
g ~ d s z ~ d ~ i 5 ~ + u ~ ~ ~ u " ~ d i ~ h n n "  11 ouaR'?h8nlviiciui5n 
- - 

1. muisn o5ui ullsr?i;in~~wi~3 ~anssu16' 

2. muisno^s1un~iuk&~~a~w'u~~1anssu~6 

3. m u i ~ n o ~ i  u~v~ounisdsdi ufiu$?i"1116 - -  - 

4. muirn oiui uds~luminl~ri~ri1~fiu$fig16 

5. m~1sno~uiuna~nisd~t i iudu$4~'b6 
k 

6. u o n ~ n n s r n u # 0 1 0 ~ i i a ~ u ~ i n n ~ s d s d i u d u ~ f i ~ ~ 6  -- 

7. muisna'rmiu~~nidonisd?ud~sw'vf~~'b@,u~~w'~~~ans~~'b6 

8. muim~~oulu;1~~nni~cu'u~3~an~~~n'u~nui~ikaim.~iQu q U 
Y 

L M Q H ~ M U ~ ~ (  11 Janovhu 

1. I J W ~ ~  

2. nisdsriiudud.a PI 

3. winrC(l$~i~u~u'i$fig 

4. ninl?ud~aw'u~~.a~au5#w'u~5~anss~~ 
5. dsr~uvtb'nicsd~d~ueudi.a 91 

6. h~aun~s~if iudd~~u!a~$i$iv T-- 

7. i[~ninisdsdiufiu~$idfi"d 91 
/ 

8. nis~~iskladasvi'uf 
9. nisdsdiu!ufiaer3~~t;lss 
1 0. un ~7Jnabnisdsdi uflu~in Agrobacterium W firan f i g  

1 1. ~~uudar~CoawnWY7uu~~~at~~au 

- 

BO 453 305 



11.1 unG7 
w a w  d 

~ ~ r r r d ~ n i s f i u w u ~ i s w i r q . n s s u u a r n i s ~ n w ~ ~ ~ ~ ~ ~ u o l i i ~ d n r u o ~  ou6r 

n a ~ n d c i i u u i  rin5noimrrmC12in~wu r n n ~ u I s ~ i ~ i u i s n n ? ~ r r a r ~ k  adsr 
dww w 

wic~nnuluraai (genetic manipulation) n;onnuluwiuv nrwic;"a~1anasu 

(genetic engineering n?o recombinant DNA technology) ~ J ~ u ~ I ~ ~ ( u R ? I U ~ ~ ?  

~ l i i n i~ inu in i sod i~u in  rratrillri(urii-rffiniyduywktmuisn~iruuu oonouu 

n-ruqu u a r ~ ~ i ~ n ~ w r i w ~ n s s u I n ~  q doIn~m~rii~~~Inaidii~a~uu~miu 

R'ormslG n~iumuimrndi~r9m~~nia'b%Cn"an~iai~m~6o%i~nwwdi~y q d 
d d a  ~auriuIumuaiiaorkua~muiIa~nwi~~ur~at~w~i uatdiuidsryni'LflCrfim 

dst1ua6n"rluoiiunisw 6 rn h n n u  ua tniunismwms luiiiunisrn w s  wirrq. 
a ?~?nssuoriiunuinlnodirn~r l a  nisd?udyrwirfia 

"a"rmislumsdiudyrw'uffla~l~n'uui~uamasswf uul.a"n"ud 91 2 "a$ An nis 
w b' Kmriionw urq. (selection) oinn~iu~llsdnu~u~nwm~nirw'urq.nssuv adsrains 

d d  w ~ u ~ 6 ~ ~ ~ ~ ~ n ~ t l l ~ ~ i u d i ~ ~ n l ~ ~ ~ ~ t ~ ~ ~ w ' ~ f ~ ~ 6 ~ ~ ' n ~ t l l t ~ ~ u ' i ~ ? ~ n ' u  

(hybridization) r6o1~$nnsiudrfinu"ub~uw a s a a ~ v n r ~ n u ~ ~ ~ ~ i u o ~ n ~ / n  rrarrrd 

miua~ninmsnirwir~ni~~ianr baa bma (Mendelian genetics) ~unird~u%nis 
- b'u w w wi~luiwuqwari-ruln~riimoinnis~auw'u~r6a~9~lnnial~ai~riuqnssusaunan~ 

d d  w ~ilvi2oidstainsddnaiurrds~s~ulu~nwm~~irw'~snssu~uanumtGmiuiiarnis 9 

ad w w  
~anisnjndi? uu*jiar\&al rrsrriolrilRnoinnissaumanu rl7lnnidsrainsdii 

n~iudsds~u~uRi7wnrrwirw'urq.nssu nn~uia~iniskdonwifr6nnignwaud 
w w  d d  w 

rAmoinnirr~unanuunrmswi~nssunuanwnrrGmiu~nrnis i%nis&ndi-rua.Ri 
b'cr d d  ozniralustrinl~riinwicpwannuinuiu rrar&ti(u'i"sisn~ndIfluniad~u1~ar 9 

a a adds? witfGaluilrqGun"m 9 runrdu~an~udiia~rasi rrsrriu usrdupuuin nsrlri 

ud~oiiendsrnu wah~~araun!d ~Cnn?iuh<y~onisuauCiu orrii\&nrudor!lu 

~ariu+ircldu~nirdnlnss'i~urn"tbuinr~i~u &Zunisd7w'uT"a~?nasuuidstqn6 
w ru  s !%~unisd%d;i~wuqw o r r i a d s t ~ u a u ~ n u ~ d r ~ u r r ~ d ~ r ~ ~ u d u s ~ u ~ ~ ~ ~ i ~ u n i s  

w'wui~awir$~ ~rviiafu ud&r~n~ania' I fs"~n"a~u~6si iuwam~uoin~~~~"amdir 



i"rm1sod1dhuuodw"oaq"7~1afl4~(~fSi!~~nu Y"ubb3nfl7n1~kdou~b~u~a ~ ? a  

~u6~fs'a"num~nlu~'o~n1min~b~tbb8dfs' 91 (donor DNA) ~ m u ~ # b i ~ ! ~ ~ l d i ~ w i t  
a-2 - 6  d U (restrition enzyme) &db~~lguuP:.n~~unh~flbu~41 ~w i t6au  1 1 m z d ~ ? n u n ~ & w  

wia:. (vector) I n  u l $ ~ B u b $ $ ~ e t ~ # ~ a n ' u ~ n  bdO~fs'd1~flbp1Af17 UM;~~~I~&IO~BI,SU 
~QWIM-iimaiu~onm$od (complementary) 6fl~l8fliur~~(l~\~~et27~dfl~dfiadni~ 

w  - 6 u  # u d o u i ~ ~ J i ~ n i s b ~ a ~ ~ ~ ~ u b o ~ ~ ~ ~ n ~ s r u ~ n u n b a u b o w i f ~ t  lc lu l3~8ur.df  abna 
W d  FI 

(ligase enzyme) ~IJIM~SILDULO~UW"~~WA~ (recombinant DNA) QdIu~a~aCd 

nrj1a~:.rilusr?nai~luni~~iu~~~w"uan~~udfio~n1~~~~d8ulufl~l6 rl 91 l u n i ~  diju3 

nisd~wiq?~annuuiI.a'd?ud 4 7 v o ~ f i a  mu~m~i~16~1uu"unau 
d' 

n%d 7 ndu 

1 ) usn~aa6qinfiauaz~ d1urn1wdaoar6a 91 (~usd i%~m3oWaln 91 

w am) #uplo u~;ilun~sm&0uni~ri0uds~$in~~11a~~30~0~ ~~m-in8udnau~u 
d w ~nwmzwe7osni.s 

2) & ~ ~ ? o ~ n d i l f s ' ~ f i ~ n ~ s ~ d ~ u u ~ ~ d ~ ~ ~ n ~ m z n i ~ ~ u ~ n a u n ~ u u o n a ~ a  

mulu~n~~ukurdobb~dbb~ua?~nafl~ube]iuu~bd~d~m~~&d~0d6u (manipulation) 

~~~66$nam:.aiu~'odni~bb~afSln'1~~nb~ OR ban66 ~ m ~ % u w d f i o i o ~ n ~ g I a "  h a a u  
V Y W  luuoulmnml d a 8 w i c ~ ? ~ 1 a n s ~ u b b a z o ~ w ' u ~ ~ 1 i ~ n  (molecular genetics) 

w d  
3) V ~ ~ ~ B I U ~ U L ~ ~ A L M ~ I ~  ~C3?nsz$u~ps'~o"ay~~uwu~ ~ u ~ s d o ~ b A u 1 1  

w ' u ~ ~ ~ a n n u ~ ~ a d s ~ I ~ ~ M % 0 9 " ~ n d ~ u d ~ ~ w " ~ ~ m u i s n w " 1 n ~ . r ~ t d ~ o u ~ i o l u n u ' 1  uflu 

o~nk i i i l i na i r n r iw  7 $~l~rr ia i~~nnudf lums~~"~~~f i  8 4  i i l u n i . r u m u u o u n m  

na1uruddsauw1~w'u~n~aup93afisaya (gene pool) ddar~fluds:.luadunisd%~ 
rd w d?~Kuf u~ns lnu" i i i  OIOO~T~ 0 1 f s ' ~ i i ~ ~ n a ~ ~ l ~ r i  7 v o d f i ~  d~nl~d5"d~~K'qnl.d 

n i ~ u ~ ~ ~ Y i i l r i m u 1 a n ~ i ~ 6  



flatdnir rli2viRnnis:'bBin uatnisl~!win~id(t~ui~n6j~~uuhnomunsni%i~ 

6u(?u (r&ipient plant) ~ u d i  ~~ridC(~nuirau~i~t!~sunaufiuludi irnddu q 

ul~?otrii\~~ri~'adn"daan'ududuuodn"u~?u;uuriod?dm Y mrdi%n~sdiud~~w'u$u 

(bbialaphos) ni'iRji~ut;u~o;unn 6iuniuuid~5aurluQia nrioYb~$d rar utue 



a d  w 'buussmi~nn~~~~~wniawCi!uilo~Y"u Gu~?^~annuQl6ii~Ou1nnlulad 9 

diinaiuth~danid#:nw oaz~d~uuuda~~nwazwidw"u~nssu"uad~d!~5m~~u 
d 8: 

ad id&  ~~~umnunis~ii~ciso%6~i'b$biimni.rbd~uu~~da~~n~mrwi~w"tb~na~u 

r i i ! f i u n i u n & a i n i s ~ 1 ~ n ~ ~ a 6 ; 4 ~ ~ ~ 1 ~ ~ ~ ~ a ~ 1 n '  q uat~~u~lhri lurn?wdaoa 91 

r 6 o u ~ ~ r c t i r i o u i u d n a u ~ u ~ n w ~ e d ~ ~ n i s u i ~ a 1 ~ i ~ u ~ o u i i u I u ~ m ~ " u o 0 ~ ~ ~  

nn~u~~~iciilw~iiurfimnisb~~m~o~n'bu~t6u~~fi ~nnluleiituonqin~z'b#19u 
In%dijoluni.r~nwna!n"uodiiu diunomfidd!ioiilri~'bm"bu~~ou"~~i~ ~?olun 

d dn 

~iuiuoinkuramuanoioriin.rfirui~# C~~tdasu6~ry~iaan~3%~dszBwQniw 

ua~5"amd~ud~~~'ua%os"~~u"~ 9 9 a ~1k~j1~uni.r~~u5~nis~$fb'nd~ud.r~w'ub'maisn 9 9 

~'londst&%nirr"uo~3"anisd~uds~w'ua%$~~u"u 9 9 91 uri? uj1flunis~~u5"bnis'bos"oa"nds"u 

d~dw'ua'mr~isn 9 9 tGnn'bfle\Zn6au odi&n"~nis~1 ~nn lu lad~u i lA$dsr~u~~a 

n?s~oismi!dnh~bb~mdoan"uaddud~adni~d~ud ni.r~undu nis clone Cu 
6 W W ddd  d nis~Ganlb#wi~z ~~atnis91/ini.rdiu~iimGu nismragwaub"naabqiuiuwuuuw 

8: 
R'o4ni.r nu!dnisnno~oun?iund~auaddu&afl u a z n i s ~ w i r r ~ u ~ ~ a a 6 ; ~ m ~ ~ ~ ~ a d u u  

l$~q~~1flu6~fi .dC(iiniabb~e\d~on%odd~ a a t i u a a i I  91 4l d ~ f i d i l 6  

oe~iui~nRiirfialp3i~~~~iz1un"1~nia~witd~n dqmci~niaoi~~spudu niarri iAa 

w"u~6iunidmuatuua;l nudoamwua~~~oudl~b~uizm 'IRY Kuo~diWi$nis 

d$Gsd~~u"u 91 arnimnwm.r~da riidt$~~%s 

11.2 Transformation 

Aonisl~iG~o"u~orui$~gadmum~.~ ~ G ~ ~ ~ ~ ~ ~ M ~ Q ~ ~ C ~ Q ~ I P I U N R ~ R G R  bba~f l l  
6 ww w d a  -4 st' braausu~bri'luaniwndwiou~zsun~auroniuwonriou 91 91 oia91/1~6~a?uaauun~n'u 
cd n ~gaawdueJ"Qu %I ni~durrunfiliu idu E. co/i 6a~r i i 'bR~aio~ lu~n l~  competent 

C ~ I I  ~ m u ~ ~ m . ~ i ~ a C m  IAN cacl, visa~oanuuan'ou q o & ~ i % J  iriunssuiheat 



shock 1 w n ~ r i i b r a 6 ~ ? f ~ ~ ~ u b ~ a 6 ~ " 1 1 b w n ~ n n i ~ s i i ~  d i n G u B y \ u  ldu m3rilu 

dinGubmumil.ss ni.sdiudinGubmul.a'n.sr~~kc'bdfii n~=i"6i~dinGubaulfi3~5m n i ~  

r i iud inGdmul$~f i$a~t~ 1~arn13riiudinbmua.a'bbunfl6~ Agrobacterium r i l w h  

11.3 ~ I ~ $ ~ I u G w ~ ~ ' P I  PI 

n ~ i u v u i u d o  nstuqunisd~r i i  ~ ? ~ ~ L ~ R U ' ~ ~ L Q I $ G " I I  &I~BI iiu6oio~~iluGu 

a i n i a ~ a u a l d  oiar i lduainki j$?ndu q f l 6  ~buo ia~ i l dua inn l l n f i f i u  ~ 5 o  
cd w &om rilunir waairanbriil$Bni3aom nnsn.uo~iu~fiWldluu"uodw""~~ $ m i 3  

, cromrm3nt6oioJiifiai~~adu~ I ~ U R I U I ~ C ~ I U U " O ~ ~ O ~ " ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ J ~ ~ ~ B ~ ~ ~ ~ I U I W ~ ~  

~rar" l .~bn$~ kGadI6?uGu~QiId~uniiia~~n~aio~W'uf I 

11.4 r i i c r r n d ~ i 1 3 u r i ' i d ~ i ~  

W ~ I A ~ ~ G I  ( plasmid ) 
I 

w R I R ~ R L ~ ~ U  DNA i o  d 41 WD~~R~~UI?[U WU~ULLUILU~~GL~UMPI ~ q f i m  IRTJR~IJ 
~i lumuc lqu~n8uv i  41 rinii5ud~rli~ummsaiid~oulrrl cl"s~isdBdsdaa6n'f~ 

d d  4 LLunflfie ~ l l < l ~ n w ~ U U ? m 6 4 ~ ~ f l ~ f i ~ R W  LdU n ' i ~ ~ ~ n ? l u ~ i u n i u e i o  antibiotic 

W f l l ~ f i a ~ l ~ ~ u ~ ~ M r ~ l ~  b h  Ti Iplasmid ddwulu ~~robactet ium tuemefaciens ~ 

dd Ri plasmid d d W u h  A. rhizogenes 

. lwnisd~riin5ud~u2a~yi$~atu d?u"uo~Gudci~riiuWloioJdhuddunii 
2- w Id=il~~moZI ( promotor ) O ~ ~ U ~ ~ U U O J I U ~ ~ ~  q Oi?u ~ ~ n a i n u ~ ~ ~ o ~ i j ~ u ~ f i $ o ~  

MUIU ( selectable marker ) b L ~ ~ ~ u 3 1 U d l u W a  ( reporter gene M?o screenable 

marker ) oidi?u ~wdal%~iudanisnn-a~ou wwdi ~ ~ a q ~ o d n i ' r [ i ~ d i ~ $ u  

1 1 .s ~ I ~ ~ ~ ~ ~ ~ ~ J ~ M ~ ~ ~ ~ O ~ U S ~ W ' W ~ S B I ~ ~ ' S ~ B J  
h o h u  ~fllniiin13dilrd~~w'ufflauuuR"~~8u h n i S u a u 3 z ~ i i ~ ~ n ~ 3 ~ w ~  

d p  a 
~ ~ ~ R L L ~ R ~ L W R L J U # L E I U W ~ ) @ I ~ ~ ~ ( ~ J L ~ R ~ U ~ ~ ~ L ~ ~ Y U ~ I  j l d ~ ~ W ~ ~ ~ u " O b n ~ l $ 4 ~ B L L d  

d o l d  ~inudnisd?ud~~~u~fl~?5~~n~1au"~~~~l.a'~a~1fa1u~~arluu1~n5"~~~dl6 
; " l I ~ ~ i l u m ~ u i n ~ m ~ \ a " d I ~ ~ a ~ ~ I ~  ~~ouidns"Joio16$niamr#rn~~60~ni.r~~1~d 

\ 
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nislnid!? rru" luei i~~s:rn~n~4n~~"~n1~~~'uff la~ru~l ~ ? L ~ B J  r"sun"9 r r e i r i  700 BC 

% l ? k ~ R ~ f i a u ~ a : u l ~ 6 : a b ~ e r ~ 6  !%inn6flm3w~ll~flf.I~ (Artificially pollination) ~ I U  

~ i n l r n @ a o d ~ u ~ u  date plam 
a B 

d?d!danrti&uiarrna~~7~1srd0d~ind4tainstdau"~aoeiid4aslr~a%do~1u 

?Iqd?IniaciRnsia 1960-1 970 Bariludq~ raaidvfi!GGn~sdf~%r(u"ua (green 

revolution) rdodiud.i~nruniwuodia!~rio~w q q oKun~iu6o~n~smiubiuaoads:a~ 

nsdrhuh Lurav l~ :o~ i~ ' ;~Iu~a:~~~~d~"wui  riu ~i lsoru?nl. IGZni-inirnli, 
n a4 ~osni~2ilu'inn~~lrslinisrnms r d o r i ~ r i u ~ ~  W ~ ~ ~ I C B J V ~ U  rdu nisrdu~a~iim 

uad$l? ms ! ~ ! ~ ~ h t d l n  s uo~uuu ~USRIO (Norman E. Borlaug) $ 6 d ! f i  

slsYalfsrua !fa9 n?~mGnsia 1970 
i 

aluihfi'iclqnssu (Genetic engineering) r ^ ; u ~ ~ i u ~ d u n u i ~ ! u m  

wi3lu~nist.namsuu~!na.i wir~5~~nnu!~~!6r&sundiniad?4~d~~w"ufw"a~~uu 9 

$4 r ~ u  u i n r w s i : i ~ n i ~ w i r ~ ~ a n ~ a a ~ i Z ~ ~ a i m u i ~ ~  r8onfi~a~Ji!~n~m:mi'a~ , 
n q i u 9 ~ n i s h t u t r a 6 ~ i ~ u C u  ~JorfisuKuiiwaunCu ~ u ~ o ~ ~ ~ i f r n n ~ n n i s k  

d dcl riiaBu~flaGn~iuni~nciiuin muisndisnomiius:vii~~rua~nci~;raQm~n' 

uatmuisnaii~~ad~naiu6~u~ifseiobsnr~~tt~uadeii  7 1644 ~dufilsam0jlnl 

nis!3~i'msrndhw~neidi~tu~a~ rrae?Iqua~u~mqtdn'Rd~~am<0~~!6 

i i .6 I I ~ . z ~ ~ a d n ~ ~ d ~ d w h @ l %  
1) sn"7dia6luwlul4n 

tdu nisajl~iahuniulmr?iR b ~ n i s k r i i s 8 u ~ f i i n u n n i - r a i i a b d s ~ ~ ~ o ~ u  

(coat protein : CP) u o~!a~aruiW\uflb 14% ilisri;lri~u!u%fi (CP) u o~~$i!d!u 
d c r d d . 4 '  u i  p adwan ~ u u ~ ~ ( i i u n i ~ n i ~ ~ n ~ n " ~ o ~ 1 a a " ~ ~ ~ m w " u  7 rrs:aiinln<rCsrl!6 

2) s%sia6ifsniuua~a~ 

rdu nisidriiu8diiinumnls~hd aiafiwoinrrun~b%u ~13aljR ~~5uBu3a 

(Bacillus thuringinsis) (bt toxin) r ~ i ~ f l a d ~ ~ ~ ~ n i d ? u d ~ d w " f a f  t~~~~a~ada~ i i i u f l ad  



~ A ' w  8 k: u dd.4 d*cr e~u~aa~uad(~zaie m~uu~vnue~~0d~n!innbbuad~ub~obfiuu~uriu6sC(!i!6?~ 
4 91\ 8 
eu ~ 4 o o i ~ a z l % f i u C ( r l i ~ n i ~ 1 ? 1 ~ 1 i ~ C u e ~ ~ o ~ ! r r i r i o u T d ~ ~ u  (proteinase 

J ' v  
inhibitor) V6o protein trypsin inhibitor 01n cow pea ~nedni~nmao~ri iu~uubui~ 

ui~uwuii! 'siuuiuda~~u~aiu~snRiuniudani~~Giw"i aiuu a~uua~!6 
0-d w otdd~:~e.aunhoinn13~?id6vC(6iuniubbuadfio anSry~inirGirhtn-r 

,=id a ~nundunid~uua~~11ndi~d3zbm~1!m~nn1~~dd 

3) ~?1~6a61uwiudo~i~Ri~ma'.a!.a 
a4 a4 dl 

bdu ni3~?1dia&iuniudo ~i~Riomavwv W o~iz!naTrh~n (glyphosate) (mdna 

Tdbm o z f l i d l u ~ u ~ d n l s r i l d i u u o d ~ 1 3  iriboafi iiubnr .EPSP synthase 
d 

(enolpyruvate shikinase-3-phosphate synthase) ~b$ubou!~d~a(ltd~un3zuauni3 

a? i~ns~or i i~unduozTsu iBn)  fiad!6?~n31n~Td~~n$~r~d~~m1~1~A'i1~!i 
mui3na?isn3mozSluCsniial6 

I 

nwhnis&iuniud onis h&han (gly phosate) 
e,d a4 A' 118~13noEuie!6 2 a m s u  

mad d 
?sflMMff 1$!'~ja1?1d EPSP synthase (enolpyruvati shikinase-3-phosphate 

4 d 
synthase) ~ud?uirudu?n (over product) ~ ~ d u ~ ~ d ~ d b ~ e ~ w o d ~ r m u i ~ n b ~ d  

d jA'soi!6 d d ~ i u i s n f l i ! f i d . a ~ u ~ a u n u n i ~ ~ ? i d  4 EPSP synthase (enolpyrwate 

shi kinase-3-phosphate synthase) ~in~n~~udo~vin"u'bd~~u~mn~uarr i iudin8urui  91 

wa4 d Y $ e ~ ~ u d ~ ~ d n i s ~ % ~ ~ o ~ ! g a l a ~ b s : C ~ l ~ d  91 ~ik~w"ad~~uuuurnui.m~iuniuoio~i~ 
u d  W . , d . a d  h a l d ~ ~ n  !6Giniimun!i!m.runuueuu ~uo;roinrn&aTd~~n ~iru1ismiid!1~~uhni3 

w"ld1u~oJbodqJu' EPSP synthase (enolpyruvate shikinase-3-phosphate synthase) 

~vdaiuisnnuniu~om~InaT~b~~ ~UwrwsizmuisnwBa~au'b~u' EPsP synthase 
d 

(enolpyruvate shikinase-3-phosphate synthase) ! f i f iu imntr~uin 
-'=id asnnod vi i l r i im~ii~~ou!rdddi~~indnB (mutant enzyme) B~!ri!adom-r 

rtioiilndd bm fli!&nulrn?u olfs m (aro A) n a ~ q u n i i b u d  EPSP 

synthase (enolpyruvate shikinase-3-phosphate synthase) aln LLunfl f i e  buclal 



lndgisnu (Salmonella typhimudurn) $di'iuniudornslnnldbsw Jiuiriiucllna~ 

lusiFu ~6os<~~n i ro isudGiun~~ados is ln~ l~~~n  91 

d d  w 
4) nissii~ia~da~W"u~"d~fl~~a~w q unnwm:#n.d7b6!u 

w d  w n ~ s a ~ i . s f t a u d a ; l ~ u ~ ~ u a n u n r ~ d ~ n i i ~ ~ u ~ ~ / ~ I [ ~ ~ n ~ $ ~ n ~ ~ ~ ~ ~ w i : ~ ~ u : ~ ~ ~  
. a d  rua~ood-an ~dusiiciadnudo~ui6u nudornsfi~ u a r ~ i i ~ i m d I ~ o t ~ i i m  

a d  omls~&.uuinCu ~ $ o m s ~ A u w a w ~ ~ ~ d n w u ~ I ~ ~ ~ u " u  1$unisriiudiniu2$&9b1rl5o~ 
.' 
sii~nsmo:fiIuAa~ ~0uI$uin&4 trnrn~ri~ri~a8u~uni~Iwndole\"b$Q~alrrdd 
'Fds~un q MI w lCu 

5) nm&~ia~~$~a. jdmu"13n wf ~Iu'Fns~ouI6 

d u  Gi-arra:fta.j~w~n~~iad~ilufta~ns~~~~~n~o~Ian ~+nvo~dr:mn 
W d P d  d b b ~ d ~ o ~ o a ~ o ~ a i ~ l u l s n ~ + 9 ~ u b ~ s b 0 u ~ ~  od"n~.nier iw~~Gslmua~wo~~n~u~infta 

ddcl 2, %: b ~ ~ u ~ d n u s u ~ u n ~ s n ~ ~ ~ u ' F ~ ~ s ~ ~ u ~ ~ ~ i u ~ s u a i ~  9) ~du~~~amsznan~n~walo W I i  
P I .  - P 

'Id.a$yia ~ $ u  ~i~daui~si'd~~oI$muisndozm4~lu'Fna~~ul6~du~~uanuwa 
n r P n h  ~ ~ s i : n i s m ~ ~ ~ u ' F ~ ~ ~ ~ u ~ i ~ $ ~ a m u i s n ~ o z s % ~ o i ~ i s ~ ~ o n i s r ~ ~ d u ~ o l  

WP" d w w  ,=i k: d dY lt%nilb6!u untoz~?~wa~~wan~~sue,uuu~gR"waw~mw$svu 

6) mmsnkiiu~n w~aIfl<u7uu"u ~ u ! r i i j i l r u ~ i ~ d n ~ ~ u n i m u ~ ~ ~ ~ o n i s  
~ n " u i n ~ i r i o u n i s d i s ~ i u ~ $ o d ~ ~ o n  rau n i s ~ i i ~ u : ~ t o ~ n n d ~ n ~ i ' F ~ n n i s i ~ r i i u  
& d d  e uuwqn uodnkru b o r r  rums (antisense ACC synthase) bLae ~o$%o o n % u ~  

(ACC oxidase) f l i ~ r j ~ :  ~~~~wn~us%~msbo"b'du$inJ i d  W R ! ~ ~ J : L ~ O L ~ ~ ~ ~ ~ I ~ ~ J  $9 

flilJimuisn ~n"u?nuilGui~ 

naInn?.ss%ssqat,a8fw -? 

Methionine 



promote -ACC synthase 

ethylene 

biosynthesis 

1 -amino-cyclopropane-1 -carboxyl ic acid 

(ACC) 

1 
ACC oxidase 4 0 ,  + HCN ---+ 1/20, 

1 
CH,=CH, 

Ethylene 

promote fruit ripening , ACC synthase 

ethylene senescene 

biosynthesis auxin 

wounding 

elictors /pathogens 

stress - drougth 

- heat 

- cold 



7 )  r n u i s n i ~ r i i u d u r d ~ ~ d n ~ u n u ~ n w m d ~ t n i ~ r f i W l u ~ ~ d ~ " ~ ~ r r ~ ~ e ( o e  4 

r ~ ~ d r d u n d u r ~ ~ a u n i . i w a u ~ w b k a ~ i ~ a s s u a i ~ ~ ~ f i 1 ~ ~ ~ 6 ~ n ~ n u n r e ~ a n i u d  q q 

w'o~n13Tolulioio~ffj~~Knwaerfld6o~n73 

8) ~ ? u R R ~ ~ M I ~ ~ I s L ~ ~ ~ ' u ~ x ~ ~ ~ Y ~ J ~ ~  v rdo~o~nmninni~wuuw'uf~% 

uuu~~r tumui~n f i i ~~~u~addm~~wf ln~m<w~r i iw"w q i~ufiaddmuw'uBnlrilnrj q 

.a' dl B~nioedseaudg~iw ~ ~ 1 1 l l 6  &$~n13a1~lmni~6u:ull%~d1lfs" 
fJq~iRIJndi7~u~ld I 

9) ~ d ~ ~ f i ~ ~ ~ f i ~ ~ i ~ b ~ b a ~ f i i b ~ ~ ~ n d  (rnqlecular genetics) R I ? D ~ ~ J L $ U  bmif  

5 L ~ ~ Z ~ M I ~ I < U Y  o~8r ~ w b o  (DNA sequence) f ia~ibd3f fu~?oni~~ram~ Q ~nY09fh.4 
(gene expression) 

I 1.7 ~?iuwu7uao~ni~d~ri iu9wdfl~ 

ni~kdiuflu$fia (Plant gene trinsfer) ~ ~ n ~ ~ u 7 u n ~ ~ r i ~ t i ~ u d ~ d ~ m a ~ I ~ 1  
I Y ~ ~ G " I I  (gene of interest) ~ ~ ~ i l 1 ~ ~ ~ 6 o ~ r ~ ~ ~ w ~ u i o i n ~ a r 1 ~ o ~ d  QIQLDUIUUI 

l 

d d m  oinP~ua~adi~aimnin"b6 t.dw oiorEIuiwinuunkfi,u M~o~inr#on o i n k 5  

riluCw &ua~w Godmsnnan R~W"UU~$I!~IU~~MUIIQ~~~"~!~ Qgni.rrraol unsnwgu 

R'o~dn?iuni?.r~~orrrCius (stable) 1mlh~~ l3nd l~ 'DU1ouni~~~r i~  b~fi611~'ulu'Fnga 

uadubo6a d~~ad1~3'u~~r$i1d~bn~&31fi '~1~dn~w'uf (transgenic plants) si? 
w c m  t a  

o di~~jat.da~wwaaum q rranwtbno$%dl6a'u storage protein phaseolin ~ i n n i  uwon 

bSUu7ld 1 

a: 
i i .s ~ w r o ~ n i ~ ~ r d ~ i a o a I ~ ~ d i ~ f l ~  

w w  '3 IwmdiiiwimmrlPr$i~4a uli~dwIu6ilowlmm~w 
I. CQJUIWIML. (vector) ~Jiwid~C(~m~wI~~~i$Gjbi'd 

w w  

2. $o~dn~mun~nu(incor~oration) ~ ~ ~ i ~ ~ u m u ~ ~ n ~ ~ e ' F h . r b u b ~ u ~ o ~ f i %  
w w 8 

3. $oio~dmrnun7nu (incorporation) od i~n~ f f  usrdiuvuslown7mnwani 

&urraennwara&w (transcription and translation) 



~ ~ ~ ~ d l ~ ~ n ~ n i ~ ~ r t ~ % d i l " ~ ~  (Plant gene vectors) 

wiwzdl$di f iu~ui i f ivm.~~i fn  ~~ei~16bfIu ' 
1. w aiaim (plasmids) 

wei~f im~i lu#~~u~odo~uonfinfbuf i~u wu~uuunfiizuwaiuvfim b n s ~ a i i ~  
d e r  d bduad uwaurn'iuafi 91 u'nuuunfiinunnis~ii~~ou!~d w~amdbfludfrfiua6~u 

OQn wnfifiu~il~~~unCidudnmauumw~~w q du rli'L~Gnaiu&iuniudomsd~Qaur 
d waiaCmdl~fIuwivlzoio~~u Ti plasmid adwuh Agmbacterfum tumefaclens M?Q 

d 
Ri plasmid ~dvlulu A. hizogenes 

2. Lambda phage 

Lambda phage d$bwudu#~8uba ~n8uadruimdsz~im 48,000 bp. r:oai!u 

ouninrod q Phage DNA ~zr~umnrdua k d b i f ~ b $ i W l u b ~ ~ 6 ~ ~ d  E. w l i  ua'?daiud 

~ i l u m u ~ d u a ~ z ? n n & u i ~ ~  n'u6auw'u~t'bafims~ou1,d~ uur~u~it~ubosdadbb~au 91 

3. Yaest Artificial Chromosome (YAC) 
s-dcr w 

YAC b!?uL.an bmosnuanwmzn ~iufinsfiufibbu"~u7m bsn Yaest Artificial 
rd U -  er der 

Chromosome P~d3~n~fldi3~bsll~fi 'y1~bd~fbb~tfib~ bdufduban~aof n(b"bnuuuwu 
s - n d  ruimlwd ddd~u~mkusi 400.000 bp. ~d~lirnuizn~$n'ub~nbmofvum~u~~ 

4. Virus - d w a  ! a s ~ n ~ v d u w i ~ r  durn  CaMV (Cauliflower mosaic virus) 

5. Cosmid 
d d  8 

~ Q ~ R I R ~ R ~ ~ R ~ U V Q J ~ Q I ~ ~ ~ ~  UQJU~UB~ICJIP O ~ F I Q R ~ R G R ? ? U V O J ~ L ~ ~ L Q  
d~flu~n~~usiuuodnirdia o;l~aro~uunfifia Gflu~n$o~wuiul$~ilu~a~mb6~n~ga& 

h ~ ~ u n a a i m  



'4' d 
1. h f i a l u r a  uc in uau i~a~erybd  b!h#oi<o"u ad Agrobacterium 

2. r n u v h f m c  Agrobacten'um doufiddl  rwizsiofiauin f ldflni~(iJdlu;uf  
d% Agrobacten'umv o ~ s i i i Y ~ i l ; ~ ~ t ~ l u i b ~  idua 

dmr d 
3. nlTddd7nii&u~a'A~robacteiuiu;n or~'ociitumauuo~nlTfilinuunnisuan 

Agrobacten'um tdoci~diu8u6uuinouhai  f i i~df i l ino lo i f lw~~ms7udof idn '  

4. lufiauist~ftnn~~.a"n~i%flriinr~u6ul'~1duinuin 6'7 oei7~i3uwulufiaIu 
'4' d a &' w  a: ia u c u u a  fiamszCsnL1 ~ ~ a z f i m ~ u a 1 J .  (woody species) R J U U L L ~ ~ ~ L ~ ~ ~ ~  

transformation hi$otisi~dmu7an%nf%7~$ifimi0u6~~&6~drfimdst~ua6ot~a 

5. ~ w n x d ~ r i l  uiiulm u?"bna~ (direct transformation) $u~Jo~a l . a '  selectable 

marker L B ~ w ~ ~ R I I ~ ~ J $ ~ u T ~ G  (antibiotic) i w n  t ~ ~ l # ~ t f l ~ l f i i ~ ~ ~ ~ b a n " ~ ~ d a ~ a  PI 

(immature embryo) aiuriouG(otr9?$di3u~u'b6 

6. n~.rded~u~u~nu~"bm~cu~cns"c~a~tidacw'u~ (transgenic plant) ~'l,6o~olallinc 
5( (stable) i f l u n l ~ ~ ~ n e  o on& u e i t a ~ n a f i o  LOU transient expression 

A a  6.d w 
7. i Jq~ l ln l . r~n i l4 )n lwucno  n~surmcoanuo~8ului~aanmocni.r i r a t l u n a l d  

bcn7 . r  ~ c & e r a w ~ t i ~ ~ ~ o e u ~ n d f l ~ ~ f l u ~ c ~ f c ~ ~ ~ n ~ ~ r r ~ ~ c o o n u o ~ l u  

Y'o~asst.i~~duan-~~nmrwra~n1sdasi1u~w~6~ 
2 w  a: Cn&nnodlcdoiidsrluarln'dou~n~fil~ 9 ncuunl.rdccilu~u6cna.rii%a 

w w  n=nracmesioldd 
I. oloifinna7uiIlufiw cizorfimi!fal.in idu 12% RjlwaJ q !$'ulG 
2. o~otRmn~znun~udoui~i~aa'a6a ouns:&~~dmu7snnau~ua"afiau"~ 

q 1' 
3. o ~ o ~ n a ~ u ~ d u e ~ e  U f i i ~ ~ ~ d n ~ t u j ~ ~ u d ~ ~ m r r n ~ n r ~ i ~ ~ u o ~ ~ d f l ~ a t ~ . r ~ u  

AaG79 
d P l C  

4. n a ~ u i ~ u d ~ ~ d o c o i n n m ~ ~ u % ~ u . r t ~ ~ i d  d a a  tdw ~ $ 7  ;IJ%I? oioor 
16iawifid#'ld6ocn~si~n!$'u 9 

5. ~uC(d iu l#nw$w o i a n n k d o W ~ ~ a a ~ ~ $ u  PI q n " ~ d ~ a e n 7 d ~ '  
.. 



6. ~umodaaniw ~ n n  ~'ou~nin!riiid~du ~~u?<uvi?d~~oinidubssu"~~i~  

a i r  udduu~uda~W 
Y Y 

7. nisfirrni~njj ua:~aa~~unfi fi~lnu!ris:Cms:i~a~~fl~l$~~~+n~:~i~!d$ 
t 

rn~wu?n$au ~ ~ o ~ r r i l u ~ u n n u n a i a ~ ~ n i w u ~ : k u ~ n k u  

e+ c e+d ~d osrrunnp 

2. n i3~ ia~nYad Agrobacterium d ~ ~ i : ~ d d ~ ~ ~ ~ ~ & d n i ~ d d ~ i ~ d ~ ~ ~ i ' b d  
X 

3. 6% ianrndfi!?u:d L M B J ~ z H ~ ! ~ ~ I ~ R ~ $ ~ L ~ ~  Agrobactetium 
d 4.Km~'Ran selecting agent n~nui:~ulunisKn~ian kabbdadw'uf (transgenic 

plants) 

I I .lo ni.ia~iiiJlarrdniiJwir{ 
4' nl3R%d!%LLdad%~fl~'b.a" Agrobacterium -mediated transformation 1 1 ~ 8 ;  

<~n~lu~lul~n2~nl~d~si1~~~~C1$~~Lb~tl~%np%1l$~ii~~30b6'tbl~du"~ JiS 2 it 
ad A'u 

GldObflO 

1. protoplast co-cultivation l ~ f l  incubate protoplast <U Agrobacterium llh 
b A' 

rinuu centrifuge bai Agrobacterium aan ~ R i b ~ i : ~ a u d ~ ~ s ~ n ~ a i a n ~ $ a % d ~ n a h  - ad 

&~aulo:!.a" antibiotic Lfhcl?flnLhn (select) transgenic tissue ~a:&dfil<fl 

Agrobacterium ~%nun~oinu"u~~%n~i~me~~'b%iriinrilwunnua:nnsia!d 

2. tissueexplant inoculatioblfl incubate explants Ldu leaf disc rkuun'fifiu 

Agrobacterium ilinu"ud~ leaf disc Id?idu ua in isd%ni i~~~ i in  ~bfla~a rraz6ni'R an 

8~kdadw"obf lnu!.a"rnda%?u~ (antibiotic) oinu"uid%n$llfiLiin L~u6ueia!d 
w- rl 
~ o ~ a o i i J n i ~ ~ ~ i u ~ w ~ ~ u ~ ~ ~ ~ m b a ~ t e r l u m  

X d  I. m u i s n k r i i u ~ ~ ~ u ~ a o i n n i u u a n ~ C i $ ~ u a ~ u a ~ a ~ w s ~ n w a ~ ~ m ~ ~  
dd C 

2. dadoin nnbauLo (T-DNA) fi border sequence rfluu?~?nr#%~vlwn 



d U  uounsdtduouuod~unrou~o rdoiokrmrnbuildldnrluFga~~adkabb~a i ~ l i w u  

iiiinirQPTu~hiijnW ~ ~ d ~ i l . a " s ~ ~ u L f ~ d i u i i ~ B u ~ ~ l n u ~ ~ ~  wsiaiind~Gildlu~gsi~ 

6rstiinir~nfiurnianc~iinnisdoniva~~u~ur~~sriou~iffnn~saonunsnru'lrd~u 

Inslohula 8;1~ilu~v~lK~Rnnis~nfie~~Ca"uo&dul.~.uiaf nld 
w 

Y ' w a n ~ n i s l r i i ~ C i a b b d a ~ w " ~ b ~ ~ ~ ~ I # ~ ~ r o b ~ c t e ~ u m  - 4' nisa?i~Fja3a~wic$ne ~ ~ r d k c t e r l u m  bfdstnouniu 4 ihaaun~u 

1. nisri~~ud&~nisdnwi bGi$ Agrobacterium i 

2. W Agrobacterlum (il fh4diXub ~fidbas 669 
.a d r-d w  3. n i ~ ~ w i r ~ ~ u ~ ~ u o ~ u n k a l u a n i w d s o n ~ & u e t ~ n d o n ~ i d ~ ~ ~ ~ ~ i n ~ a s R n m  

- G I  8 
suuuuu 

4. nisnsaoaaunisuan~oonuo~ijuIi6u~adwiunir~n~Qan~~~i 

m d n n i ~ & d i d ~ ~ i n  Agrobacterium !dkrasl6fia 
8 6-u @ 8 O. 3 
uunounisdddiuiuoin Agmbacterium !dfhba~awauuunound~ 

d I. 1ad~Rnuia~ruari~~nnt6ms acetosyringone (AS) ad ~flumswang~uln 

(phenolic compound) ~ ~ t d s 1 1 ~ ~ o u 0 0 n ~ i o i n u 3 ~ a m d ~ u i n ~ ~ ~ a  
2. mr  phenolic compound bhstfuw~nwauodh chv 6do~udns~u~auuad 

Agmbacterium fill$ Agrobacterium d' i~dmim~u ras6;flans$~1f ba mddu19 bb w 
w d a  

3. ~ s i u e i n i u  Vir A r i i~u inrdu chemoreceptor ondl AS ~ R t ~ d n ~ t $ ~ l $  

Vir G P/1idiu 

4. hh ihmn iu  Vir G ~ n s r f u  Vir du 7 ~$w"id~uuae~u@~nn=it$fa Vir D 

l M ~ l d l U  

5. l ds iu l in iu  Vir D ~dr i luboulqru '  endonuclease R'nlkkljtda~Tdbro~ 

m o i i h ~ r w i ~ u o ~  RB rbsr LB 

6. bf fm T-DNA mu bd0a M?B t- strand 

7. Vir gene sr~j i~( i idd4 t-strand bfidba(f&6'd$~ltld~msnoi~ulnslulru 91 91 

~esf ia  
w . a  d 

8. bfinni~urndoonuodiudo~luci?uuad T-DNA d~srri ikruo ur o~ai jn is 

BO 453 G 319 
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cv P I.a~dazviin %dbilunis~duinlunim Agrobscterium 6 ~~uizrrunuwaad azaiim 

f inu~awitlu~alu~du~b~ual~bbri u i a 2  uialvm uiamii ua~"U"iajlw Cn?nuiniacli 
P d PI ,PI w a' ~1~llituiau~~r~n"luiT~wi6~n6jiafinun~rri~riip~dnu'iks~ a~usaiuaam~w 

1. n i 3 d d d i u 8 ~ ~ f l f ~ l g ~  Polyethylene glycol (PEG) 

ms Polyethylene glycol (PEG) ~drh~mwlums~ndi~09"b~nnis~au<a 
-a' niruo~~w~finwaian' rbazmnqruauunurns Polyethylene glycol ( P E O $ J ~ A $ I U ~ ~ ~  

lunisnszm'u'boribiinnis.a"n$i q ! LEULEI t"U"idba~ 91 6 
2. nisdd d l  u i %fin EI'b.a"fl~~bb63ldfl'i (Electroporation) 

3. nisRi~diui!iufin ulg Mictoprojectile microprojectile bombardment particle 

gun 

5. nisriJriiu8 J n  u & t  single cell Protoplast I~ula' microinjection 

6. n irr i~r i i  u8dnu~ihd muIticeIIuIar structure hula' microinjection 
",? < -m.. . 2 " . h ,  \ 3 

7. n isd~di  u 8uTn ula' Electrophoretic 

8. nisisdiui!iufimu'ba' Ultrasonication ' 
c ~ d d  

9. nisriJdiuiufinulaaanu 7 , 

? h ~ i ~ d i % ~ a  orl% reporter gene screenable'marker 
PI a u s i u ~ i u w a ~ i l u l u A ~ i ~ u n ~ w ~ z u l J a d i ~ d h i l ~ n u i i d ~ u ~ a ~ ~ ~ s f i u  

,a. PI z ~moiddaounuouuu 91 ~ n i ~ k ~ f l d o ~ n ~ ~ o b ~ a ~ k a n d ~ ~ n m ' u i n J 0 u b f l ~ l d l a l ~ ~ a ~ 6  
X d ~?~~uruaruorhuln n i o d i d ~ l i u  gus ( beta-glucuronidase ) 

beta-glucuronidase ( gus ) gene 

~BuBuoin~~umG~qu E. co~i ~uul#n"uodi~na'7~~ai~luni~Gnm~iuBa 
fiuLa~a boubLlu' beta-glucuronidase r i i ~ ~ i ~ m z m z ~ a d d j ~ o i ~ a f i w s ~ a ~ a  Yo4 

glucuronidase bi(odainiims.~u~w~udi~dwuii~n~uY intrinsic gus 1 ~ b j ~ & . 4 ~  

oic~ilu~~! wad k6yd~i109"dni~l%u gus ~ i lu  reporter gene 



gus assay 

nisla?u gus rildwntlnuwatu gus gene .~r~ilunidi~wslnis~fid 

baulru' B-glucuronidase ~ J P : : L ~ ~ w  silbstrate ( X-gluc ) d~8~8dld M%IRIS 5- 

bromo-4-chloro-3-indole-~-~ glucuronide lAilums^odmiia ( indolyl derivatives ) 
dcld nuRffluad 5-bromo-4-chloro-indico ~'sRuni3 

X-g luc F 5-bromo-4-chloro-indico 
W c Y  d 

(5-bromo-4-chloro-3-indole-P-D glucuronide) (flibbuoreaiaiii++Ii) 

gus gene i G + I i  

n l ~ # d r i l u 8 ~ ~ ~ u " t #  ~~rnbactertum 

Agrobacterlum t8wuu n6i f i e  onsu~u "dcm aerobic bacteria d a1 k a $w8u 

r ~ u i d g % ~ a ~ n  usnC(d a l ~ r ~ n n ~ s e i ~ d i u i u n i u a s s u a i G v l i a r i o l ~ ~ i i m r u i c ~  
a 
a~annu~wmuaiG ha$u Family Rhizohiaceae 

Agrobacterium 4 acm 60 
1 .  Agrobacterium tumefaciens 

2. A. rubi 

3. A. rhizogenes 
d 

4. A. radiobacter "rr'sbau avirulent sp. 
d d !dhn rh 63 6a Agrobacterium tumefaciens rdfi~Wftmh crown gall ua:: 

A. rhizugenes $an ~l~~lf inlsfl  hairy root 
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I 

n i u l u ~ ~ s d  Agrobacterium $ extrachromosomal plasmid I I W I R ~ M ~  $IIUISI 

d33Jlm 200 kb ~ n ~ w u i l :  Ti ( turmor inducing ) plasrnid ZU Agmbacterium 

tumefaciens LLsr Ri ( root inducing ) plasmid ku A. rhizogenes 

Ti plasmid 1% Agrobactertum tumefaciens Li]u DNA !d?J w?uo f&on 

l n s h h u  Ti plasmid dwuuin 2 a h  fio afinonnlnflu ( octopine ) U R Z ~ % ~ I ~ U  

( nopaline ) 

msw.rnoonlnflu uadudi"auri]wmd~~ud~~adfia~$~am$~n~n~~&au q 

Agmbacterium crii~Y4il&iua~nuodwa?fl~n Ti fi.dCfLgulm crown-gall tumour 

szw8ncns~n5uaQ~1naf n~$9k?u"sa ~ 

TaSu ( opine ) 

loqu ti]uu~ idniiu ouuat LLV d9Yb~bFt~Lq~n" Agrobacterium or$ikki l o  
flu L L ~ ~ J L ~ I A  4 niu q 68 

1. nonbSu ( octopine ) L ~ U  carboxyethy1 derivative IIOJ OI%QU 

( arginine ) 

2. l u d l h  ( nopaline ypropyl derivative Y Q J  EII%GU 
( arginine ) 

3. odnsiYu ( agropine ) ~ 3 %  bicyclic sugar derivative unJnsnnsvIliin 

( glutamic acid ) 

4. o t h s $ ~ u ~ u  ( agrocinopine ) ~Ourns w2f1 phosphorylated sugar 

Ti plasrnid 

Ti plasmid n"wulu Agmbacterium tumefaciens  LOU^ L A ~ ~ ~ ~ o ~ ~ E R ~ T F I  

crown-gall diseases 

Ti plasmid qz! 2 ~ $ ~ ? ~ ~ ~ n ? i u l f l ~ ~ d o n i ~ d ~ ~ i i u ~ u ~ f i a  Go 

1. T-DNA ( transfer DNA ) 



TI plasmid 
d 

Ti plasmid Y lw~h .4  Agrobaderium tumefaciens t ~ ~ a 7 L M ~ d ? i ~ l ~ L ~ a l 3 f l  

crown-gal l diseases 

Ti plasmid 'atd 2 u i ~ ? ~ d ~ ~ ? i ~ ~ . l < ~ e i a n i a i d d i u 8 u ~ f i " 1 1  

1. T-DNA ( transfer DNA ) 

2. Vir region ( virulence region ) 

T - DNA 

T-DNA n]s::nou<7o DNA d3::Uim 23 kb !fJEW~ll@;l"Uail DNA AIMW~TWI 
w 

~ I ~ ~ L U R $ I  ( terminal repeat ) ~]T::UIW 25 bp o ~ ~ o ~ ~ i d 1 1 a d  T-DNA d d ~ s ~ n i i  

left border ( LB ) u~:: right border ( RB ) k~~craalunw 11.1 iwwuiiuu T-DNA 

i i s K ~ i i ~ ? u n i s ~ a " i d  ~ a u I d  $41 ~~uk~?unis&~nn::os'wisba~w ra9uunon3u 

L L R Z I ~ W I R G ~  &~~~miliuniw 1 I .2 

n l n i  11.1 uRnJ left border (LB) UR:: right border (RB) ~ Q ~ R O J V ~ J V D J  

T-DNA 
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t , 
L border 

/ 
5 2 1 d 6 ~ 6 b 3  
A d - -  

I p.; {y;.i7Z 
Nopalinu! 1-DNA (23 kb) 

1:.TiC58 
I rms tmr tml \nos 
I \ 
I I 
I \ 
I I 

Octoplr r TL-DNA 113.6 Rb) 
pTiAchS 

Vir region 
a d d?uh niy6n h u ~ u ~ n v l ~ ~ ~ ~ n i ~ d ~  T-DNA om Agrobacterium Wfh% 6 o 

d d h u m 3  Vir region muuu~ndszuior 35-40 Kbp nt$dJijuu"dsznouii?u i u  6 

dl  b~~ddi!o Vir A, Vir B, Vir C, Vir D, Vir G bar Vir E 

n i d ~ r i ~ u  T-DNA ~~ijljlaadfia . , 
4' nlTri.sriiu T-DNA r~i~ba~6~m~n.au~in~1i"sfiii91'tb"~~d virulence gene ua:: 

. a d d  
chv gene na~uno?uuInsTutauuQd Agmbacterium ~~smuimncfuni .rw"idi~ 
uai~ Vir region uu Ti plasmid b#bu specific wound substance BiI~iIurnswm 

d phenolic compounds idu acetosyringone llat alphahydroxy ~ 9 1 1 f l ~ d ~ ~ n i ~ V - l  11.3 



transfer 

niwA 11.3 UR~JWRIRQR Ti aQnoonh3u (%lo) nadudllu (mi) 

ndnn in l~  T-DNA drsadfis 

ndnnizdd T-DNA ~li iWlu~gsaTbianau~~~I~on~~~6u Vir region do$u Ti 

plasmid 
z 
u w  ou~ lm~nd Agmbacterium azy n ~ n  a a i i d K  ii Q Agrobacterium a t  
d d u  w w  ~ ~ i ~ n i z n d i w r i ~ l i ~ w i z u c b ~ ~ a n ' i " ~ ~  msn~duslmur ( receptor ) V O J H B ~ ~ T O $ ~  

w i i ~ ~ . a a d ~ ~ n i ~ n ' u i i a i ~ ~ z ~ ~ ~ a n i ~ u ~ a ~ n z u a d d s i i u  sinnidlnwiwuii uu 
ad d 

T~s lukuvo~ Agrobacterium u~uWn?u?uni3bfi~nlzn'4~lg63~6"II go 6% chv bdo 
44 d 
~ % ~ U I V I U R ~ ~ ~ Z M R ' J R I ~ ~ ~ U Q ~ ~ G ~  tdu acetosyringone ( 4-acetyl 2, 6 dirnethoxy' 

phenol ) &azldn.izful~ vir gene hinbandoan t o  ~nirsan~&nazuds3'v% 
" d *  oonui lno8dz8uuod Vir A r l ivuin~du , chemoreceptor %.fmd3mauu~J;T 

& - I  

Vir A u hydrophobic region 2 ~ i ~ b v ( i d ~ ~ ~ i d i u d ~ i ~ n z n ~ ~ ~ f i u ~ d a z b n i z a  ~n"u 

~:o~uooinirunkniulu~aa~' d ~ u d a i o n ~ f u o n % a a ~ ~ u ' b ~ f i ' ~ ~ w  ai4u useiinmu 

muizn t k ~ ~ d ' d  nabdn b416$81 ba~1b€I9'b$ ( autophosphorylating activity ) k u~ndlu 
% w d a  

niw o inuuTds i id~~~nnzd qin vir A oznzz+ vir G ddrlivuin~du regulator 

\ 
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a4 e 

component 1 w w ~ u i l ) / I ~ ~ 1 d n s r ~ u n s z ' u a w n ~ s ~ ~ n ~ 0 9 ' k  luu%anr Vir region 
d ow q Vir D bdUdu'ndr'%~uwou&l~n 'lun?zu-aun~muk T-DNA Vir D l  iiqruauu3 
topoisomerase activity Vir D2 i i?nrnld .uoa  endonuclease activity <Q 

witatdoddl~baabnoi duiaru right border ( RB) &bat. left border ( LB) YOJ T- 

DNA Vir C iihu.6?~ Vir Dl LLR: Vir 02  d~rvi~~urilun~skr~iudsr'n5n1wlu 

nlsdd T-strand 64 abAqd(budl1w Vir D2bbWz Vir E P Z ~ ~ I  ~n1zn1d61'1belaiu 15' "UQd 

T- strand f!gn<qrrg-a r io~ndniSld~~nulgf lun~u exonuclease rrnz 

endonuclease UI d o u ARI u T-strand ~ust.Mii~Ci iinlmudd dluoln Agrobacterium 
P1w a4 a l~l@rgad'kl LLRL)/II% T-strand n$~?d~$%ol% u r o ~ u u ~ s 7 u i I  Vir 6 k~u9n1.i 

a % ~ ~ d s ~ w d r i i l v i w ~ d a ~ a d " u o d  Agrobacterium fi ~nunrzn&un'Llnst'uaunis 
conjugation .undrruni?lio u p i n w w k  T-strand d ~ u w ~ f i r r r ~ z r ~ o ~ u ~ a ~ n ~ u m o a  

bianuld6dnlsbaib~in"~od T-strand IwlnslulqluFja otniow<unln]n~n.uDd~3 
ia  c i~ua~~Iunlwd 11 .S , 

I 

nirtd 11.4 ruad disarmed plasmid ddin T-DNA Don uci?ld antibiotic 

resistance gene LbWu 



thranIIin 
(pram chranaamsr) 

wign 
gene 

Tr~nalotmbd 
cell 

niw A I I .S uamna!nnisdddi l u q ~ n  Agrobacterium ~d~%rq~at$ia 

~ i o l i i ~ r l a ~ ~ e d i u i r l i n i a t ~ d i u ~ u ~ r ~ ~  callus . o o ~ ~ i t & h u d l ~  q Ao 
I 

shoot, cotyledon, epicotyl, hypocotyl une leaf uae~in6udowos6un"?daud1~ - ,a' 7 68 cotyledon, epicotyl, hy~ocotyl URt leaf ~~ fJ !h~au( ldu  
V 

I. Q callus oinrhudid q ds:uiru 4-5 Gu nazsiPni?udic q uooGYu'udou 

bXIugur2jn q LJ~:uiru 4-5 <U U ~ L K R ~ U ~ I J  q IKLRRUI~LIWB 
2 

2. r&fJu Agmbacterfum TR ura tldI~oinis~nnat$ms LB C(L~ antibiotic u A I ~  



Agrobacterium b i l uba l i  10 uiG 
A' 

6. t i u h u t t o d  callus ~ b a r ~ ~ ~ ~ 1 i ~ i d ~ n ~ m i ~ 6 d a o m b a ~  bbht96lld 
2.4 

~ l d ~ ~ ~ l M l 3 ~ ~ 3  91 MS d b ~ ~ d l ~ l ( l l ~ ~ ~ ~ %  91 3% $4 0.7% LWIILWLIJ?~R'IIUL$~IW~ ,500 

~4 baa1 16 ihlud q o r u ~ n i j  91 2 5 ' ~  i ~ u r x i  48 ihlud 
d' 

7. ~iuri?uluui bwi tbaud~u81'~1is~m~.a'n6"1~os'bfier6u A I G ~  antibiotic b i o  
w- d 

fii<a Agrobacterlum bra:: selecting agent bdu muia?'u%w 1,4 o h  b ~ i  o n R a # l m s u w  
Y c l  C(R'J~IUW~II~ ~ ~ L ~ ~ ~ I S L P S ~ I ~ U I ~ Y B ~ L ~ O ~ ~ Q ~ ~ ~ ~ ~ Z L ~ ~ U ~ Q I Y I I ~ I Y I ~ ~ ~  q 14 i u  

8. d l h d l 9  q u o d n ' u o ' l ~ 7 ~ 7 ~ P ~ ~ u n l s b b R m 9 o o n ~ 0 9 8 ~ b m u  GUS assay 

n~arrernbbuabblwa1ado1nTdaf~w%'a~~p1a~na"aa'6,~ 
epl d 

l w s l n w a i  kR' ?la r.lrai*aniu (somatic cell) d l l j i j w t i ~  L'IIRI U L W U J L ~ R  kuu 
#or 8 a 

wsud~u?'~rn~u~bb65~~i"ll 'b~wn~~u~a" ~ d o ~ ~ i n ~ w s ~ m w ~ i r r m % d w ~ d b . l r a 6 3 m d u u ~ d  

~i~~~::mandonis~d8u~~~msw"u~n~sun"~siau~~~~~ds"Ud~~w"uf~"11~os'~~erw"uf 

1 ~ d m i u n " ~ a d n i s  
d d 1982 kuiinirla5tn~lunis~bunlwsln~~i~6 l m u  Klercher LL~~IJTLRY 

na iuA?t i~anr~~ws~nw611~6oonui~~u  Cocking (196b) b h m s o d ~ % r o h 6  

cellulase bbunbwssww WiR6'ain ~'I~d631~57n;"11 

Takebe. Otsuki and Aoki (1 986) ~~Lbun~ws~mwsia6bb~l~l"af n w a d %  

~oul . l r&auRiu~ i los 'muisn~~unlwslnw~i~~~inui~u~~~iu~~buin  91 ~ ~ P / d f i q ~ i W o  

~ ~ m u i r n b w i t . b ~ u d ~ w s ~ ~ w ~ i ~ ~ ~ i b ~ ~ ~  b!?%bbnWgRl$ bn:lu$ 1986 Takebe, Labib 

and Melckets ~ ~ ~ w i r b ~ u d ~ w ~ ~ n w a i 1 6 ~ i n ~ u u i ~ u 0 u m ~ i s  regenerate bfh6ul8 
L!? un& "~usn 

1. ? h a  (mechanical method) 



t a d  ~ilui8ni.ru~~n6uuwfl~uni~~~unbw~bnwni16aan0in~ua q WQII adi"~~bau 
dl d Y 

L Q ~  ua~ualrui~r~'bum~ntniudGnaiu iliu%utrJ (hypertonic solutign) J i 'bu~rn/  

l r o ~ ~ n ~ ~ o a n u i n i u u a n ~ i l ~ w ~ b n w a i ~ 6 ~ a C a n ~ ~ a ~ ~ q ~ 1 , n ' m  plasmolysis (i?u 
w e 4  Y d i ~ a ~ u ~ a n ~ ~ ~ u u n o a n o i n w f d ' ~ b ~ n a '  ~ ~ n a a m ~ u a r u a i a ~ 0 ~ 9 ' u u i d  quci?dilWu.dlu 

m s n t s i u i ( ~ n a i u  tb$ufa'au (hypotonic solution) bw~bnwnia6 ~ r w a d f i ~ n z ~ g m  

aanui  

2. ?%l$b€l%~Tl6 (enzymatic method) 

. ~iluiimdmui.muunbw~bnwni~~<~uu~dbbatdd^suiauin 91 InuMnu'Lru' 
d 4 

PIJQ~~EIH (cellulase) ~ n t i w q f t b u ~  (pectinase) uidau~niuwfd'db'lln~0t~6daun~~na 

$amounqskkunhsTmwaqad 
v d ,  ci l~d~bmn~aunhu~~uida~bmu'b.a'bau~~fi pectinase ~ d ~ r ~ i ~ ~ i n t l a u m ~  

dannurwn~uuatmsd'itnauc(b8~81~mn"u~~bb~naonuib~ub~a6b~ua q daouu 

bn:'satruriikui 7 r d a r ~ s / ~ g ~ a a n u i ~ i l u ~ ~ ~ d ~ ~ u a  q ut?a$dZ.a'baul~r6 cellu~ase $4 

~ i ~ ~ i A d a n u ~ r r s ~ a a n o u ~ w ~ b n w n 1 1 6  
9 8 n x i r k ~ ~ r t s ~ ~ w a q a 4  I 

I. & ~ l u o i n i s i l ~ ~ d ~ ~ ~ ~ a i ' c 9 i ~ ~ b ~ ~  
1.1 Plating method 1 

1.2 Feeder layer 

2.1 suspension or drop culture 

2.2 microdrop culture 

2.3 microchamber techniqe 
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.jial& U~::&JLHSBJ [ i ? u ~ ~ ~ ~ u u d o n a i n k u ~ s  91 lu8iu~mm~nssunis~nvws d 
ciio~nis~mniw w ~ m  rduBu s~ii&iiandtji wui rindad7~wicf$~~6aud7d . 



I 

z l w  aitn Lysine Mar  Tryptophan $au huiamszpanL? akimin sl$ard~i 
d d  l 

Methionine bar Cystein 1ud?dnunsw'wui6isab~1sw~iioorinaiu~odnlrr6u 

f i u ~ a ~ l s o ~ ~ l s l u ~ u a ' ~ l < ~ ~ ~ n Y " ~  ~dulurlsrrnnnn?~oruini Gniswiinuiqlwnuar 

nL?rnho~n"c 16 aiu6'uirdo?I ~ 4 o l l o  J s r ~ i u ~ n m n n m  va-fiuliuilnn 

~ d ? u d l d ~ f ~ . u " o 4 i n ' n ~ ~ 6 i u n i s d d d i u f i u ~ ~ o 1 ~ u d ~ u i a ~ d s ~ u ~ < ~ s z ~ u  
d' 

ad~urua'nGja usiwuiiiiu~iru'nis~ran~aon1uiar~diU"u16 uahz~finad~ssnvu q o6 

n"dszrunqiukriolunisan'n DNA niuwud6 ~ a z [ i ~ d i u ~ ~ i ~ ~ ~ ~ A i a l u n a ~ n  
rd m 

nnaor r w " o ~ ~ ~ n n i s n a i u w ' u ~ ~ d u h ~ u ~ o ~ n s n o z ~ ~ u u n s n n ~ & u  hudnisnnaar 

~uuidwnuarnl?~nio~ r u a ' n C ( r r z a u ~ d s ~ u ~ b s ~ ~ i l ~ u ~ z d i u ~ ~ ~ C ( ~ a w i t $ ~ n $  

niuIuma ~ u a n  &muisn~nudarInu~irgi~n~nsd w%d~nriiU"sard$owudarW 

ni s~ inn~u~ua 'n~r~uazau ldsGu 4dldsffurndi$orodlusd~~ur6oui~ 91 91 

l iun i i  protein bodies ~ d o ~ u ~ m ~ o n ~ u i d d s ~ u o z a n a ~  bu~ulnl%w&~iuoin 

sl? N. c aaz s ~blanisro^s~~uszuz~nn q l d s l u C ( a z a i u ~ i l 6 G ~ o l i u n i i  

albumins ~szaiuisnazaiu~uaisazaiuvodrn' lo~6 ~ I W  azaiu<iorilusdvad 91 91 

glubulins acaiu~u~anoeoifiunii prolamins t i s o a r ~ i u ~ u a i s a z a i u ~ ~ u n s ~ n ~ ~  

rualflun-ii glutelins 

adapter 

lu~a~drlurotsa q C(ci~rnnr6Y"u dsznou67uhudaiuniwnitdb~uaiu 
r -  8 rduadr~~aun'udnu~r~uro~<nniurohuclclo~rwizr i in~airnnd~ 

agar 

l w ~  rr~nn~ls66an'npinmn.iiunzraaf n n ~ ~ l % 6 ~ i ~ ~ u ~ i l < o i ~ i s r r ~ ~ ~ ~  

agarose 

lwiiruoiuo~dniaanl~ aaiTu@~ 3,0 wu~alamiuanlna uunuioinoznii 

~ n 6 ~ ~ l ~ ~ D u ~ i n a i ~ I u n i s ~ i ~  ~8nlnsldt5a 



Agrobacterium tumefaciens 

alur~~~dciaaiuaiim PI lmurnlnfifiu 

u~zuunflisnozci~d r h  , 

w 65115~1 r f i ld lur~ai f ia  

Angstrom unit 

ali7unaiuui~ici1rn'in'u lo4 runsou aio lo-'' rums l%h$huni AO k~ 
d A 
g o  LWEI b~ubiius6bbf;~n~~niaia& bmu Anders Janas Anstrom 

antibody 

~ ~ o m ~ u ~ ~ ~ d s / ~ ~ i s ~ d a n d a o u ~ b u ' i ~  

rqraidfiuni~uoun'nu uezmuisnflid~iiiai11rwizn'u~isknh?~6 

anticoding strand 

mua~~uo~~~Burorn~uacidl%ril~diurr~~ul~nis~ans~~riluoifrluro PI i run 

rilw~rcu~uoiirburn66 f iun~nndi~a&di template strand 

antigen 
d d , or #A ~isudandaau mruodirGi~am~unszgnRuaaj aznszQu'bGBniskrnnzi 

uouft~lo~i641 rwizdon'u 

antisense RNA 

antltermination factor 

~ds~u%dflia~ii7ndda u I o ~ ' r o ~ I a ~  RNA polymerase azra u%yimnisa ym 
aonsllk d(ii uarhrad~uwlui7sqauo~ir~ura 

autoradlography 

rnni innis~idiual i~ua~~ura~adf imacl in~iua?s~uuirmi~~ lmuai~Wiu 

ron~rs6uuhodi rdrm~nu~a '~ f lubaa7~6 j i~ l~~~u~o~i i~aa iu~u  ~zdmngrilu?mi 

diuu~h~umsddi uaridd wu'bo 



autotroph ' 

dda d k u a ? n n ~ i u i ? n ~ ~ ~ ~ i ~ ' b ~ ~ b a ~ a ' b ~ ~ ~ i n m ~ a ~ ~ w ~ d 4 1 ~  q l $ h ~ ? u d i ~  

%5n!6 rdu r~au'bur~n mifuaulnaanlq6 !Grad !.a rrarr~umi Ap~ui~aQn 

auxotroph 

I ~ u n ? e w u d n a i u ~ ~ ~ ~ ~ ~ u i ? n ~ ~ ~ ~ i ~ u i ~ a ~ m ' b 6 6 a u ~ a  q bad srrri3ryr8uh 

~ ~ U ~ ~ ~ I M I T G / L ~ U R I ' ~ ~ ~ ~ ~ I ? ~ L ~ ~ ~ I ~ ~  

bacteriophage 

blotlnylated DNA 

DNA probe ~tnaainnium?!u~afttu 

cDNA / 

a ii ro"u~ari~u8a e k~nnrqu"u1; u~.a'aifr~urn~ilob~ur~uu I$rauhd reverse 

transcriptase 

I 

cDNA library I 



i d n ~ o i n ~ u ~ n ~ u l u d ~ ~ ~ 3 m ~  on'luy n q m a 6  CDNA library Sa o~ 

~0u~~~i~s2uua~fluC(iin~s~~am 

chromosome walking 
nd d4pV .=I a asannMi~nflunuaum~ou~a6a"aud~~daJn'u~~u63i~u idoo:~i&ri2uuo~5i 

~ ~ u ~ o u u ~ n d u ~ ~ u d u i a u i n ~ i i u n . d i d ~ ~ u s s 0 ' b f l ~ i a n i a 6 ~ a ~ ~ u i ~ ~ ~ i ~ n ~ ~  , P a i o  

~ ~ k n n ~ ~ u n i s ~ i ~ u ' v ~ ~ o ~ u t ~ ~ u b a d ~ d ~  probe ih~?u?mc~i~!& ildn3iuji i junj 
B d wd' rr ncii26~:uan~2l~w?nun"u$uGtbuio6uvucnaunliii~a I ~ & b u ~ o d u u n b u i J u  

d drrd CZ 

probe i ~ ~ ~ ~ ~ ~ l ~ n f l ~ ~ u s l l ~ ~ L ~ ~ 6 ~ ~ n " ~ n " u r i a ~ " ~ ~ J  probe oltlgeomic library lih 
u s n G ~ b w ~ a a i n h ~ u ~  r i i awud~s lun is~k~ iu ibu lgd~~b i iw i :  fion!.a"dau 

dd , davdofiaoin probe i;uinniilw probe Gold 1 ~ o m 3 ? o a i l n a w n u ~ ? u ~ o d ~ b ~ u  
d d  d w ~ Y Q ~ ~ ' u ~ I . + J ~ Q ~ I J ~ ~ ~  q $4 2 f i ~ n i ~  o u n ~ i a r n ~ u u n ~ u I o  

clone 
w a: d dd d d  61 ~ ~ u ~ i u i u ~ ~ i a ~ ~ n ~ u ~ ~ ~ ~ d r l i r i i n u i e ~ n ~ ~ ~ d ~ G u ~ ~ ~  n~uuo~uounu  

~ r u a u u 3 i ~ i i o u h  id a ~ ~ u d i  n i u ~ ~ u i u o " ~ n i s ~ i i ~ n ~ u ~ a a d d ~ ~ b w ' t b ~ n ~ ~ ~ ~ ' ~ \ ~ a  
d cdrrcr d w ' d uu~wdou~u~~~~i3unis~uiu~d~~~uia~aaanuuu~slomidGj~1u~tbuin ma 

t f l un i s i du f i u i n r i i u~  1 kiuingu67 a 

coat protein 

l d s t w l n ~ ~ a i i ~ C ( r i o ~ u ~ $ ~ o n ~ u n ~ n u ~ ~ l a ~ ~  q , 

coding strand 
d d cnmd~uo~iiio"uioin8ua$ aiitl63~Kuturinboun"u mRNA uni iu T awu$ 

u l u o i i i ~ u i o  

colony hybridization 



d d  dd d 6 ad o ~nn~ndl~uunaunnnunur~n~nosnugum~ou~odauloaoaunmo~ 3an1 
Y Y  

tori iu~n~aiu~dbrun$Liu~~noiu~audb'do'bd~~bwub~~uru~u~abn~~ L L ~ ~ ~ J ~ I L L W U  
Wd u 

?Jsrnnfld hybridize n"u probe C(~maain~~r~h6~umsn"u~unsd1~som~daom~d~ 
dddd d ~~o~~diuvri;luo~~n~aunuuunau'booio~d 

competence 
W d U  a n i w u o ~ ~ r u n ~ ~ u ~ ~ ~ d ~ ~ ~ i a i u i s n ~ ~ n u m ~ ~ u ~ o n i u u o n  uazgn~uirdniu 

'buraafi6 larli'bri~iim transfromation &rod 

concatemer 

In.claii~driinoinmsrQougi.oIuransua~aisid~aiu ‘l q vlri3a 'imu6oldlu 

fiani~riu3iYunaon L ~ U  i ~ ~ ~ ~ ~ ~ i n i l u u 1 1 ~ ~ ~ 1 i o ~ ~ a u G n i d ~ ~ n " ~ ~ 0 u m u u i ~ ~ a i u  

~ri3uluuoctdGnirjiao~lura~s \ 

concensussequence 

~i~unisisu~nir~~~uun~uluimhrodwuliouluuiram~d~ q doi t l iuu 
ddn ~ ~ u u i i u ~ a ~ u ~ u d o ~ u d u i o i n ~ ~ u " ~ ~ a n ~ a i u " ~ ~ Q n  

cosmid 

wa l~ imd i i  cos site un~CIlansuhiai63u ~io l~mu~snaonlda 'u~b~~b~o 

d i i u u i ~ b ~ u s z u n o a ~ ' b u b d s ~ u d o ~ u " ~ o ~ d i ~ ~ ~ a u G m ~ ~ ~ ~ ~ ~ a ~ n n n a ~ ~  q 

dalton 
\ 

~ri3uuo~aisddirviin"uu~fiuo~otmou"~o~'ba'b~s~o~ (1.67~10 '24 niu) 

denaturation 



n i s g r ~ r " R 1 l n s ~ r 3 4 ~ ~ 0 ~ m s u ~ 1 ~ " ~ ~ ~ ~ 1 ~ l u r ~ ~ a l a ~  lnunaiu6u PH a% 

msrniiui~aitn ~nszri~l~~~r'rcmaiu~i~~i~nlufions~ueii~ 91 q W hau riu 6 r Bur o 
, A  ruor~ar"~miw~uiu~dmsbdf ~u~inbn~uadra't6wier rdua 

91 

DNA cloning 

n is r~u f i u im~u6 t8wt~~ i  i 
d d Y  d a 
nuaunrour~&nrjia Q J 

DNA library 
w 

~nd~s~uua~%u6~~uroo Ink  
cua. d 

a~~urqTaagsm rauizw usriiuuindnnli aenornic library 

! 

DNA ligase 

eledroporation 

rnniinniiilflr~o~urlas6rfindoa rdol$u'uauiu6~6r8wroo1nniuuonrdi 
wcl a I ~ ~ R Y  w ~ n ~ I ~ n ~ ~ u ~ I ~ ~ i r ~ u ~ ~ w a r r ( r ~ i i r ~ u I ~ ~ ~ u r ~ s ~ ~ r n i c m i  IwsInwaiadi 

Y Q J ~ . ~  a~orrasjabunv4fior4IG' 



enhancer 

enhancer s rv~ ld idm u 

~Rmu~nrrua~d~nrrrw'm%' acetosyringone (AS) %d~i lu~iswm?l lu~n (phenolic 

compound) a ~ r d a n d ~ o u o o n u i a ? n u ~ n m d ~ i u i ~ ~ r ~ ~ ~  

2. m3 phenolic compound W ~ S L $ ~ W ~ ~ W R ' U D J ~ ~ U  chv ~ ~ Q ~ U U ~ R S ~ U ~ % U  

Agmbacterium fill$' Agmbacterium r~~~dtnirr?'u rr~i4"11nadu4ramdLiui w 

LLWR 
w d a  

3. l d s R u a i n ~ u  Vir A ~ i ~ u i n d u  chemoreceptor onbi AS uaddn.irfu 

Id'vir G f i l i l i~  

4. l~JztuainEu Vir G 'Idns-fu Vir Bu 7 I$fii~iwrra:Iud~nnaz$u 

Vir D I $ f i i d i u  

5.Wrluaini iu vir D B~~UurouIad andonuclease & k a z v l o ~ l v l h t o ~  

6. tfin T-DNA mur iu? r i jn  t- strand 

7. Vir gene arfiwri idric t-strand $1 kraafSiGad~st!d PI unsno d'bub~~b~'b611~ PI 

uoilffa 
Y d 

8. r i i ~ n i ~ n u  oliluhuuad 91 T-DNA dds:n'~l$~uoroo~a~nis 
Y Y d  uir&r~urliu~uuino1urr~~naiunmcr~ilu~uirrsonrflu~udu (crown gall) trazii 



nlnd I I .6 u rs l~Cnod  Agmbacten'ium T-DNA b$i$k%ai%% 

(n'nuda~ain yuwfiwt uuuqn. q 2540) 



Bacterial 
mtd T-DNA chromosome 

* 
A. tumeferciens 

Transformed 

Agrobacterium 
(a) tumefaciens 

(b) 

nqwd 11.7 n i s ~ i i a ~ u n i u m u a i ~ I u ~ ~  (a) ;unouni~~iin crow gall 

(b) tiuui~uriindudlis~ab~uon PI 



Plasmid with 
mutant EPSP 

(a) ~ransforhatbr) =?>- 
0- 

ate resistance 

(g lyphosate) 



Cunured calls on 





Plamld 
DNA 

ECS? rynt'ase gene 

At~mOect#num clasmld 
* lh plrnl EPSP synrhase gene 

d n i m  11 .I 1 n ~ n ~ n i s a i i a n n ~ n o i d o r ~ i ~ f a  EPSP synthase i$i$fi~~ 



951 ~ I S C S  ,ncuoaten Nlrn 
YISCS removeo tram jenetlcallv engineeren 
'ooacco tear -Igrooacrerra :or :e l rs.  

aoulr olant cawtng 
:ramgene rnar was 
~ r ~ g ~ n a l l y  ~reser:  IP 

'ne oac:erta 

waclerlal C ~ l l  atant cell 

:ecomolnanr 
~ lasrnru  In 
.4grooacrsr1urn 

nud~eottde-oa~r ' 

DNA 19 EXCSEJ FilOM PLASMID AS A LINEAR 
MOLECULE AND IS TRANSFEilRED DIRECTLY INTO THE ? U N T  

iBI CELL. 'NHE3E iT BECOMES INTEGRATED INTO THE ?'>PIT CHROMOSOME 
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