H: 201 L F FHH ol HHHev Goeverd Haailes
CF60amBIBET  (PIPSHSTAT SiMWLIML 2 (HUTEHEGD  HB6T  GLBBIeTeTNS
oBICeUMILIT(BNBISHED  6TEIT60MLD.

Gaupiumgpdsed (Dedifferentiation):

(WHTFF DIMLHS OFeLH6T mIBD YbGHHaauTs wimslds Caeverd Gumeis
FHamel o (HeuThG HHDFS GCaupurh SpHHe0 6l  DMPHBLILIGSHBSHI.
o uil(meiTer SHTUTF CFeLH 61T 60, &) b 3611 60 GoupUTBBIHILD,
CoupLmypsHHID 2 eitenTihd  @(h  Cgyd  SmewilulLT6ed Sjewel (LD
NHGHHBeNT QUBBHTHS H(HSUIIBLD.

sreurs Ha euentiy (Plant Tissue Culture - PTC):

* FHTaTSH HGF Ul eIl pU1e] Tl F GFTHemed QUG (DB LOBHID
BlewamUIT  BHeHw  Hleveouled &g  euenTiy oM HHH60 gCHamID SHTeuyLl
LUGSHBmET  UeNTHHe0 61  UdJWBISSILGSHBSH.  DHOSTHOHIL LIF
CEFWeOPMB  CPSIBI HQLILIHL.  GIBEMI(LPeOBHMETS BT ([H6ITETSI.

o Gaxmauwmeal HTJIILGH Sevevdl DiHeT LMgap GBziTey OFuiwiul @,
el @&7 o Leoll uGHUIemba LIMH0sHBHBILGHBSHI.

B sLEUUGSHSUIUL  BuiBlluied G lhBlemeouledd,  eueTuIMISSLILIL L
Gougluiw (2em’ L o1 &I1D) GpeVlenid LFTOf&SSUILIGSBSI.

Ufamp  eaeiiug  CaHThOSBEFBLILLL  HTOUTHMS 2 (HUTHGHMSBE 6U6TLIL
o _HHFH60 MaUSH aTHESH CHemaul bl FHTeugd &Ha.

STeuJsh Ha euamTUILIBSTEr SIQLILIHL LUIMS UFHB6IT:

e FTaulsh S eueaTiiBg pUleusd eaubld eauFHsamend OCoTeanighdbs
Bouemr(pLb.

SHWIGWIMQSH  HELAIBMENSH  H(POUSBHTR  UF D) LBBID SleuBenDs
® MTHHSBHTEN [Hleweniened SIBLL (oven) eugd).

SOOI SHHS Hevedt (Autociave), eevslgrefi Hyma wBpId pH WL (bL 6
gnlgul euenT e b SWUTTLLSBETET DiewMm
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o mIgWIT BpHaeLULL SemB: DFH @ FIhHGH STBBI UTUIeY DIeDLOLILLD,
o wirgpen giser srpm (HEPA-High Efficiency Particulate Air) eugliumesr
TRBMOSBLILGL DI(WHSHS STBEBTLL evGD o siterer. Beummlen Ceuenev
BleTaUIT DIBM @(H GHLMEL 2 (HAUTHEGISHTHLD.

auemtly eugdl: Lflanm eueniiysd Gomuied Qurgesiul G 22 — 28°C Geuliu
peveouieud, 24000 evded @elFOsleled, 8 - 16 wewl  GmyD
pefldaTedaiasHebd, gBssTy 60% RIIUSHBHMID aI6eMTHBILBSBSI.

STeuysdh Ha euemtiled SILmlujeiten SjglienL g OCHTHeOBLL (Wenm:
BlewtgulT posb: (Starilization):

o BIWaUIT BHHFHLD 6THILGI  QUETTLIL 26T &HID, 6UeTTUL Heveiderl, LIflanm
GumeiipeuBsled(bha  HlewiamIUlTaenTer LTSl flumsamenud, LL6hemaHemenu b
BEGSGD OHTHeOHIL LILD.

1.

bewignuiT BHsUULL  Hevevenwit umofiHed:  oulleuss  CFwBms
QUATTLILIED  HIWIEUIT — BHHSUULL  Blewevenwil  UFToMebal  LeTeuhd
(LPOBHET  LBTUBBLILGBSIOTB6T.  HEwTenITgdh HeLAIH6NT, BBHD, &HHI),
SIMANSHSH 2 LISJenIhIE6T dlenel Sl pdHisseaiso 15 psi (121°C

GeauliuBlemev) BIWHHHHeD, 15 - 30 PO FESEHHSG 2 L LBHSILGH MBS

oevg  70%  Se0samTelled  HmaTsSLILGHEBSH.  Bmdbdh OFHTLHIB
OeuliLewpL” L gyId GonMiTall s HeuId henL GUmBmI 6wt emIUNTHSSLD
Qe ILIBS 6sTment.

. oeuenTly  ojemp  HlewiegmiullT  BESD  GFUIHer:  (1PpHeded  HMJ  LOBEID

aaliseend Gamiy GamewiGl Ipg 2% Gamguid eamiiBuT@Cemenyt
Oleoevg 5%  eisFemed BTG Hapew GauewiBld. FIHEBEG BHTHBHI
umuie] oempuier Gumurly 95% essenmed OCsmeni(h HlewiamuiT HabsLD
CuwinL Geuewid. L@ 15 PO RsepédEl UBeastd SHT aiFdBE
o "upSsL GeouewiLd.

. o'l o HHMS HIMIGIWIT BHEWD QFUIS6D: e a1 HLb

CBTewI(BelTen  HewIewIModh  Hevenedl FJD 2 MNlehdTd UHSHSH  DleLevd
Hemmervps Qamemi® cply, S psssbseaiso 15 psi (121°C) sv 15 - 30
PO RsErdhE Hewaull BHsSD  CFLwluGapg.  STeugdF  FIml,
meUl L LO6iib6lT, SIOGem  oblevmiseT WBmID  ammTéLTEIH6T  SLsluiamel
0.2 pm  gewer  allLpeoLwl  Oe0eIGUT  eugsLlly  eufluimeF
CFasHHILL (B  HiewemulT HéHsbd OFUIILGESemer. HlewapulT B
FIBHE SMBmI uTwie] Sempulled HlewiamuilT BHohSHul  6ueniTliy o6 &Hlb
MUSBLILBHH MBS

. Ulanmise mewianuli Hésd  CFuisHe0: &  euenmiiB@Gl  UweTUBLD

STl  QUTHemeT (PpHevled PBH B GWTUWI [Hfled MeusHdH  HlewTamuT
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phsD QFULILGEBE. DASBGHL et 0.1% Owigis &Gemeny®, 70%
aevHammed  GurepeuBenmll  LWLUGSHS HiewiamulT SBm  Hlensouled
FIGHE® SMBm utwey Sempulled  yBLugly  HlewiamulT  HéHsLD
CeiwILBSBE).

oan_ &b FwiGsed (Preparation of Culture medium):

o Sla euenmifledt OGeumpsl, eueNTi o6l HHHET FmBIB6T, HTEUT  GU6TTFS
Flwsdlser, Oaliupenso, pH, @efl wBpd FFOUSD  GuTEBeIBEMBL
CUTBISSH SDiMOUD. 6HHSH S 2L HUPLD DIMOHHISH HTaUTSH HlGaller
® &hHFH TFHDG o HhHHevev. HaF euenTly CBMSI(PBHECEBUS HSGHHD
oarl’ L o &b HWTMeHSIULBLU LWTUBGSSLILBSHBSI.

MS e’ e &b (Wyredd wBBID 60w 1962) sHTaugsd Ha euenTriied
QuTgleTEl LWSTUGSSLILGHBEH. BFH SGHHD eIl L IO6TH6T  LOBBID
apmTGLOTEAIBEHL 66T  HSHHSH HTTUMT  cPeUmIGmenud  OsTemiBetener. MS
o HHMHSH HalJdH SHTaudh &Ha euenmiiBers BD e &b (Csb@unid
GwalenT 1968), @uil e &b (guil. 1943) PIL&F eam &b (BL&F LOBHBID
pL& 1969) Gurepeney o siTenal. @b 261 &b HL, UGHHL Dl6v6vdH [BITD
BleneouTled B)HEBBHEVTLD. o6L_HHMDHD S SHLLUUBGSHBHINBHBSHS FnlDLDS
sMyeniwimer BTT CaFThsLILBHBS.

BT 2 &% SWTIID FHL BHeweolibHeHasBEG ULSILGSSLILBLD HL6O
undaefelmbal  (sea weeds) doLsah @b HAbseorenr OB
(mucilagenous) uredgmEsTenyBHTTESLD.

GUGITITLIL] @FLD6V:

pH

e Sphs (pyailmeall OupEUSBE om sssar pH & 5.6 wased 6.0 eueny
maubd Geuent(BLD.

GeulILBenev:
Beiauenmiipg 25°C £ 2°C Bleveowimen GeuliBlensy 2 &HhHIHI.
FILUSL LBEpID geal&Foaney:

e 50 - 60% Uy mIOUSUPD, Gzmymwiomed 1000 evHervCd, 16 16w
Q6 HBTEVSHFHIAUD aUeTTUILSBEGSH ChHeameuliBalenmet.

STBEBM_L Lb:

o Cammpmensd GLTUI SIeLeVH GBameuuled STHBEBTL LD SHTelwmd Gesdulle
epeVlD OBTHGHSILGHBEH. DG STHBMI UQHL LY cLPeVLD HIwTEIULIT HEHSLILL (B
oa1l_HSHH60 OFVSHSHLILGH MBS
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BGzeverd mewn_LiLiBHev (Induction of callus):

o Gmovad : CHTHOHBSIUILLL Rewev, Hewi(h, Hipm@ wBBID Geufler 1 — 2
Q&5 Grmul Sl BEHSIUL L FHlewihoelear Lflgnpiser Suberiler FnBHeoTHF
Gadbaliul L. MS 'L & sanjFelsd maubslILGSBE. eweu 25°C + 2°C
GeauliuBlemeouied 12 wewfl Gmyd gefl wwBmd 12 wewdl GwyD BH6T 6T60n
wrl  omsl emeudsliuply  Gumgl  GFed  Ufiged  gmemiiul GO Lflannslest
GuoBuriied Gseverd euenTFdl mHOLOUBIFBH. CHoverd 6ldILH LU Tnl F
Gamgpement  aUeNTIL 261 HHH6L FHTaUTF OCF60FH6IT  HeLLFHI  FHFiSH D668
(LPOBWBMB  UeTES QLSLD.

MS (pymaddl, evangd 1962) o &SHH6 FnBIH6iT:

Qup oam’ L1 GurmeTseT SiGwTeiwD bl Gyl (NHi NOs)
& / 68

Qum_Lrdud enpl Gl (K NOs)

& / 68

sreodlwd @Gsmmeng® (CaCly. 2H,0)

& / 68

Quseafdud g6d..Cul (MgSO4.6H0)

& / 68

Qum_Lrdub en emamLlgegesr . .umed..Cul (KH,PO4)

L&b." .60

ml6wT e L 11 QUITH6ITSH6IT:

rmseied Fev. .Gul (MnSOs. 4H,0) 22.3 108/ 60
HIHFHTHF Fov.".Cul (ZnSO4.4HL0) 8.6 104l /e0
Gumila ouflevrd (H3BO3) 6.2 108 /60
Qum_Lrduwd oBurenL@ (KI) 0.83 108 /60

Sflw oa’1L 11 QUTH6ITSH6IT

Gamouid wreILGLL (NaMo4.2H>0) 0.250
& / 68

suifis  Fev. .CuL

smeymeanssd (Embryogenesis):

o Bxoverd  GFevmer  CaupLTHHBEHDHG 2 _6TeNTdH 2 L 60dh  BH(HbDHN6I
o (huTsGIlemear. Sl  EmHombdbser (Embryoids) eeniu@n. Sbsé
B(HOHBBemeT  Hlewew  euenmiiBE o L ubGsHd BiBpipdset (Plantlets)
2 BuUHFH OQFUILILILIBHES eTH360T.
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