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156 &CENHeme s flul ClgmledmIEL(LpLD

Py sdeflasflleomsst Hog  @HUISHHIB6MD BmBSH HwHGs 2 flu
derymwoggeneo /  HEwuFQFuhemeo GCumGsTerend Hner  COETemIL snel.
Gugpbursumen  omIEGeTs0 DNA Uplyflentoll ugTissonss  STentiiubaletngi.
eieoilgnid Migay emeura: (influenza virus) Gurnesim Flev emeurgsmst Hwgl Lpliyfleniol
usTissors RNA mas Gasmeun@Beitensr. DNA @6 GFwsnwwinet  eymiogse0,
@k shaPUINBHE LHODUSNEG IS SLHIHIOS, DASH  UpUyfeing
saausLBmen  BFOs@GL Seenn, Upliyflenns sseusvsamen  GeusMiLBeHd
galgul SHetenn iU SiEdsefilsn  Wswpsdwioren piyflenolusTissons
DNA QamhlbuGeusng eugdlweilsdlerment.

DNA @pienL  elfluyiyssmen wwmdfl : Rosalind Franklin @eormed  Guimlin L
DNA cpeudgaflear X sdjiueimi@ eusmgyliwensy SiglusnLwindgds  Gaememni(h
James Watson, Francis Crick esiiusuysenms @rienr  elflupliyFsmer  wmdif
(PGB &I  Spm  peudbdamisenTen gl AenmBured  Gsusvsuld,
GumerdBummis  dml LD Breand GamulL  HBHEHTFET  (LPUMIGBST  6T6ITLIGHT
REEBISMWLSEIU.[H  DNA (pevddmemm opE@GW0 alsd, DNA @t BuieoLseir
sleiUsuMenm alend@GHousn@ Swwrdfl uweaubGdaimg. Swwrdfluler g DNA
SLOE (POISBLULL  eJemil geple euigeuld (FHihefleugen MQLILIQ) QEHT6UTL G
@dlev emailigwimerg) (rail) QurerdGuDmI, GEUeL6L (LPELVEFRM 6TETLIINENM QETMICTL
OLmeiipTes OCsmewiL (pHOsabenugs: BsrmmelsHmb@n. GFmuimdsin L
MBBTF  (LP6VBIBGT  GJeILILIRHT  SL@H. (peFBFmuTHe  elldulsrig
@rewi(hy mayFer  enemiliysen (A=T) Sie06vg cpeiim MmEHTF6T  LNen6mTLIL|EH6iT
(G=0C) epsod Twilest @eiim Wfillesst @eaimienr Gamguwim@o. T. H. Morgan 2_1b
sursH  Gelsnmo GumstewiL uflCarsananseils cpsud BmepTHBEIHET,
DNA ommib LT SHEIH6NIT60 <,5BLUL L em6U6\WesaLD UITLDLIED LISV (T B 61T
Bnewishasden FCssmisbenaiayd HwoTaidaiul L g).

BoeapisHsnisafar augalenLoliL]
wafCwrl Lreys@flw sevmiseils Hmelsd isbevgd HErmafGWITL LTeyds@flw
sevmIsaTet GUWweymelmieten sHUNATCsFmEeied DisvevEH BlulsEeNBuTuIL B
sefled (nucleoid) DNA cpsuddamissl  @(omIGMGSILL (Beilen el  Hlm
(T HBHEISBMT 6UIQEUMIOLIL B GHLD.

1
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i Bl sSafGumui’
L|68TEB(H Q (oRlILDL B
&Cymop e "@m@ﬂ%m)
wsfBwrL B YBymafGwr B

2 ® 7.1 wasfBwr Bselsd smalad YBrmafGwm Baeflsd MuysdfafCuimuil Baeefaibd
DNA Qurgd@suiwiiul (Heengl.

yGrmaflGwm_Baem  wmmd  wsCwrl Heeflest DNA, BmelpfHhsmisen — eres
SImPHBIUBLD.  aaflaild o evenowmel  BnepfoHemiser WG (Haers0
WL (HG Smemliu(BLD.

yCrreflCwriLraseiu  (updifw) BiDipisswrms, @ Fo YIsupes
FnMIBEHLET  BenewihHieTen  Halesd, @ULemLl UL IQemHBETTE0THSILLL,
aulLiomest DNA epovddaml Sp@o. wWsHBWTL (HEeT uso BmepTHeHmisensnd
CaTewiyHBGW. ewal gelCauraipid  devBLmrenseat  (histones), Geum)
Urs (pe0SIamISen  si@TUsIMmILT  SenemibBienen @ HalHdH, SBrLenl Ll
U enssenands Garenil, Grflul DNA oy@lD.

R SmHIE DmEIGHH  BDIPTHEEISTMSID L[HLOMESH  HHEBIDGUTHI,
DNA sent sidsenailsy sreauliubdsaimgl. wasflewrl (hosalar &malGaur Sie0605)
UGrrasflGwm_(Baefler mlupsHefGumuil haseiBsomr DNA m o 6T6nL&@GHausn@
sevlomenidl uTflw NyFfenend@ (pambsT(hds Gausmngu|snenOsaiuemns EHBbHsH
2 ewienodel  elend@Gdeiment. SHmHeled ievsvg BlulsslaNGuimuiligsd DNA /
23Bemmid (genome) 2 _eiTeM_GaLILGH0 DNA QUTHOFUIHD 61601 BIMPHBLILIHLD.

YGyrafGwr(ha@iw BoepHemisaian algausnLoLiL|

yBrmafGwm_Haeaflest DNA QurGauisemeo DNA cLpevdbgnmiL 61 &)6neuuih a5 & @I
LT BEIG6T 6T6MBToH@GID. UTHpevbdamimst DNA mF smenFGaFuig (Sis060g) DIgHH|
S0V SLWTHS) enasFamensven wF GaFuiuyn. @senmed DNA cpsvbFmI
B, sSeMGwmuil wenet  OBpaSmeussiufGd. DNA cpsdamm  SpTOUSSE 60
HLEIGBNTHF SH(HeMenLWD. ey, @HHLmiE6n GLTenweisentssd (Domains)
HUITSEILON S LO65 B F F(HETeVMLU|LD. G TeNLO6ITH M6 B 605 T 63T [HI658T616M T UIEIH 61T 60
@enmiETeRIOND. DNA @1 QBHESIULL, HewleuTeomen HLmIGsT RNA,
Ursld eisiusupenmsd OaTeniL  'Sisewnl @aimilel  LlenembA(hob@GHw. ' Didbei
BoepTHemiGamen QoaiFaa|L sl Bamenihd mausHhabG. DNA @& gnenmii
ulemauled gouBHHILGSEID AneuBHHEeT (pevld WlensFaH[HensvenLbs DNA
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songe] GeFuwiu@o. BnpTssniIsen GLoaiFaia|l el @ enelobaliLl g RLILSILD
Slm6l ' DiBewT' UTeTeD @aTDTEL LTenewibsUULIQRLULGID SFPMFHHT HenL LTS
SMOHFIDG.  QLTMDBIHET — HGWTEHEIOTHS  H6NT6YDHHIQUINEULITHELD
WONBFHHEMVMLIIS  SnlQUINULTEAID  &STeouiluBl. @& @GOl
ugusmIwWeoGdsenet Jreevdfiliageflsd (transcription) (paéadlwiomeng. RNA o
BadalbHeoonag HLmiselar FTTUDMSSEImmU BpHsF CFUIH el [HLD.

RNA- 4185 oimenil

%‘ "f"-;-.‘

a) eul L Lomedt, LolgLILenL TS b) 40 = 'Efuéj&'m QE‘?"@L’ c) fmE&FHHeTD JMLBS BNUPTHHI0
Bl IRUUSHLBS BIDIPTHHLD
2 (B 7.2 wRlUMLSRID WemeFameTevenL Hald LYBrmafGwrl Lmsys@ilu BoepisHssams
OmBmad maishsaib

flev yBrrasfEGWr. B@eflsd Bmepisssdn@Gflll DNA &@ Guwsudsors mn
(WTHSHSHSHISGU  Ypwurer Hnliyflenod FamiseEnd STaluGHSING. Senel
WenmeroO_Hassm (Plasmids) e1en SisnpsHaLUGHIL. Seneuujld Fal  H(HETDLHSI,
LOlem & & & (T eNMeVEMLH&HI6TTeN  aul L IoTest DNA Sy @ib.

wasfCwr_Géseflw Binapissniseiar algeueniolil

wsRACWIT. (H& @ w BeLpT &SI QU(HLDETEUT 6T U SHBIG(ETHL 60T
@enemiliymmensl. @emeu HeOBLTHIH6T 6160 SIWIPSHBLILHLD. SHalaleT DNA
ReEIBmEELIUHuED @emeu 2 gaud. Bns DNA - ygss FHsseoneng,
@&Bymwmmles (Chromatin) stesr SiempssLLGHLD. &Crmomienma @ul@Crmommleilsd
(euchromatin) 2 etengBumed @MmHTE  sevevg  CaHMBITEGGTTIMMETe0
(heterochromatin) 2 eTengBumed OBHESWTHI  QUIHGFUILINILL 1Y (HEHHEOTLD.
Buy&Crmmnsst uFbUMIWGHS6T GQFNbssTaad Fraevdflngsilsy GL(HLD
urevd 2 _ulFhyeTensraad srauiuBn. GannGrT@Gymwmmler GLEHLUTEID
o _ulgiumm  PpuysdeflCGurengl.  OsrTLflemens O@meanighé@GL.  Heneu
UTOUEDTWENE — @RURISTHHSD, iFFaaaluas@iiu  sensopennuyflento,
Boipisss Hyldsailer ursisTly s@usumiley uBISeNiysF Gguiuyb.
(pgeomaugl L LGH0 DNA  @rienr  elflugiysamen el (h  SedGLmest
(peLbImMIBmend OaTeRIL  Hobsed @alennd  &mMsbaTeTEnn.  Ganal
Bl sdeMBuITGamibasit (Nucleosomes) 61681 HIEHLOBBLILIBLD. Gen6u (LSS0 6evindlest
wenllsen Gumenm G@auBw. BuyssleNCuTCamibseiss 2imaemEawsiTen Loew el
BLLOu L DNA Garhid DNA ope0 @eaiCmrlLneim & eneiabaliLil g (hdb@LID.
(2_m 7.3)

;.
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Qzr@HOd DN

55°A

BluysBefGumGamd

1
BysdefBurlsmd sk (§ HavGLran 110°A
tpeudaamai + DNA Bai 146 epsusGamyamai)

1-\\.». T 2

®) l..‘,(g

2 (5 7.3 a) QurdEFuigeder (pgHed OULID : G@n@uﬁl DNA epsvid Bl saleMBuImTGamd  Loswilaei
@enGoraLrerm GHT(HSSILL 0

b) HusHeMBuT@amid (oenilmeir), GaTHUTS6 (Suly)) sTaUaDennd ST (B BevsHHredt
[RISOTEUEMJLLILD
@uemiLmaug wLLGH BluysHeaflGurGarmbssr (WpmdslUl (BEF amefilalgaisd
Gurd GFwuwiuiB. @% 10 nm BEIFS6Tlsd mbHH 2 GBHFwTE 30 nm el LLD
OasmewiL &Gymommlen BT eeaienms CsrThmelsGl (2 7.4)
My s8eNBumGamb

] ’?iOnm

10 nm wry 30 nm mr

2 @ 7.4:30nm prflar 2 (hauTdsbd (2_(Hemetsagelsd HHETEVENL HS)

APSSIMTeUgEl WL LGSA0 30 nm BIAITEISH  SLEISEMET DpHGWD. @Heweu HLID
QxmewiL  QLTenwsIEsT 61601 SMPSHSLUUGL. @FH UYrsCoemL @ermisE
@ SBLILLIQHHGHW. @HsLLeml 300 nm SluysnLwgl. (2@ 7.5)

BnHwurs, BTaEETaIG UL SHH60 FHL1b QBTani. CLTNDEIEHNT &FH(HemTevenL Hl,
wlLeL b, Guwad OCBGBsSLLLHG Gmwurulflapeiiu Bina)sssmsd
Caxmmmels@w. @ dmrBna|meiar el L gmnéasTy 700nm o4& BHSHGLWD.
SWISiUGHmBUTD 2 6o BDepTHSHHH0  SMIBIMEYHBB6T  GHHeTGal
ATl liumLbHMmeULUTE SMHeBEHWD. (2@ 7.5)
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ST HGL
SLID Osmemi 300 el
GILITemLO6HT & 61T

qgg,(BLDmL

amrés@Gflu  HLEISeT  Gogib
EBHHESLILBHHE0

700 nm

FHHBTWSHO QHHH CoenL 2 maurssiul (B
SIS opEHGRl  HLESEHD  Gab
QOB (HBSLILHHE0

2 Lelinhs 0k T SMLOWILILIT HEH)
S0 BID6L([HEEH6IT l 300 nm

SIMDIQIGHMSE BMCAPTHSLD

2 m 7.5 sLb Qamemi QLTenneissT Cosniullsd GBEmHBSIUL[H DIENTHIM6(HESSENTHD

2 7.6 SI@DMIUSHMS HMPTHSBIGEHD (HANSHHWEIGD D60GHH6T) BHenl Diaudangullsd
& By miomneir S(eTHLD

DNA Uenypioipssd /DNA SHUSTLIL

@BrienLl uliens Gasmewil DNA  cpsvsbdaml  eaimled Sapbasl  Sren(h
&I GUSFLDGUIT 601 Ay Hsenens GCammmield@Ld QFWIGI(LPEND B HleUmELD.
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UGrrasfGwrBaaflepid  wasflGwr Basilend  DNA @t Heiymioigse0
QFWTIPmMWITETH DlglUenLUied @HHH. 6Taland SIewngsvid UBIGOUDILD
OrrHwumise Coamul Lenal. RsaimGsBw  wsfCwrl hoeler &malaisisn
DNA [MDapIHFSRISNTS @UOEISMLSSHILLRHUIUSILET  QUTHOFUISNIGEHTS
HedBLredr Yrsmisenen seumplen &L Lenolle0GSTemNg (hE@EGHWD. aIPenLOWITSLI
YUGBrrafBWwmLTeyd@&flul DNA oparg QurHOFuHaEsTs WmeF &(HeMevenL HH
GULLLDITEW  (LP6VEFn MIbB6NTTHES STeuTLILI(HLD.

DNA derypoysediar (woBwdbsieud

2 Wfléasrer sibHuradug saaloseal DNA e Gelldsiul (Beene.
areiBeu 2 _(HeuTdsUUBL YA SHevmisen  Deummlest  cpeveulfle @il
sovmIG6TMeNBHH DNA @miu  QunmsOsteren  Geuswi(ho. G (HLOIQUILDITE
SIBIE QT 63Tl 60T 2 1 efleyl6iTen a6 Glsum(H H6VMBIGH(ETHLD &GS S 60
BmhamalBursd  216% Unlyflend sHoealcosamend  OCaTemighobd
Geuewi(hld. LsLBeL SIEIS @eplsd LHw Hevmisen GFTHBLILIHEUSHET (LPEVLD
auenjFdl memL QumLD.

GFpMmLHSE SI06VH BMHS HEVEIBEHD Fnlll YHw Sevmisenmed LFuifh
QFuL@GLD.

@aimslsvpenn RaICUHEBSHH0 aIFFoTangl, cpeve _ulflese0hHnEGHF
FrouFloaiTeigl. @empu|miifle]  epeold @alGeuTm DS BHEVHHMEGHLD
DNA @60 Gaullssliuligmaad Uoliyfleniod SHosauc0selle  FTeUgLoeuim e
OxTGEH @arenmll WSTMIOQHED (LPEVLD aUPEIGS dnlgul HENHEMoU DNA
Q&TemIg(HLILSTEOHTE Bl FTHHLDTEDIMS.

@almis(pemnmuiled B enbOLI(H @D N30 ) BT HBmI 6601
GT6O0TEONN SN BTG TMTSHl  CUeRIILHAISDETS UMM  eUTIPEMS
Al LsHal  @blmeuulsd @Bssmulfley mLOumidlaimg. DNA  Geu
HetymiopsHed @bhdEsmIfe] HenL QUDIaISNHE (Wpeter] Henl GumiD.

DNA @ei1 eiymioipseoneng) 10ssF GFbenowime QFWwsI(LHeNDWTHETE DI
gyeugioenment LydHsenens Carmmels@d. selanid DNA  Hsiymiog&Heisd
guUBaUBTeO SfHTe Heumisen eoUBUSTE alamymsst GHTem OTmeney
gOUBSSHID. TP DmEBeMNT FTlysE eudlouEsELD.

gty DNA @ei1  @ymogded @ [eidhHer QasTLFFAulDd @
sefiu’ L omduier sumpenaill Cuamighedavid (psEwGGHiad CumESImE.

yCrraflGwrl (Bselar DNA Uaypwigssd GeFweipanm

(wapemwwimest  Ueymiossd  GFwei(wsnpwnegd Usv  GBrHwumsst, Geum
YT SBIGB6IT 6I6TLEUMMTEY HaUIDTHS S (HLULGBSSLILIHB SIS
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DNA cipsudbanenn @rlenl elfluriyFameiled 2 _sifen DNA Ul igenadsserlsdhb0sH
DNA GsT@aslubAsimg. DNA @l @UULIgens&HeT  LIgHHs[HEenTall  Lilled
uGSsILBHamet. @siauTm UHsTes QsT@dsiul L DNA @rlenL alfluyiigs
smeled @ ydHw wriydam ulyensud QumGmTy DNA ulene @6ImID
STEOTLILI(HLD.

6T6V6VITEUM M| & (FHLD (LPH6EVITEH OB (HBHLOTHL Qurg@awiu’ L DNA
(YBrrafICwr_(haefled WendF @F(pHemevemL bk DNA 2 10  usfCwTL (Heeisd
@CrmopPlenid) HenjeusnLwi Geuewi(ho. oIBUTH  FHTesr DNA et mLoig &0
Qurils Gsn@Aasrea HienpauTulensoll QUDMIGGBTETET (LPIQU|LD.

@rlenL alfluiyFsmeien Goumnadseomeng emioysHede GHTmma e gdls0
BpemLOumid.  Weiymwsedear CHTHMHSTEID  Dis0evGI  ‘ori’ sleiug DNA
UetymiogsHenew oLTolG@GW LISmiEeT Wenewiuwld dalgul,  SOFAmUOUTET DNA
OamLfl oL@w. @HOmbal SpTwlsSH B Hengoefler 261 TE (LPLYEHLOWITE,
aulLlomest  DNA eiiymoigeuswLujid. yHw DNA ulyensenwld OHmEHa @G
OprdHud @m Hosul@rLrs wWLHWD BSIsmW (5 BeBbE 37 5&)
yHu @empsefled geam QsTLFFHwunsald wHemmUS S &HIEHILBIS6TTHLD
QxTGHassUIUGBLD. Beneu (WenmBw (paTbFsusuid Ll iysna (leading strand), GemLHe0
ulend (lagging strand) 61601 SMWPHBULBL. SeNLBH60 UL IgensUlevisien  Fujlus
BHIWILBIB6T ‘@PHFTH HewILBIH6T (okazaki fragments) o601 SismlpdsUILIHLO. Guiflw
DNA (lpsudanmideilar 198TmDHe0 Lsw BHTMHMESHSTaIhIGENTe GHTLHBIGISHT60
@FeFweaT(IpennWTag alaTauBHSLLIHLD.

PO43‘ N - ewpsoid
5!

5 3
ro;~  HH H }on

A

ﬂu&&ﬁaﬂ@mnm&@
OH

o2 @ 7.7 DNA wevésemm gemarg 5 - QursoGumm womw 3°- OH

(a) Ori g,rremm
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(b)

Caripbsrend GunGoNy ulysms

deiymwgse BmHmssaiignd
(e GemmiBHe0
2 )78 (a) DNA siypioigsedesn afluyid
(b) #Adlw sulLomesr DNA @eit Nefiymiolgged

Ueypossd  Qurissredssten Ursten GprHwmissfengid  Geugl
Yrsmseiengid Ozmblsossi

DNA @e  UOeiymonsaiseEd us GprHumsend Goum — UTHmIsEHd
Baemeulu(Bid. @UUrsmiser NS sHelst BCHTHNHHTEIHH  eln G (HID.
DNA @ait aiiymiogsHelled umiGUDMID 17HTesr GrrdHwmisstmeaie OCsedaBsa
(helicase), GLTGuTmBsTwByaH (Topoisomerase), WemmG&  (primase), DNA
Guredio@rasme (DNA polymerasse), DNA @60Ba&a: (DNA ligase) sT6iLisor.  LI631LMLOIQ 560
OurGEsHTGHHUID @nenmil ulemnsll Wenewilyll YTsmissT (SSB-Single Strand
Binding) 2 ULl usOBeum LTHMISEHLD HTeuotlIL(HEesTment.

Q&6lBCHE : DNA cipsvdammen @rlenl elfluriyFaHHemens &mevhHl, STemi(H
UL yemEEemeTWd ATP @i uwaiuBeHS Couprd @Gl QBTHAURIGT Geneuulm@LD.
@uemi(h U emdHMHID peuFBaTigmaile HemL Bui smevlLBERM BBy F6
Nememilisenen 2 _enLLUS6 clpevld H&l HemL Gumid. L&l DNA Q&@LU 6 &mest
(JeyplogHed)  USSHLTSS CHTPNUGMSHEG TG UL YmSSHMEULLD
OaueflILBHH060 B (PEHEWILDTEHIG).

GLmBurgeBsmwoBra: : DNA Qam@lley (paGamadw Hevgulsd GHmHpuBL
OrrHwmIEaT Geneuum@Gd. @flLgHsd gouBD Ul igensules (PnIGHaTLDEH60
Goupy BLmmefled  gaBBeomer  (PMIGHHOSMEMUL  AINFLIIDHBHMBLLILD
gouBHHID. CLTBGUTmBsTnCra GBTdwkisst DNA @6l Qeim Die0s0H Breni(h
UL RenBHaTID 2 _enLenel goUBHSHID. almFu(pssHms alHelld@ (WPHTS
Oaul LU’ (pemendein WemiGumhSHSUILHLD.

@hepl ulgemsl UAmewilyl Yrsmssr (SSB): SUUTs  cpeuddnmidbei
OaueflUBGHSIUL L. @oenml Ulgend DNA 2 Leal Nenembhdl, Goummaobsiiul L
DNA ulgenssefles  1SenFBamguTdensvd HBHHSH, Daumenm o miSurods
Q@smeend. @remi(h UL gaeasEHD WenFBameBsIbaTsd iened LHul DNA
OsTEUYsSSETET LURSHHHLTES OSHTOMHUL(LPIQUITSI.
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HenpBua : @k LYHHH s @ USHw DNA UL Rensd GCHTEHeSUUGHMSNHTS,
Briydem  egl deapCurpluysdefiCuresnyl(bast Fflwrer  GaTLGymLomIssd
@amer 1901 @amres Gsrésiul Gauewi(ho. % DNA QumedinGra
OmrHud  epsud  BlewmGeummiuBd.  Spemmed  DNA Guredw@ras, sm@aiGal
Cxmpmelsasiu’ L BluysdeaissifeoFd  gmdedulsd 3 qpemenuisd 1oL [HGLWO
B sSeNBwrenyl (haemensd GCFjossds dmiguigl. BSMG Husdelld ibleod
gridlelulenr Al FewiGomenim  CUTHIOTEIZ. SHHIWILLD (IpH6D  (primer)
el DI HEUUB. WemmBog: steiiug RNA QuUTeliwo@rilst @ eushEsWT@LD.
@z DNA @a1 uUgsHEEL 1960  mnGUTBluESHeNBumenyl hodenend GFTLILISH6T
epevld RNA Gamglsmu  oyribllag. UsmmBuoa @ @Gmélw RNA 1psHemen
DNA usHHHL 1960 GFTsHH DNA - RNA seoliyuimliyssnens BGaromiedssl, DNA
GuredioBrdlsesr GaTPDHUT IYNHE eugFdHweils@Gd. (2@ 7.9)

HenmGLog:

CLmBurmBamoBya

@oemmll Ul gensll 1Teneuiiyll LFSid

2 ) 7.9 deiymwigsHst CxHmmmessTaisHen LHeymwigssd @l Chrmmieléssiul B menL Gumid
DNA (eymioig &0

DNA Gumedo@raset : L suemswmer DNA GQuTelBraiser o eTener. @
suemadWTel DNA QumeloBy&, (pHev @eiden 3’ WenalshE @@k esbdlanmBur
Buw,sHefCuwimengl GFFluse cpsod DNA usdUTHSHFCFTHmBMUW LTINS S
meub@GID.  Byuydlerm  epeumisEnLe  leesFanmCuriiusalGuimenyl ;s
URSHHBYN&HF CaTaaiul (B, 5°-3° Hamaulsd yHuw DNAULens B FuemL 61568
(peold UsOUTHEHIFEFTEenE GFHTLIhS HeoLQumld. (2@ 7.10)

9

©® 2020 GaHW Hevall PloisueTiD. 2eneTEH S 2 flenn&EEHD LIMSSTEHSLILL Lne.

© 2020 CaHw Hevel BlMicueTD. 2eetTs & 2 [flemDSEHLID LIMSISTEHSLLIL L6m6.



© 2020 &AW sevell BlmicuaTd. 2iemears S 2 [flenn&EhID LIMS &M S UL Lene.

HesiymioigHedlest BGHTHMSHST6ILD

3'

1
i ! RNA (pgev

~ L DNA QureSioC@rya

. 00000000000096

apev o ulflé@ @l DNA 1

LA
LR

00(n
i

2 @ 7.10 DNA GurediwBrs RNA (wsellsnr 3 (pemenulelmba <opgwlss ydu DNA
UL en&amWl Hend QFuiHen

GuHBmmy DNA ulyemaseia BulsdefGurenyl GQasTLA&HEG®HMHU, 6u6T(HLD
U en&dHEH S HmbHomet Bylydearm mHluysHeGumenyl (haer CaToHalLHeUST60
DNA Gumredw@ra Guepwurepid 100% suggeupmal. eeflapd GFyssiu@Gn  10°
BluysHafCumenyl Haefled @b 6UlY gHUL6D FTHAWIOTGE. HFHILTTNEULILIY
HpsEseo Gurpdlupsnm (proofreading) cpevd GaThsassd SHeumisst HmeHUULH,
auep eisomerg 100,000 wLmiGsaTeo (1006@1) GomnssiuGAamg. aaGal,
&6 DNA epsvsanmisenr QuDBmmy DNA (ps0dHanmisEnd@nd SHodbdlent Guiujd
QUIRHLOUITEYILD  FITEUFLOCTITOTEN6L.

peiiGFs0aId LIL IgemasUuTlest
USIyDLRHeD Heng

3'

5 3 5
(p&TEFELEILD AenLHO UL 190G 3
UL 196Mn&E (@&BFTE FHI6WILBIH6T) ;

3 R A IIIS’

QuUmHBMT(HEGHlw
LI 1960 SH61T

5
2 (% 7.11 DNA cpevdamnilen Fomhsrpyemimen seenosmuwl DNA QureiioBrs SHrs@d aisid
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DNA Qumredio@ra GOprdwssred DNA @6l suen(hd UL IQendH@GHS SHeUDT6
PusdefCureny B @am CFjssuu@GwCurg, QuImbsTmLWTHE HCH
CrprTHwSSTED GenmsTeniLBGHGTDS; DAbBSHS HuysdelCurengl (bF GFysHsLl
ubhser BossLILGHEDS; asGamBluysdlefBua  (exonuclease) QFBmPMHULL T60
seupres Bl sdeflCureny B  ssoppluGdaimg; GureiiwBra Gaminur®
emiho QFHTLHASImG. BH DNA GQureiio@rdler siFsiumjemeuliuy HHHHID
Gswmur(® (proof reading activity) e DiewLp&&SLILI(HLD.

OuredwBrs YHBTHH

EzT@ssiubBn DNA

UL YeNSBEGHS SHEUMT6T
Bl sEefGumenyLenL&
Csrgse0

GureiBra
QUT(HHSTEMLDEMUIGH

Hew (B &HH60

QumelioBra Heummes
Bl sElefGumenyL enL
SAsDNVSHS 3'—>
5" er&ECarmluysHefBuim
Qamfhur enL

' LILetTLI(H & 60

2 (5 7.12 DNA QuredoCrdlsii siFaiiurfsnaulity SmsHsin QFunur

@enenimm euemad DNA GQumedio@ra DNA - RNA seotyinipliysenen @6l
srevdams; mpCuTBluLsdefCurenrl Haensm  ASHMIFSTDEH; DeUDDISHESL
ugdleors egl fenpBuriluysHefCuinenyl (hasmenll UyAui® CFuidaimg); @eisurm
RNA pgemsv DNA @enmed 7Huih Gauidlaimgl. sm6urg DNA  giewiL g dlet
detymiossd  yremiorssuuBellLg. opemsd  DNA  Gursdw@rHsmed
RBFTH FHIWILBISEMT (LPeNNHMET Benemishs(pipwTd. senBsu GenL Geusimer
STeuTlIL(HLD.

DNA 6f@merd0 : DNA Garguis ydsressd OCsT@GssiulL, dimHSasien
HleWILmIGensn  QUTeOBUTRHeIHHHTL  LNenewilient 2 (heuTdd  Ben6wiLiLigHes
eweuld DNA @ett yyewt ulgenasenwt @% Cammmiels@w. ydsrss Gsm@ daiul L
DNA ulgenasulst @enLGsusillssnsen @& DemL&EGLD.
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513 HemFullsn S : T -
Qg:mimmm deiypoggaier BaTpmHHTaD

HeoL Gupid Ll L B 56 U pss
(paTBFsaID (peiibFsogud =

Ul yensuieE Ll ez um.di_»ym_ pr

‘ § 3
Gommi uLgsai - o .
Genemiiy YIS oLz ulyms (WsIGERID U Yms m
P G5iyT0SAI6R ST e— Gl

GmslsCas

GumGmmry DNA
@gemiB DNA giewn_misenem

ALz ulgms DNA @860Bsa Bansmhsen

Ll genasil DNA 860Gz
DNA pol [l DNA UHEHE DNA pol I
ulpensamus CFTEsHHa0

2 @ 7.13 DNA derypiogseien @l (Glorsssd GFwsipenm

DNA derypoggelear @LBOWLISssF QFweaipenn
OBHESOTSF SHOUULL DNA genjsusnL &s0
@rienL  alfluiyFamer (GHmeosed [/ @ewpeufliucvelene  @psaiul (b
Hokbs Gsmeitened (unzipping)
@nemmll U ens Gsmesi. DNA o mflumssiu 6o
RNA (ps6deanmed DNA GEm@iy oyribifléaasiuL eo
y&w DNA Ul gens BEmgHsd - (paibFeoeuid Ul yensd - CsTLFFSuimeg)
@emLBev ULens - QHTLIFAWMMS
RNA (1pssd sismmiul (B RNA (epmBuriluysélsfiGuimenyi (), DNA gl fanmGum
Bl sHefCurenyl B @emmsv Nyduiriu ed.
DImHBeI6iTen BusdefCureny Haalne @emL_ulsyieiem AL Qsuerl
DML HBLILIL6V.

yerraflGwriGaeiu wppw wasfCwrlGagfiw DNA deypoysedna
@ Bwiwjeiten @DEIMWEBEDHLD CouhEIENLDEEHLD

waRCwT (Haenw YCrraflGwm (hasemnd DNA NaiymiogsHelsr ey GuisdLSeis0
@l Demel GaelsBasamall uweauBSHS STLenLl uligensd DNA Gest
HHMENH  (GHmeveusL WF GaFuiud: DNA  QurelwBrasenemll  LWSTLGHSSIL
UeOLITSHHIFCFTHMBSH HTHBBIHMEN HLTHHID. DNA LTSI MIORHMeD DTSS!
MmeUbD QeNgeVid Helsbapiauonet GaTLflae, Werymiogseder GHTmmESSTeD
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‘@’ (‘Or’) smewuBw. GuUTHGFUwiu L DNA GLrGuryGamo@rdsimed

SenfoyndF GFuwiumn.  WEmwised  QFWeE(penm  (WaTQFMID MWD
@mLH0 Ul pmsmws Gatemi(h @6y alswrsBal BenL QumID. RNA (Lp&ev&6IT
Cammmelssiu’ Go OrHui®G Geunwuiu®Gn. el Ceausflleet DNA GelGasslammmed
SIMLHBLIL(BLD.
@FeFwepenpwreng GCuwBerlLioned @HHHHESCUTHID U  (LPSHEWILDTET
Gaumum(haseEpd omIG srelufhdsiper. WasHACWT Lreys@Gilu  BoepisHss
Havieiten  DNA  cpsvdbaamlenn LT upHflwrs  seoGITaInlaDlensn  aul L LDTes
DNA cipsvdbdamlen Uwsnen ol Wsapd GQuils. @senmed YGrmaflGuim (Haeit
aUpIWTS ‘@n’ @atennuw waHGWTLLTys@Giw Biniapssd @am Lso
‘@M @semenujd O@menigma@. uwafBwr(haafaisd yBrraflGuim Haaflaisib
DNA GQureiloBrasen QasTHDUTL 1960 @&&lHbhas GuTHIDd eummlest &L eniolilsn
eamedmbal gaim GoaumulLens. HErmaflGwm (haeilsd DNA  1Hemiolg 560
OzTLjFAwns meoL Gumid. wWasHGWm HEefled SHeveul LGHar S SleusHensuisd
WwLBL @5 mewL Gumiib.

DNA fyenwliLd DIFT (PHEBWIGHIeULPLD

usBaupiul L. @paTwen wHmID Ouendlsd  (pHdeufsenTed DNA &@ Gasd
ghuBHSUULTD. @semed DNA  @ent @rlenr  ellflurlyss@mensd
QuTEBSTOWMmW gHUbHE DNAGSTLFUTE BIFHaT WTHnsHIHNEG afleddbE@L.
@3 DNA UerymwopgHedled goUBHD HoumISeT HAFSUUTTULILY  H(HEHEHISH0 6
Gurg @seuaildasiuLTosd eIl UUBSTEID gouLeomd. @& el&TrD  erer
SmPHBLIUBLD. alaTTD @aim Sievevg alanymsais QHTEGLY SeGLOTEImMNES
Gahd almenalsiainasTddll YDMGHTenW  ghuUbBHSH0TD.  el&TIBEISeiT
GxrmmeusnLDLIeNUS Fal LOTDHD6VTD. QUEHLUTEIID Sieneu GBTe06VEFIgUIENOILITS
BmaH@EHID. Bevsvraligsd FTHHELMHM CHTHMAIMIDILGSm6TLToIg CHTHmIedd@LD.
yemtflsenend Gammmielld@n &HevmiEeiled alEBTIHRIGET GOULLTED, Siened SIBHHD
FhEHHBEHHGHE SLHSUIUL (G aFFmS6MNamnL B LoTmsOEmen goUBHSHID.
SisleuToTel  QUTHHSTm  gain gouGLCUTE GrlenL  elfluriiyFamefest
algalld 2 _HEFFmsauenLbg elBHWw. 2 _sryemions, UV adHjaiss oimaéaeier @)
swdet cpsvmidaien G umISL (Bl Weneuilisnu gfnuUbBHHal_sbaniQuig). S &6 e0
DNA cipsusanniel algalld 2 (hFFamsalamLub. 2 _(HFHmsHhs BH0sTLFluimed
UmulssiuBn DNA cpevsdmmiseaier @reni(h Uydsaied @am ois0srLflulsd
gouUlL BIyhay wrmowre aleTrsHmes STab. @ealeuTmral 2 _(hFHmsbhs
SIMOAILBIHET  QUPMDWTEE Heobder DNA  Fremwiyl GQurplpenmuimsd
@emIBTEILIUL(H, DK BIHSILTUSDG (Wweat Fyemwolyd GaFuiwiu’ HelHi.
@5 alsrtymssie Syl dAulemmed gOULGIQW S FeumuilenUs @6 @LD.
Smidseiar  NmpsHsHaEE DNA Frenwly s seudwwrasred  LsOGeaum)
SIEIFB6160 QuU(pHLsTeUTeT DNA Frenioliy GQirHwmisst &metliuHaleme.
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@bhs OmprHumssT Gsmupmm uligemsulsd o sien QUTHBSHTS QHTLFlaemen
Geaully oEnNNsH Hmpsswrer BuysdselGurenyl (hamerl F&Huilh Gauiuyw.
Qo HHe0 (BmsH) BusdelCua qeamlamsd GumaTetemiu®Gd.  Ffluimes
Ul emEenWll UgHsH&sLTal uwaubhid, Renl Geaued Arfui® GeuwuiiuLeoreg)
@ auenswTes DNAGQuTedoBrdlenTed GomGameteniiLBLd. &l HluysSafGuimenyl.
BMISH60 FTeWIOLIL (nucleotide excision repair) 6TaAILILHLD. DNA @edl@sed0 GumTerdGum
@merasmIl  Neneminileimed el Gauefllens  SemLHSH DNA UL IgenaHenWIL!
WIeILBSSID.

LUFDUMIWe@GSEHL ey OBTPHDHUBLD elHupd

yerraflwr Ga@ilw whprw wasflCwr Ga@GHiw urbuamywua@seier Seatenio
186010 =y 6w Gregor Mendel semev(pemmujflenio elldsenen  (pasieneushsELITS,
0] FhHHHGHF FhaHdH HLHBHIUBERD, CHTHD enolinfsd Geusfldsm LiuEd
Auwieoysem  eleleumm S HUUGSSUUGHSINSE 6aiumS alendsll  UFbUTSH
HTPNBET 61651 UBHHMSL UWSTUBGSHOTT. DSBTEVHHED @Hewmeu  HHLIENSI
SIVGHBONMTHED HovHSLLenIolIded Sisumnilest  iewwail b SiflLICILIL TIDEYILD
BoHBHH. @Em  ujbumrsGiw  Quends  woHmID  CBHTHDHUTL (HE G
SIVGHBOMTHL  LFIDUMTUWINGHE6T  SemLWTeniuGSSUUL (Heener. Henel B
(T HHEIBNMD HHNBHE DVHHBONTH DIMLOHHIG6N60.

@nbs  GeuelluBsHsiBevsar  GUlwealuiedlss LITLDLIEDTUISOE
olped, @BGsspUfley LHDL  BWOWGL | |\ 96 Quends
Wfleysefled  BmepToHemiseie  HLHBHEMU whmb GemApu ghEfw

SUSTHEHEIMIQUI  HOHBEMID  GTHILIDMIL T | suoiiismL DievE

SLTOUDTH6.  BDepTHHEIHeMNET  HLSHMBULD
GosoTL 66T LIFLDLIENT & &BITTemlam6illent (L &6m &SI
P55 Gosromsenens ST (Hdleimer. Wbl
BurL(Bhmefled BmepTeHsEIEaT G (HLOIQUILDTE
(T HBHEHHVEIGBNMeD  CFTQUITHS  HTeIlILHLD.
6TaT@a LIFLDLIBNTWIEFHBEHD dnl & CaFmguimsBeu

sTeuuB.  @rewih  QuDBmTiEefedmbai
Quoiu@LD 3185 LITLOLIENT U6 (FH H6M6TTH
Gl T eI ®(H Gamg M eLp(T &I 61T

SIenoUGCUTSS BIMELPT &S MmIb 61T 6T6aT

SIMPHBLILIHLD.

UTLDLIEDTUIE0E i, (EHLD.
BImew] SsGLomeisd
HNHHIUOTeT HTeTGLOTET60
SiemhEleen DNA

@et1 gl GLoTssTenm
UTDLIDTUIEOE 2 _6iTeL bl
wWmaGW0. BE RNA e
OaTLflemws GHUHE SIS

QuTEeuTHL

UBrmafGwm_H@®en @abeur(m H60HH6ID @ BIPTHHHMBEH ©HTEmIIQ([HEHEHLD.

61601B6u SiemeU @HLOQUIDTHS H(HSBLILIL 6VTID.

BepTssHHe0 @b UTbUmTWedls Denwallld STEID 6161 DieNPSHBLILIHLD.
GeusiiBeum BMeLPTHBBIBETED @HSH HTHIGHH60 SENLOHEHIETEN LIFLOLIDTUICE,H61T68

LI LDLIENIT U6V, & 61T 68T

14

IO 6UIgeULD

618 (I (&b 61T

6160 DIMLPSBLILIHLD.
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yGrmasfGWIT_(Baé@Eflw LITLDLIGDT LLI6V (& 61T

6UL_L_LDIT60T

DNA  ¢1p60&dn 6ot

HTamIGBes0 Heoldhsh DNAGH &HIGWILBIG6NTS SIeNLOHE (H @HLD.

@m 2 _ulfljgrwueis SToHsH6HTL(HebEGL L6
LgHeT  @mEGD. @aulsumm URQUILD @
UTDUDTUWETsY &L (BUUBSHSUIUGLD. ererGeu
®m GOILL  Gasrmmeusniolienud &L (L
UGBS HIUS 60 Li6v LITLDLI6N [T LLI6V (G & 61T
uBIBasm@w. wasRGwT (Haefed Guurbusny
WsV@GH&6T  Le»  BmelpTsHsmiserilsn Gui  uyibll
wWma@w. uyBrrafAGwT. (Haeaflsd  uFbUmY
WeVGHB61, @aimeaniar @am OsT@GHHenTs

@uuGrmer (Operon) :

LIJLDLIEN [ U160 (@ & 61601

FalLlD @M, B SHHS

T esTeaIfIIOG68T DIe0BTHS
(transcription unit) OsTLODHLIGSH60.
3IFH @ SLBUUTL(BL
drGzesmaub (@b
Geupubss, @m sTemng)
SLLMWISGW  UTLDLsD]Y

DIVGBMENLD BT RIS
@emeu @ MRNA o5
Jresteroalenyll LiswrenoTLiL(hLD.
usv @QUiHFL (FHen6TH

G WHSMSGLD.

BapisssHa @55 LJ6HI5HN  @UomIE
UGBSSIULQHEGLD. @ HeGsH S (HUUTL (HU
WrGsasdlamed BHOHTGHHE6T GaImTHBeu
QeueflLBHBILBLD; L) mRNA @60
gretedlenyll  UswewIUBLD.  @b&d mRNA
(PEVSHINMIBAT DNA LIQSHHHLI960 2_6T6N LITIDLNT 6 EHHEHHEHMU LIsOGaumu L
usLGULmSL (heenmas  GumiOuwissiup. yYrmaflGwm (heeflsd  Hsusurm)
REEISMSSIULL  UTLUDTWN@GHS QFTEGHHseT @UuuUBTTeiEaT (Operons) 616
SIMLPBBLIL(BLD.

YCrmafIGwiIm (haefsd Mimepjohsmiseian Simneihd DNA iRl BISEHD BTN
ur’ Bes@flweney (mMRNA o4& Jrele0dlenyll  LewisnilULSaniQuisnanl  De0605]
sl GUur_ (Bl OyCsamimentasd  QFwmuLsédmigwenal) W afGWTL (Haerisd
DNA @61 Qu(purs SemmisTeoilul L OHTIHe0E6T  SIMmene.  LFOLEDT
WISV (G B (EThEH SN Bl STemTlLBLD DieieummTest DNA G651 M6l LIFLOLIsH TV enL
DNA 61601 SImSHBIUBLD. DIGHSHIL 60 LUFIDLmTULIe0E@IeT 2 66  FrssierodleniyLl
EFuiwiu@Gl fev OBTLAEeT LeGUlmBL HEemTas GQoTOUIWITSHSILILLOTL L.
BTG  (GWEGSNBGW  (Coding) OFTLflEEHLD, GHUdHGNHSTH  (non
Coding) QsTLfléEno  ugwusnywevder  grsteAflummsd  smeILLHLD.
uFUmTWevdlameT 2 6Ten  (GHWHGNHETH CHTLfHem @eT@mmendeT (introns)
eienteyld  LLEUUMTL HBEhdHHS GHWHGNEGWw OsTLfleen  sabBaFmeimen
(exons) 6TeOIEYLD SIMPHBLILHLD. @H6uLy Frester0A L Teoig, 616 EFT65HM6MULD
AeCmrarsanenud Q&TenlgmHEB@GHWD. FrarevdA i’ @@ (psiT - mRNA S @GLD.
AFsd R@Cmrendet Geul pWISMMUIUL(H, 61ECFTaIHT @ememaalul (f mRNA
Bamrmmiessi(HLD.
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smevpenpuiflenwullst Bipepisss0sTeiTens

P a8
; "D@?Sﬁ UL uFeng Hmi
alggisei  (YYRR) * lalggimen (yym)
SBESHIfey .
B(HIBBLL 60
Ljeuorifla6it

DIMDSHHID DEHF6NT UL
aflggimen (RrYy)

seleILDHs CBTGUY il

L| oot ) B 61T F, srourmiseilen G &bl L 6D
. L ] 1 *l 2 1

2 m 7.14 Qe elen alfseflsar Bmepiss sigluam: @BaEsOIfalaiBurg sienolGUTESS
BoepTHSRIGATND LFDUTWGHSMNET 618(H(HBHBMET HLHMSD

2 7.14 BoepiHeaiseiled  SIMDHEHIGTEN  UJLUMTWeU@GHST,  Seumlest
61 (H(HBHNT sTaTLeuMMeIGHID o6t 6dledl UFIDLDTS HTTelseaiBId Bl 5Hend
HeflenL_Buiu|eTen FLOTHBSTHBETMMmUIE ST (KEamgl. LImiiyfleniod snHensuisd
Graflasliul L Fraimiser alehehTalsenTed daueldaiul (f, SeujHeied LIeTTs0
Henev(LpenmFlenioulest MmepTHHes QeTeaTemnsd SGUITS6NoTd ell(heHATHBLILL LS.
GostLeflesr  LFDLEDTS  HTJEMEHET  DIEV6VHI  LFLDLIDTUISOGSE6T  BIDeLpTHSHH!
Holflett HelldHHIOUOTeT HTRIE6TD DMOHHHBHGID. 6T8a BIMLPTHIHHIHEHLD
S LEMIOHBIGTET  LIFLDLNTUIEVGHBEHD  S(HLOQUIDTET SeVmIS6MNs0 GFTQUITSES
STETLILIHLD. Si@mSieusHmk [ @sv SmLUEOUTSHS  BIDeLpTSHSHmIH6N
SIPHBOTEIOTS  DHEBIUBUSTEO A& HAeUWSHH QBTG  SLGLD.
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(ie- TG LHDIWD FHMSHSFW BDATSHSES @b @UOEIG (PHDLILIY
suflenaliuBaHBLLHUSH V6. GLoaiI(LHE Sisusend | @ed HettellisHd OB TG LUNL HS
SmolCUTHS  Bpapisshsel  seflewwlubBssOu’ (B BipewysHsmisess
61600 BENS  DMTUTAWTSD (HMDEBUILUGBD. BFH HNOOUUBHBHIND ShGLD.
BoepTsHamisaiar  Saawss OsTGlY, SalamwluBhHHe  TaTLaIDHDT0
SAdUIOUTHATTS  BimepTHBmIS6sIeTen  UTIDLMTUIENGE6MeT 618 (HH S 60T
SmisiaGHms | Bev usBeaum GaJomemIGailed SHesleuishs GHTELLIEnL &l6smen.
Guaips ushend | Beomeynm Ueiet] eHHHBHT HllewoUuHHSUIUL(H,
BT, @@H LOIQUIDTET HEVBIGEN6TF FIomeT aldGTamyshded GHmmmieid@LD.
@emeu LLCauMI 61BN (H([HEF CoTLOTRIBISM oE Qs TamTIg(heGHLD. F| & 6T(LpMhSLOM LD 60T
seullshE 2 LuBsHu Ut Gsaisms sustailssiulL F, shahdlule
Gxmmmeusniolil eldlFEIEeT HBH WBWTUlHHe0 elpsold aN6MEBSIILIL GVTLD.

uybumIWe@ GeuafiiLm(

urbumrwWeaG — @&ml  QFwpuGLCuTg)
UFLDUEMTILIEOSTENSH  BUlsOlsemend &L (KL
UBSSHS@Imesr. @& urbUTWenE Geusflll

Gumflufluiedled LwWETLHSHSULGUS
Bumed gmenterodfilingeillsd Ly
LIGOITE0OT60  6TGHIENILD LIGLD LILLISDT

: LRl LD,
LGSHULGSRDSI eTove g UBESSILGHAGME. DNA Bet
urusnywevdlesr  GeusflluTLmendl,  @h ; ) )
i g R BusdafCurenyl f GsrLfluilsd
LIy LbLISDI ie0Elsd i EEEIJIJL'@G‘ITE‘IT BIe@ spbamensd (AGCT)
HBEULBENTeV, QHTODUT 19NGFlu LFLDUEDF SBULLL S®eusdssii RNA
W60 (& alemem QT [, ener 2 HeUTdSSL | @ BluysHefGwmenyL 6
uweTL(hHSLILHLD CewSIWmPWTGL. | Gariflulsd BrEiE aupHameTs

@ Uurbusnywevdlest FHM  ellenst QLT (6T
AIEEHOWITE @@ usUUILB S GLD.
@5 Gunmssore HfluseEnhE 2 LUl
Uesteol] @@ LJSHONE  OMMID.  6T6sNanid
U RNA  &@EmHLD  UFDUMTUWIEVEST  FHO)
alenemQUIT([henTH S5 QFmHDuUGHSeTment.

(AGCU) =216z @yamuwier
Gmflwrsl \iy#Huemientiu®LD.
apeamed T,U @etmev 1978ui i
uLed @@ GeumumLmELd.
usb@Quisnyl. Fmideiuiled 2_eften
SIOIBaTiflevd GBHTLFlujd
CrAWSTHAID UTDLIMTUI G

o _gnrenionsd  @enmBurBarups@Gii RNA
(rRNA) opmio @ ommmitd RNA (tRNA) eTeaLisot
Goygwrer QsmipurHoeemens  OCaeTesiL
SIEUUTMTE RNA (LpsVSFMIHET D (GHLD.

LJLDUED TV SET 6T6Ueumm) ERUIUL| Hen6Nd
s GUuBSSHIPmen  eteoill  LflFedldasiiul L
Gurg) (Archibald Garrod @UIOmBE 1902 B60
WpHeomaugl UfhHEHIMT  (LPesTensUsHBLILILL FHI)
Gamemeuwmenr  OBTHUBIGBmET  2_DHUSIH
Qi (wrwrmpulame  AmIGFushHed

1¥

aleveugkl mMRNA @levieiien

(e HOHTLflé(@ FLOTHSTLOTEHELD
STEILILI(HLD. S601Te0 SATEFTLLISHT
Qrf Gamul Lgl. BTG

TP SHFHHHEIMTE0  ST(LRSLILI L
GwmflaE 20 611pSHHIBEMT60
eipsILL L Gompl. @ seit
sryeonsGal GTeniL Taug)

ug GTHEUWTHSHe0 6160
DIEMLDHBLILIBLD.
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GoilenCunm  sSaumiseT  goubHoausa  elmenains sHmeowsnmufleno  Gumm
GrmuiseT egmuBL. e0sUGLTHULFWT (Alkaptonuria) eTesienild @F UTLDUHT GHTUl
Blemevemioulest GETWM&GM Die0&sIGLTeT (Alkapton) etesim Gy aTwssTLIGILIT(H 6T
SWBFUHIDG 2 LubBssemigul  GBETAWD OFHTGHSBHUULTMID  SEGLD.
Brmwreflsefed S1s0&ICL TaT FmK e STemliubB oL 68T DiHaT @l FBWDmSHHeTTe0
AnBT soiiy BIooTEGLD.

UTbUmTWev@ GeusfiUTL TS I, @@h UTDUmIWevEsd De060GH DNA  Hiewi
Gomeley CFllEasILl L HEaucddeT RNA Qariflwrsln (g ussiemiuGeugdlso
ayrblsdaimg. usGulmIl (B QsT@ilsd urbumywan@ GBrQuITasL
usLGUUTL LTS  WwTHDOUGHeaHedeme. Speimed DNA  @eveiten  Gauidlenu
usLEULIDTLIgevieTen QFUIRLTES SLSHUHsd UBIGUDMIEEMH. RNA cpevd
gamreigl DNA @ed(pba usLOUUMTL (HEEDnHGHS HHEULHM6NSH OHTLTUT(HLD
Qeudsralwnss CaTfpuGeausTsd, @& OGFudsTajld RNA (mRNA)  erer
SImpHBLILHLD. UsLGULDTL (hEefer CHTGUT0 2 LgHeT 2 6T6rTel.

16N EUULITELU 60T

1) greewdfllagesr (Transcription) - DNA  QGsmLfl @eim mRNA opei Ayd
LIGOOT600TLILIL_6V.

2) QTPOuWTHH0 - mRNA @evielien SHHeucvHmen  AHOCeITDIO6VEIS6M 60
QFHTLH QMm@ LOTHMIHEV.

grestendflliags  U&ynoysHems @H5HH.  ghaaisd DNA ulgens @eimi
Briydeam mRNA ulgensamws CaTomels@®ld @ URsSSHLTHS GCsTHn
u®w. greren&fliangalaeiten GeumumLmeng @@ DNA ulgens wl (Ko Lys)
Ouiwiu@Geugiien, Urdl @ RNA pevdammis SHUUSID SL@GWD. UOLUTSHHIF
Gajamaam 2aéHG FsTer GnTdud RNA GureiinBre op@b. @bsd RNA
Se1g  urbushywendley  CFildsiul (Heten QFuidenus UsOOUOmTL.  Frdlel
QFHTGHESIUGLD BLHBHIEGHE SLHHIOUBTED Big MRNA S GLD.

mRNA @svjeiten QFuld sfGeamaidlevmiseiler GQHTL @ GmPGuwlsasiuiD.
BFLFweTpennWTaIgl, mFNCHTOFTs0N60 (cytosol) @mewilILBElein SHenmGur
GambmEnLET Fal LTs GmGaTaTemiuBLD.

mRNA  &@ CGuweodsons, Gameusnswimest RNA seEpb  OBTHWmISEBHLD
usGULIDTL (hd OaTEllsd FHuBdemen. YBrTaRGwIm (haefaid uysfGwim (H
&offlguid  usLOuUemyL OaTEuUyF GFweiupenpuler oigluenLl  Qurplpenm
RHBFH. Fev (padwiomen CamurHEen DiFed STeTlLBHLD.

18

© 2020 G5 Fw sevelll Blmicuerid. 9jeneTs S 2 flenD&EHID LIMSI&M&H&SLLIL Lene6.

© 2020 CaHWw Hevel BlMicueTD. 2eenTs & 2 [flemDSEHLID LIMSIS TS SLLIL L6m6.



© 2020 &AW sevell BlmicuaTd. 2iemears S 2 [flenn&EhID LIMS &M S UL Lene.

Upiyflenod uflurenL

grestevdflliegailed URSHHH QT  @euGleuTH  FTWRSHHID S@ILET  QUTHHS
BmaHe 61195HTH mMRNA @0 ydusmismiiiuGo. mRNA Syaigl, LgsHsaL19mE
BriydSmsTs muld aaiumss sealalss. aaiBal @& wwmemmul DNA
ulyemauier g@m Urdurs siemwoujn. @& GeusfliiuenL wrer, Chmad Cnymest
rduemiemieordds STswilUuBAaimgl. wmUow B sdefdsileogHer  Gomd
BTl  61(pSEHIEmenud (B sdeflCurengl hset) yrsdder GQomsl 20
(W HEHIBMEMULD (AOCTT BIbeVmIE6T) BT [HEHB@GHID. EUGCIEUT(H EUEMEHUITET
BPusdefCurenyl Baepw  ofiBarouieowrs  GTHEUWTHSILIL 9 HIL6T
SIEIG Bre@ OCamaIfevmssT W BHEW e GNSSUULYHBGLW. eenGe
am Saroifvdmsd  Gues@GHuugnE — BusdafCumenyl (Haefet
Bajwmend @aim Csmeuliu®G. BluysslefGurenyl (haefsr cweaimer G&m@aHumsd
SIOCaTsidlevmBeT (G GNoHsIUBE oD  eteil  UFGFTHENEIBETT 60
Beplldsiul Herengl.  YIsHOsT@Glureng,  cpaipest  QsT@d  @etenm
SlumLwmesd OamemiLgl. earGst Uniyflenwliufluren,  seiugl  LPSTM6T
Gam@dAl uflurenL ESIDTEGWL. APSIODWSHHIF GCFTLMILD DLV  (LPETTNET
CaT@Hemws SHBILBUTHI, DEIG 4° =64 FTSHWEIHT 2 _sil6nen. (LOOTONIYHHIF
OeFTm®en 16060 (weiipen CBTGHHBeT @epen LT @einTd suTHHBULBLD.
SIGFILET  @ensu  COCUTHBHITHmEI. MEHHF OCFTDSEHL P
(pHBIHBMeNS QBT sneuITHOMe0  CFTMEHmeT  6T606M6VLILIHSHHIUHNE)
@enL_Geuall  Chpemeuuisvenev. UFOUMTWENE  @eimsylersn  GmHOUTHHSTH
apaOnIpSHIS OCaTani  QFmevedsd Gaulldaiul Heren WpiyflenwiuflurenL,
Briyderm mRNA @ed cpaGnuwssis Csremi, Gunlurmbsts GFTeosorsL
Wy duemiessiuBasingl. @Gy GrbyHae0 (e SHaIHBmenD euTHsal, @eubeur m
(et OM IS HIBEHHGHU QUTHSHWTE OCOTDIIVHMS EDNRIGBTEMIEY LPEVLD
a5 GuTPOuWTsEHILUGHEIDE. (2@ 7.16) mRNA et BluysHefCuirenyl H
cpeumIBaTet cpaimst GHTGHHCWT lsvevg SIOGaTSIO60 2 (hHaUTdHE®ESHHMET 6
GEGNSHH0 BCaTELTGeT lsvevg (PigaCUMID mFendBuim CaTGLTe 6168
SimpdsLUfBLD. eretBeau ipiyflenoll uflurenLuled 64 GaETELTSIH6T 2 _6iTement.

64 @60 61 cpsiimest QBTG B6IT, 20 SIOCETIIVEIBEDDHHE (&H(PHSGMHGLD.
gemeiwl  epenimid  GomPCuwriiear “Fnsscn” FmeTs VG (LPIQa]
Gupid” GarBLreisenmall (UAA, UAG, UGA) uweaiu®Bssiumd. AUG GamGLmest
GudCwnsnanenwid (Met) G(EGHNSHSH “OFHTLEHs CarTBLTaTE” GFwmul (b,
mRNA @1 GQuomfouwjisnu B&CasTCLTaled S ILIIIUsN@GL UYTSHeandHd
OaT@asGHL PUBATHOSTHHEHF MFmBMU UPEIGLD. 6160186 DMETHHIL
UrSmiseTangid (pHevmaud HOCaTibeod GQHGUITEmINT DL @GHLD. Bf6T60
GumfEuwiinisr @miFuilsd OBTHWFOFwLHUT YT epsold  GLodGuim sneutest
SIBOOUULTD. 2 (H 7.16 Simensgid CarLraissnemuyd (64) Siensu 6bHS
0BT O0HMmS  UMBGHNHEDDE  cTUMBUD ST (HADIDH. @HIDH S
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GuoulL GarBLremenmed Flov UGBTIV BIHET (& (LHHGMBBLIL(HEUMS
@VGHOUTH DUBHTENDBDHD FnlQUIHTHELETETH].
UFlbUsTWeNE 2
DNA ¢1psusgnm) DD
e - /
P, 1 = Vad

DNA utl igemaii 3' 7 ISt
LI 558([B _

ErmEG—
l er— - -

e

SIOGeTT Ol60LD

o2 ® 7.15 dmiyflemols uflurenL wimengl cpsimes GFTEGHE CaTGLTISmeTI  LIWTUFHSHIS
mRNA&@GU  UrdHussiewiin (f, usdGulsnyl gridedullaysien  oilGsmsidsuors
QuomPlOuwTassIuBGE@TmEI.

QFuHwreaenms HmHHIONE UTHILSDGHS COBTLHHELIL 6T @iy, (piga)GLmid
yeitell @evim) eTeLeUDMIL 631 sT(pSHHiHeest Fflwmest GemLflujd GevmismeminL
Gouswi(plo. @ eurTHyF FLLSWD (reading frame) 61601 SMWPSBULBLD. UTSHHMBHS
Oar@aew BubArsbasm@gdurag CunluTmHBHSTS augsusmwolled 2 siten
epasimest OHTGHHmWw esnie @amTe ecurdliugi e suTdllienu ge0eSuiomest
Blemeouled QFHTLmIS (PRHGL. DMAEHHF CFTDHEHD  APSTODIPHHIS
CaremiLeneauwiTgeomsd  CFmnsEnsdan G @l Gsusilsst  BxHeneuwinmens.
aurdlureng), Seoummenn @ Qomsimled  oLrollssTed  (HMeID  SHeummest
QEFUISGWTEIN euTdldsliul(h, Heummst Lsd@QuUisnTl @eim Q& @saliul (Hel(HLb.
surfysF FlLasHed @ 6WwHH alBULLTBT Ssvevg Cagaésiu Lr@som
soupren  GaFuid  oswyetefluledmbs  aurdessiu’ G Heummer  LsOGIULDIL
20
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Oar@asium. wryfFurssd GCaud sundlunengl, eIGuUTgID GSLIOBHS
AU6VLDTE  BISHLOW|LD.

Umiyfenwots uflurenuler GeaGenmm sHeurgfwionen SIDFD DG GUTHEND
SLGLD. DIFHTeUF|, FNSHSHMLP 6160607 DBIEBEHEL @& pliyfleniol ufluTenL enuid
Oamemnymobdainer. peILy b @aMeBEHSH @ UTDUMTULISG
HllenWTHEUULH, ASDIL6T QHTLIYMLW isvevdl LsTLIunm BGsubmmm
omdsHE @manssludGCurg 9i6s Urssma OCaueliliubsHs Geusmi(Hio.
@esueur@m uppiflwrelenmed wealld Aengiedsr 2 HuSHHWTESBILHESIDEI. B6d1a 6016
yrssdmnsrer eurdflyF FULsoneig welser, upPflurs s GremnnigsvGo
FlLau’Lwrs 2916z (pempulBsuBuw GurPeuwfssiubGaaing. Weanlleiysds
@l  LUTbUmIWe@ Lansulensvd STeugblomeimmsd Geaueflliu@G HSIuL eomiD.
@zeme0 Hreurd @efsnw Geuafeal(BLD.

SIWILTD 61(pHSI

UUU Y pre | UCU U
wue 1P | nee Jors | &
““"‘}m UCA Stop; A
VUG UCG T |G
cwy |ccul  leau couU U
cucl . fecct, . cacHs [coc ag |

2 Cua [0 | CCA m}m CGA AlB

5 Wcus) [cco) [cac C66 GE

2 Blawy |acu ALY AGU U e

2 IRlAvc tne [acc | ae JAen |28 Jse | B

S [Mlava] |aca AAA Y1y |AGA Al L
AUG Mot [ACG]  |AAG AGG G
Gw) |cou] oA GGU u
cuc | . lacc| o Cac JAsp | GE8 c
GuA [ | GeA 4% |amy ,, |GGA A
6uG) |ece) |cas csc) |6

2 7.16 m RNA &&men CamCGLmer il L eusmen
QurelQuimIL(Bs TGSyl Qurpwenp
I pratervdifllagen (Transcription)
@3 DNA o0 @QuissluBGderm RNA Gsm@ly Su@b. apem ugseisd @g)
WisSAwmssiu@L.
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1) GaTLBSBD : Huawilg 601 JMWHSLIUBLD @6 HolbaeuwTe S &0
grenevdflliagsr QFweiwenn OCHTLSHmeusbsULBLD. HITWIYH HTOID, @6
gretevdfllieges QFBTLEH5HS STaiHmsun UGy BlusdefBuimenyl (b
HEmeMLLD 2 _eiTenLbEwigl. rlenL LUl gens Gsmemi DNA @6 @b UL Igens
wlGw  gratevdfllagaibaTar  UYSHHELTES CHTIHDUBL. UYSHSHSL (HLI
ulyenad WL (G RNA QureiwBras enemsaliuLense0 erefHTa@Gd Ffluimest
Hems@arl_ (e Gojomamaulsd Hrewigs GaTLflenws Gsmenng@miuGs
@sm&Ten SIFT@GD. RNA uourssFCaisamaullst rHUBGD GnTHund
RNA Qumedio@ra ou@w. gflwurer HamaCam G Gajsmauisy o een
Frewigsh FHTasHHsd @b CETHwLD Gemewn. RNA Qurediw@rs: @yewi(h
DNA uleasefaigid HHETHMNS (HMVSHIH OCBTLHHSH HTanHHs0
grenevdflliagemen oprwlsHg meub@Gn. RNA QuredliwCrdlar @m aam
OxsasBasdler OGFunuri el ds OarewiLgl. @semed DNA OselsGsa
gretervdfllangellsd LBIGE0CHTeTaUSH60m6V.

2) Bemed : RNA Quredio@ra Girélwumisst, DNA LpsssL 19n@& e1dimes Biriyalsim
enpBurBlysdefCunengl (haenensd BFiss oLJllE@Hw. RNA QuredioBya,
gretevdfliliegessr (e UMD STAIGMS SenLWeueny 5 @edmbal 3
Hemguled BluysdefCureny Gaemens OCsTLjFflunss GCxjs@w. RNA
Guredio@ra (WeiGemad BaHWEUTEH DNA Ul yensseils S(HeT (&mevhs
DNA ugssa®h Geusfldasml Liu@Gw. @& eopGurmluydsaleflGuimenyl (HL et
Gampwimauensd Si@ILHBGW. LoMI(peeTuiaisTen  @Tewi(h L I1QendHBEHLO
enFHmHemevenL Wb (2_m 7.17).

RNA Gureiiogy,,

DNA @6t
LO6IT & Gi(TR61T60

,_‘Gurmﬂm(sgai B&J6]
_ DNA &(h6lT  (&Hemeuge0

P salefGumenyl. RNA &6
3 apemeniuflsd BFFaHsLILL 6D

RNA -DNA @ensssuligln yGsa1d

o @ 7.17 yflaras Carhmedssiul L RNA Ard mensd oienLgsd

3) waGuped : yGrmafGwm (haeilsd DNA @en (peGumid CHTLflenuwid
&LHS et B LusoUTHHFCFTHme QFHTL (Ho. RNA Qumredio@ra Gimduid
siEam alBougiLer Jraredfllags (WyasGHd C@Tam(h suyludLD.
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apieOumedsst  eiteny, W HACWT. Kseflsd uHBTEs CHTGHSILLL (LT
mRNA ripsvddmmiser RNA GFwei(peanmwTsssEnd o LuGd. (wphHibs RNA
s(mHellelmbaH GeusGuimiD.

11 GuomPGUWIT S 360

mRNA, emenCprEsmsieney SimLbsayrer  Cumhuwiiysd  QFwewpsnm
SLTOISSUUGID. MRNA @60 cpaiment QHT@GHHS CarBLrsaisefsr GOxmLfluns
sTpsiul (hemen Gauid @emmCurBamibseflenited surTdlasiu(GL. @& @LTHILD
RNA (tRNA)@e1 2 selujLen  usoQuisnyligevsien  lGsmoifleosisemest
OsrLflurs  GQomPGCuwrssiufmGld. @m tRNA opaid enanBmraTsoadasien
Ourgis anlyweldmba Filwrer SuOBaIToIdsvD @MY G 6n6nisdid0HTami(h
Sens @eopBurnBsrpsmas  Osmenl  QFsosid. GeopGurBamiomeg
GQuienyl Uenewilienu opéd  ueLGuUimIL  FrIdledluile susm(HLD  (LpemenTuisD
SIOCeT B1OvHmBF BFFH@GW. GmPACUWITITed EpoHduioTer UBIGHSTTT
tRNA &6 &LD.

SOAMUUTET  tRNA (lpevHdam @IMILET DS @h(weneruled  SmFmiimest
20T oIdevD @M  BenemBHIOBTETEHID. DiFH SHADUUTE DN LD
eame  BusdlefCureny Baefller cpeimeal  OHTHS @eIenDUD  STAYLD.
@5 mRNA @eveiien CarBGLTaI®EnSE BIUUSHaimsTasd  smeuliu(biD.
@&BasTLmaIBsT (RNA &Ta|dlsin fCamonfeomismend (& WadGMLLeme
GD. @B apamer TGS affsCasrGLmer  aeruiGld. @&  mRNA
@svieiten CaTGLTIHEHLET (Lpe0FGFTIQUITHSE6HE 2 6TenT@EHW (2_57.18). tRNA
CPEVBFMTEIS], coaimenl QHTHAS CoTBLTaIH@H0D DHHTL 6UNSHDGBBILHLD
SOCTO0HHIHGWMLBW  BemFourhd  cpevdbaamTas  (adapter molecule)
@eveurm GomPGuwiFinisnes GmG&TeiELD.

3'

g SIOGamToNdlevll Luud

(R
BT ECHTEL e

2 @ 7.18 @Benmouy @ewevd U Lenwolenuds ST (Ho tRNA et @sufliiomeser omgif
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@epCurGsmblal s Lenoliy

P grend (GuiflenLsd - tRNA

GeusfBumib &ImBISILTNS
Uenemiujd eoiid)

A gmemd (oGt gemasd
tRNA dememiujd sresibd)

E gremnb (GeusfGuim
SHTEILD)

Guilw 2 usEuE

mRNA ememiu|b

R Al 2 _using

2 ® 7.19 @empGurBsmifen s Lsnioliy

GumfeuwiiysF GFweiwpaD
@z 3 useiled BlenmGeummULIHLD.

1) OGaTLésw : OaTLsssHs (Wanuguilsd @ennBurBamife fAflu 2 LsieuG
mRNA 2 Lenib  (waeomeug  siblGeimondsoworen  GohGuimensienens
sToyb QLSS tRNA 2 Lapd @ewewruyn. Uetery  @emmGumr@amible
@remi(h 2 USVGHEBHD Bmewihs  CETPDUTLH  Re»pGurBsTenios
Cxmmmiels@d. mRNA, GOGasmi&ésdl tRNA  asiusumenmd  GQEmesi
@empBurBard 2 usGseia Hobsed QTMPHCUWITIYS OCFHTLHHF
Flobsev stenn SiemHBILBL (2@ 7.20). AUG OarLsss GarBLmenmengs)
Gufw 2 usodler P sradai el auflnaiubGHSUIuBL  aleny mRNA
BamHL. sipe ey Oarsdl tRNA @Qenr  eidhljaBasmCGLmer  AUG
CaTLsss GCarCLTa a1 marga  Leneuliyssnsn goUBSHSEID. @5
GmACuUWITIYSETET CBHTLHBHHE MHFMHBENU  CULPBIGLD.
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Guiflw @empBurGamid
ITIENE

Gz _sss GarGLmen

Folw @empBurBamibd
2 LoieE QmACUWITIYS OFTLGHF FHHe0

2 m 7.20 QurPOuwiiys CsTLG6F Hemedar 2 (HeurdbslD

Bemed : @liguilsd, odBeumiflevmissT GUUEHTL LNeN6ESILILIHEMTED 6USTT(HLD
ueoGuienyl smdleduist C - wenewsHNGHF CaFsaluEGL. @ PaTmet
OFTEHHE CHTBLTaIEHNMTED SLemILL(H, aimel L8 @aImTE henl GUDILD.
Hemed (Ml LREHeneNd QBTeuiL  FHEIWD  (psvld L JSHSHeFwiuGLD.
GarLssn  uguist @miFuflsd P smend tRNA maé  Qamenigpliugil 65t
QuHCwnemame et BDemeubHOHBGHWD. A Fmeid  GeumenowiTs
@mUugILen SwnCasTCLTaIL 6T suflengwimédsiul BLOha@GLW. STl Teugs
tRNA openg Qurphd @mosdlam OCaTIN0SHILBT A STI5HHIHSHE
Qamewi(h  eupliul(h, omEG CarBLremeng — afloHCHTEL T 65T
QumEpbsF CFWlUGL. FEBTHHST BhHEH WPHeomeugk ulg, CasT@Lmes
SiemLWmenluhahaHiend (codon recognition) SL@&LWD. @JewiLmeugdl Uiguims, P
BHT6BISHBH6VI6TT6N a6t (HLD LsOGOLLIenTL Fhidlelules STOUTL enFed al L HHMEGLD
A srengdevieien SOCaTDIOvHHGT DAMOCHIT dFal LsHDGHI Benl G
Quiuengl Wemewily @eim GCasmomiessiubld. BHSTHELTEIH @6
IRNA o160 oas@alésslu®Gd.  (peinTeaugdl  UQuimeidl, mMRNA G
Qameni(h GFsvsveom@GHD. MRNA opeig CarGLrallelmbg CarGLTand@
R HmgaufCw meEmD. BFCFwa(pempuilsst Gurgk A HTerhHlsvieTen
suen(Ho LsGUleNTL. FrdauLer tRNA P srendhens Cnrésd ma@mid. P
sresHs0 alBelssiulL (RNA, 2165 Crrsdsd E sreaisms Ghrod
B&MW. E sreansHelmba g wanGmrarsoss@ alhalsaluio.
A smendb @UGurE BsHS CaTCLTEILe  euflemaiubBhsiul HalHL.
Aaamed @FFEarF QFwarwennwunaidl CHTLIS FmQuUBHTE E([HHE@GHLID.
Bemm QFwel(penmeEETe FohHldh CxHenas@d GTP uwauBGSHSUUGL. (2 (F
7.21)
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Mmigseo CarGLmsir (UAG, UAA
swveng UGA (Gurmssioren
SIHGswm oflsvd, tRNA oimmas))
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AT O SO IR [0
P e g BN UsGULIEDL st

| | SHAGET A 55015
\‘- i {

SIBHHS OCeITeIemFo0
tRNA &@&Hd SWMFmen

@enmBur@amb /

/7
J

/)
/ 2. Quuisnyl  enswrlidesr
. i
L D (HEUTHSHBLD

2 @ 7.21 QumHOuwiinisd merm uguilsd FEBTOTE BHHLGUIID (LPEIM LIGH6IT

‘\\\\'\ i ﬁ
&

3. GaTemiHOFm -

3) wpaGupsd : MRNA ®BaIHEH O&TaYHBGLOUTH A FTarshdlevieren

pmsHe0 CarBLremmenn UAG, UAA, UGA Guneim gsHmeud @eimil 68t

@migduiled sauflenaiu®GaHsiuBo. Beneu 6bHGUTH SHLOGCHITIIOEVSHMSBUILD

GasGMiudeoemen. eaBeu A  sTenHHmnG ehBHOeuTEH RNA 2 10

aIRHaUSevemev. @& yreiubhssiul L usGulisnyl srdelmw eanGmm

Gareoelanis elBeals@w. @mmBurBampd Wawnseaysiten GLomAGUWITiILES
gl (B0 fBg elHw. (2@ 7.22)
FWITden

- (RNA ; Fmgeor

i LsOGILIEnTL
\

L a1

“

2 @® 7.22 yrssban@iy pye|eLmesd
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usv@enpCurGamibaeit / QUITEIBFTLDS6IT

mRNA Gurdweney &ryb BHIHS Vet @uewiimaug BempCurBsmd DiHaiL 6o
@ememibg  Gamemen(piguid. mRNA @& BansHDCsOU  gHBTVHHD L6V
@emmCUTBFTIOH6T @enemIbSLILL(LPIQUD. BiGHeTTe0 2 ulFiurs Gomfeuuwys @
mRNA®eT, Supmlsst  FmFedujLen usv  @RemmBuITCFTOHEMEN  GeMESHSHIL
uso@emmBuUTBaTbBemen  Sisvevgd GurelBamibsemensg GCxmTmmels@GHw. iene
gaaTeuhHed Lsw @emmBurBamibsefss GLmMAGUWITIYGEG @ RICSTHUILST60
QumAQuwiIFiy eisw QuTEIGFTIDET 2 (HuTHSILGHMBTEO DB S EGHLID.

0.25 um

- graevdfiiagelst  RNA QuiredoGys
DNA P "

fv 3 ——-_“
J ‘pusﬁ@mm(%urr(%&rrm
‘ :
1 \ &
@mmGurBsmid b

us0GUIEnTL L

mRNA
2 ®m 7.23 yCrrafCum Gaeilu omdular u@empBur@ambssi - mRNA, DNA 2 e
Benenihg Hlensoulsd QBTLIHFID 6UsT(HFHED

yramiseaier el

ydanes OGam@dsiulL usdGulisnylLmsig, usvGuiemyl (Haeler PpHevmet
sLLemIUTGL. @& yrssmal  Cursaim  Qambour’ (@ lugeosv.
usLQUUIEDTLL Tengl, olILenLbHEH (Si0@ 2 @il urfssalb) v Flowmseied
GmIEuWIFiYSEGL LA ev1601M 601 LD MBI (6ThESFHLD 2 LUl (s HLOF|
CamPnuT @& iw augsughamal CQuDNISHESTETETHLD.

GO L uedGuismy. Baer  Ssupmler  GamPADUT YHEHS CHmeuwTeaimns
el Guevdsiomen 6w BISeneNSH QBTEwIYHBGHW. 2 GTyeuions, SidGemm
Siflevmiseilsn @GmiSw FemwiLd germ @GMIuTLL usGuismyL (haeaflsd smemiul (b,
gldemepl QuuenglLnsgs OGasmhpuimd. Fldemepl GQuisnFlLTeng  Led
Quueny hamend seudder GOUIL mwal HNG VNG SFTHHF
Gauwisugn@ eufsT (Ho. @a UTsmibeiear &L gGaHe0 (protein trafficking) eTeaLILIHLD.
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ueLQUUEDTLLTEIE BT BLSHSHHG 6ubs Ueienny Ouienyl  Fridsdlules
Guevdlas Hiewih CaemeuluBeoudlevensy. &G QBTHWESGTNDT  (PEIID DIFI
SiaHOUIUL (HelLs0mLd.
GmAeuwFiys@L Werenmer SAflysenmetene @GN L SIOGe1TDiLblevmISener
QeusvevmEen  (HemendsCaTUYTSEIG6T), el HEer (@eIIBuTYTHEmISH6NT),
QurenCGummiss sl Lmiser (GureusnyGromoiul’ L YrsmseTt) womwn  Geum)
BFjHmBHT sTaLUMMIL 65T SenauililgbTed fHUBSHSLILBLD @yeTwens Siflysemen
2 _een_&dwgl. (WpsHeoreug fBamaondsowrssr  GuHCuwrenssien  QBTHULIS
HTHBHHONT6Y BHOUULEVTD. OBTdHwmsst oLTwul ueLGUUImTL (HHN6TULD
gL  @rewi(p oievevgdl @remi(haeg  CopulL FewiBsenns Geulig,
Gaumu' L. GFyonenmisemnsT  @emewiliugeat  cpeold  QHTPHUTEBU  YTHHendd
BxTHmIaNSHE0TD. 2 STTewIoTSd BaTHe0 YIS @0h Hasldhsh LsOGUImTL LTSS
Camppelssiul (B, mLWUSHETH @EIn  SHAEOHDOUBGESDETE  Byeni(h
@Lmsafled Geul Liupn. Gaminurl (hegflwu @eaalmers Garmmelliusng
geneiw @rewi(h usLGUUmTL(hF FmdSelHEnD @EINTE &enensslLBLD.
yramseiar Cayays@fiu upuipssd :
KM  SvgHevenen  UrsGomeier  seneunendl, OaT@UY  einsdlenTapid
uguiméds  eissHamald  STomeldasiuBd.  Yrskiselar  Caxiyed@ilw
uQUIDSSITaI%H HVSESTODUTHH6T @IOEISTHEHILL 60 DGHWLITeuFWIome
@@ GQurilapenmpwim@d. GO L UTHmIG6T SHalsaanmet F1ldbemneha 6Thd @5
Hlevmiseoral  uguipssiuhGdamer.  uGulsmyl  OsT@GINsd  goulL
HAUMIBET  DIe06VGH LML aIHD gmULL  HaUMIE6T STIOIOTS  gHLHLD
GabdHwren alenenesenend SITILUSNSTHS SeUDTel 6060  CFHUPOM
UrsmiseT @emmsreuiul(h allsnyaurasl uguindssiubdaimer. Fev UTSHmibsT,
2 _STJEUIONS QUPRISTHGID LTsmbsT Seumner Gamdlsd wpommiGumme L 631
alemyeurall uinssiuLed Geusti(hld. &L LN LJHEEsT Gh[HmISTeID
QFTLIHSH SHTILILL60TLD.

eIlBTTEIS 6T
SuumLuled smdSGwredar  CaTpmeusnoliy DNA @e0  &enehAwliuBs
sUUL_Bemen urgouflwg Hoealcoseilsy Huiduleisngl. seupen Gmid Geuafiur,
N ) urguflund, @pede  allenemeymsl  elaTLsUMNMISHlenL ullevmest
AmLSHOSTLTYSM6T allensmeurs SienLouLD.

DNA @60 gmuUBLL WTIHDESHT, @b BUSMSF | aflamyibd
Caihs selumissia Gueoyseiled GOIUILL | sm@Cursies a5Gmmdsd
IDPEIGmeTe: — Coramih  saugeomd. @& (o ein  BuysdefGumanyL
SmHsEnHBmLBW  BCHTHmeusHIOIL LOTMENEL GzrLflulsd gmHu@B WrHmLD
JOUBGSHSID. BIHSIONS GOUBLD SLOTHDEISET
SBTIRIBET 61601 DAMLPHBLILIBLD.
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gajiilsd elasnysHer (padHudSiauD

m Basmss CFjhe SalwasaieanL Bu srauiubGL TIPSRt LPemISH6
alleryrisel QL@GW. alsTyn @aisr  elenenauTengl, HHBBEeOWTEIBHTHE6u,
paimwweiusTeBeur  oevevg CapalmenaliusraBeur  SIENLOWGTLD.
Cxs(BaH(HLD el RIS 6T QBTE06VEH Fnlg W HTEHGeum SIVEVF OIF VTN
Gaxmmmeusniolieny alLd (GHmmbHenalsd FTHEBLOTMSTHEUT H([HBHHEVMD. @
elsmroneig  QHMADUTOLTaEINST  Wwhmrer GSplmud dal  goUHSHSHEOTID.
sifismen FhaIlukIGeilsd LsLGUlImTL el QaTDUTH @b elsTyddlenTso
GUBHSHSUIUL VM. @enel HTDOWETNGH@GWD lSTTHRISETTGHLW. WPHOILPLSTEHLI
yHw  Qasmfnurhsst &al  elsrymisaianmed GHTEIMEVTID. 9 _GTT60IDTES,
@R BSPUUMLEGHS Hatisseunme Qprdud GeauGmrm SplusmLullsr W
CruPUBUIBDGH DB HelbSHeUDTEIE alaTrHdHenmed WTHOOILL (Bl 6riD.
alsrrsHemed  gnuBL elenene] &@m uySwu 2 ulflgeTuas STHHHMB
o GHalbss Falgll SEmaull GUMID. HesTenowlafd@GHD aNETIBIG6T DIEIH 66
FgaJiisd umsefiyF GaFuIwieomLd.

ellasrymiseflar euanssel

Uoiyflenwoll  usTiSEEIGeTs0  goUBID  OTMHOEIGETET D166 6HH6MIDILI
elsTymseiled @rewi(y LIJSHTHIDTET  UMBHET 2 _6iT6Ned.  LFIDLISHTUISE,
gamsveter B sHafCurenyl Baeflar GasTLfluled gouml vl Slea|
WTHDEEST — DVevG  BIDWISsHHNT  SLLOWLUY VS  BDWTHs
slemlenibend  eleUeumisd gouBL Guflu SieTey LOTHMEIGET  6165TLIGSTEUT G LD.
@emeu (pemmBW UTDUMTWEVE GTImIG6T, BnpTHsl DDFHH6T e060H
BmepTHs aleTIhEIGeT s6eTlIL(HLD.

UFDUENTWeVE el EIS6r

urbumTwev@  eeiiflenn DNA  BlusdaflCGurentt (hs  GasTLFulBsomuhid
MIhSTLOTe  OTOHOERIGET  UFDUTWLe@E oll&TIBIS6T  6lal  DlenlpoHsLILHLD.
DNA Ueiymwggseder Gurgd goulL Siflsrer SHeaumsenmsd @Bbs lsTJmEISH6H
gOUBHBIULEMD. @Henel  SHolFms elSTIEIGET 6601  DeWIPHBLILHLD.
Guad, v YpEsTramissl i 2 _WTaisHHed alsTImEmeT  goHUBHHIHID.
@AsETraE6T elETImIGmend GCHTHmIOIILSTED Bened IETTOTHEHET 6T60
SlenpdhaLUBLD.  elleTroredds srrawilseal Sramus  Seoend Cuendeds
STTONBENTSE  aIenESILBSHSUUL60TD. alSTTTHEN Quendlad BTy emsEnaH
o _Fryewiond X SHTH6T, UV SHTH6T 6T6ILIET SEHLDU|LD.

sevGomeimley DNA HsiymiogaisnL wbGurg), elsryorsds srreniser DNA

@1 BHlusHafCurengl.  GsTLlulsd THMEHHSI  YGHsHd, elsTrmisamnen

gouBHHeuTD. alsrymset YOmICHTWOTDLYSGIW  gHeuTEaD  SIenuLD.

sTenBeu elamyonadlset YnmICHTwTsSssr, LHmICHTWTSEESH6T alETomdbdsei
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SGWD. @bs @raTweil QUT[R6THEHD SHTIFHBEHD ST HeU6TSHSHIL 65T
enSBWTeTLIUL 60 Geusuui(HL.

LUTUMTWeG alsTIEISeaTar cuensH6il
RN SieVeVG @M@ CupulL BusdeflCurenyl (Haeflear Gamgsen oL (KO
FHUBL FAlw Sieey ellsTymissT @emeallT@w. @@ Gamg W (B WTHHUILL L T60
@emeu Leierll alBMImBIGET 61601 SINPSBLILIHD. LFOUHTULICVE B TIEIS6M60
CLPETH)] CUEMBHET D_61T6N6N. BI60)6UWITEUET;

1. @m sa155 BusdaiBurenyl Gamguist IrHuih - @m BluysdlefGuimenyl.
Camgenwl GeTGITEIMTE LOTMHMIHED.

2. plysdeCurenyl. Camygseile LGHHHoH6m - @M D60evg Guomul L
Bl sdHlefCunenyl. GFmgsmel GFJoHaLILL6D.

3. PuwsdefCGureny GCamgseflent BoHdeO®maT : @M Slevevgd Gl L
By sdefCurenyl.  Gamysel SISHMMUILIL 6.

@m Gsmg MluysdalCurenylBaement UrHui® GCauissd yeiell elsTyom@LD.
USHHBHOB6MT DI6VVG [HbHOEB6T L6l alETIRISNTS SLVH  HIMIHE
GupulL RuysdeCumenyl. GCamgser UBKGHOBTOTLHTE B (HHB(LPIQU|LD.
gQeelley  geimisE  GomulL GCarBLraisented @6y  ofGsTondeod
& (0BG MSSLILIL6VTLD.

SyHuIE :

Rm  BuysdelCurengl. Gamguwineng, atGemm Gamguiemed  1y&Huilh
QFuiwiu®G  (2-@m 7.23). ujgbumFwevdlet Hemsdled  LTMHMLOELEVTHSHT60
usbGuUeHTLIgeid  wrmmAyTgl. Hsv  FHuibhsen emwHwrer  alBTIHEIS6NT
(Silent mutations) SLGWD. UTFDUMIWENE @M @  BluysHefCurenyl HF
Gamguien NyHuih iHeETed 1S GMSSULHL LsOGULImTL (HE6s0 aleneTane
gOUBSBTHHBHBTD. JOaalsd @m Camoievwnans @amise@ CupulL
BarGLTeI®eT60 (308G S HULL 60TLD. CaTGLT 6 (et meitGs T @ Hule (LosimTeug)
TWHEH P SHHLTHMD (wobble) QBmewiLgl. SiGTeug GarTGLmeflls cLpamToIS
6153 B Qe (i s1(1pdHesmed LNy &Huifh Gauiwiiu’ L maid SI68% SHGeaTIfls0BLD
G WHGSNBBILBLD. (2_snyewionsd  DNA upssHsL (Bl U1 em U TeVIeTTer
3’-CCG-5 epapanast@gdd G @ A ulenmed Nyduih Oeulsuse cpsvd 3°-CCA
-5 o ropUULLTed mRNA @eveten GamBLmenr 5-GGC - 3°, 5°-GGU-3’ &
LrmmUU(HLD.)

WrdHuih e@emmerg usbGQUImTLpaisTen @ AOCHITSILGMS LTHDOLD
Fa(Bo. eteiBou  uELGUUTL et  (pHevmest S Lewioli]  Fdwenaled LommiLD.
ole0iBou @b alBTIRIG6T  HaUNTEILeVeIsTeN  aleMIhiGeT (missense mutations)
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sleiluBL.  oulGsmondeowneng  CouGmmm  oudGsmonfenssnsd  ydui®
CFuwiLLOTeg| UTsHHe LenLWTeT Dis060dh BTHLEGHWTeT S L eniolilsd
(QasmPnur’ G augausHe) GOIILGHHH HTHsHme JOUBHHEOTID DIGVEVHI
IOUGSSTH MBS, B SiulCUTE UTSSHDG @® 2w GsmAnuT L
SV UHWL Bulevenll aUPMIGEVTLD. sTaflanid, GUEHLOUTEYID GIDLOTMHMEISENT
BHBmsowTeiena slevevgl CaBHalmenalliuensal. Go(H allenenald@Hld alsTTHEISeNT
UTSmISGENeTL  UWTUTLMDSTE  SieV60H (HODbhd  oleneibHnaleensns
ormel(HLd.

yeefelsngoreg, @ obGamaifeosmss GuWsGNe@Gw — CarGLmet
RImD  BnsHed GCarBLmaime  wrhmlallsdmigul  FTHSLIPOLIS. S5
ss6st@ulsd phjeise et (pajoupme  goUbGSHSID. eamGo
@5 yevesimm elsTILD (nonsense mutation) eleUUBD. (2 7.23) @& DIF6VTeN
uebGuUUTLenL.  6lLd (GNEWSTHOID aIPEHLTEHS CHTPHUTL DDSHTHaLD
STEOOTLILI(HLD.

H&SS60 WPOID BéHe0

Wrgdui’ GLrer @uiGuwGurg elsuanswre alaTmiser usGUlmTL (HHeis0
urflw  wrHmEIEeEeT  gnUBSHSID (GOy: IFSHuiligerTsd gmuBHD  Levssimm
alsmymseEnn Guflw wrhmmmisenst gnuUBSHHTD.) Bl sdafGumenyl (B eens
Slevegl @ Bamg MlusdleafNBuTenyl Hoeila L@GHHHe0 DleDevd| HibH6EVTIH|
aumdAlyF FLLBSHHO maJened goUbHSHS, ealarrw Bl Gumpm  yeTefuler
Westenimey seummen GaTELTaIGemeT auTHHB@HID. 6Te01Gou, EeleUTmTe alHbIT]IEIH6N
FLLBHDBTO| aBTIRIG6T 6le0l  emPHHBUUGLD  (frameshift mutations) (2_¢p
7.23). @ewau SHaummesiLjsugnisiien alsMIHensd alflaursd gnuBSHaIHID. L&HHH60
SI060FH HHEB60 (Lpa|umsd CaTCLTmIGE Wa Slawieniouisd @ mbBHTOsMHILI
usvGuiemTLLreigl, QasmADUT. GHGHAUSTE B(HhoHS (PIQWITH. B&Hl, AF6OT6
OxrLfluled Geveond YFAW Bmisseo CaTCLTemesId dFnl. AMIPSULGHEHSHEVTID.
SileuTOmeiey,  GQumPGCuwFiy  (pyasg  CaTeiHeurlul (B Lsvedm
ABTTHMS JOUBSSHID. GTO@ID, LGHHDH0 DV60FH [HHEHED QTN BIEV6VGE L6V
ApBIDETOBTGHHEBNTE B(HBDHTE0 UsTal allearysdle ey eurdlys FU Ll
9 L SIQUITEH DIF6VTS eUTHILYF FLLBI0MS eubBHIHo (2% 7.23). Sieueummmest
FhSTULBISENED QN I6LVSEI R Fev DOGsmsdlevmiseT (PpdS CHTLFHG
wempBw BFFHBLILLEIMD Si6060& B HGULL6VMD. UsGULenTLIgeT allEmyLphm
NrGsasdlan (posdlwsslausmsl QuTmGH, CFuidwuneng FHnsenalsd L (Hd
rmmOUL 6, usbQuUimTLlLTeIg QBHTHDUT(HeTensTes &)(HHSH60TLD.
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FT ST evat ATGGCAATTCGTTTTTTA CCTATA}GG G ... DNA spdeis@d u'yma
Met  ¢Ala» < lle  “Arg Phe Leu (ProClle» Gly oG siflsvib

SIEHLOGLIT 60T

e ATGGCAATTCGTTTTTTGCCTATAGGG ... DNA guseisei uigms

Met  @Ala» < lle “Arg Phe Leu (ProClle» Gly oG snfsub

poupran jeogenien  NAFE GCAATTCGTTTTTCA CCTATA GGG ... DNA guseisstd uyms

sl Met: @Al lle Arg Phe € Pro>cllen Gly  suiGamsnde

LIG;?WM{ ATG GCAATICRTTIT c e e
ST . " ; s & 4 i - n d
4 Met «Ala» “lle  Arg Phe ET3] DG Bis0LD

FL L HHBT6

sSsmyib ATGGCAATTCGTTTTTACCTATAGGG .. DNA suseien uyms

(1 psosGrmguilenr Met Alas Clle Arg  Phe T ID I . e
5L )

2 7.24 urbuemTweyG elETrEIS6N6ET alenBH6IT

Bowiss @UEEIGSMDEST /Bnupidhs alsmymisei

L6V LFLOLISHTWLeV&HE6N @60 LUmIGUDDIeUSTED HHCenasLoment BmepdsHs el TImIS6i
Qamevevdamigpwieneal; dev  Ca{HEHmuUenal. BN THEBISEIGT  DIFTHTT6wISH
BLLEDIDLILBET — DI6V6VF,  6TERININHMBDH6MIT  HTTEWIOTS  (LPeNEVLLL 1956160
SO FMFLTES BHHFFMDH6| DIeV6VFH HASTEOLLATFoUD gOUBLD. S6ileuTMT6t
allsmrmisst usOBaum elheHHHG W @OEISHIEISHMmST JHLBHBHID. DIGnIFn 60LDT 60
Boewpishs elsrymiser Wsan Aflsreaiemnel. Sreugmsaied dev  BmeTHH
ENBTIRIBET SID)IFEVIDTEN LOTMEVEHNST  JHUBEHBID.

I. Poapisss S LY OTDDEETEed gDUBLD allsmymniseT

Qufw  PoTSss  HEWIHEOT U  UTDUmTWeGHBMeNHHBSH 0 LD
HBITDNIGSEMIBBTE LFLOLMTUIGEEH6T auen] ClebTannig(hébae0mD. Heneu SIpsHall
ulLmBeom  SievevG BETCEIT(H HMPTHSHHHIHE BETHSUIULLTGT (Geully
@ememibaLULD) Sevevgl  LgHusmiesiiul G ReQen n  BnepTHHHHI5HE
BETHSULLLTGT (yHussmienitiul (i SeneniaaLlLLGD) 60605 BIMCLPT &S5 61
HemaCam ((FGFTsma WTHMUILLLTCT BmepisHd l&TIEIE6T oUHLD.
BHH HISIG uMSWTeT BNIPTHE alBTIEIGBEHD Hbee, 6HTen[HhoFas06,
AL 195560, GHTLTHIHED 660 SIMPESLILGD (2 _H 7.24).
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GrywTnTHe0
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Edmed Q&.nwﬁ@@&sﬁmsﬁ AL 195560
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R L EEE L ?w‘ ..
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smssesEn@an
aeeee
ELELE & (ﬁ\
sl fisensis snsan
R LAY &Ll
resd
LT T N TS

*
.

Boapisss oG 90 Bnuisssdadnhs en BnuwisssHions o6 @b BnapTHsl
Bssiul Beieng 9% HIW[H WHODUSNEG HWE S JADEICUITES  yuisHer Hiem(H
LomHMUILL (HETeT gl BinepissdaitE BLionhp GrITmmen
UlL Sms0 Hsu LIFOUSDT
wsu@GHSen ST igliuenL b
Ea

SHTEILeTT6 S

2 @ 7.24 Boepiss ealeTImsails BTG cUnHH6I

BoepTsstwramea @ uGHd BpdsiuGLOUTE U LFDUNTUWIE)ESH6IT
SiBHOUILGHEGD. BHeoTed GHbHSH DTMHOEIGET LD FOWmS6Ts Oamsvend
1IN EULIT(GLD.

Garam(HeFsvsvalsd Gmss DNA @er Sisnaled @il gnufGaudlsiensy. erelanid
ugbuemgwen@ GeusfliumLmengl, yHw emweallGH60 Gosd  LTNILHEUSTED
WTHOOUL(WPIQUJLD.  UTIDUDTWEE — Qeimlenlsll  SHIeNILTHSH0 Bl QubmTsd
SIUUTDUDTWe @ CSTHONUL (PYWITSI.

@ 19556060 23Cenmidlest Goum iDL GHleD LISV LIFIDLIHTUIE)(FHHEN6NEH HTALD
BGueudlad DNA giewi(h STewrlIL{HD. BFFHSTULIPLD UFDUTUWeNE Geusfiiumigsd
THNSmS  goubhsd, alpewwTss Cxsrmmeaumlilsd GCshBealsnsnalsadlsin
HTHBMEIGBEHHG B (HFOFOID.

GhITMTHD  evevg  Bnepisssder  GQuflu  siemigesr  HenaCarl (HF
Gaysmauled egnuUGD WIMMEPD uFbUmTWeE Geausiiiurliged IHMSmS
gouBHSID. GeummisT Qu@ELbUTeITIme OBHE almenaldH@Gd OTMELHEMT GLD.

II. Powiss ciaiisms WTHDESNaTe gOUELD eNSTyEIS6T

@(H  HEODTEIH  BMAPTHHEIGBMNET  FTHTTEWT  6T60IM0NBMBHE GOV BLOTH
W@ Hnwisssmstur g Bnwissnsis CsTes  gaempnGur
QBTEI(HBHEVTD. @ BVSHHR FTHTTWI [BDEPTHS 6cT60IemlHMBEMUI Il
REMI (GMMAUTHAD G[HBSHEVMD. @ HVSHH @H BMAPTHHID DHHITHEaIT
SI606VF] (HMDeUTHBeuT BHLIT6T i HFLOLOl6OLDIQULIGEITTENLD 61601 DIeNPSHBLILIHLD.
@mIG Bl WTHPUULalsdenen. LT BmelpTohimiserilar Lyem CHT @S
Buevdslons o _sMenBurgl WWHme AHBHSHTHS FmmUUGHD. 2 FHTTENID

(LPLDLOIQUILD, [HTEUILOIQUILD, SimIlpuild GuTestment.
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phssnlflalsd gnUBL SeumisenTsd HTwllsdwguid gOUEBLD. G (HLOIQUILDTES
sCoraflar  B®  Binwisss sTeHsdn  ehssnifley 1 GaGurs
Goaupmasliul [, H60HH6 B(H (wenaiamsnenbd Crrad may Galem(HLD. salenid
SmUIOCUTSHS BDePTHBEIGHET DFTHTTIOTS RUUEBIGHUBHSSULBMBTD BFmg
BT HEEISNT @Tasihld @ (penatenal GhTEHE HEBTEUTD. SHIT60 LOMHENMUI
(Wemenailed @b BT H5S &emma) goLBL. Bedmispenn ReGILIhoSSHEGCLT S
Gupiu@L yewifleaT Dieveug alensiounsd HenlLb@GD H60mIG6T 6TaTLeumMsVID
@MW BnepTHs  canienismamu ol @@ Bnpissn  sfsorsGeur
VLG GMmDaUTECauT BHBGWD. HOAPTHHD  eiinlest ST HME(HEHSH6N
GoaunmaslULTgH, HHHET @ (Wpemarens Curad @hasnilfley 11 @ear Gurs
BEIGSTOID BBs almene] Gumiu®G. @GssDUIfals Curs @m Gomg
Slevevg Uev BGamy BmepThemiIEmenl fles (pwrgd Burmsd Uflaleaiento
(nondysjunction) 61601 SieMPSHBILBLD (2 7.25). @H BMEAPTHSLD (&ENMEUTHE 66T
yemrflimengl, Frhmyent Lewlfl geimi et @eneuiujbGurgl GQuoUUGHLD HISW 2n-1
BoepToHemisamend Qameni Sywlfleowguid L@Gw. GNEHS BmepdHsELomeim)
Gamguire  SleLEVTIOEY  HEMHHIH SBTEMILLBEUSTED BN BUITE  HEVMBIBHENT
L eds@Hfw  HevmHaT  (monosomic) 61681 IEDIPHBULHLID.  GULPEDLOUWITES
@mLRUILTS  BNWisss CBTGIHsenmse GCoadsores @m HNWisss
Ozm@Henuwis CsTemnr L6l @esiml FTHTFewT LsouiflujL el Eenemiulsvrid. sieGa
mISWTIE 2n+] BmepTHeaisamend Qsmeni SwdlsowipuoT@. @EiE GMHs
B0epTHHOOTSIN  (PWIDL BISTEHS — STLILBHUSTED  BEHHTodlsdioiguimbenso
Sbs BIDAPTHSHIDSTET (PLOPTHBBIN60 6160 DNPSSLILIGLD.

@eucurmrent  SFTHTTewIEEsT  @enwpu|kUliflelesr  GuUTHID UL GVTLD.
BnepTshsmisen  AFTHTIewIoTs  CoumiflesiuBoubeaimsd  WRQUIBleneY  dal
SPBHEGWD. AFTSTTENIDTRT  BH(HLOQUIDTET (WML H(H&BSBL L LULIHEUSHET
allemeneuna (PWwiguid (3n) @eaim GUDUUGHLD. HISTEIH! (LPHEVTEUS EENIPU|HLI
Uflellenen <sibdha Brewi(h walseomsanmasl  NfleusnLwrg Gumsnimsd  ig)
BoepTsHsmisaiar Brang OOsTGHbmens STad. & HTEIDOIQUIOTS (4n)
l([pSHBHIEDLULD.

2 wj wyuBlmey QEBmeiL alevmiGaen WEaID DFHTareneal. SHTEUTRIGET 2 WIf
Y BMBMETH HTRIGD FmQUSTE SHUUSILT  Seummlest G (HLOIQUILDTEN
Heluaisemen alllF FmiuTarenallTsald &) (Hb@EL.

2wy wigw Bleney Q&ETENIL HTEUTRIGEHHBTE 2 SHT]T6IIhIGH6TTINT; AITEDID -
(pgwitd (3n), BGargieny - simiwiguid (6n), eCITGUR - eremioiguid (8n)
(peenbEHemihefeenset el (peTenbhHemngelldeiled  LIOQUIKIEST 0S|
Qurgieurengl.  (peienbhEemiholaeisnLCw  gm  Fsv  IWelidsl  OHMILD
SO WenSBaMN6) LGIDIQUIBIGET DieuBHTeNbSUILL (H6T6E).

34

©® 2020 GaHW Hevall PloisueTiD. 2eneTEH S 2 flenn&EEHD LIMSSTEHSLILL Lne.

© 2020 CaHw Hevel BlMicueTD. 2eetTs & 2 [flemDSEHLID LIMSISTEHSLLIL L6m6.



© 2020 &AW sevell BlmicuaTd. 2iemears S 2 [flenn&EhID LIMS &M S UL Lene.

FyoiflevioguiBiseEnL el @UUIHLLEUTS LSIOQUIKIGE6T LG &TSHTT6IILOTI6n6L.
ueoWEEsfed  BopisHs eenienlsms dnlgwstalsd @HUEMILD Fal Sienel
Umiyflenws  FwoBlensvenwil Gueamidlsiimer. @pwoideooguikiseied plyflenod
FLOBleneWITendl SossUUL (HeT6nd).

@bsamifle I @BssMIfe 11

n+1

@q(@\ \/\8

abassnifeay [ @BUTSH HenL GUDILD

SIFTHTTe0 Gounmshsme \ @
n-1

n-1
. @@aaaﬁ,r_m_‘i]ﬁlau I BenGungy O
= | = g,smLG]ugum DIFIT ST (] 6801

BsummaHme0
§ n

2 7.25 Anofsowyugieans giuBsHIn @Bssnlflals SIFTHTTaRISs

weizsl dpiyflen (Unywuflw) EEEISaEISST

© 2020 GaFw Hevel BlmieuaTD. 2 eMeTs & 2 [fl eSS EHLID LIMSIS TSI LIL L6m6y.

I  urbumTWe@ IBTIEIS6TIT60

U TWev@ ellsrymiseilssmed gmuBLD el niyflento gpmidssisefhasmest
@rewi(h 2 _snyevimisst S6p eluflébaliubaletmet.
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BéH&®6

Fns@&HmHGB Si6vevd Bniumjeneus Gmour® @F Unlyflen @omISaIom@GL.
@5 Guemisener el opewisefey Wdab OCuTHeuTaigh. X BDIPTHHHH 60
SIMOHSEIGNEN @M SI6V6VGH @OTMIHEG  GmuLlL  UFIDUMTW6EEHSH6r 60
goulL elarrmsBean @HN@HE STPUIDTEG. SUUTLDLSHT UG E6IT,  HLL60
@ofuisnn  Goumul' L  SiemeuSeNEISN6T  DBHHMEhFS gl LT HHEISN6NES
GiEGNSGW. @emeu Bum GLrlideiser (Photopsins) 6160  SMLPSHBLILHLD
unjened BouQurml senm@d. Geneu  Haully, UFHF DI6V6VFH [H6VLD 6168
amSLILGSSILBLWD. Framyen Bolurjenel Gomenwl wellgeilsr alfisHanyuisd
@ibepenim  suemSWTE  HNUGUTHLSEHD  STemUUBaISTe  GeusiBGeum)
BDBIGm6TUD  DeuDmlel  FTWsLEMeTU|D  Seuenmed  flSSmiw  (LpIguyib.
BoUOuTHLEenTed BHHMeEhaFIuBGD uLGam Diemsvbenmiseier GeauesiGeum)
aldsmman cpenemumed  Gumr@peflest  Bmwral  WfssOwuGD.  DeslsHesn
fauliy, vFmF BPUCUTEHLEMNE (GHUPEBGNHGWD UFDLUMTWGHEH6T X
BinapiHssAmiId Beo BIDLGUTHmeTd: GdGNIS@GDL UFbLmIua@GSar 72
BT SSSHNID  DADOHShEG. DpemissT @GrowT®m X BnupisHssmses
QaTemigRUUSTID Y Bnapissssled  QUITHSSIONGT  LTLDLIGHTUWIEOE ST
@eveumenioulenmepid  SUILFIDUMTULIGVGHS6M60  BTeuigm@GHId  SeVeVHI  JHTaUHI
@alng goudd  GopurE GCaTpmoimwiie) SHaumsemen  goUBSHHID.
Quesiidailed LsOeleBIBEBlenevUT CUTH X BMPTHBID @eaImeeTen (@ snour(h
omenmw  Bmepishssdaeter Filwmer eHmmalenmed  oemmEEILL (Hal(HLD.
eTeiBeu  BoluTfemeudGemmur(h OGuetidenst el (1 % @ alld (GHsnmeumsst
QUETTHST) BYEUTH6I60 (5 - 8 % DLEWIE6T) NHBOTHS STEOILLGBLD. BHMEHGHHBH
SBamaonasF Foully Slevevdg UFMF HinmiGeler STewemeoll UTHSIDSI.
ey Genenllsd G UILTDUHT WG @GHHB6T  Ee0mIHL 6N 6001 HSH M6l

SiflaurEnms B0 GHHIFCFTMS

sifleuTEnmd Hevd GHHHFCFTemdWNG D NflEaET wHmD 2 sodler GCeum)
Geulioresr  yGpammeiled eumTug welss HRHOBTMmSUTDL Bleveywd
Goiyflene Cwrrwm@id. @l fgeneis srajd BmUGUTenTer FELOTEGsmmi el
2 usisvaTer B &Cenmleneisd @& E&HM&EGHI UTDLUDIW@ @l allamy(pmm
A mm FOLTGHGMTIST cpeEFaldled @h DUFTHTTMIHMS FOLDHHHISSTDI.
CemiGmHs sevmseley &TaOIUUBL BHH FTHTIew  FELTEHGemTLN6T
RBC &enen Siget el LS S euigeusHed(mba Dfleum@n(h allgalorTs aleneTulF
CauigmIiBHw. Bhe @uomdai(lpeTenalfaeillsd (GmmbE sewalsamnsuisy RBC
ST ILGHUST6Y &HHHFCFTema gnuUBLD. Siflsumenh RBC &6l Dismev(pdTeDmiF
GFwsaNiphHaInHAEInenBuW BSHMBT6T  HT[JEUILDIT (FLD.
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alsmyworeig B @&Genmmilefen (psevmen &L Lenwliler GO L @m SLsHdHe0
2 _gitell GEHOOTAGO0GHMS alenevenTsd (valine) NHui® Gaulwn (2_@m 7.26).
@semen FGLTEHGenTIaNe0 SiFTHTIemwI Wigliysel egmUBHLD. elsTrupmm 61HHH
@ememnuml_FujeTengl. ABToUH BbHE HTOSHNG (Locus) LsvedleBIs(Lp6TGenmifled
gngnyent B @GCenmianid alsryapmm P GCenmmianid CaThmielssIuGLD. satGal
SIOUTHET HeveLSHTe LMMID HmisTen FBLMGHCenTeEenend O\ TeuTigHLILISTE0
suseflear  GmAulsd sFrsmyemiomest RBCsel wpmid  sifleuremm RBC &6t
STEOILURLD. @eulHel FOSTTawIoTsEF Gslhdlsanrsald alsrfl  e18)meale
STGNMTHAID RHUUTTE6T.  alSTIIPmm  THH(HBBET L6060  HISH(LP6IT6T
HATLIETISH6M60 LITHBLDT6 clleh6ledmeneNd &HenDWITE eHUBHSHHIMBTED SIMHensdS
Gayeursd walspd (GHRHOBHTmHUNMBEH emeu  BoHsUUL HalL GausmiHiD.
sreflgid oplifldar Gumesim Geuliuwmen BTHEeMe WEsFWT BTawIlL{HSSTSI.
L6VE0IBIGB(LPETETeUT 6T,  @FIHIB(PETEN  6UTE  6UMS  6TH(H(HBHM6NSH
QamemwiLsufsenen el WGFlWNg HTHGBHNBGL  LIeDLpHSHEHInIQUIG]THET.
JGlemenfled 0BsuFlum gL (Hewtenl Sifleurem® RBC Heflsd LNenpoHEBIOTL L THm6.
sTe01Beu LILeVlaIHIB(6TCeMT e L (Hewiemtl SILFHE SHTHOLL GFHl60 HmewILILIHLD.

GiGNEGD OSTL luls opFbuD

i

DNA CAC GTG6 GAC TGA GGA cgc GTG

Gonflagye CAC GT8 ACT CCT GAG GAG
NS ;

Sifevd;

ot aline | o] rowis | frnac. profine, JRRRTCTR ooy

FT ST 6001 FNSMT0T (& (hHSHEVRIHST
DNA CGAC GTG GAC TGA GGA :lc cTeC
G flgra GAGC CT@ ACT CET G GAG

SO Gsorm

¥
Gl -

el SIfleUmieTh(hd (5 (hSEdS60mIH6N

2 m 7.26 Sifleuremps HvE GHHHFCFTSUIRT CPVBFMMMI DHQLILIENL

I Powpiss alsTymrisefeed

Boepiss  alamgmiser  Boepishsd SLLmWOTL  Sievevgd  Lmiyfleniol
usTISFEIEefNar  oemalsd  urflw  wTPDEIGmenE  OsTaw(heau(HL.  RFHI
(pemeoull l9&Eefled (pHTepsvamalar SHmFFnBHa)HEG aINOIGHHBGHID. DIeUTH6T
NempssTevld CHTHmeauenolflsd  LHImIOWITET, DIFTHTIIOTE  SUIGOL|HEN 6T
GQeusllaHTL (Houl. @enel FHIFMIB6T 61601 SIENPHBLILIHLD.
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Fyoiflevioguiayemieniowimed oaligeilled goUBLL cesiml LMLl g(LpBISS6IBIS6N
&6 eflsurfléaliul_ (HeiTsment.

Leyewi &&&F1D (Down syndrme)

L6l FHFLMEIH (POpTHBEHlmev - 21 elaiab SmPpSBLUGHLD. OeTesisn
urdliymmeujseilen &evmisailed WBmepisHsnd 21 @er Guwevdall 178  @eim)
STOILUBLD. DFFHFID HHHOIMDWTE  (HHCHTHMEIGT, GHmISW 2 L6,
@sws Gmpun(hsen (FFoFwwiuLsomb), alpsHuled STws Gureimeunenm
OauefaaT (Hio. BeulsEns@Gs &HAIUDMGHTUI, 06T Gmmul (Alzheimer
disease) stedilisnl  gJMUI(HeUSMBTeT 2 Wif @@L FeuTuiliy 2 ewi(h. Leyswml FHF(LP6iTen
SLWIE6ND gOHSHTY wanaumld Guemisefsd SiewTUULGHuIsmHD Bedms
FHuled (GHmmalmeHd 2 L WaIJHMTEAID LOEUL TETaTHNTEOD G (HUILT.
DIGUTH6IM6T EUTIDSTEVD — FTHTTEIDTEIUTHMST Al (GemmeuTs SmHULlenid
QUTHBHBOTET LOHBHIO FHFMF QUIPERIGLILGST HBHHST UUMBE SLHHID
UMPaUTTH6iT. eleflapd 2 Wi GBS DiWpsHsw, pHEITOFCITHad (BTIR
AUGSIENIDILITHED), USHBAITHID, SHl6wilnd HIPN6VHMET LIG)  6UENHBHB6T  6T6ITLIGHT
gnuhausnaTet  SLTFeuTuily GommnbHenalBsuBuw STeulu{BL.  DieuFHenso
SIFTHITeIOTToUTHOT HHULTNGDID L6VT HWTHSNOTE euTlpsuiL 61, Gaueneouiso
SITHSIUL (B> 2 _eienmTiHeil. SHTulel  euwidl AHSFUYLT Leyewt FHFH
Gwbms Upiugsnaster @Ljauruiln] siHsfadang. % @haeniilfle - @so
BmepTeemisaien fleleisniowimed (nondysjunction) UGBS STD S

L6V6wT FHFID HAILPTHBODTHIMED (LODPTHBBIm60 STTEIOTS JDLHaIg5 Gumsd
@elms BnpTHHHSMID SFoLdle0lIguIe|suisnio SHTF6uond Wwellsl Wmlyfleno
RmSamIsaT  gouB. @edms HoepTsssHed  ErwiledyuiBlensouwmet
slpTHEBlensy  CLewl] FHFHMBUID  (POAPTHSHmeY  SleMentOueOL LT
FHIHMBUD JOLBSHSILD.

GLewny F&&W (Turner syndrome)

X Pmepisssdan  sanipissblensoulamsd GLeam] FeFd gnumd. GCuemiss
s oflsraC @ X Bniwisssmsds WG Gsremngmuuy. SeusurGmeisd
saufsailer piyflenwwenioliy X0. @5I6Ga waigeaied sTemiu@Gl ipflwiul L,
RCIOWmh, auTpHIBa6TeN, HlcpTHHHlensuWT@GID. Beufsen GHTmmeusnHLoLITs0
Guemisentas @mpBSOUTHLD @elms sESBEST  PHTFALDHNTTEHLOWITE
VL TealeUT&H61. BLewl] FHFHHTe Lgsbslul L GQuesniilemenenaselr, Ferd@rmagsst
Urdemeuliysg ddFemgwrsd uflafldsiuuBGl  Gurg  SHienewriumedlsOLSen e
alpedH OFuigsTeieul.

@aujEe GHmdAw 2 1L el (HenL weujsst. Feufler &psHdled Buevdsiomen GHmed

sreutiuLeuTd  (CoHmeumed FemewidsULULL  H(1pHH - webbed neck). mEBB6N,
uUTEEIG6NeD MUY Sevevdl eaidsd  (edifigomr - lymphedema), euesidnl (B
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SIBWIOEIG6T  (abnormalities), @SWHS GOOUTHS6T, 2 _WT GHHS DPSHSID,
FApysl NTFHeneamell sTaTLeTaYD SHTUILILHLD. ieuTH6Me0 QLHLOLITEOT 686U &6
FneTyenst Hlewieoine] GeTeiLaujsenTs SHULY.

SleMaQued Ly F&&10 (Klinefelter syndrome)

Guevdsiomen X BmpTHHEWTEIN SHTIUGUST goUBLD fleTear Bl
@agieur@. Unayflenowsnioliy XXY ops @meG. Y Bnep)ss6raenns
BTGB  BoUTH6T  DLeWIEeNTE  @HUUT.  @eujser et Belmis
SIBIGBEIBMEND OCBTEONYHBH GCUTHID LOEVLTETEUTHET. DIFTHTF6UILOT6T Sl
alens®en sTewilu(BD. @rewih X BnipissmEsaist am 2 uljilsoeorsal.
@eufseiley QUElHTET OTTUSEIGST STEOILILL6VTLD. sJeneTul  GLewTamIEH @l
2 L euanLLIL&EHLD 6l([HGHSHWIMLWIEOTID. FeuTHeT FTHTTewnl Hissvemimenc il &
(HDmeUTeT Hlewwteninle] G TeuIL 61T HeT.

XYY (poepiHehleney oLemidenemuld XXX (pepTHaBlensd  GILeisenermuLd
Cammmiels@w. Beulsen 6hHOT[H FoEFHmBUD ST (Houdlevensv; @Heuasern
wpemm@uw  Frsayent g6t wHMID  Quemtgmis@Glw  Aminlwedysenens
QEBTetTg(HLILIT; GUETLOTEIEUTHET FTHTI6I oSNHem] Il F FNHMml 2 WIFLOT6T6U]H6T.

Upiyflenwany Bsomreener

Uiy flenio @omiSeimismend CBTeiL Di60608] LIDLILFENLD 6 (LIS 6 EIH (6Th ST 60T
@ geuruiiys Osmewi (GHBHOUBISERSEG —@EMumowTs @ BFemeu
Upiyflenwary oLBeongmen SpGWw. @ Swudulsny Wniyflenos & enmurheiren
GYhEmEGmWsS  SHSSFUUSHSTE @ jauruiiy  wHIIG  Geuwiul (G,
SIGIITOTE  FhEGTUURIGMeNS  SHTHHE CBTeateubmsTer  o5Ge0mFenest
@&Baameal cpeuld aupmIGLLGHSSIDG. Tniyflewar] oLGeraFameunesigl @ (HUmLD
ezt  dpiyflewsnw  ellenmidsETeaTensd, L6ILHIMIB6T 6l6laITm  6T61TL
OuBseOwl Upuyfleno  elfseEndssmow  QUo@GSamer  aausumsd  AnHH
e, wpymw Upiyflenw @ueEISeND GsTaL (GLWhHemnsHdHTan L FeuTuilienu
@Pleueeur s @GHousmErear oLC0TFenaT aUPEIGEY siaile GoHemeuliuBd FHouys
Oamfleur@. GBHLUSHD gnsaGa ielsurmme eimensm eeiml @I,
Golyflenwary opBsomgemenuwimeny Hlevenoenwl (pasTem  QFUIHMD, SibHHD
Gbmal Iplamus LB e seuaniD@d opC0TFaeT aILDEIE6IT].

#lsv piyflend QomRISOIEISST LISOSBT 0TS Ehd @ WG], LSOESTT 6wl erhd @ flug
6T60ILIGI LISDUTLOLIENTWEVEHS HeneL(PenDUWFleniD, Diemeu @LPe0Te0 UITH&HSUILL 60
GIEILGTIALD 2 _eleNLmiGeuTHEL  UsLBaum  &Tyemidsl SL@EWD. 2 _STJemIonsH
rgeL iy, bBRflen  sSmsoipapuflen  CuDPemaIWTE G (HEHSHEVTLD.
AnCHTul gnuHeusnHETen GLFaITUIIUTEIS UTHEMS (LPenN) LOPMID 2 amiall
UpGHSEIG6T  GuUTeim  UDFE@peD  STTeanldsnTsy  UTHGHULUGID. SH6men,
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Grmuiseilen Osefleuter Hemevenmu|fleniod GHTELRIBENET  DIGHLULITEIRIGT GO0
(PQWITSHI6TeNG]. @ GOULILL @mISaSHHe & BHLOL eUFsTeNMEH HHLSHE (LPEVLD
sreMw Gpbseder miyflenwulwas@G il aldsamenil NeTUDMID L6 & M6
@Lyeuruiinlen elemensnald HHHHHHHICUTGLD (@HWLBMSUTIE ST (LPIQULD.
eteniBeou @z UplyflenogT] opBsomgenssulest uTLIUFLUTEW|eTeNG. SpL Fuimest
B HmHouUTed @UEEIEEID  FOUBHSSILLYHBSTED, BT  QuOHBHTH  oiF
@ev@Ganas eusTallbslul gho@Gn. sallain edmm  eisalenLsurarGseaisy,
gngnren  Gamhmeusnioliysds Osmeni QUHBmTTmsT Syl FAumet  e18l(H(HeUH G
@flemIBpeTeneUTHenTECouT  SieV6VGI  UevelIEIBIpeTen  BTallEmenTaBeum
@AmHB6LTD. auDFl U@GUuUTWIeNaI uweau®GSs, Gwmul GsTLjumsst @& HLu
ageuTemms Cahsevners srall QuDBmrflar Mewssana WAINHAISHDHEGHID
SIHETLY QpmISe(LpsiTen eTensmenwil QUG GEBTeTeuBMBT B Feumuiiilest
Bapssma  HAINIHUSDGD auPemod@Gl.  eubdFl  u@GluruialemL T&
GuPlUGL SHBeueLEHeT Flev FOWmIGTL @M SV B GUOHBHTTHefaTZHID
Aol flenwoweniolienug HhHHOTHS Sienlaudsn@Gl CUTHIOTEHIHTES DHeNLOSBTNSEI.
Woliyflenwgny oGeomgemewimeny, QUDHECDTTHEHHEG Beneoeniodemen elenddl,
etemenenwit Quomis GCasmeaTausn@ Weaud Qurmsswrar almlusCs)emnais
Ozfley QFuim Gameien anflsml (Heury.

gnaaBeu  &MmHSHHHI6Nen  (WpHJepsvaypeureng  l&TH 1Sl HBHM6NSH
STOEHSINST 6IdILmBH SHIOTANGBGHD CHTPHOHIL UBIE6T SHEUTH 2 66l
@anE  pTwu wpHiepevamalst  sHevmidellet  wrdflest  GQumiul (b
DNA Gamfliu@ssiul (b alsnfl afmmelsr Srbmads DL60H HeETenio
&l (HLlgssUIUBL. dAHHILe s efmm Bmulsr, (walicwsva|malsd Sigl
@flIBIBIOT  DieV6VGHI  LLEIIRIGLOT 6laviald SIMWILBLD.  (&T L6V |([Hen6USH
sHFSMBeY OFulusNE@G D00 HEBMULLUSDET BOISH SHoUVMIHSD
SroTaismsa  CnlsTaiusn@ BeHseale0&men  Os(IpSHEHILDTEIme. S0
Bprhaeflesr  FlLmBeT  Seueurmres  (Wdfepeva|habdeilsn  HHIFFmBHemel
Siiodsdaimes. ZeoeoTaliget, aufseT LpLflenio @UoEISaEISEHL & LINHS
GrfiBo. eesiamid, @SHToTarHamnsd aBlULE GUDBHTISHEDHSGHS SlgaIoTs
Ama@I. seBGeu miyflenwat] oLBeunes] QUDBMTIHEHGHEGF FTHHLILDTE,
Hfobges  STwmend aGUUSs auflsam’ L Geuswigwl &SLsnoll GQUTMILILETENaINTS
@muurmy.

uFbumIwWGdS CsTidail uaiuied

urbuswGd TP uailweder smelsen, QBT LEIS6T LHOILD
(PN EBGIT

Auu@gHwunenrg DNA gaflenowinssedlsd @mbal DToisas almliyds@ i DNA
OsrLfleanen  SIBIGTEILUSHT 260 THEL  UFDUMTWNGS CaTifani ualuisd
Seoevgl nFBFihmas @Gl DNA  GsTifa ualwassTer  UFLDUenFuIe &5

40

© 2020 G5 Fw sevelll Blmicuerid. 9jeneTs S 2 flenD&EHID LIMSI&M&H&SLLIL Lene6.

© 2020 CaHWw Hevel BlMicueTD. 2eenTs & 2 [flemDSEHLID LIMSIS TS SLLIL L6m6.



© 2020 &AW sevell BlmicuaTd. 2iemears S 2 [flenn&EhID LIMS &M S UL Lene.

Oasrfen uaiuied GFws(enDenL  SETTUISEING. Sellsnwowmasiu’ L DNA
Qeul LiuL Geuswmi(Ho; DNA @eit QeuBsum sieni(h&HeT Senemisbslul  Gausmi(HLD;
Fev@rymIBeHls0 Hemwienimgd (@HWedlsd (in vitro) DNA yHuemiemiiiuLed Goussi(Hib.
@emeu DNA 1551 GamPpuiGd usbBeaum GrTHumsamnsn FHUBSHHID. 6J6N6IILL
DNA @allmha  Sallssaeno aumuihgd DNAm GaumubhsHd Genmismsemniedsd
HIewIL_mSeMenr  UHoale  SlgliusnLuled DNA @  Geaupnsd), Sieumenm
@enmisTeney BomenauliuBalaima. Wniyflenw wrmhlwemwassiul’ L Simidser e
2 HaUTdsSHH0 @bhs DNA  QuUIRSSTe  (panmGWTsienmil  LWSTLHSHSE
aummid  omECwrsmng @Lworpmiu Gauswi(ho. DNA  LyduswtemiiiuL 60
pemenauenall GUmEssSmBI LLELGSHS 2 ulmLedlead QuTeii@red Fmidlals
HTébHmIBmenl (PCR) LweLBHE SHemienimioa@pelamlsienn FrhAuiu@Gn. DNA
OsTLiuBSHH0 DNA snanssel Usvaummed 10& (paédlwiorer Gsmidail Lwors
GUHGHOTET .

DNA @&l FHNMLOWITHEH60

aIpEISS Hevmiseile Gorss PGl HmbH HevdE DNA  Gsmiflulest
SHHNMOWITESBEL 66T UTIDLmTWGHS OFThan ualwed gyrbuwTdSamg. DNA
&L Leniolll] LoMMID RTFTUESHmEHES SMMev, DNA - 4yrs BenL S0STLTLEemenl
uflBarglamev, DNA sevliyudpluréssensy  BuomGsmetersd, GQHTLANILGRSH60,
PCR, usvGsum Upiyflemwouium spemasemen GomGsTeTsned, LFLOLIDTWLIENE
(wpemeneusn&sIGUmHEBSD CGurermn uUsLGsaum NTCWTERIGEHEGHS SHTUIMDILIGHSHIL
DNA Gz emeuliLihAHeImg).

DNA cpevddmmisel s HewiLenauwTd SHUUSTe0 DNA  clpsvdETaml  @euinlsst
(PPBSHMBUID Sellenownss (Ppwirg. eldalsvssts emeugsms@Gflu DNA,
Wenmmerotf.  DNA Gumesim  @midlw DNA  (lpevdanmisell  SIeNOWD.  6T68enID
f50s5HsHe0 GFwesipenpuist Gurg DNA @ 2 L HHed 6060 CETUIHe0
(shearing), @ifleusmeundaiiuL.  Geususi(HLD.

DNA sealmwwnssels  SglusnLd  HHHIeURIGEHLD  TFHTar  LIgsHEHD
estau(mLomm)

®  FEGEMN QFlAMOTEEM VG HAMBHHED: W sACLIT LTe e w
HovmIB6MaT HHmalsy DNA SimwohHmeG0. LBImEsFGWITL L Tad @G W
®ovmIBeed HiuysBeafGuiruil’ (Haerflsd (nucleoid) DNA QamleuméaLiLL ig(ha @LD.
DNA SeallenoiTasellal (LpHevTeUs Lg SevmIsenenll LGULF GFuiaughen
(PEULD  BISVEVGEI 2 ML LGS  (PsUlD  HeVmIBeTey @HHEH DNA @
alBelssHeTGw. GUTIM(PamMEEGHIIL (LPENDEETTET DUMTHHI @IFILOTHSHD
S0V GEH BemevBaTengld OBTHALSMSU LWETUGSS UDDRWT H60FSH6uen]T
2 _amLGHe0 Buraimammmsd &evmiseT L@GUYF GFuiwliu(GLo.
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* DNAse @et [P@ndly : soomsar 2 eoLssliubGn  Gurg
egl AmpCurBluysdefBua (DNAse) Gumeiim DNA g uiguipé@id
QrTHuBSEHLE DNA QaTHemasWwmeonid. slenBGal QeTUihensd enUBHHID
seueurpren  OprHwmisefelmbas DNA  urgisrssiursd  Geusmi(ho.
BsdefCus amhour he@s GCosemeuwman 2 Gans WIS 6N
SIBOMIUSHEH BHEGHS SHHaldsen (chelating agent) CFJHaLILIHE BTIME0T.

e pgusdefBuniyyssF Hiseodeflar sl Linifley : DNA 2 Lea1 Aemewih
FmadG Ursaiseiedmha DNA alhelsésiusd Geaswi(hb. SDS, iGsimsd
Cumeim FIYTeuTSEEMeN DievevGH YTSUUGUUIDGTw  GirduikisenTed
DNA - Urs @l 50sTLJysel FHensasliuhalenmen

® SHPEETHGID USTIHSHIEMET DBDDEY : BHevdHaeen DNA Haljbs
SIMEHBI USTTHSHBIBEHLD DI(DHBTHE BN pGHWD. BHSH DI(PHBTSHEHB6I
SiBOoUULe v TFCwnamIsEndGHsH CohmeuliL(BHESImG).

e  DNA@eail aflpLIgeuTSH60 : HMTFL SloUHmBUled HenThHEleen DNA 6515
uelssl igs  GHel] asCameled ellpugaITaslILGLD.  BeuaipLIgedTaId,
AIPMIDWITSS SHTEIGD @eimley emi(Hd SenJHaLIUHID. DNAse, Suimdseo
RNAse  (@empBurBlugsdleBuis)  sleiusupmILest  6uenIWmIGSSILL L
uflefliys Qauwieuse cpsuld RNA oismmuu®balesimg).

DNA 2 L6 STesppid GBrHuImiser
&HeIemITgd (GHpelanien DNA @& Gall Le), @enemissHe0 oMb 197 85L16u01651 60165 &
OrrHwrser Gamemeuliu(hdlement.

1. Gpevgfléagen saGLTBULESeMBWaB6T (Restriction endonucleases)

FHeumiEeied GeuauBaum GFTleosamen GmOETaTEHLD LGN 61EHHUITE
B sdSalCuaset sTeuluBGE@ImaT. UTDUmTWLGS CHTIfleni LgHs0
GO @LsdHev DNA  GauliLiuied 10& (wpésdwomeng. DNA
@a1  snfpliurer QHTLfEmen GamSEI(H SHH BLEHO  DleLeLF)
S5MGH  semiemouled  GeulLdgmypu  GerHwumsst  Gyerigflaagest
arBLTBlusHlefCuassit  steuBo. DNA Gasrifl  GeulLiuBd @b
L GUUBHHO SHTEID levevd Lleeydh SHTID 66 MPSBLILBD (2
7.28). 2 _-b: EcoRl Gzmmmisumul: E.coli

2. DNA @e9Bma0 (DNA ligase) : 18en5CaTobameds @l DNA (1pe0&anmisemsnL
Gummis Oameateusnats GCeuaiBGaum GCxTmmieuruisefedmbaH QUi L
DNA glewiLmissn DNA @el8serd Gmrdusdlemed GurerdGur@mergsHsiLl
dememiiienu  goubhshd @enewidssiuGld (2@  7.27).  UJDUMTWLGHS
Gamflai ualweled sl QUTGIUTEI LWSTLUGSSUIUBID DNA  Beneunté@Ld
OprHwwors T, DNA  @elGzmed  smewiluBl. @b GrETHusHe
Garpmeurwires T, uppfluw elupmidl sreviLGE SIS
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alGul L QuTeCGuT@mHermHST Llenesuliy

-
- = 5

l

DNA @6i@sFemmsy elGul L (emewiiiy GFHm@&HaesLIUL 60

5 I <
3+ LT 5
o ) 7.27 simpasmBsujsion BHusHafGunenL | BaensEd @ Guujsisn @enl Geusflenw Blrliu
yFw QurenBur@meragssil eneuiiy gem GCsrmmelssiiu sd

5!
3l

>
=
-

A=
]
1
1

Oenad

F

e
>

- -

-'l'-.

t '

EcoRI @enmsd Lemey eI ed EcoRI @enimed 1l6m6Y sJLIL 60
A-A-T-T-

=

C
]
1
'T'T;A'A BriySsim e esen gﬁs&ruﬁlmsﬁl G

1

2 m 728 gm WnFBsTsmas@iiw DNA (peusmenms Casrmmellusmars EcoRl
w BUUBSHSH GBRTHLGmSI uwauhHH GeusuBaum GsrmmisuruisefedmiS
DNA m Qo p@uwBsHs, DNA @alGsad Oprdugmsll uwaiuBiHd CeusiGaum)
DNA  &l600IL BIHe0s61T 36060015 560
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3. DNA QumedioByaiseit (DNA polymerases) : auenpd  DNA Ul igemnauled LIgd
S (BHU UlymadsE Bruydem gl dannCurmbluysdlefCuinenyl (Heemend
Bagadlain OHTHUD GEFHeuTEGh. @semed @emeu DNA  mi  Apd
uenmignidlemen. op&EBa @emeu  uFbUMIWNGHS GsTifei ualuwiedsd
al1@sLions PCR wmmid DNA Garifluréssdsd 0le pasdunmereney. Taq
DNA Guredlo@rend sl urbsenaled uvwaUGSSUUBWL DNA  GQursdiw@re
SLGW. @& Thermus aquaticus et  Qeuliupmgll  uppflwreled b E!
SasienolLBHBUILGS D CeuliueymiHwinet QBTHULILD By @LD.

DNA 2 Lel &réaasIpmid OErHumsendE GCuwedswrs RNA  URSHHHH
amedmbs  DNAM  opéséamigul OBTHWGSEDHD  UTDLDTUIE) &S
Osraiusseo Hsad  uwenlsiieneney.  @HOBTHWRISEST  YoOTHOI
rrendfliagemen GplaTaiaustsd Hemeu MBsugerd @rmerervdfIUGLS (Reverse
transcriptase) 61601  MPEHSILBLD. @& @ MRNA LUHHHL 1RelHHESH cDNA o
(Upd) DNA sievevg Birlydleim DNA) 2 (Heurdhsll uweiL(HLD.

WL BUUBSESH0 OnTHUbIGsTTed Bl Gumd DNA GaTuissd evevdh Glaul L ed
GeuslBeum LpLosdetlsvlsiTemn  DNA  SHlewTL BIGaNal Hevemalsnl Spdb@GHD. DNA
elyevenLwimen  (Ppewmulsd PCR i uweiu®Gsd GeusuGsum  upoanisien DNA
ulemase QuoiubBdeimer. eeiBeu  DNA 2 Lesimenr  uew  LIyGuinsmiselisd
DNA  (povdbdamisemet Caipmédsed  (IPSHALDTEHISTE  aIbglemeng. Gagsd
STwOorelsd usBaum uUmmosaT GQETewi.  DNA Hewimsanenr  Boummess0
AmadF CFwunHuBHHHIUSDHBTET WOSa|D QUIT[HSHIOTET HEDL (LPEHMUITGHLD.

215Gy Ted Qgged Weiawiend (Agarose gel electrophoresis):

WestysvGomeiplsd  seupplent  SiemFwrmoesCapu, gopw QsmeuL  Guflw
cpevdbammidenen  (DNA, RNA, uygsid  Gumenim) GCeumnaé@id  GQambleni’ Libd
Wentestwlenild  sTelIL(BLD.  LOeUTL|sLSHH60 BiemFdlety cpevdanm  @esimler  Geusmld
apar GxMu gmmsHdevd umelsnd SmdujeTeng. Oaged LoleTeTuIeT S 60
Om6d HTWGITEIMeIsTen AMil Glenenmele D61 T (PSS MIH6IT [HE(HH 6.
@5 cpevdammiseie SemFamel WL BUUBSHSH, UmHLaISECHHU  Boummaosedsd
2 _seydlaingl. Ouflu cpsudsamiset AN pevsammiseEnLal UG Gurg
Qugeuts  BHEHWL. Busdalssdonisamen GuTmSSaemy Gsmlul  emmid
epevdban el BHensaled HmIHUNHULSTD CaunToHeed LIHLOMES SQLILIGNL LITHSHES
OxmewiLgl. DNA Goumrssedsd oia0rmed Gmed eterwen@o QUL EILD
LwaTUGSSIUGL OFTIN@I ULTGLD. @ aImEd  SLHIFTHTHPUIHHSHI
(seaweed) Qumiul (hF asHaflasiu’ L  gar@r os0ITed OL@GHD. @&
UeLFHBMIL.  HTWHMSH DhEGD. ABEITeD Giged 1OTETWINT 2 LG 6midhd 60
HTEIGe Gmed @Liul (B, Omevelst @ SHEHHH0 HCHTL(H @EIMID W)
SAHBHHH0 SNCETL (B @IMID meubBILGBLD (2 7.29 (). a1 alBGwTsHmHBLI
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uweuh s  10eGaTL LD  auprisluBLBUTs aidyme WaGsmmiul L. DNA
(pevhIMIB6T CgsLellamL e DB enL. ChTeHd SienFuw. BEgsvensud HWTT
QFubCurg 2 _(maurédslul L Hemiseillsy DNA opeig  s&enoGummiiu(iib.
Goupmaésiu’ L DNA erdligund yGrmemwolLmed (Ethidium bromide) #muwiGmmiin (5,
UV gefl uLelLiu’ (e srfAuGsHsiuuGn (2 @m 7.29(b)).

sir eIBIGWITSLD

STESD HenIFe0  OsenuanhOsT g
2 @ 729 (a) :sQpmerd GEged LOGTEIWIT 2 LIG]T6uID
(b) UV geflemunt vweiu®GsHd Gggsdedst DNA @eit Goupmésiiul L Ul ip&Henend
ST FUubHSHe0
griguid yGymemwol (B Gumestn FrwmiseT, SisCFTed Giggsveded Byl enL Ll
uligemas DNA ulenLulent B pEemaesenuls Grligul CGUTgid @FFTwmiseT @Ml L
PusSelCurenyl.  OsTLflenwses Osmewi ulenLemw  WHemMWSeOHHSHI
GoumIfE&Is STLLIDTLLTHE. SIeUUTDTEN LULNL @6TeNM 6J6N6il LI 6nL S6iT
usveumMmHlenL_ Bl FeTEIETEIUSHBTE DNA pul @aim uwaUBSHSIUBLD.

DNA guuisEpd seouyiiplurssipw :

seolyUIDiuUTSsSHeme0 Bypliydlem  Busdefssflend  QmLflaess
Ampesmasmus SewiLmwl uweauBSHSUUBGESRIN SHalss Ulmsd OC&TemIL,
aluiLiul L DNA Qe glewiLOwmeim DNA opull op@ib. DNA  uligensullsst
HILNmEmF QFUDUGSHHIMNSNEG DNA opaig FObmehenuld OET([Ho @G0
alBLOTS SiHSH DNA L ensulemend SHifl QFuihed i iguill 60 SL@LD. 2 FHTJ6IonS
Spulufler s LenwliysE sHTHOSTIOHUTHMLW FIDSHTET QTN @) 606ulgH60
Svevgl 2 MiehFAwmelaiad cpevddam @ealenm GFJHHe0 cpsvld & 1guil 60
BumlsmenenuuBld. B HaldHs ULgenswmeorer DNA Renwpwirergl Bliylyassim,
HalsHdH UL gemswmsures DNA ojevevg RNA 2 Leil ssulyulpluunssiu®io.
eTe0iGeu  seviyUimiurssld QFUsnE e SpuleE @b GaTHlusDETS
@rlenLlulyenswmeomer DNA  @uimenswsnmiuLed  Gsuswi(hld. Gegevedsd
2 _6ten  GuipenaswsHMUILLL Ul &el FCHIa @HHOWHHSH0 (Southern
Blotting) 61601 SiemipdsLILBLD GFwWeI(penn @aiMer 20 1é mbHETTOFGs0TEH
(Nitrocellulose)  Sisvsvg  embBsument  Gloevigslle]  6ugdHEH  SLIOTMMLILIL 60
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Gousmi(hd. ULemL e etteni]  Glosnigaleys@Gl  QUTHSHUUGID.  1Teoten ]
&liguiLiu’ L opul GosiiFelab@GdF Garaésliul (h Wemeniolil] SienL el UU(HLD.
Quengauay e QuUTHSSIULL Biriydem OCsrLfleenlea Wl (B  opulssi
suedlemowimall  LenemibHGsTemenn. OweaiFsaes sSuwealuGL Burg, HevsE
B sSefCwrenyl. GFrLf G@mewi uleLuj el Nensub ieTen oy ulssit el
genaienal SSHMUIUGL. Spuilurerg sHFHCSTODUT. HEGHw  (penmuisd
aluiLiu’ mpbBeSTen, @ueadHs aTLfl Qaremi  uleml, GuosiFsiuaist
susHflsd  epsvld  @enmsTemilumL. spulwmsng 2 MMehAGwmeiaisin
FmugsHeme0  FHiguil UL HBSTE0 UlsnLwmeig UV geflenpwil uwetu®hahgd
@ emEIGTERILILIHLD.

BenFCFHa DNA Qamdeni b

yeluled 2 6iTen  SMBHH  DARISIDEHLD
QurgleuTen cpHTeNSH @aIMeHBSHI FnFrIL
mLHBHmel. Fev eneuFmEen Haly, Eeumnlest
umrrouflwg HHdealed&meT DNA @60 Sermshalwil SpiLfleréeRu BmFCsis
UBGSSULL BeTenar.  @IFTwer  LLGHHD | oo g DyUIaEAL (PEDBETTED
P55 DNA  oimenshal DIBIHBTVID | QeuciGaum CHTHMIAITL IS
sTeolILBL. CLoID, DIMBIHH JEIBBEBL | Eapba GuDiL’L DNA ssmen
RHD Amliyfleniols uflureLemwBw | @eINICFTHBI 2 HeuTdsLILLL

O3 T 601 (5 GITET T 60 P umSFlwrGsur | DNA  (p60én mIg6NT GL0.

2005 @ STugBom  Jevevg  @@p  ealeumBasT  OETENIphHEBGHL @
ugusnywevdls GeuefiliumLmerg @Cr Guiemyl LTBaBw @ éHEGNSsIUHLD.
@518  15enFBaFIHEH DNA QaTfhei usHdler iglusnLwm@G. &eheEhTeld,
hHSGHIOUD, aleusmid, maH0HTL wHmId  &OHoTLeY  WyGwnsmiseisd
Gumoreapeien, ySHw Apiyflenws Cajsamea @erenmil GUDHMGESTHATOISDETS
@remih Sievevg @rewiha@G GumpulL Geaummemiseied SmbEH GUDUILLL
DNA &6l @aimns @emewidsluul (b, al(phaeuprdsulaien L@sHsuubEeamg.

WBenFCFImHE DNA (ps0HnMIB6NT :
BUDNMBWTSES HTUILILILTS
QBTLIBensT 2_(heUTHE6USHDHTEH

&6l STUU'L SmasHHs5 ST URISEHD WanFCFJHE DNA clpeudHdnmi
(tDNA) g@eatemmd Cammmeliusm@s CHmealTaIaneal. DIHILITEI6T :

®  ueOBeum cpeUmIBeTD @(HHEH DNA m& HalenowmdEs0.

* 1w BHUUbHEH0 CBTHLBSNTD SHelenowTsslul L DNA @er L (HUUGHESH60
FOUT(H

* (Qme0 WatenweniBmBsd Gdmeni(y; DNA Hlewimidensn Geummdse0

¢ gulsemeny uweau®Bsd alplysGiu BlusdefCuremnyl OsmLflsefen
FFWITEST  SHIGNIL RIS G 6UIIRIGHT6T60

e DNA @alBsengll uwaUBGSHHN usw CHTomeurul @mba Gumiul’ L DNA
HI6WIL_TRIGHEN6T 36060015360
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alphHaIpEIESS HevmseTamen DNA (LPe0HFmMBM6NI LGHHHI0H HIQETLOT6
U @EIMT@GD. &6EIEGT DNA 2 6TGen(RhdaNb@E 6IHTlenUds SHTeuild@L.
@5 omdsalar UmpsHHasE (WhHHworeg. oGl 2 Ly DNA
aupewITss: CabHalmenala@nd niyflento OTHDEIGM6T JDLHSHID.

ele0iBeu, @p Fev al(phHIUPEISE HevEIEeNToNG WenFBFIHes DNA cpevsd
gamiseier LFdleenen’ QuUHNIGCSTaTUSDBTE Disupper sighlseneurss Lydsei
siudlwioresenal. alGUys@Gw DNA gewiloneig, HAugsrs @mindsr DNA
(eeNaUmaBICLHBHD 6161  DMPHBUILUGL CBTIN@IL USHHEIT60  HEIEmITIQEH
@GLedeien QUERBH60 GmGsTeTeniLBaASImE).

DNA (peneneusnsLIGLIHBHLD

DNA (pemenausnaslCUmEssHe0  almpliys@flu DNA @t UyfurssssHng
alphaaphdSs seveHHE DNA Tsymonsed Gurpilun uweuBeHSLLGS SIS
sleflemio, eiymiopsHedsst  BCaTOmESTeID (Ori) B — STeLULTallge,
alphaHapmds ssdmel  QFassSIUGBL  DNA  gewiLwreag Wy
uewteIlIUL TS, elenBeu, WenFBFTHS DNA (pevdbanml Sis060H edl(HLLS G W
DNA o deiyowgeuent wd GQFuiws DNA opeig Ori 2 Leil  GenemisbalilL
Gouswi(HlD. BHenTed G BWepTHSHHANG W DNA RedmbdH sHwimSsond
deiypioigeuen ul  (pipujd. (BDisssSD@GFiw DNA @@k  seolilflalaiGur g
@mupsnm L HGL  WerymwogeusnL o)  umpiflu  elphaeupEd  @enled
WenmerolOBaseilenr wev NydHseil  sTewwiuB. upniflund elapmidl  @siemed
upSflwr seoGiomein COHTHMIHED MLHSHTEL LUDHFluis SevhH 60 eudd@Fiw
DNA @6t Qu@mLD eremieniaemauleone Lyd&lasen sremiu®D. el plgs@flun DNA
srenmsl UsymogeusnL W RbH D60GHH6eM60 @hEIdmenbslilbBD. HTenTaLl
et mLIoigeuenL WD SIe0GHEB6T STAIHB6T 6160 DHEWLPHBLILI(HLD.

AT

(wemenaumaslCUmSSD evevd  GumssaInsTs  elplys@Gfluu  DNA &
alphaaupmdEulamer OaTami(hloFasid o2m &b &Talldal Sp@GWD. DNA
(pemenauenBIOLHEBSHH0 LWSTUHSHSUIUBL STeillEsT (pensmeusnBLIGLIHEHSHS
STOIHET 6160 DWIPSHBLILBHD. 2 L evbE Geusiluieysien DNA mé smajbBurg)
Slemal 10enFCFIHS STalldmell 6160 DMLPSHBLIL(HLD.

WBenFCFJHE DNA (pevbamemD) SpbGasnsTa DB%H GFweai(wamy WamFCajhs
sTallenl  opeE@GHaudad  Weumoiu®mo. eflplys@ilu uFbUs T &
WL BUuBHH0 GETHWGWTEmTEd Geul Luul (B, &Teluyw (Wenmevll Si60605
meurdHsGHFl DNA) 2185 wl (BUuBHHe0 Onprdussted GeulLluL Gouswmi(Hib.
@emeu  @remiBD  PRIMTHS HVHBIULH, @pEISemeniu el iu’ G DNA
@eCxHemaF1 LWSTUHSH BewemisEHILUBL (2@ 7.30). (penemeuenHLGLIHEHLD
OFuiwiuL Geuesigus DNA smaluied @enemisbaliuL Geuswmigul HTEID  (LPEn6T
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amsLUOUHSESES  STaoT@GL.  (sreluleigid  (penenausndll  GILI[HHSBID
Quiwiu_Geuswnigut)  DNA emw Qeul Beusm@  usLBsum L HUUBHHED
OrrHumisman  LWUGIUGHSHHHIQUISTHAETENSHTE0  (LPenaTeusnELIGLIHHHS
HIIDTeH U6 WL GHUUBRSH0 QBTHULGIGEHHBTEN  HTOIMGIGMETS  HTD
OzrLflenwds QsTenigmB@GHLD. sTanBal @& L HIG (peneneusndLll GILI[HHDHHDHTILD
6160 SIMPSHBILUBLD. lHHESHIUPEES H6OD @M, CUPIOWITE BTl
Urduemiemisanigwl ummfl elmhaeupnd gaim ou@&w. ey, WardlGaFibhs
STOIWTE0 il THMWenSESUUGHLD. al(phaeupmid ety almuugsaSng@iw
DNA mé &tayn  Henmefllent 1 Oyduswiemin. umsdflu  ellphaieupmidF
FUpSTWSHeT aflHBHTEIMED HeVMIBET @euGauTamid @ CsTms WaFGFIbhs
Wenmerofll_(Hawemend  GlaTemig(mHe @LD.

sralseflal sumssEnd euppler GCeumium(BaEnLd
GO L el phaeupnridds Sl garmesTen SHTemaBea  L6TLmLDalenL UjLD
FHTOUGH DI6VG STalwmsl uweuGHHsuuLeorn. upfiflwreled Nermeroll (HoEpLd
wpmd  upfiflunbelgridseEnd  sralssmmal  LUWSTUGSSLILL6OMD.  L0Hl6Ud
HeLMIBEAGID Fal LlenmevlOll (h&e STewliubSsimet. siaBGal JienaUu|ld Fnl &
STIHNMTHL LWSTUHSHBLILL 6OTD. 10GHIOISHST (LpeneTeusnEI0LHEBHE BTallH6T
wHiew QFWUNME BMPTHBHBIGBNT Bi6D6VH YACs 6160 DMPSHBULGHLD. Geneu
WenmerolO (Hb61T, DLe0IT60  MIOWLILTHSHIHEHSETH  QHTLlBenend  HT6LEUSHT60
@emel  BMepTHSHISET ool SmPHBUUGBD. Bemer  CrflwgTasiiug Lmed
BoepTssmsaTad Gaweornmid. Guaid Sene Seareml Fwrall TaTymiogu b
GamLflaemend GamemngmUuusTed (ARS) HeiymwoyasL sals@GHs  seoliilflalsd
SRIAUNHESBTH. BHHE STaIB6T DMBISHHID STAIOWTEINISEH DlsuFfwiblevsors
UTDU T WL GHSemend smeydlsimer. @emeu sOOUULH, B BRenL Geuaf
alpUuSHDGFw DNA @i YGSHaushHGl uwauhhSUUGESTDS. LHieud
sTelEen Sevenml Awnsll Heiymoyud QBT denemuid (ARS) enLowlIumdgs
OzxrLflaenenu Osmewighes Geuswmi(HLd.
BuwBsv aluflsss BGumed, (pensnouamnsdd ETaluler FsHTen CHTESD 2 ul@HL 60
Gared gamlsd DNA gu UjdHosugon@h. BsNGs salss albbaepmE
aael 2 _wjeuTen  eleniewidmauley  yHmer  smeliu Geauei(HiD.
@pBubsmatureig, unfflwrelst Wenmevdl hset, umflunbelpmidser,
YACs etaiusupmisd  BlemmGeummiu(pd.  &evmisefent  OTOHMLONENIG  LOEaID
aleneisBmennm CFwei(penn @aIMTGW. eai@id unpffluibelpnidsmend
sTalsenTall  uwauBhiHd BuilrFdenenwnersl SHisdsiubEaimg. goereiso
umniiflunoeiagmiglufest GCFHTHmIENBL] QuTl(peNMUITED (b HIeUpBIS S
BOSHH@IGT  STAIWTHIH 2 L LGSSUULemDd. YACs Quilwstes  @@mlusmed
Sunempl  uweuBHEH DNA spenig GQuiflwenaied  ydusmismitiuGoug S Set
SIWIFaVLTGWD. Seney  WsHWT.heGiu CsTeHsaied Gsmdsornmieus
@eOIT([H  DIENIF60LDT(GHLD.
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LOMDLD:

slppbgonemisdl gaiar Gwels BGHSI DB
&60GIeiFaIaTenTL THl UnsSmilnhs DNA oy 615

Cryguwns = emben(hasiul(h, Senemiasiul (b,
@z allemersurs pliyflsowulwed@Gilu wrmpb
EImD FOUBSS0

wellsHd  HeoLD
% < HUUGHS GBETHLS Sieid
LITIDLIENT WISV, L GUUBSS KYBTHLS SHT6D

DNA

AenmmeroLdL L GhOUGSSD GErAwg Srambd

OO

Sewmardudll

LSl

(#0)
(% O /

\

(%0

2 @® 7.30 denmeodl smadl @eatenoud umpflwunr elEhEeupEd geienpub UwWsTUHSSH

alpiys@ il uTbumTLeE Qlemy (penenalmaliOumEsd GFuighsd
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alpluyseflln  DNA  @ear  ydsst  oisveug  WenFBsihad DNA ez
alphgaupmds sevmasmend GCFfshdl, UGUY cpevld sTallsenet alHealbsl,
HTBMETSH  HlenDWTHS, DNA HIWMILBIGEN6NSH  H6T6NLOLLIITES (& 6USHME L
vwetuBHHHW 2165 W HUUGHSH QETHwmsamen uweiuGsS DNA 5 Geaul gl
QupiuhGdaimgl. WanFGF HE DNA Seng Seienbwrssiul(f S FTed
Omed ateesTSHeT cpevld Geummdsiiul (bl Weten] Sei B A sTmg.

SiLWTeMIUBGSHSID UFDLDywe@GSefle LweTum (b

wWenFBaimhas Wenmedl. smelulenmed all(pholeupmds HevmESeTs0 HenL GumD
wrmmsHer  allenansHmaTarg LOH6D (HEDMEUTHIH. DISHTeUHl LTHMILLL
allphaeupnids s gatm SomUlar omls Wsbelwer oisvsugl Llsbedluwle
SHOVIHETE  HEVEIGET  OTMOULLTDED STemlu@Gd. QUTHSHSIoneT D6 &Ld
R0  THOULULL  HEVEIGEHD DTHOUULTS HEVERIGEDHD FIPHTULSHMHSH
Gamomela@. opemed @eumenm CeumuBHSHwd  (puwing). ereBeu  Fev
EUEMBILITET  BIeDLWTeMILBSHSHID LTFOLENTUIENEH ST  (LPen6meusHBLIGILI(HES(LPMILD
srealserilalen  eugsusmnsSUIUL Couswi(Hld. SFeTed WTHOMUULL  &H6VEISH6I 60
Amba Cammmelasiu’ L @Réled F(PSTWIBIGMET WTHOUILLTS H6eVHRIG6ITE
FUPSTWEISHaM0 @mhbeH Cardshgs  GCoumuBdHsHeomd. WOasl  QuTgHieumest
S WmeniuGGHEeT  HleamulfEsTe0elld@ THTLLTEN  LTLDLIERT WIS 6T
G, alpbaauphdssow  GAMILL mevanuly OsrevelsE o ew]
Hoenisiiengl. e1enBou ok GOUI L obs5 HieanulFOsTeosd  GomesiL
ol &HHE60 auenTFAWmLWLITSH. STalmeid nmleuanulTearaoedsd ehTliysmen
UJIDLIGDT W6V BMeNd:  SIaeuHTe0  HienianulyOsreoedulsien o &sgH6e0
WIHOOULL  SEVEIG6T  euenJFFwenL . Geueurmren  SienL WTeNUILHSHH &6,
ormoiul L Sevkiseilst susnyFdlenwt ol (Ho SigiodliugTsd CHikbOSHHLILSMHET e
Sl WTenlUBGSHE6T (GNH6T) sTen DmPHBLILHLD.

@mts Hrssiur  Geuswngws GeauGmmm VIFFfeneiujld 2 6Teng . LOTHOLD
ANILSNG SIMG UGHHHev (insert) B CQUDMOSIID BITHIHLOE06D SN HHISH
sralseEnd  WaFGFimhs. alplys@Gilu  uFbumywmes OHTeNg(hHHHTHI.
sTalsemeT WL (Ho GCaETemiL FUpsTwWHSD @MbH UGHSSUULL  sTelsersr
FUPSTUSHMS SO WITeMEISTEwT BauGmmm SiewL wmemiiubhhs BHemsuliuBib.
U&HSHH60l6l SHTTeIIDNG OLEBIG (PeneneusnsLUhEES STOIHH6D DIGNLOHSEIGN6I
@rewiLTaug| SenL wreniufGdd QaTnur mperalalH. (LeneneusnsLGIL(EHESSLD
Qauiud sralufsd smemiuL Gsuswiigul sufluiomer @uisolseT 2 @ 7.31 Ged
STLLOUL (H6Teng.
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EcoR 1
~
LDL_EIS Sca I™
(LPEmI6ITEU6M LI
QuBEHBSHST6LD Pvul DL MBI
(MCS) (LpemeTaUemSHLI
LI &S ST 6D
— Bstl — (MCS)
2 @ 731 sleudwoner  Guweoysemst  (Ori, L EIGIpensTeusn&UIOUHESS  HTEILD,

SiLWTeMIUBSHSH6T) STL(BLD (pemenauamalOUmBGHL STalldbaTar 2 HTTeuilD
@siml (pBR 322)

DNA [RIT60SBIS6N

GQumplpenm alengaml iV L (HLULHSHSHD GHTHWRISm6T UWTUHSHSHS
Garuiged cpeod JGeuImoTend) SIIPOTMTEN  HiewI(HHenTa Geul L LLBaSIm).
@5 B5Camiflest u@weneil GQuUTMISSH ULBaIM CHTLflemen Wsapd Gl
616001600 B M BUT6 2_(THEUTSHGHLD. DHENDIHHIS FHIWILBIHEGHLD (LPen6Teusn & LIGILI(HESLD
QFuiyd sralullayet GFassiul Bl Gupiul L WenF@sjhs sralser LM
elph aupmdSenw wrmmn GFweHsd uweTuBHSHSUILGLD. Beual(Hbaleulpmidssi
QUTHBHBLOTET 26l HHH60 eUeMTHSILL(H MM QFuwiul L SevEiEseT BHJa|
EFuiwiuGaugiLet wrmmd QFUWiul L seomset CardHahg GeaumiuBHSILBLD.
@miE GO L DNA gewi_Goneim B&Te| GFLIWNILLTSHTED Li&GHSHHEVIL 6Ol 6al
wrmmw  QeuwiulL @eauleur gy &eupld  (wpewenty Caxiey  Gauwiwi’ L
Bemiflent GeueiBeum DNA FHiewi(HBM6NE HIOD. DIMRIHHIF F(LPSHTIIRISHEHID
salenowTassiul (H,  GCeusuBaummes  ausMIHEUILULLTND,  @FF(IPSHTILIBIGH6 6
Ozsm@uy o3GeampsGflul DNA BTevsEld sle@iuBld (2 7.32). FT6UFLOEIT6N
sTalseial  (FRHOSTmHUTL (penemaiansll GUEHSSD QFUIWNILLL, GCLTHs
ABBemps@flw  DNA  @et  ueoBoum — GlewiLmisemen  RendoL(hHEE S
miewteimId  euemIl&eflesr GOHT@GHUy DNA HIevsmIGeT oLGH. 23Cammidler
yrewionen QarLflenwin Qummis CsmeTaudnaTed @aGeur(m FIPHTWSHHEIHID
U@GHsSsesmen QaiaiGamntes GarTLflurssiuL Gaamihn. @eaisut@mn wals afGemid
QFupnlLsHer &S1p walls Gaimd GarLfleaisr Qsefaurdsd LTDINGSHS.
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Henmerol.  smallseit

o o/ O

55

' ‘ ’ \D\—-GUU(B

@ SemiBesy BHEH M Lﬂmﬁlﬂ'ﬂm DNA
upBfurelgiet LEHs60

DNA m& g,mﬂmmmn&;&m
&Lﬂmmmm
ST eE6iT
(®)
@D @Y

0 SBBeanm(ps @R DNA
% ETevsSHHE QFHT L

SIF60 DNA

2 @ 7.32 gGampdgfllu DNA mressmss slgGplib Ligpenmabst

cDNA ET6VBBIHET 61601 DMIPHBULGLD Retbevim(heushd DNA  HIT6VSHMBEISBEHLD
O 666N, &H6VEIG6T / BenpWkisaied BHbHH Sellenowmasliu’ L mRNA &eifss
ymwompm  yretendflliaget (reverse transcription) epeold  Gupiul L Blyliydlesim
DNA @ @bhs FHIVEEIET OCBTERNgHB@GHD. HeoGoTaaT mRNA  Seiflss
Gam@uy  grerervaéfiuGLmD  (transcriptome) 61601 DIGDIPSBLILHLD. mMRNA &6l
SeollenolUBSSIULH, Uowrnm JraendfilagasE o etenméasiul’ (5 mRNA
HEHBETET BIILSSID @@ DNAULYmSWTSESIUGHL. BSHDEGU UweTUBHSHSULGLD
OrrHun fGaufed FretevAfiGLaD Sy@HWw. @yl uligensd Gsmemi cDNA

© 2020 CaHWw Hevel BlMicueTD. 2eetTs & 2 [flemDSEHLID LIMSISTEHSLILIL L6m6.
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mu Quomis Gsrelausmasts DNA GuTelwBrenall LWaTUBHSHS (WpHevmeug DNA
LIS HHL 1960 BTemiLmsug DNA U gend eiymioigalenl WF QaFuwiu(@n. cDNA
BIevsD  SLEWIpUUILGHaSDSETE DNA HIILEISET (LenemeusnsLGILIHESLID
Qi G,  2BCamups@flu  DNA  mreussdnstear o165  GQ&wei(psmm
WestummULI(HLD.

GaTLAlUBSSHeESTen DNA  gienilmideler GaTmmieuTuisenTad Siglilenl_uilsd
DNA [HITVEEIG6T UWeTUBSSULGHESTDET. cDNA  HIGVSBISET UFLDLDTUISE
Geuefiium_(hé Gamevmsenemud Lydlusdadleimen.

DNA alflCwndlé@d G EdHser

2 LeydE Geusilulsysien DNA 2 L&t G HTLfyeTsn Heold wormmd GaFuiwiul L
HEVID 61601 SMPHBLILGBD. SevGomein 2 Levsb@ Geusfllulssien DNA gl
Qummis GsmeTensd ULGBaUM (PemMEBST psvld GLomESTETEMULHLD.

* wrpm : Fwenpulsd @ Guifll  srevemldamawTer  ell(HLILSE L
DNA @eit ydamen (2_+ib: 6enFCFIHH ®mal) all(hbHeUPHBIS D &60EIHEIHL 601
B0ESIUGIFNE. BFH SooOEIFAINIMTLTEF Glpedled SHHHI HELBIHEIT
DNA @ o alQsn(h&@GHL SHmESmoamUl  SgliueL Wnsd:  QETamiL g
®ovmiBelanien DNA o alGenBaésliupl alenearshainen Osad (& enmelTesid).
alphHeupndd seomidsial  CaTFAwmsng (Qeueuledmbh DNA &
2 6GenBaGW Spmmed) UsGaum ufsfiyupenmEsnTed DHBfHBHEIUL 60D

* GOEHGS sLHEHMS : uppflualpridsat alhHbaEUPEIED SOBIHMENS
CFTHMID SHmed @Ipemm  SRlUenL uITesS CBTEILS. SHT6UTEISHET
o elevBIGEMeNS OCBHTOHMID eWEUTHBET, SHTeU] LOHMILD N6LEIFHS616
alphEUPEIHS  HusHaler 2 Ledb@ — Qeusfluflepsien DNA s
alBBwrdliugn@l  uweuBhsUuLsomd.  eldUYsGiiw  UFDUMmTWE,
rmlwenssIUl L eauf&sGw  BCampLer @enemibsiul(h, UJshd
sUfligeien (capsid) QurHOFLIWNLGBL. BHH MEUTHS 60T ENSUIT6H|
SiHer FrgTyen CBTHHHD GFwsiwempuiamn e WenFGsjbs DNA mé
BLHSID. sUFLLTegH DNA mi urgisre@. SW(penmumegl rmngems
el Wseayd ealenesamensig.

®  LJDUMTWEGS HIIUTSES : BiD(Lpenmuiled GQuTet Gumsim uTye Gsors G ssTnsst
fnigiemismasentsd almBlysGiu DNA Qe oifls aevanildams OCamenL
Wrdlsen 2 _emui_Ou@n.  wrmmw  GaFuwiu Geuewigul  SevsHaleniei
@smenlbmase 92 WTBMaHFHILET QFSHIUGL. @&SHGHU  LWETLIHLD
2 _LUSJENID UTDUMIWGHS SHIIUTHS p@w. (2@ 7.33)
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2 (5 7.33 UFbUMIWEGS SHIIUTHES

Agrobacterium @enLui(G Gaulujd uNbUMTWeVE BLIOTHOLD : Agrobacterium eTeiu)
@ wewlsump UDHNFWT. B&H STeuTmIGmensd QHTHMHEmIgUIR]. Deneu GHTHMID
wpenm Wsad HAplurerg. GsTHOeITed HTauFsHEHe S0 gDUBSSILL (B,
aipe@ien upBflwur eurgw. RHEHTU HiIeGETUINY GBI 6le DiMPSSLILIHLD.
BPE®E DLV STUINT6D STRILILGLD HeVMIBET 2 _ewienioulled Agrobacterium
@eut enmerolligsst Hiewt Gomesimmsd Iy fleniouiwied wrmmd GFwiiul L snel.
@bl Nenmeold Ti (Slpemev FHremi(hld) TenmeOllll 616 SIMIPEHSLILHLD. (2 (H
7.34) @ Wenmerolll 96T (p UGHWTeoIH 2 _ewienioulsd Smeuy 23CeumiOen)er
AL rooUulgmEG0. 6B Heneu  @Lwmmmid DNA  ojevsug  T-DNA
ereoiLBLD. T-DNA Gasmemiig(hab@&ID LUFLDLISHTUEEHBET HLON6D D (HeUTHHSHmHH
sreihausllen  Crruialmenals@d  SueoyLenid  GQsTLjumssiensu.  DNA
@ wormmd GFuiwliuGeusng T-DNA @t BLGIUSS LommIDd alevgIUsE aleiibLd
OsrLflser ChameuliLpHlo. BHemmsv ailehepmafider T-DNA el mhgH 2 sHlomsst
UJLDUSDTWeV&H &6 2 L uL GQupbumeomen umMFlumeyds@Flul LFLbLen T uIe0 8 ensi
sphell H, @remwih elefibys GaTLflasieor @enLGuiujsten GenL Geusilameriled
alpUYsGFw  uTbuTWeGHEMeT  LGdhHuseneny. Agrobacterium Sieumndlest
QasmMmID  SHHATEITE  HTOUFHBHMBIGMEIOT L@GHSHSUULL  UFIDUDTULIEVEST0
wromid  GFwium’ L T-DNA @ alflGunasd  Qauiwipguid. eslepid T-DNA
@ BHG 2_SHETLOTET LUFDLSDTUIEOGEHE6 SISMMUILIL L HLOWITED HT6U]J&EH60RIH 6N
Grruiblensvenios@ 2 sienmeudlsvensy. &g T-DNA @ mlymuwsumssniuims@se0
eTeoTLILI(BLD.

54

©® 2020 GaHW Hevall PloisueTiD. 2eneTEH S 2 flenn&EEHD LIMSSTEHSLILL Lne.

© 2020 GaHAWw Heval BlmieuaTD. 2 eMeTs & 2 [fl eSS EHLID LIMSIS TS SLLIL L6ney.



© 2020 &AW sevell BlmicuaTd. 2iemears S 2 [flenn&EhID LIMS &M S UL Lene.

a1y @Fflw
UITLDLISDTUIS0(F

STevilg (pipoymiHd

CaIBOSBULSDSTE G susvg T DNA allsfby

U flueyd @
CaybesBUUSDSTET
SiemLWreml LB 58

Agrobacterium &g&Teut

Asrymioigsed CHTHmLD
E.Coli &@men eymiggs0 Gsmmmid L|DLDI S BTN

2 m 7.34 Ti Genmevifl’ &mad
DNA u@UumTuley

2 meaualwed@Hiw Guweyset ur@GuhsSsl ULSTUGSSILGBLOUTSH &HenLbHdh
galgl  @WIEOLE6MET  6TeHIEMIGME  UINTUIMDGEGHL UL LST60  AIPENIDULITS
uUT@GUTLIg60 @enmisTeiul L 10&6F APl sal LD @6Nd SL@HD. NHHLDT6s
Auisoysen sTeoLLBEWLEUTE 2 LGemIEsT, GHeveumdset, GusmEsr Gumem
Buevdswren Wfleysen grsHwwm@G. 2 ulfljgmwer @uwebysen (SIHTeuUS,
OprHws QFupurhser) smEsmend FHPw  gal L misenTal  IAOusHEGL
UT@GUTLIg60  UWSTUGSSUIUBID — LwgleTen  BuisOLSeNTGHID.  SikIdS6is
Apiyflenwuiwes@ilu  CFTamEmMTaD  SeuHI6T @OETEID  SUIEOL &6
s (HUUBGSBUUGSTEL  BGBe  dFmplulL  GuedlyssT @Goaneol  GuTmGH
wrmuLeTd. ps6a smdseiar @m gnl Lmiser (Apiyflenwuiwed  FHulsd
RHHMEULT 606V GoumiuLLensulm 61601 @(Houl AMHHIO@TeTen Sieuj DNA
wLLeHe0 oy Ceuemi(HLb.

SR sefenL Guiujeien Uiy fleniod@flw @OMIHLOBEIT, GeummienLo&6iT
sleotLeumlesT  EenmIBTeINGE alFHelds DNA U@GUUTWIaGSTaT  LsOGaum)
GamAlsvm UkiseT alpbSwTdulemenst. Seunmiem HeveuMenme FHeoTUI6H He6n 61T
@eRISTaRIUSID  Falll  UWLSIUBSSIPRUID. BG0smOa ukissT  DNA
HAlenowWTHHs0,  Qogsd  Weneonwend,  opuiseflenn  vweur(®  Gumsiim
Qamlen LUBISHEHL6T SeneanibHIl LWeTUHSHSLILGS 0TS
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WLGUUBGSSED cUENTLILBISET

(wpestenty ST 1wl Gumed Wl BUUBSH0 GBTHWEISET, ds DNA m& GOl
OarLfluled s misenTas  Geul KAaimgl. WL BUUGSHE0 BTG
6T60IEmN BN S, DHeumlsst SHenaILLD steUsuDenmU QUITmIGHSI LbHaTls0 Geum L
siewiLmsen  Caxrommielsasluiml.  GQeusuBsum WL BUUBSH0  QBTHWkISSIT
OoueuBoum SremIEaTed  Qeullp, GeusuBGsuml  LHLOGHIETET  FHIGWIL BISHENEIT
Geumui’ L sTestiemibandseiley  GHmmmiellds@. Wl GHUUBHHHE0 — eUTULLD
GIILG  @OIMIGEHTEIN FTIUTE  @elGeum WL HUUGSHHD SHTaISHH@IHID
Blenev, DHBHTIEISEHHS ML UN0TEsT HITID  6leiLeUDENDE ST (HLD  6UENTLLLD
SGW. (2@ 7.35) snywrag GCFamGoraea (cM) Di6060& (pe0FBFTigameres
66001600 B ENBUITED 6B IL(BLD.

EcoR1 EcoR 1

2 105 3:5 4 1

Bam HI Bam HI EcoR 1

2 m 7.35DNA @ AP ugd @eider 1wl (BUUBHSED eUeHFLLLD

WL BUUBSHSHE0  UMTULMBIGET (peneneusnaslOUmEsd  GFuiud  srelsest
BIoTenisHn @ WEa (WohEDTaTemel. (PenemauemslGumesd Fuiub sreallssi
(pemeneuensIOUmHEBSD QFUIUID  HTarhHed WL HUUBSHHO QBTHLISSHTE0
GauLiu’ G oifled Goum Campmisunuisefled @mbaH Guplul’t DNA  Gest
HIWILBISET LGHSSLUubBHeaimer. Gurgeursl  uwasuBsSUIUBL  Wermedoudll
sreluflesr L BUUBSHHED euenJuULLD 2 h 7.36 @60 STLLUUL (H6TeNngl.

EcoR 1

Scal Hind 111

Pvul
. Bam HI

Pstl — Sal I

Ori

2 @ 7.36 pBR322 Henmeroifll. &mel @esiflest 0L BUUGSS 6UenFLLLD
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DNA GsTLfliuGsH560

DNA (peuddam @6im BIiuydaimgid 61HJF  FIOTHSIIOTHIHIOTET  Eeni(h
UL IQenBEHMTe DpSBUULLG. @aGaurm ulmsulsand ougefer, @ sureier,
amanBordlar, emsler e1eim BTG (WPevEEsT @ CaTLfullsd CrflwsTs
RWRIGUBHSSIULYHBGW. DNA GaTLfiluBsssd  eoiug DNA  cpsubaam
@6y GIDELPeVEISETET FHIeVEIWIDTET QBEINSS HieWIw CFWSI(LMmMD i, GLD.

1977 @60 DNA QaTLAUUGSSY SN(WpESILGHSHSIULL Hed BHHSH BREHCHTLH60
miCuwresig Quflgn Guwuhssiul (B amdleaims. 2003 @ weals 23Germid
QFundLsHar Hp Corss wels o3Gamdesr GarLfl, DNA QsrLfliubhssed
OsmPleuw epsud QuoUULLg. @& WsHeoTeusl FHeHG CHTLIIILGHHE0
Gamfleni’ ub sien SEMPHHUILGHL. RbS (WmDE6T G DNA glewiLsiwesst
OsrLflsenen L (HD SHiE0NWLGFIQUISTED HewiL ST60D CHemeulILIHaISHTHID
Bobag. DibsTLHHD BBHH AGSS FHoHS CBTLINLGSSMN Siedevg
@remiLraugl FhsHH OFTLAILUGSSH, WE Haiaromst cpainTalg FhHdHs
GaTLAOuBESHD  elais Qamfeal uefley  elpHHwenLBH6MeNH.  WOH
mederomer Qamiflan uailuiedsd Wsvedlwiest sewibsmet MBS HeNGULITenTL (BT
QsmemwiL Ul emaUlesT HBNMsmesH STLAIUGSSS mRUSTE S[HILSTE0
OasrLiiuhGssasE&Gs Cheneuwimea Grrb GUflHID GHmmaeslu (HeTengl. Lels
Beoimd  QHTLANUGSBmeVN UTSsHunss wels 25CGmmd  GFwmml L Sale0
15 sumLEIB6eT Cxmemeuliul L Gumgid smGurg (2018) @meugmsd 1000 US$ Leword
OFevey GFuigh Fsv WeatlgHwmevmseilsd Heigl CHTLFULGSSIUL L 23GamTenioL
QuUDMISEETETEN (LPIQU|LD.

DNA @srLfliuGssed Qasmflan ualwelsr almsHu a1 s LG mIsEHID
el &FmeuLDT BaBLILIL (K 6TT660T.

DNA GarLfliuGssedar HyGuimsniser

tweoodssapn 2 ulflwed : DNA et cpovgd OsTLflselear sseusd DNA Geor
Oammurien,  elenmdosbaTsersn  oudwoneig. UsGULDIL  @elenmé
GUWHGNSGWL  uFbumIwuGHeiar  oepwalld  DNA  Gsruflenws
SOUSBET  cpeld  SPwlu@GL.  urbumrwen  @earmesr DNA Qg flulsyeten
GO L  GLrewwsiiser  (domains) yrssdHer Gasmbpurientd  GHGSI
BO@. (2 _sTyewions, UIslh OCaiFaiads@ s GnGETe LIS  DIe0605
DNA 2 _Lait Uememiuyid 4ysom eier) ol oGemmifled  UFLDLINTUIE) (FHS61T6
wLEIGL Ordsst @miugk DNA GsrLiliuGssedlsd QeusfiiuBaHS UL HeTengl.
SOCemTsidevs  QHTLAIUGSHE @etemmi  uwaubhshd  Quienyl  geipiest
S0CemT 2005 CaTLflenwsds semlubampustes RmbsEUTHID SHEUTE DNA
GarLfluigmm e SflGamsilensd GETLemw Beu@Gaumssd HIeNLGHImIQUISTS
2 _6iTeNG).
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ufleormo 2 ulflwed : DNA shasdlbes FHod HSLESUUBHDDS. STVl
Guradsd DNA @60 THOEISET goUl(h, HTlLliubGdeaing. senGe,
@engdlan 2 _mBemuyd Coaupmenmsaionr RemLGuiud SHellweiseilsd 2 eiTem
DNA GsrLflsalea  @nmiennseEnd  CoummiennseEnd  Seummlsst  FaJlils
OsrLjysemen GeusfliufGHEHid@men. Guswill UTHISTHSUULL LITHeT Loeish
aFFmIB6TND FHHHFH (2_FTTFewions 6T, ueluled LsnShEleTen Loals
eiFgmimet, 2 WlfFaaumadsiul L aFamiser) GumpiulL DNA  wrslflesenen
GarLfliuhasAusTed Homo sapiens SajluenLbd STeVD, 2 60end  Geumn
Qasmeien iUTH6T (GHROUWIToUHLHH B 61U DIMUWILILIL (HET6TG).

mSHeUD : Fov GOHWUESeT Fev TDIYflend @EEISMEIEMET  HeM6V
(wpenmu|flenwowirsdujetenssr. DNA OsTLlUuBGSH0 LB THESIWIDTeT 1068l SH6sT
@m srelwr, &ral @evemeowm  eeiumd  GeusuuBeHHIEBMH. (& HLOU
SmBIBHSMUTH6NmLCW  GHUI L  Crrenw gnuBSHBHID THHEH  eTeleUTH)
upbiluyeTenQgHeTugl L Fauruitienu &G QFUIISNGLD (PSTMLOGHSINSHMSHDH
HLflLad wWsad aoadlwwreag. HCxHCumsd yYHmICHTWI Bemeiliys gnl
DNA Gasrifliuf@sseleamed  grsdwnm@d. Gwmwmel  @meufle (@ @malulsd
sTeullu(hio DNA @& GasrLfliuGssiauser cpeold LUHmIGHTUIGSE eupBISLILILL
WGBS @aimer  Hevmisey UISOSTLIUUGL. @@  W(HBEH uHeveilssmsn
ymmiIGmrrwLe GsrLjuret DNA GsmLflsst @maullsd @emmeusnLw Geusmi(HLb.
WA Tepeva|mHalal @GevaldbsEsshdelhhal Selamwwundsiul L. DNA Unlyfleno
R(pEISETRIGT Bmbamauis ourwu CrTUKSTalNdsd LweaeTend).

sLwodalwed : @55 BrieLwiser sely, & Selwsisst DNA  Ge
@55 GaTLflenwds Camaungrmiug Waald flar@w. osmeus  DNA
OasrLiliuBsserais GDm BapallsHs0 sremiiu’ L (Gmd, wuly, albsl,
o 10pBT Curelim) usTissmEEale phas Gupiu’ L DNA QsrLflow @55
DNA GgrLfl GaremiL seflwenst el wmenmisTamid. @HBHBUTE HhmSHemLoF
Baramenumang DNA OsTLlUGSSe060 SerQem(h LWL6TT(GLD.

GupprgiGamblded (Metagenomics): miewiamuifleibaal LD 6aiugl oallgeL 60,
ueLBeuml  GHIPGUBET  GIGUTLNT  D_6T6NLMBIBOTE  G@h  (GMHE  sumdlSHdled
STeIUBLD QOTSHS HICwIeNIBIHHET DGW. @ Hiewanulfarsanm L &aaiesn
(116301 6001 161 35 &6 61 611 55 SIS HIT 60T LD L|(Lp6MMLLIT 60T G| HITWIEUSTTLIL|E M 6T
SQUUDL WTHS CoHTeni gl siellanild, GUIHLOGTEUTEN  [HI6STEMIBISSET U6NTLILIEF
OFuiwuiuL (puITsamel. siesiBeu Bemeu GLHLOsTaT SievL FAulILHSHSUILHEeTment.
OnmredGanmidldet 6I8ILG @ Glpevled STewiuu(BD Gorsds DNA @ grdw
DNA opal 5056055, ibwrdfleow (Wuewwnsd SHGW  6lehEhTeD
AGW. @hasF srdu DNA @ed 2 eten Hev godmiumer GQHTLflsess
OsrLiiiuBssain CQurmssomear Gabummeisefler LWeLTL (HLT6T  LIGLI
urwieyb  GeumpmlevtaiBeen 616016015 ENHHENETUID SIEUDMIHT DI UITETSHENSHUILD
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Geuelliu®GHHID. Beummienn  Hev  HHCUTH  SOWINLL HET6TET.  6JeM6IILLIEUMMIETT
SIBeslomenTensy LHw SenmisenTd @hHH60TD. 616e0Beu  GLommmaIGeumidleserd
SDemBWLTEE @pelwed, QsrmmChruiwed Gumeimsunmlsd (paHEILILDTETEmEI.

DNA aflysoenLwiTen(penm

selle  @emsr  Uplyfleows@ilu  simLwremniuGsHseier  HealdbaiaIomet
OanTEeHd aimem DNA afljsusnLwimemd eveug Unliyflenws@ il eleurs@Gphisnu
(genetic profile) & _(peuTH@GWD.  SLWTMIUGSHHBeMET  RHBMHD  DIEV6VH]
@eveumemo L WTEMUUBSHHGBGHS SOHADUUTET  (IPHEVSM6NL  LwsTU(BHSEL
Gupbursyib PCR Renimed smGungl SrwrneissiuubBdamg (6 urysseaw).
@ha oenLwTeniuGHHsen  (Small Tandem Repeats) STR SiemLwImeniiL(hghd) &6l
SleVe0GH  WEHGHCITFNMensu. DNA  (microsatellite DNA) 61601 Siemp&HSLIL(HLD.
wafCwr’ Ha@flw DNA fev GuwdHGNsHonm CHTLfleamend GsTemighd@Lw.
2P0 Brewi(h (LSO LM GUEDTWIT6N (LPeVFEFTIH6T @eiipeiilest eeimTa 100
(p&He0 1000 HLemeubsil LewwI(HLD LEWIBLD DAMHA(HHBGW. BHTe0 Feumniest
penmiseT GeumiuBo. @emeu (G (WS E&HMISHSHOMMENEULITHEVTEY LOTMeVE6T GHTHM
MUY HTHBHMS GOUBSHHTH. @eneu SIS0  LOTHIBETTH0T60
SimLWTeniuBSHEeNTE0 uWaTUBSSIULUTD. STR sienLwmeniiuBhHEen 6L
LWIETL(HSHHIEUBHEI  SI60)|Fn ORI GTT6L6IT;

* Qmeu PCamiled DigsHHy HTEILILIHLIENEY
®  PCRapould @evGours siHsflesliuL saniguienel
*  gflsenaled QA UNIHAUSCHTODD G TewiLmeu

e  FApulweounssiu’ L STR&eT &nhdeumen eleieniamaullsy &leml &5aHe0

(pesteny eieuflasiu’ g Gumed &iguil iUl L SiepLwmeniuBHS SNl Liules
uBsHs sndAmiurer GaTLflamen gpuia] CFu1S660 (1Pl ULWSTLHSHSLILIL L
(pemOWTE @HhHEH (DNA opuilsen wHmid Seouyifnliursssend L &ea|).

DNA allsurs@mlursssHsd  siemLwmeriubiHHseiea OsT@&HS @aml (SLulsein
SlVe0dH PCR (1ps60&61T)  LWSTUGSSUILUBLD. @  SienLWTeTLB S enuLl
vweTuheS DNA  alFevsmLwmend @eaim GQumiu (pung. ghaeaisd @55
uLemLwm@G Gamevd O&smewiL uew Sellwensenr 2 _eiener. Gevid Guogyid
SiemLWreniuGeHosensnd Cagomenorsl LwWsTUHHHOCUTH @By Co:mevhenaL
QuHMIECBTETEUHNEHTH HBLHHBE| HMMESSULUBLD. 13 SiewLwWmeniuBHHHen6IL
uwaTUhHGSHeTe0 BEspsHHauTasg 10 Wevelwaisafled @bl Lev Hiflevedluiessei
Uy A HEHGH0aS HalHSIUL(BETNE. 2 05 FaOIHOSTMBITOIH 6§D
Wevelwiesr euemy @HLLBTL @B Selwensen @Hs Unlyflenw eleuyas@Goliy /
alysvemLWITeNSmeBd OETeng(hluSsmeTen euTuwily Wsab & smme.
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DNA eaflyevenLwirenpenpuilet 1SiyGwimsmiseir

Gppeureiise WHEID UTHSSIUL L ufSmen BREIBTHN6D FbECHHHLTHeM60
DNA  eljeuenLwimenmisel  @GDOOW HBoOLOUDD BLsSelmba  HnLs5b
o2 _ulflwesGilw usTissaiIsefar DNA  alfevenL WmenbisenhLer UL iuLd
(2_@ 7.37). @nmeureildenen SenLWTeND STeurudley Biyssyseaien SI0EymuwwD
BHRIMSSHTE0 ghmISCETameniuBLD.

#5855 FHBss  FHBas

BUIT BLJ BLIT
#1 #2 #3

GmoL
L{60LD

2 m 737 @oow BoLOunn BL&Hemba SHmLsslGunm wrdliflaafergid peim)
#5855 BuFseilangid DNA alljevenL WmenEISens UL 60

(e56ps BUT #2 @zl alugsGiiiy GO BoLGuny ALsFelmhsa GuDiULL
rAfuTBI 61 @HIHBBBMSI)

FShensmwF GFTHMe (2 m 7.38)

Heitemen  @eiimlest  DNA  afljeuenLwimend oigeit  Hhendulst Sisvsvd SHrullest
DNA alJeusnL WITeNSHHIGBEHF FIaIFNITSE @HEUTHID SHEHTH. DLETEID
shmsWledmpbas  Foo  siemLwTeTiIuBSSHsemend  HTUlel(BHH  6Jen6ILL
amLwreniuuGsHosemenuyd  Ueitenen  Qasmenigpd@w. 6aBou  (@HLDHenNSHUNeT
shmaml 2 _mISuGHSHe6smeen  DNA allugs@GoiluTasd  HHHHOTHL
uweTUBHSIUL60TD (2 7.38).
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STl eremern oyemr | Spem 11
| — —  — =—x] I
| I— r— —
 — E— 1
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— g  —
| ET— —
e 1
e e
r—— E——..) |
N —— -
| —— | —
| m— — —
— ——  —
r——— pe——
E-———3 e
| m—— p— E——1
" =
-3
—
R ——— e =
— —
| — —
=1
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| — 1 E 1
— —
E=— -3 e

2 7.38 shmsmos Carsmanssta DNA eljsoenLwimer (psnmenuwill
UWISTL(HSHEH60

CaTHpD STyenismen GTEISTERNED : OSTHDHmIgUI GHTWTHS DIEISGWTIMs
alysuemLwmensemall GuDmIGOsTaausD@E  SpUlEaT  DV60HI  (LDSHEVEHEIT
Sfwiu@Gn Gurg DNA alysveniwmen (penmwimeigd Curwmefulesd ie0svgi
2 ewialey Sievevd Bifled BHLH smblseilar FEHHmE I6060H B60EVTMIOMULIS
ST MIU|LD.

QureSioBrerd FmIBlells HTESWD (PCR): DNA NSIYmIOSms0 DIgum)s)amiliu®sads
(mimick) @ewieiTigdh (GWedlev DNA Qariflasnen  15d GFulsusmn@L
OQuredioBra  smdals STésd  ULSUGHBUUGSEDG.  1TeTLMLDQHMEVLI
Gumed, ydHw DNA ulemsules BeTEIGHTE HTHEeHMmS DmbGHMBE DNA
GumedioBrerd  OBTHWETEM CHemaulBld. BBHDETE  elpsOlIGUT(HL HMTH
@l fAampCur BlugsdleBumenyl  apGuTerd@um (dNTPs) (dATP, dGTP, dTTP,
dCTP eieip  Bren@ legl HeopCurpluysdelCurengi B cpGuTedGumHmIHST)
wHmId gmnenmil Ulyemd DNA uwsHSEH @eim sealal Chensuliufhd. DNA
Gumediio@red DNA  UeiymioysHene0 LTSS LTSHTHOTED (IPH60  @ESImILD
GaemeuliuBid. PCR @e0 (psev eieniug ydlusmieiuL Geuswnguwl @evdb@E DNA
@1 37 (wemenuilgvieiien GOaTLfléE Byiydein, A eemienlbemns GEmeiL
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B, aSefGwrenyl (HosenpLeaimer  (elBarBusdlefCGurenyl(B)  sSHAmlLTest
DNA QamLfl oL@, S0p ullgendseneTn 1rSussianalsdn@ 3’ (wpeneruled
@remi(h ULIQMmEBHEHLMILD Eeneld Fnigl @0h (IPHEVSBAT LIW6TUHSHSUUGLD.
BB (pHevTanig RNA GsrLfl @aimte @méG. Bsm@ Gueure Mg+
2 1b Gxemeauiu(pd. PCR sevemeuuiat GCaJomendsdmmieentas @enel STaoTlILI(HLD.

dsDNA @60 2_6item DNA glewig@Hs0 117 dluesissiiiuL Geussunigul GemLIfl 2_6iTengmed
315 GunenaswsmoiuL GeusniHo. PCR ssusneusnwl 95°C &@ GeuliuGuommieget
(pevld BUIMenSUISHMHMED GomGsmememIL(BHE TS @euGeuliuplensouilsd
Quepbursumes  QBRTHWRIGEET GubamswsnDOUUL (G el iuBoTseomed  DNA
GuredioBra  @umhenaswasnoiu_alar ey GojasliubGals SIeudwm@LD.
ageflgp Geuliupmy omdseflar OBpTHUBIEET 2 wf GauluBansvenuis
FSTHRIBHFgWeT. e1e0Beu PCR @ev0 Gumrgsunsl  uvweiu@BsHsUuBL  Geuliu
sT@gliyeiemn DNA Quredw@revmeng Qsuliumbmigll ummfluwimeurest Thermus aquaticus
@ mBba Gupiinbderm Taq DNA QuTelio@red oL@W. SuHenSWSHOUILILL
DNA ushssl e  wBroydsm OsTLflujLer (pHed  Benewiujd. Bl
GHoobhs GeuiuBlemeoullsd HmemLGQumid. @liguiTestd STUIFAIUSENL 6160
SmPpHSIUBLD. STWFAILSIHL  GQeuliuBleneowimend (Pp&Heds [B6Nld  HIMILD
OsrLfl ereniusummled HmEiSlwaTeng). (PpHedlar STUIFFULSHIL60 BlenmGeummiiul L
Westery, GeuGmmm Geuliumblensouled (s ev Hemsd (DNA Gsm@lY) BenL Gumi.
@5 DNA QuredioBra  LWSTUBRSSUUL BIalgul  FAoly  GeulIupblensowm@GLD.
Gurdweney Guyw supmIslILGHOGUTE DNA USHSSL g Birliydlem ydh geimi
UIsHurssiuhL. Bhe (WP Heomeudl Geuliuaul L Smidulsd (Bumens
WsMHMeL, SHTUWIFFIUSIL60, Bemsd GeauliumBlenevsmer) @elGeur(m UL Igenaulaigi
@m Urd Quoiu@w. eefan, @evsdEd DNA QasrLflule smsuu@l 1Ny&lenut
gl @emeu BenoTasTsd RHBGW (20 7.39). @ Gamg PCR  sul L gdles
Westeony, @eva@ DNA @ent sflumen yHCwneim Gsm@asiul1gha@GD. a6
Hevteoiy @evd@ DNA et gdlaset siHdGHGNSGFW (Wwenmuled (SiHTouG):
2,4,8,16,32 Gumeiim) @euGeum® sul L Sdleu (pgalaid GHT@GHSBIUBLD. euendds @
PCR @&iml 3540 e Lmsemend OasmewiLgl. @midHuilsd, elmiys@Gilu DNA
GasrLflulen 10e0elwisit  Hemissmer Lydlaest DNA cpsvdsaleal @  Hellhs
L& HEL1Igedl(phE GaHTmmellasiuBLD.
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QumpdsiuL Caumigw Jyézab

S

-

1 T _ _
&0 all
94°Culsh BubeELEH i ?‘”g’ als| L. “ellaniebolt
y r E
bz ol ey ot [@u.l_r‘gmﬁu_lmrj)psi) I Bupssusips
[EVITVET VP IE VT T Y VY
o m
l 50-60°C (g GeMyaiL e AN TR
E d -DNA Bamgiy
o P—— : i
ﬁmm DNA GQ’)N@IJM @'J.Blﬂu—' 5ﬂ5.\7’6‘|151|
” SiBEGSGHSE wapiay all dpdmiysa
I DNA m" wempulsy Gaapd L

@reii_meug) sulL ellmenieym e

Qamaiy 74°C &ed EI
It —~ auliIRErETORTTETT
L]
2 m 7.39 @aelpha dpaipralg ol LEseiler (pgals Carhmeidssiu’ L PCR
olleneTeaei

PCR GQump) geipiled Geuli eu’Leursd (thermal cycler) (2@ 7.40) eul Lmisein
Wewi(Ho Wewi(hld SHenatwssonsd Heol Qumib. PCR - &evensu PCR g pmuiseiiled
sWTFEgFwwiu’ @, PCR Qummiuisvisien dlemmiseieet L@sHaiubLo.

ad
o (5 740 PCR @uwrlssi YessUuGL Hevmisensts srlBw PCR Gumd

PCR UWass Hmesworer DNA ydasemend gnbHdHeomer eslenicnibemndulsd
QuOHMECHTETEHD AleNFEUTET (PN EEHIMIT(GLD.

PCR sypeuig ss@Hemnbaeneurar UgsHssl (U uligensulsdmbas sru DNA
@e1  Quil  eneleonen  FhsHBewenl CQUDBFPW  (PenETEUMBLGILIHBSHF
Qwepenmuispid  GHIILL  urbussywendle  Cwendlad — BHMSBUTNID
sigHwmeufluorer @ GCHTHai LT @GLD.

(PCR @61 Lig&Hemel LOMeolouJébell LossTluTL b GaFuleug erdyumydbasliuLaievensy)
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PCR @ei1 LiyGuinsmiseir

* Qsmpm sryaisaier  (2_+tb:  HIV, GQslupempmiled, wGsufluim)
BmBmBMU ID(HSHHIO WwTSfleeisd LGUUTLIR] QFUIHE.

e oiyflemwulwas@Eilu  Crruisemen  gHUBSSHID  alsrymisaisr LG
utwie). (2_+b: Heofld emuyGymdled (Cystic fibrosis), sifleurenmobsend
GHBFCFTm®, TemensdaSmCmTmBILyFluim)

* FLwealwe PUIOGLBIGT UWSIUGSHSUIUBL.  (GHOmbEHene] DNA
LI9&HSHHL 1960 @mba  gmigweneuret Lgdssnen PCR  Gasmmmeliugsmed
asdflwene] sigevmen DNA 10l (B CHemeuliLheubeT SHTTewons S5
Wseyd uweieiengl. (2_+: &HmAF Fmiged is0evg U] @eiiml)

¢ fseydb (GHmmbHeTeuTa URHBHE_(HU uUlyemauledmbha  HTw  DNA
@61 SmpueneuTel  FhHHBENENL  QUDSIIQW  (PEnETEUNBLIOL(HSSF
Qaweipenmuilspid @G L urbusywesvdlest  Guendlad SmHensuispid
SiGSHwreudlionsn GHTHe LT GLD.

e DNA @a1 OarLfliufGsseo PCR @60 Hmidlujsieng.

* uflemmo 2 ulflwed yevmseailed @enmseilen G STewILLGBLD B
OaTLjysenen RenmiGemi(h Spule] GFuieudlsd uweTu(BLD.

¢ nelLalwedled yrrsen welss GQUOUWTas Gsmevmsensn ealsnmidss
Qamemeudled LweaTUBSSULBGERTDH. CHTeOOUTHefwedled YITHe LelHs
GHVHMBE H(HLIgHESBL LWETUHHSUILHE BTG

* SfEHEI L GOImEIBT D6V6VH OV  HEWIGHBTE  6U(HLBIH6NTS
o _enpuadssTiuyF  GeFuwiu’ L o uiljFgeau@Gsaiso  Bmbas  Gumm
DNA a&menl QUBGBGUSDG Lshsuigeualeorenyasentsd  GQUTSeuTasLl
uweTUBSSIUGE DG  @eueurm  Seupplet  Failys  OBTLIYUSM6NS
Oaalans@GausnE@ Gwayb sDaEUILHEEIDESI.

Upiyflenwulwed FHullsd wrpPwenwdsiuL Smdsefar (GMOs)
HyGwirsmissir

Goliyflenwl  Qurphluiwed  GQsmfen ukiEsnsnl  uwsUfhEHS  Gosodsiomest
LIGRTL| & F0 M) Y&GHHSUUL L (b HIGULPEIEH) Aoy fleniouiuisd FaHluise0
wrpflwenwassiu’ L smid (GMO) sie SisnpsHsILHLD. BSHHIL 6T QBT TLemL W
Hflov  usmsenTeusst, iy flenio  eugeausmbGSILLL  Hlewlewmidsst  (GEMSs),
wyuem HmHHL SIS B6T, suT(pd wIOPUIULL SmdlseT (LMOs).

GMO @ampba GupuulL 2 ey Wpiyfleow wrppiu’ L 2 awiey (GMF) ere
SimpssU(GL. SHCUTH LWETUGSSUIUGL GUEDUTEOTET  LUNTSHSHT6UTEISH6NT
uesienemt  eleBIGHE6T, GFeveolIIgTenildet  ereiiue  GBTELEMELLILIHHHEVT0
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Goiyflene  wrmoiul’Hetensmed  @alemmuwl  @Goeded GMO  eleiusbmed
&MBLUGBUGH WTH  6lend  GOOUABaus (PpSHSLIDTEGL. Sensd  (PHALIDTS
rDNA Qsmfenin uelwiedenr elenemeurasil GUDUULL DIBIS®6T DG,

(@MUY : eleomi@Gaeiler (penemaumslICOUHBHIOTHIH @@ UTLDLMDTULIEEHS
Oxmfleni uwsvsv  stell  LfhHOsTeTened (pHBwiom@Gd. ik GoBsv  Fmpul
LIQ(Lpemnmabened  GQaTaunTigHLILISSe06me6v.)

Apliyfleno FaHuled wmmHwenosSILLL HTEUTLD 6060 alleVmINS 2 (HeUTdHEGHLD
Qawet(pemnmuilsd 1TaTaIHD LIQPENMSBET 2 aT6Imel.

1. QUIHSSLTET UFLDUMIUWEVEH @TeNN G 6UTRIH T 6060

UTLDUEDTUWIVENES SHaTlenlowmss HIUIenLOWIT S ESH60

(L6 EBLIGUHEHHBHTEL LFLUMTWmEL  GQLhHES6

alpUYSGFIW UTDUMTUINSHS HeTenITIgHh@GL60l60 OTMHMIWLIENLOSHEH6D

WIMOUUL L UTDUDJUWL6eNS (LpenemeuendlIQLHBSID psuld ClLH oSS0

v B Ee e 2

UTHRIGG  HeVBIGM6T  ([HIGWIIERISS HEVBIB6T, SHTUJRIG6TNST  DIVEVH]
alleuraIE SHerflest &(HEBLLLILLL (LPL_6mL_&b6TTleor & 6VMBIHEIT DI6VEVH]
PSHVIBEUBISET)  DTDDIFHED

7. Y&sHsUulL ugwbusnywsu@Gseien Geusfiiiur® Candlsa 2 midHl uBSSIUHLD.
8. mHmUULL UFbUmFuweESET 2 mIAUTET RIS MRS 6881 HT U Eh %60

9. Geum eilevmid eumesmBsT, uuljsefler GCuamseT eaUMDMMDEGL LHWw
ueIY&SFnenD SIN(PaLUBSHIMSDGHI Tai(psbsseolmus GFuisHe0

urbumIweGHs Osmbamiualwedlear UyCwrsmssTt ealsuFTwid, LO(HSHSH6ULD,
MmBHOBTP0 2 UL Usv LevEISaTed &meuluBESImg.

alleugmwdbHed GMO @eit LyGuirsmIsHei

aPsfsaeUMmD  Welsd  HYHEOHTMSH, GHMMbH 6UHLD eleuFTw  [Hlevd
FAILEIMMTE0 Sev@GL ughysster uuly  elemendsed  oifsflésluL o
SluFAwCosiug  Ospefeurdlujetengl.  QurmenTHTIFHulsd  BpsHdHHa @G
aleugTHemssd ardlemstararen 2wy uwul] elmenFFaneais (&HMDbHS
2 musHF OGaeveajLear OCQupmEGsTeTeniuL  Gouswi(ho. 2 _MuUBHH  Slemey
aiFsflyLer 2_swiailen 7w GuwufGHaHSIULeled aleusTuighdled 1T HTen SeueLd
GFashsuiG. 1930 @elmbaE 1960 sueny BenL QumD  ugHenolLFL Huwimeg)
o wy elmengFed GQasmewiL uuljseflear  oplpsd  wHDID  CFWMENSL
ugemense, e GsTsvelseier uTausmetwmsd uuljelenenFaamsy Fsflbss
QFUingl. eiaillgid UGUYTLFulel STHHIPD Fal sUmTUMDSEGLIULLS. D5
Uoiyflenwuiwed FHuled wrpPlwemwssiul L sreupkissnmed (GM  uulijser)
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GeupMGBTETEMUILLL &)|. HTEUTSHHEVBIGHSIT SI606015H|EU0606HLOU|ENL UIsne 6160 B6
HlHs STaurbseld  eaim  Woliyflsnwulusd  FHulsd wrmHilwsniossiupd
Gurgl, <1& sSTeuyGomerpisd Wemiplurssiu®GL. uuly @epaeT LwemIsTem
uemILGFmm UGssUuG Gursm steuy BerelmsHumsd o165 uulflsr Geumi
CuamBEHHGD 15 AP (PSUILGESSILBLD.

eflsusTwisHAsd uTbUsmTWGHS OsTfeni b cpeod 2 pusHurssiu’ L GM
uudy, uuly elemendasd Gobumiiged 10& (pddwiomer umGeMILF CFUISSTNSI.
GM uuijset eteumeussieupminG eTdHTLILeTemen6l.

® YemL&el wmmd Grmuise
LT (OO AV E T
®  Gedluied HMBLILEEI

Guad, 2wy Gumgemenil GQumuoTss(peiTen LUITH6T Fal. HHOUTH HenL HHdH
FlQUIBTHaTeNg. o +ib : elmmllenn A Qg iou L sms  ofld,
sfasflaslulL apdeiFmrl (B 2 sien ssd GamemiL &Ganmeum  sleulGleusiul.

UenLsemd@ eTHiylienen SHTeuyEISsiT

BFFHHHATENOW|6TN LTHBIGmend CHmmmieldsd gnigul @@h LITLDLIENTUIEOEL 65T
uev  GM uuljsenr  eugeusnIOSHSLILL (HeTenmen. GOIILL  dsv  GeornI@Lrmi
Osrrays@flwu  womw CaTalCwmitsyTays@iiu  uFfsefear  HTeuy(LpamwiamiDd
@GLIDI  umeumIEmen  @UUTSEIG6T GdETevsvudanipuimeal. LUHSSH, Gamenbd,
&CBeuimevm, o _(HeweNbAIPEIG oleiuesT WsaD uFsusmsl uulfllu@G  eme
ei@ylyeiien  GM  sreugmssnm@d.  QeotlOLTiGsyTeys@Gilu  uFHsensE
egrdliyeten GM  siflfluflesn CugGomeimid HlenL SHBHInQUISTE 2 6T6ENE).

@iyrso Bt Oaml e sten oiempdaluGL. gleeiey Bacillus thuringiensis e1651m
uppflwrelsd BmbaE SUYTsn siFeorsl GuppsbaTeareniuB. Guumpiflumaiest
GeusBeum Hov cuendsei LevBGaumiul L Bt Gamlfsiisensn 2 _musduims@i. Bt
Ol der GeusfiiurGeten sSTeuyluGSsmens @GLIDUGEaT 2L G@meimenGurg)
Ozl deaisen 2_sMOen(HaslUbHeuSHaT STTeRIDTE (GLIDS6N Hm&é@GLD.

Bt OaTl faisen (peneoull 9HEnhHGHsS CaHalmenalbasTsHemneal. 6aBal Loals
BISTFASGI  UTHSTUUTEISTESE SHSUUGHIINS. oaflad Bt Ggomembd
6Nl 6VIBI (& 600T6UT HoLLD 2_ulFerfGumm 6T He LD LWTUBSSUILGUSH BTSB!
Gugebureyd LUl OuGHsing.  STeuy  @emipwikisenlsd Bt Qs e
sreniluBeousted Sreugll wFEAL UemLser ol GG Gsmevsuliu®o. erenGsu Bt
LUIT&H6NT BESIENID LIG@GHID UFHSHEHHBEGHID UTHISTUUTOISTSHS HHSLLHID. 2 (F
741 @60 umsHs woHmd Gament yYFAL UemLden FHev aml Ll (Hemenen. Bt
Ozr_darsen GunensWUTaTenalTHeome 2 uIFliuguinssd SienL Wsdnigulisnel.
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sraflgid YFFseT 218 CHT SA@b@ BewiLameo GeueilaaTl LOuGLEUTS,
ahs a1l fasE adfuystengts wry, GM uwleny vwermmsTas al(HLD.
yFfzeflsd ey elpsHuUTEaLULMEVS STOSUUBSHID LD HTeH6T (L6
Quomlwitin Gerenenr. Bt nuly vulfletu’ L suwiedelmba OpT Fenerd GlaomemiL
&THIHLNBT BHLNGHHIF COF060HInQUBTES RHLUILST60, HHDLDB]HBHLOCHEHM6NS
sDOFweTs 2 aviapid, ULl 2 eweurs 2 L Qsmerents U FFHEmHD
galLd QsTevevliB. eten@su Bt LuljHseT @evassnn LFHBEHHGHL pUSH
alemenelb@l DLMMe0 CBHTEIIL 6n6.

©) (d)
2 @ 741 Ganengda ysFfiuimLsen Fev (a) Gomend &FFlyw (corn ear worm) (b) eGrminius
Gamensglemeniiumest  (european corn borer) (c) Gamem Geufliywp (corn root worm)
(d) umpasd wWduwsnplye (cotton bollworm)

CrTuIBEHEG GTHTLILGTEN SHTEUTHEISET
Upiyflenotl GQurpluiwed epsud elpsHd Gauiwiu’ L, peahhs ChrGwTyL
uumasTer o grreuionsl uiurduilesr ydw Gugomer uiuTdl susnmemwiieief
ameurdid@ (PRSV) sidljiiumen Gugpld smemiliLGESImG]. @6l neuFdi, 2 60&H6TTaiul
FHuled Qsupmisyiomen ulurdl LWIFFCFUmsmW WL HUUBSHISSDSH. RCH
meura LFemild GBHOUS STeUTEIBMm6NS (cucurbits) SThHoHIngUIS]. MEUTHiHE
erdlyiyeien squash Qeuppilsyons alpsd Geuiwiu’ @G uulfll dubBEsmgl.
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2 _(HemeNSHIPEIG emeugery Y (PVY), 2_menensdipmis,
@emevFHHeney emeuged (PLRV), HetiGeusiped Gmmul
sTesTLIsUMMIM (& eI ATLIL6TT6 2 _(HeMeNBEIPMHIG,
Gusmsanmeiensl GCuTUI  ergFlyenen LU (ETHEBT 6
Goum 2 SHTTEIRISEITT(GHLD.

2 m 7.43 ulurd suememull Lsiel sneuTFTed
GasrHoiul L uiurdliupd

Wi (BH0BTeV60BEHEE TATLIL6TON STEUFEIHS6IT

uulFsen euwellsd LUIFILOLGBLBUTE Semendamsnsd &L (HULHGGSI LJHS6mals0msst
yewn(hasoamsvedsemnsn  alfmesgmyuste RHUUSHEGHU L eu(Hasmausalamus
gdadem uulgser  (HTCs) elpsdHundsiuulLenwBu  STyemiom@LD.
alFfmiuGEeim 1 e(HE0sTe0eldEH0 LUlTEeT sIHTUsTNSETE BHHGHLOEUTG,
vimpes&HsF GCssw  elmeneldEaTdl  DMSIHIHDH — HMENBEMENUID  BiF)
OBTONSIRUISTE B(HEBGWD. SMeNB6T LITFHmand@GiusTed  eubHIOI L ST
oaiuens oleugruilsel &THBHMHEH dusTalss, CohemeuwmenBGurg L (HEW
yen(HabaTeoalemuwll LWURIUBSSHHmMIQUISTE SHLLS DB  BIeNIFn VLD GHLD.
@51 yeni(ha0BTELII LITEUMETENUIE (HNMEoGLD. eTalanid 6% 1,e1[HH6IHTe060
Wewi(HLo WemiBo LWTUBRSBULLLTED Hemenden @GOl L e (habaTevedsE
sATUYeTenHTE  ealheHHwenLun. @emel ensbsanenden (super weeds) eTest
SMPEEIUGLD. @ Ueui(hbOsTevelldd edjuysten GM uulifler der 2165
yent(ha0aTsvedd@ adlylyeter LU eeTml BT LUUL LT, (Lpeitenssiul LUTflss
siehA  elbHIBeT  (WWemenHH BH Uew(HEHOsTLWTED S BUUBHBUILL
(IPQUWITEH SemeNLUTa: ommeumd. @UiyFdleneisnws SaljuusnEg GeusiGeaim)
yen(habaTevelEsamensd Fdledsbamipw LWIFseiar swpndpennl uwlyFsuians
BN (LpemMLULGSHUILUL Gauemi(HLD.

yemi(hasoamsvels@s  Fdlysbsaiemoujeren  uulfseEns@d (HTCs) marsmnhs
2 _FTJemmiIseTad SenenGurBam (glyphosate) staiim L eu(HE0aTe06e0&EGHF FILS
HSTEMLOW|6TTEN, LOTMHOULLL UUNTH6T HemIDUD. BHBHTUTEIE6T “Jar ewtl 6T’
‘(Round Up Ready)’ uvuijsen sreiiup. glenssiied dlemenCGurBammlen aujdaHaLl
Guwy ‘gayemil o’ SpGW. ufSEEFHUID S EHHH5HH  Tayeni GTY’
LU B(ETHBHTE 2_HTT6IBIGENTIN L(hHH, Gamemd, &Gsimeur, GFmuwimsiaieny,
Umprl., GCasTgienio eTesTLIGT.
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Oy sioren BemGent heusnsd LLeni(haosreoels@ FHLSHHETenOWITeT LUl e
‘eOlugily edmis’ ‘(liberty Link)” wmmid ‘@evedas)’ (‘In Vigor’) Sp@wb. Geneu
&GenCurdGammis@  (Glufosinate) er@ylyeienemey  SL&WD.  H6EHCUTHGCaD
eIATLLeTen  LUlTHEHHE 2 HTTeuIbIENTaINT  LUhHSSH, Gamemd, &Germeor,
Gamwnoieusny, Unmm’, Gmed ersTUe.

yBrmBurasfBemevis@ (Bromoxinol) F&llysseienowims wrmoUULL  UhSHE
BXN umsd o6 SiempsbsLLpLo.

Gougy (paEBwoTe URISInpIBmend GQBTeRIL. GM ST RIES6I

eleugmwfHuled (PSHELSHIGUOTET  sJen6il  LswibInmisen  GobuBHSUILL L
2 MusHHG SHIHmE 2 el sdwgl. uulfseilst GurFenewill GQUDIDTEISHMSH
aFasfssed Guurider weiaflenioserilled @D EGLD.

e GM a&Bemevm Gugmsst - sFsféasiuL  apdeflFamyl B FmmiseT,
FOlUTLenL wpwing  Smeuy  snupBGmmmled (phytate) @mbaH GuTeureng
el HalliusnE SIHB6TTEUT 63T mUDGma: GBT&Huwid 6T60TLIGUN) MM
QT 608TILG (T &5 (FHLD.

GM 2_(hemens&lIpEIE - GmmbHeey AmBems, Fnigulsney HenLGeomGILISGI6
2 GTeNLGHID CBTemIL ).

Gamwrsieueny - alsHed gnBdeoman @Gauls oudley 2 _eilen_ssd CHTEILH).
@emeu Wb 6UfSHSHFHUNED  &5lenL &b n 1QULIGHT.

* grs ofF eel OQuuiiLiue ol Gusw gem  YCrmelmmudlsst
A o siFsanaled CamenuiLgl. @a s elenenGurplseilen Sy GCLoUTLIQMHETe
FourgHWIomen 2 _STTewiom@GD. ufSHSSFHUTD Henl bHdHInigul GUBLOTEISEI
wehFem  BoUGQuTmenend O@smemwi, STeuy Gmrwrddl  umniflwimeures
Pantoea ananatis @1 UFLOLEDTUIEO@GSEMTE) LOTMHOLILIL 1 (HEH(ELD.

¢ gasmafllar GM uwuiljseflsd U ULWSHHD STIDSLOTEUSTED  LOGILD
sFasfluugiLer  Qaimwrss el @Gompuw.  Ba@egwn GM
uiigseienr  wMOWTEH  &uTyHunoTer 2 _STFEUIDT@GHD.  HHSTeMGL
UTDUISHJUIEN (& EB6MEST (Lpeuld Sh@LD. LIFOUTWeEH T @F LGS, SHiTesiguilet
HengBaTl_ (hBsrsmasmnwl  ormmieusssimeo  Upymorer  Hengulsd Ty
LieuoT6uuTLILI(H ESl6tT I &)

*  LeOliGeimel @ ABCLMMSMBE (HMDUILSHETTE &LIBMDTETS SilTaTSH6rT,
2 ulyersGeimsd 2 _puiHulsd 2 _saud mwBadlar oiFsflss  Geuliu
o _miFHsseaimin GQomemi Gamembd ereiUst Geum 2_&HTJ6mIBIGSETT(ELD.
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¢ oiyflemwulwedfduled  wrHMlwemssIUL L,  GEalsd  HensLienUF
FhaabamiQul  HToughiseimien, Gw  eugld  sefjlgenLw  Gamem(Lpld
Crrwroeusnyud WL GG uFHSHES LDWIDTHSLILL (HETT6men.

L®HSSIuSHe0 LHFGuimsmISsir

wals @aiselsr, subddlsaisar (ChTUISHMLLUTE), Goum HHFemaiGuTHL el
sieiuemal GMO @emenl uwaiu(bBsHsS swrflasiubGdamer. GMO  ou6e0
2 _musHUTHEEIUHL BhS WHBHIGUTHL 6T WwelsuTaienal saiGal (&mDbs
OFevalley oiFls 2 _MusHd FTSHWLTGWL. JASHILSGT QG UTHISTULTEISTHELD
&(HBSULHE SIS

LHHSHINCOUT(HL_Hem6r 2_musid OaFu1H6560 Aoiyflenouiwsof Hluflsd
rpPlwenwassiul L smidsefllar  uwauTLiged  Beidbsd 2 &TJeromsLl
Umniyfleno eugeusniodslUl L E-coli Benimed wells Beiigedsn 2 muSHaUITEEse0
Smowd.  elevmiGaeilsy @mba  Ufssmessiul L Gaiaalar  Bilidey
Grrwreflseafled  uwslBeum  ussalemeneysenen  gMUBSHWLF.  DetigeOlss
fs0sGlusDETar  CHThmieuTul  almIUmIGSIUL L  Senalsd 92 _6T6NSHT60
2 musHHF OCFevayd oL & o wjeurengl. Geveu wwealld BeTgedlensst
RHFHEETHETL  alemarbdmar  GmmeuTtaienal. SHEUTH  walsaledmba
Gupiul’ L Geai&edlen UFLUMTWmSL U@ HHH Uniyflenio cugeausniodbasliul L
E-coli @9 mba (w1 Baiaeiain alnlGurdasiuGdsamal. stanBeu umpflwmeaisd
@mba OQupiulL @eaiGeler SiHeET F 2 OUSHICUTHmeNF FFlLTs
RHI[HBGD.

s0HBuTg  uweTuGSSIUGL — Gslumemmmmled B eudsdlar  ogleushdled
o2 _musHurssiuhdan @ WenF8Fihs aubFlesl D@WD. 6UIYeIMIDSHSLILIL L
HTOUTRIGHEMNT 2 _6mIewbdnigul LGHSH6Te0 BHbaH eubFenet 2 mushBuIT @D
6160616001 8> b(TF @eoTm ufl fesiul (b aU(HE ST SHIT6UIY & 6VMBIG 6160
WnGurm@endflwrasda@ilu yrastwrsaienn CeuefliubGasnts @sar S
SpGw.  IpOurHOendflursduy e 2 _aiemidanigul UGS  (2_+HbD:  LpLd)
waldamed  mSFUUGLCUTES,  @InGurmGendfursdagiiu  TAnGumrm
Qendflaenen  ellpesHwunss,  @GOdlL  GrruisGsdymen  mBlFiniLend
Sbwaisaley  alBSHUTGWD. @eneu 2 _cwieNiddmgul  6ubFleaIEHen 6160
SmpHSIUGBLD. @wpenpwneig  GeupfwelssTed, @Gmpheh — GFsvealsd
UTGHISTUUTET  eubfaissl 2 pusHurssiufheugil el subHlar  alBGWITESLpLD
auelwmMETE @hHEBGHW. HeMEhAWILUBHH0 dnl e Ursmer 1NyFfenemuns
BmeHsrg. 61a1Bou 2 _sudlen GHempbhsenaled SlalmsSwumL bs NyCsamisers
@emeu O&(LpaELISSHIOILDTEETEN6.

®eveuenTUley euenFhsiul L GM  (pemevull 195hdH6eVmIG6T  &ryeml Vil Ge
Wfs0sGHITs0 vwSUGSSIUGHSIDSE. BFH  GHHWHDWTCHTWTaTHEHF
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fdFemawerildsalld oM yemLLiL LOMHMILD LSBT Grruwimerila6ha & F
fAdFengweailbsi uwsuBL @eopwill NenTeroGenmagest eal (tissue plasminogen
activator tPA) eresiusupmled LIWIETLIHLD.

Loesia 23Geutmid GFwimmll L 1b LT SHHwient_bHLiet usdGeumi LImLiLFlenLo Grmuis e daETes
STTIRIGBENT REVGAUTEHOD elmTaUTHa|D RTEIGTILILL (H6T6me. HTJ6suILD
SINWOULLT60  GHemmUT(BeTen  LIFDLNTUI6VEGHS6NI6VI6NN  HeUmISBeT  6T6UsUTM)
HmeHSUuLeomQoend SO (pgujd. uFbumTWGHS ST LD  cLpsold
SHOUDTET UTDUenTWev@ Fflwmen uybusmywevsmey Wyduifh CeFuiwiu (pigujb.
dyeflemenmumenig, @GOMILL  ugbusnywevdesr  GeuefliurLms  @@plnlesn
@50sMfa ud stuFwumyweds GeualluTiged QFevauTHGHF GCFaIHHID.
@wupenmil uflasfliy, uFbusmTWGF FHEFmnF D060 TSI LFIDLMTUIEN S
@Lwrhmd  e1e  SimpHSIUBLD. ueBaum GsTHe ukiEemenl  LWeTUHSHS
Biyeuremst DNA  oisb6ud eneugdd &mel geimler cpsold  Cumwimefuiedmigl
Wf&0sHea0U L DNA @evb@Hd He0mEEHdE alBGurs) CFuiwiuGaeangl.
HHSHSUUL L UTIDUHTULIeNSES QBT H6vmib6T Ghrwimeiluiet QUT(HHIHLOTes
@enipwiBiIseTanien LB6TLEHSSLILIH S Tme6o.

197210 SpemTedl(BHESI UTLUMTWeVGHF FEFnF 616016mIHE(H KL 6UJ60THENME
OarenigmbsEUTHID SHCUTH eueny @ Fev LUFCwrsmsBem 2_siTemer.

USA @& @oduypmGrrenwll uflafles (PSHEI(PSHe0TE UFLDLIDTUIEOGHF
fdlFemg GumOsmetemiul Lgl. GoulGmmm o STrewiond  DifleumEnhobse0s
GHmBFCaTemdmW GOUBSHID alsTrapmm Unmr @&Genmile UTDUDTWLIEmNESF
Fflwmen urbusnTwevsTs0 yHuil GFuiwd urwusTwaGF FHFmF o 6iTeng).
@F@Fwenpenmuilesr Gurg sreywFenauledmba GuDiL’ L SwnCoreuruinmis
epevdmeumIsa (haematopoietic stem cell) Gprwmaiulsd @mba fH0sHSSIULH,
gnsryemt  Unpor  &Gemmilen uFbumTWEEH BdsemEEaTmIaT  L@GHSSUILLH
romiul L SeomseT GrTwmefd@®s QFaISSILGHL. HHBHHUULL TSTILOFmF
(PEVSHBEVBIBET FTHTTe OFBIGIOLRISmeNS CHTHMIOTSHEGLD.

2 enLenowTdslul L (personalised) o(hbH&EI 6IIID  elewieniadmH  SHHGUTSH
alpsHunssiubGdams. @a  Corwreiulst  Uniyflenos  Ssaucosamenn
SRlumLWmss Qaran(lh ChTuismensd HHHDH0 LG URGBHHH0 S GLD.

ysdlas smalsenmsyd ugeyd GCrmuisensns SLBUUGSHH CGM yFdser uwes
uBssLUBIeiment. GM miembysen Seumplen &L 660 Bsuflwim gL (H6vwiemiasenend
HHEBGW  IHLTE  ealgeumDSBILL (HeTener.  BHaTTe0 L (Hevtemiuilest
QUMPEMBAULL LD (GHM6uESLILHLL. BHbS HiembdLsemen GQsusfuisd allhald@Gumg)
wGeuflwm gHUBID FHBHILILD GHenDoHaLIUHLD. BeTGeT(H 2 HTF6uilond LDVL 6o
SLEMT UTIDUSHTILNE @aimmd srajd GM oLenihlenbUsmend GhTmmialsss0
SIHLOULD. VL Te Speul L FHsen Guposialsy el uBoCUTEl GL6sTEs EThL 631
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BDBIBVHGHID. AT 1FFHMmBH CHTHMeGHETH. @HCHTI eI LTS
“weul_ (U YFFH GamPa ueiuwsd (SIT) e AmWPSBILGHLD. LTCMFD HTL 1960
H6NM  (LpWeveydsaTed Aedes aegypti GHYHOBTmHWTEIG WevLTen GM 615668
SAMWaHHETE0 95% DLEH (HMDHSITENHI.

m&S5STHe0 LyGuirasnissir

mBHESTPI0 GMO @&eflenr LWRTUTH G HTdsmiIsmen Slalemeurdad,
GHoohs OFevaeer  Apbs 2 _DusSHI  QUIHLEMmeNs  HUTHLILMSHE
FTHHWDTEHE L ETONS. DIBISBMOT  DleL6VFH  euDMlsnt  elemenGUT(HLSenen
SlgLILNL WITHSD G\ memTL mBHOBTIHe0T6u S aiFaGuluBlensvEeTs LD
(ambient temperature) SI(PHBBIGEMVID HHOLQUDIEUSHTEL  GHODHS FhHGW
BameneuliL(HE SIS

GMOs wmmd GM  uuljs msas0sTH0  saiuamenn  SlQlILIENL WITHES
Qsmemwi(h UM hHAUHBLD  WHBHS meEHOsTHNGGU  ynwburts, GMO
&ONMTeL 2 _MusHuTsELUBL almenCurplaeied v enasHosmfed  FaHlulsd
swuTflaslufhdamer. 2 eoie] UuslUuBHSSODETar  dev  QBETHWEGST,
siuygeursHHen eieiuest GEM @defledt 2 pugsdl Qumpl &6 op@. GMO o160
2 MUSHUTHBUULLFID (PSE(PHTH DRSS FEEIULL Giomen  QrBrHuid
nsBLTHar (Gmeile oievevgd GMOEIMH) SLE&GD. B UTHSL 196 ®BHOSHTINe60
Gmeny Geummaalll uTenend Hrend GFulsudlsd LWTUBHHHLILHBLD. GaTesvliLl L
sOIMIHeNen Genyusnuuledmbal (peiten] ensGordlar Geummasiul (b eubHEI.
@zt aBIGWTHD 1l HUUBHBUIUL L HTHMe0 QFe6] 2 _WTeUTHIH. DSHHIL 65
LIenienenie  mdBSHOSHTINMmE0WD LIT&& @LD.

WHMSUIE0 BHHSH GUDUILL L m&GITHT LFDLMTUICeME LDSI6)6H 8560 EIH 6061
augeuamLoGG I QUDUIUL L 1enFBFJhS Logleumiden endGLomdleaiet GHThmieuTwImsd,
HHBUTE LWETUHSSUIUGE SN, BHIT60 6illeney HONFIOTSHS (& NMHSHIETENSHI;
o _musHUCUTIHL ST  STUImWWTaEenal; alemEGaeMe @mba  GUDUILEHLD
LOTFTHEH6IT  SIHMEne.

GM Bacillus sp @ewimed 2 _pusHwnssiu®Gr CauGprm Gnrdud  siemwGsor
BureomBma SL@. Bbs CBETHWLD uTHusTienens mEHCHTIHN60 CFyoTeams
FamTsl uWaTUBSSUUBHLD WTUGUTHENET LTHMILIENLOEELD.

GM E.coli @emed 2 pusHumssLuGL @ 2 amied GFJbamswmaisl @
susvleuTe @eflliy puwimest SerouT_BGLID (Aspartame) SyGLb.

GMO seflel LWTUTLigenmed eTpHEIeTen LyFHanese

GMO sefler LweTUTL IgsvieTen O&(pSElwomen @ JTuSSHIS STTesl, Sieumlsst
gngAuomer, eewieaFOFLILINOULTS almeraser LGWD. @BFH @UULH
FHuled yHwu GamPsay uwoTes @MUUSTeD, CQUTHIDESHET Slauhenm SisusuTm
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gnmsCsTeTend SumGHameny. ealapd OQuIHwdEsT GMO el
AIENTWMULIMHN SLOMeLEMeTU|ID gnmiELsTetdameny. GMO grjurer, GMO
gHTUUTE (G (pHBB6NT, HMIGUSIRIGT, HENBUTHET eTaTLaaINMIE@ HenL Guiuimest
efleunsld SelFLomeg).

GMO &6 upmlw fev yFHenenueiion alleustymissr &G HILLL (HeTermes.

S&MSyl Ly&Ffenensmeir

1.

2)

3)

a1e0l®eT, &G eVlEm6T, Gouml elevmiGsemend Gameni(hy Qauiwiul L Heo
uflGarsamenamar cpeod  miyflenwuiwed  Fulsd  wrHmlwemDSSILL L
2_(HemeNHBIPEIFH, Gamend, &Hésteal, Garwrsisueny CuTaImeaIDHsmMD
Smed 2 _ewiaiTd 2 _6GenBHs Ui o HSTHTTH SHTHBHEIHM6NEH
STLQYWSTHS HH6UL denLSHHIeNeNG. SiMbensUled @Hemylienu, FJ6v,
fmisys  Gurenm usGaum @empwkiseisd Gzsb, @minlsd oHsfliy
getusia|ld  gal  @Lweunmipheer. eaefaid, Geuml  ellehepTelsel
LIGOT60 SILUfGan Hemendafled LwisTUBSHSUILL L (LPEDMENLOUTULIED
Caoiallb@HeaTonThalUUL LS. SASFHILEN SO  SICUGTDIT6  (LPIQ6|SHEN6TLI
Quppesad HevenevbleT DEUTH6IT FnmIdSleTDe]. 61eBeu Diel6uTMT 6o
ampmBEmen 2 NFAIUGHHCuT  Dievevgdl  BITeflesBaur ey
Gwmgenomer opuleyseT GumGsmeteniuL Geuemi(HLb.

@eiemiCwmm &ersryl UyFfamenwrs GM 2 _ewiey HIEJey Slevevg GM
uwljsefest  W&JHSWaIEmen 2 _aTLeNBHHe0 slTUSIUDMITED  MU(BLD
REUATEDD  BHUHHOTWTLIUGESIDGl.  alHhHIOUPEIES — H6OBIG6T60
2 Leb@ Oeusfluiepeien DNA &eflal  qpmidlenswilil]  UFOUSTULIEO G
GeuelUT ML LTHOEVTLD  DIV6VFHI  BTIERIGMET  DUBHSHEVMLD.
@5 edjey spuwrwrs  alenanGuThL SeEhdE @ GBF GFe0s0e0MID.
@eupmiem  Flev  @eueuTeny  2aSHIEGFeTUTS,  [hFHDEGFLSTIEUTS
SIV60FH] yomICHruILIpiIm @ fuwersurs B\(HBH6VTLD. eT6vgmILD,
2 _miSwrest alEhEpTer(pemm SpUla] (PIaEel Gaenid HlenLbHale0amnsv
DLV SpUIepessT  FHCHBHHIGGTWeIeuTE 2 eTenet.  HHBUTH
OaTifeni uaiulsd allmGHHWmLHHleTenHl. BHeTTe0 all(hHhH eupriduisT Ceum
OasTPnuTHEeEhsE BomLwm olmenalsasTgd, S UbTeal Sienoaill 560
UGBm0 ComEsTeTemsuTLD.

SILWTeMIUGSHEI  UFbUTWSTSI  LWSTUBSHSIUBL  Hiewamudy
O@mevella@ Tl sTen  LFDLMTWeVGHSH6IMeT  SleNLUWITET LFLDLNTWL6E
@LwrhpSHHDBTN (horizontal gene transfer) FTHHAW(PWD &LEF &HTHMTL
HpFfenenisentad S&ligbasTl LOUl (heTenel. GM 2 ewie|HeT  Di6i6UTmTes
UTLOLIENT WISV &HSBM6N S QB TemmighHLLSTe0 Sighenen HidTGaumymsd GuhLoeTailed

2_eiGen(hobaliu(halemer. DI HB] DIMBIE) B (61HE (FHLD alemLwiment
UTOUSHTWENE SLIoTDNSHMETE HMLB6T Blevajld FTHAUID S(HUILST6D
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&GHI60 SlenLWimesT UFDUsHTW6E SLImThmesHmaerer euruily Wsab
GHemmey. opeimed unSflwrssensdan B SenLmem  UFLDUSHT WSV,
BLTHDSHN&TET BapHHe| AHBD. sia1BGo GCHTwTHHHE Hiewamuly
Qa&meved eI&ITLLeTeN  LFDLMTWeO@GHS6MT B IoTMmIoTesidl emuBGuTE)
fov G&&MHIID GHTLFuren LyFHenansenst gnUbBEHSHOMID. elaflapd rDNA
OasT usHed ULWRTUBHSHSUIUBL — HiTTaUITOsTeLeBT  GFFTulet
fdFenauiled LWSTLHSSUILHISE0M6V.

OO  WaSHTHEDHD gmeTl DmiHH leBIGHEHD 6leVmIE DIELVH
STOUT 2606 HeN6TOW Diened FaFLLNLbE HTeVD (PpSDLBTewIH 2 I Csmemni(h
AURHBIDIMEIT.  SLEIT6D, 9 _aulenel 2 _eHILGST6D  UJDLDIW6@E @)L oTmHmiD
BOLOUDIUSTHS STL(HEUSDGHF FTOINIHET 6THIEUD GSeLEm6V.

SDoOTLeY LyFHenenssei

1)

2)

3)

4)

5)

usda@s sdlyssaemwowlsten uuljseler elpasdwureg, GM uuljsefsd
o _nusAHurssiub  CsTidaismenr  snGFwWTe 2 aTEemBLULST6D,
@odssnn yFHsens@Gh Bmsmsms  almenald@w. Ot Faimeig
W&Ihawelseilar  2aLTHEl  UFDULLBS  UulfDn  STeurEISeTsd
el uBLGuUTEl Sieupenn LFHE6T 2 euieurd 2 1| QEmeeneomd. GLomestmyd
(Monarch) eusmiemshgILFHE GLWABeT GM  wulfledmBbg  Guplnn’ L
&IHEWeNET FHTaulul L urmasanenular Genevdanen 2 | Gsmen Curg
@ohsemnio  uflGaFTdenest cpedld  STLLOUL(B6TeNg. eleflenid Smeuliil L
L& ThHLOTTBETET DieTeUTEIH SUMENSWTHL LIQULD DisTened &l L&D
aiFsTGHCWws GM  opsyeutenyset eumdHEemen.

SIS &EIHHFOFTHMBIITEIH SHHHHU WDIUaDmal (DD / 2 L a)I6E
GeuefGwiujeien  ugbUmTWeMmE) GM  veors 265 uuiflar  Ceum
Gugmaer wmmid LUlfler euTaeusnsd 2 _MelaJHEHHGD ol S IOTMHMID.
sienBou 2% Gapen oisvevg GM oievsuns LWITFOFLmMBMUILID Fal G
QxTmmlelHLb.

Bt UFDUMTWENE eUTEIUMSS STOUTEIGEDSEG @@L oTHoUUGLEUTE
SUDeHD 2 _ewieuTssd CameieEnld WFHseT SoUUSTed @GID FoBlenew
Wsiiemwsmw gmuUBHSHID.

Ui (haB0BTe060dE  HTUIUTET  UTDUMTULGHBT HM6eNdHEhdE S
ropluGwurgl, «16x uemihadesTavelmwll uwaLhEHS Seunenmnd
s BUUBSs wiwrgd  Bur@d.  aaBa  ienal  LOleN®HHHMENHEITS
aubGIaTl(HLD.

BUDMSBWITES  6UNIHLD  SHTEUTEIGAN S0  LFLDLIEDTUIE) & S6N 600
UJLDLIGOTE0TS] UTLDLISHTUINEH DI(pSHHTHBE0 6TeLIL(HLD.
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uemi(ha0aTe0eldE:s Fdlurer uulfser @@ @GNUILL samenGsmeais @
aHTUYSBHIENID 2 _elenBmed  alleuFTulsel  HIoFH 6ULIMEOF HHSHOTHL
Cuaminusn@ U e(hebaTaalenw Wemaswrall uwaubhiHs Grifleomb.
SIB UPHEG 6epTed BBH LeWIBEEOBTEEHDS BHMETHET DlQEHBHIg
GeusfiLBHSILGHLBUTS L, ew1(HE0BTe0e0E @ FEIILG HETeNLOWITEST &Hen6NTH6iT
alpSH WL . (pHETIUTE Uaui(hdssTealsmen alsmeuens alBHEHSI,
‘BTHBHHSH LUTTHH60 DI (Penm snwill LWaTUBHHS Cheneuwimer GuTs
LB yeihsbsrenelsanst alfANF sésomear suwensoll CUamIBISHNE
aleugmuilsen ueihHmddF GFeve| GFuweorGeim aleurddslubBE@TmEI.
us0Geum) 11,6901 (1 & 0 T 606015 (6TH & (& FIIL| 5601 6mLDU6TT6T Ly & emer
apnd (PG 2 LuBHSHIUBET CLPOID  DGUGUTMT6 L0605 H6m 61161 60T
alpHHenuis HalJHE60TLD.

GM uuiysei eleugruilseiemepid HiSTGsumiemeid eJmHmIdE 6B T6TeTILIHEIHT60
LITFQFUImEHSTeT  Hevdhder  urliueme] @ Fev  CUBHEIBEHHG
L GUUGSSUUL L GM uulfsenmsd o&Hdbsb GFavGHSIUHID. @eueurm LUl
LIGOAINGEDID  FMIUl  6T6IamNGBMEBLITES  (GHemmeusnL D Gurg @ Lpedlulsd
HTHEHRIGMENF  FHSHUID  HODUDLBE, @b SIHS GHLASGSTIW
Bawey (wluulysamenw G sifleusnLws GFuig 2 sweyliLmmTs@Hmme @
B (BHFQFLILD.

LUl usLEUBEMIOWITEIHI GHMhH OFsvsved LUTFIST 2ISTELITHIGEITL 1960
BmbBSH UTDUSTWeEG BpsEluLeded umIGeMiyF QFuiujb.

Fupas GQuITmenmsIyL LNyFAnesein

1)

2)

yHsnas almsdh OFuiwim’ L GM uulyl Gusmiserr, elmBHHWLITENTHEMTe0
QarhsoTssiul(H, sTuyflow CFuiwliuGdaimer. eaBo  aleugmuiser
@eUQsuT(H  UBLIPL HHGHH CHemeuwmar  alemsdamen  gHBuUTH
2 _flemwlsran. Guflw swusiselLOmbha FnbHEHeoTe LUaiGhnsF QFeve]
Qaulg aITEIGMSDE BIUUbHsaEILUGHEDTISHT. aenlp  aleusFTulsEnad
Bbs alSHIHMEN AITBIGIPIQUITION GUT@EHD. @SHENT6D LDIGST] DHIID
genlp aleusmulsensE @emLulsorer GenL Geusll iHsfleaGd SLyTus s
2_ewi(h.

BUDMHBWITEE STERILUGLD UTDUMTWLEOGHE6T 2_6enLmiseond 2 ulfluisd
aUeNmIG6T PmId Uulfsenend &TUYflenn QFUISHN @pddalulsd FaHluled
Fflumenst elen  WwHHeMenLBW Houenev DiFHsfHHlenengl. Hev LUNTHEHLD
2 _musAIGUTHLSEHD  wryeud elmEsSuTd o e (B  LDoHSEIT6D
LWSTUGSSULL(H ubsel. @emeuwld gaLdF Fev 2 _ulrs0smai uaiuisd
swuciseilen &Sp sriyfleno Gauiwniud Hall Ler.
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3) msileaurmae GM 2 ewiey evevgd GM  DIeV6LVTH 2 6U0T61SHEMENT
AITEIGaInSS SIwTallusnsten o flenio 2 e6lengl. @bsH 2 fleniosnuwlll
UTHIBTHS @ORIBTHGHID (PHTmWH6T 2 musH QurmLast GM GQurment
Sie06vg Bevemeuwlm, GM erefle eT6U6UTMTEN LDTMHOEBIS6T 6JHUHSHSILL (H6TT6men
gatuapenmd Osefleursds GO (B, &KW (Wpemenw SiPpeoLHHS
Gouami(ho. Hlev BIT(HB6Msd &Hiipuil s &L LTWioTEISTGWD. eraflapd GM
SlevevTHemal  eletdF &L iguil LUl 19pbsBUTHID, BFrdéslupGGurs GM
2 Lai wrsuBSSIULHeTenenio &el(HLilgsh sl (BeiTend).

4) 2wy 2 _ulrluseusnasamiowlsien 1I78HFHHET Dievevd BT ges 2 ulfluisd
ouemmide  WHMID  wryeul  ifley  eteuen 2 ulFS6CsTIS@I Lelwm
swuaisenTsd 2 _musAICUTHeT allhHHasTer BWUT([HH6 GULPEIGLILILTLD6D
SI06VEH BT([H WMOID DHHENTED eleueld  SIBISHTTIPD ieMebSUILILTLDED
abhsHF OFosvlubdemg. @Bx 2 uljsHml®  (biopiracy)  een
SIMPHBLIL(HLD.

5) GMO aemen swnmj GQFUHel60 SUINENBMUIS MBUWITEHHD Fov Sy aI0H
BIDLG N BBEHL 60T (LPJwILI(BH ST

GMO, GMF  etssiusupplenigild  SieupmiLest  Bewewibd  QFWe(penmE6agid
FnSHAWLTen BLTTuSSHISH6T HDID SuTWrGsmenl uppil CuaseusnaTe (LPMMITes
GanAdb@w whmd Hengul 60 CFLIGTILPHMEBET HOL (LPenMUTEd  6UhHI6T6T6T.
SISHDT6D GMHTL 6D, FAPSLD oMMID HISTFEaUTenTH LUTHISTULSHSTS GMO 1wHmILD
GMF @a1 2 pusHunsssd ommid auemiEWIoTSSe0 OF WIS (LPEnMEBET 6T6TLI6S
ueLBeuml FL L MBIS6T, SIBISHTIRIG6NT siaUeumlen HHemoWTen S (HULTLIQET &1
o gitenienl. Hlev GMO @arflest @liysHenevll GQUDHMIGBGCETsTEN (2_MHLGHWITEHSHEH 60
BAmHEH FhmBHEGH) 25 aubLEIS6T 6T(hbHermen (2 _+iD: SiGHeonhdHe GM Floest
et GM 0o Hensd el G (HIOLEIE 6U6N(HLD)

FTouBss PUUHSSHNG @M 2 _STrewiond STTL LT suemyGau(p (cartagena
protocol) 2_siteng). @evmemaulsd CxFAw o uljsriydF Fiisw Gumsim Usv
BThB6T Hog CFTHEHF FULHRSm6NEH GHTaug S50 men.

2 ulysrinier sTilLgiemm euenyGau®

(PaHesemen oTemiaufHeT Blenssialed meudhHmobssh BCHameaiuisvensv.)

2 _uljliusvsusnEeniod FoeurTwsHgibaTer 2 ulfasmidesr srylLadesim ausnyGoulh

eleoilgl 20002 e G i 1510 Had) Gonsidlulsd, S meilsd

snsGWriumi_iu’ L 7euBss @UuUBSGWTEINTGL. @& 199260 MHGwT - yal

o FATHTLIged snsQuImiudLiul 1993 opb Su6em1([H (PH6D HeoL (Wpenmulevlsier

o _uljlusvsusnseno Fwsumws e (CBD) siemewuuduur@w. =2 uljsbasriies

ST Lagenm  euemyGeu® 200310 opewi(h  QFl@LbUy  wrsd 11D Hsd

(B0 BenL(pempuied o eiTengl. g SpTbuSHe OQasmeubifwmeaisd o eien
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syl Lggemmaled  emaGWTILOL s SO iu gmpbssTer 2 uljaasriniet
sTILLJem  euemgBeu®, ol siemEBLILGHGImE. CBD  Bevisien  eldlser
GMO&senpLer  OasTLjyul L 2 ulFliusveauendsnioullsr L6  DIDFBISE6T
2 _6ieNLdb@Hausn@GHU BUTHIDTEISHTS Bevemsv. SGTILL e susnyGailiged 1005
GupulL prhseT masbwpsHL(Hemener. @evmend 20040 Sewih  eLLTTed
2810 Had auemyGoul gm@ (PemMUWITEsT @LILIHEMED AILDEISIWLIG).

o ulFssrinied srylLgderm aemyGaul s Bevb@E halor 2 wWyGsmblai ugsse
alememeurss Gammmeldsiul L Wniyflenouiwed FHulsd wrmmlwiemodail L
SEIEDH6T Sevevd 2 uly eumapd TPMweosEIUL L  SEIE@eTed (LMO)
gOUGSHSUUBD FrsHWLTa  BLITushgsaledmhas 2 ulFliLeOaIenEenoamLIL]
UTHIBTHSHOTGWD.  SHFADUUTST  UTeusmdIBETe 2 MuGbhHl  QuTmL SHei
Sievevg GFwe(emmEaT THPOILBMSDE Vg SUTAIUSMEG 2 ulfluisd
aredser, 2 uly smdsear oeevgd OuDIFEmeTl LWSTUBGSHID 6HEHH
Garfe uapy 2 ulFsSesTai ualuwed  eer CBD  sushywimisSaimgl.
auengGauh, CBD @er ‘(pmamiy SHHEUSMSB DQUUMLWITEE QBT g).
oreniGeu  yHw 2 uilFsLesmfamiualweden 2 _musHl  QUTHLSET,  (GLP6D
SlVeVG WG  GBTHTTEHSHEEG gOUBHSHID  eIhGHLeuTm  FTHAULIDTe
SPUSBIEBBMEMUD SHTUILUSNGHS BHenwwmes &S HUUTL(H HL 6UIgHeSHEH6NL
deupp  Geuewi(hd. <ig 2 uljliusdeusmsemoullsl  Bighd UTEUNET  DHDILD
&riled QaBHwmen elenanensl gHUBSHHID LMO &efen UTaIm6I, MBULITEIT6D,
@LITHMID, 6T6VN6VEBEHEBIL T HbTe| seusunmsd MTGuTdssiu®Gnd. @&
wald SISO QLITusHEERSGWw UFGwrdlésiubl.  suenyGeul_iges
a6 alpsHwumLwyd BTHHBM6NI QUIT(HEITHT] [HETMIDSEHHE 6IHTTHLI
QUITFHIFN HFBTHTIHMBF FOBMVLILBHIHIUMS JA@ILHEE 2 58HFHaereren.
BTHBEHO  OTHEVEISEHD GGG  De00dH  alld  &STHTIHINESL
urgisTauTest LMO  eetiuengd 2 mIAUIUGSSHID  olEhEhTald  HH6I6DEHM6T
QamenighBHals0meVGILNT 2 ewlfhHTer Seufssier LHFGsHFmIsEnsEGHsN LMO
misnpauensd WL (hUubhsHsl GUTHSHIOTET BLEUGSHMSBHMET 61(RHH(PIgUD. LMO
BN @V SIMPSHULBSSHIUSDEH 16060 2_ewieuTsll LWeTUBHSHSILHEUSD G
2 5CaFsalUl1YHEHHTD. FFe@Gl GuTlaenla LMO e G6bisTemiain
Cuendlas FHBoULBEDHHE DgnIEGausmigul HUT CUTEID HHoULVBEMENH OIBTENUTL
QUTRHSHIOTET DLAIETIEISHNT HaanssliuLsy Geusmi(ho. @Smaé@Gaumeny
Svevgl  gomindwrenymed LMO @mé@wdl Qurmlsemen  gmmib6ameisnsd
SIoend  HalTHH0  elaim  (lgalD@  aUReUSDEH  SUDEnML  LITSHIEHTLILIT60T
wempuilsd enawimenald Gurdlwiste] HoHalcosmen @M @G QFUILID FUDeHG
aUPEISIUL6D Geuemi(BLD.

auemg@au(p ‘Biosafety Clearing House’ (BCH) g@eitenm mimisiujeengl. &g LMO
FoMett  BaEJaley elehepmerr, OHTPHOHI L, SFDMTL6D LHMID FUL  FHuimen
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HBEULBMETUD  Sigiueumissmenuyd  ufliorpyl 2 s6l  oeflliussr  peold
susmIGaul L SI(peOLBSHHIUSNEH FWWHSIULL SHIUTSITHEHDHE 2 Hab.

suemyGou® @svmienasulenmsd Go wrsb 2000 SLeH MHBFFTSALOULH 57 am60
200410 oLemedlHHSBHI DI(LPeley 2 _6TeNE. HOHMTLED LOHMID FBUINENSE 66NTRISENT
SmwFs, aumiBauls OFTLIUTEF GFuMUT(HBmT  GeUILITESEaIHNET 6
QUi QITWIHS HBMGUIOTS @ 60TRISTaTLILIL (H6T6na).

@eoomimawisl GxAw o ulFsTiyF &L s
(PaHsemen TemieuTHeT Blenssialed emeusHHoHss BHemeuuisvensv.)

@eomensuier Capdw o ulfjsTiydF FlLs suemge] (NBFSL) 20051 oy 61960
GOHOTLEY LMHOILD BUDens eueNEIGeT  SienwFHemed (HHCUTMSW  LHTeue
S1alpHdH wHmId &SOHMILED Demwdd) (MoMDE) yissSlwunssiul Lg. @
o ulyssrinier arylLgem euenyGaul igmalemmis (Lpailenflenid SiemiEH(LpeHMenLL
SIQLULML WITHSH CBTemIL Gl

@za1 @wsE 0 malw 2 uIFS0sTHa ualweorsd  gnuUBSHSILHGLD
@ALgTuSGIEmen 2_MIFILGHH, Seummlen 2 NUSHICUT(HL S6T HHMSHSLILIL 60
sletiueuDmIL et  QUTHSSIOTeN  QaeTeTemdde, &SLGUUTLEH  alF(penmaeerr,
OamPlei’ 1 euflBTLI9E6T, (PSTMDSHSHIE! DI6VGHHemen HlmieHe0, GLomumyeneuLl
QUITMI(LPEMMBET  6TETTUIMENDN 2 _(HEUTHGHEUBHE D6MLTH  61606NEVSHETIGBITL 60
BBTYBMEN QRUERISTHGHW FNhHS (Wemseflst 2 16 2 uITLU6ImSHMLD,
BB HBTHTIID, HMDTL6D 6I6HILINT LITHIHTHBLILIL 6.

@eovmemauley  CaxAw 2 uIfsSTUYF FLL&SWD  aaiugh O6eUnEensulsd
2 _uiljssTUYsSTen BIHSILON FLLIDSID FLLSHHDBTEN STl LsTeiluim@LD.
NBFSL @ sowlumLwrsds smewh Srewih OCameienddsi — (LpeslensudhaLl
LI (K6iTerment.

Gzfwu o ulfssmiys Osmeiens, 2005 : 2 uljssTiys Ooreims @LH
CrHssd  sSLLemblmU mwsANH. BFHe0 Gurdu urgisTiy eoumBaei
alpSHUTESIULH, HFDDILAISGD el GSTHTTHHIGEGHD  FTHE LT
ALgTusgisen GPleueneutsaslUpB. SICHCausmenr  maler 2 ulFsH0CsTIHani U
alweomsd o FFenaumen Helenlodenr QUDMISOSTeTEMILHLD.

‘@ ulflwied euenmEIBET, PlpHP UWSTUTH, [HATMIOBEMENI  LISYIHHT 6T
Sigmseia BxA Qametens’ 2013 @evo MoMDE @enmsd (LpsiieneudssLiLl L g).
@z @evdE 2 ulflwed aenmiselleal BeHd UWTUTL MWD  SILsDLULLD

o2 _mIFLUBSSHD HOIL SeuDNEHHES HNLEEGHID [HETENIOBENENF FLOLDTHELD
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Bwrmworsad udihbs Gamersnsd &g @evmenaulear CaxAw o uljssTiys

FlLaD, 2 ulfssridlear srTilLadent auenyGau siaiueumminGg Gemimidug].

aaflgid  AE0BTeTendH6T  @aianid  FLLoTE  GummiuLefsdenso
MoMDE @ei1 2 _uljlusieusnsenio GFwevsd 2016 - 2022&smen  Gamdlw
2 _ulFliuedeusndenio (pGeuTUTW BLaURGMBSH HLSHHO Revd@ 1280
2022 @60 2 uljsariy 2 mIFHuGSHSIUG” setd (@GN HE D).

6TRBHUIUL  Gauemigul HL )Y 60 & 56T

1.

2_uilyssTuler GsTeaTensemul 6usDeLL L 6D

2. 2 uIFBaMlY (PSS S LEIGMET S(WPOUBSHID 2 ulFoHsmisF
FULRISENET 2 _(HEUTHBEILD

3. yHw CsTHmI URISERSE SLT WAL HF CFWLI(LPenNHHMET 6D L 60

4. AL wHII HEETH HHBEMIOMUI 6U6VIELL L 6D

5. BrLGéa@Giu 2 uljlusamsamio, GMO &enmed GSHHLTH060 B HbHHI
2 61 BILGSGFW uwulfsen sa@UMDmNDI UTHUTUUSDGHS FLLIBISED6MT
alhSHWLTSHS, BiPeLLIHSHH0

6. @evmimauled 2 uljsaTinisd elehepTard SHemsaenul GLolbu(hdhgHe0
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