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of m-¥ & ¥t ohjel |80 s QAR YA FE o Larte) 2}
A Z8EE Yol glolA Ao vigta Y AzA2 d9E 4 g: AL A
UL lxigt AEgte] Aol 24 AoEHo g Jix] AES Astas 229
Ag710) Ax EHOoZ Algs7lol: o8 ARALE AU glth ol 27/ Az
Ao Aeg ALE AL ol AxAY 2} 22E FHOE ¢ AF AzAY
Mg § Aot A+ A2A HiEe] goo] S A3t Zu 2 =¥ 23
Yrhd 71&Y HYE AxAE &I Bl Oy 2Ee] AUy yehd 4
e A7 AE FF L el AEA EAY £ ok ot Aj2e Mz %
MY U AzxA B fA2E HEo] 2Yste A2 Aygy AES dE3te
dFE0l W= dEg FHOE o[ Fo{X I den I Y= A suE Yo}
A2A Mg HE] Y WHe2E Ad AdejolM wAY U NEe) 2] &
T AX ugel T BN AL, A¥A §Y e} FABY sl oyt
F FA2 B 5 € 4 Ae Hh FATY slgel AT KA} Ho) W g
A A_AL o] JHE BEHIT HF sHsdel &S AR AAHI gt A
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AEX: Z208 Me4

A acetolactate synthase2] A#)A|2l imidazolinoneA] A|ZA|e] thyt =3}A v}
ZPEEe] AIMEL Q7= steh. Iy o)§ B AZAQ claky Yol B
S AR AE) AU AARCE ofy nlaism B3] DPEA ARAe] 3ol
o A& S22 dojdris Az} AE sl wedtA] grhe A 1WA W
Holl A% A A& /g ug oPA sta Al

DPEA] #|xA2] &2 &4 Protogen IXY AM¥} Whg-S Al EAIERE oh]e}
EfR, ol2E, Hgelol § Y(heme)o|lt YFAE YAT 3l Ao BE HEH
of Ao EAshs AFLE Protoxd Hgo] st FAHH Proto IXE
Fe-chelatasel} Mg-chelataseZ} Hoidlo] 2] A3zl JE 40 Ao By
A Bek A7 QF Adfe] wER Protoxs AHMMEA Y nEE=eole}
A1 o9 L JYGEA Y AEoo] S AtsL TE Az AAe] QR
& A +EAEL AHg3le] Protogen IXE Al¥pAIZIci &dA gt 3 gF&
AP AT EUA X2 FE} AEA M W4H) dPES $¥st 9
o}, wEgjotet yeastol QlojA] Protox EAVF AYH H$Eo| #z A gle
o OBEY ZF WY AW EaF sUst AYEe Are EE2yjEo}
(porphyria)e} 2 F383 AW o A¥E &alx ch DPEA LEE A2AE
< AEA o] EA3h= Protoxd] VY& Asle] AEAY FTAY Yol YN &
ZIANA HEAE IAMAZROEHN AZREANE Uepdol. DPEA H§Eo] 25}
Protox7} A 3jEj® Protox®] 7]l Protogen IX7} £ E o] YFA| vlo g o|EE
HEAYe] =R ¥ vE4LAY EE DPEY AL UEhlE  PM(plasea
membrane)-Protoxo]] 2]3}¢] Proto IXE At¥}7} Qdojitm 1 Az}l {gagle) XA%
Proto IX& o] £}3}o] singlet oxygend REEIL o] singlet oxygeno] =& z}abi}z}
€& Yo AMEANY MEg It Aoz d3A gtk Protox:s R,
yeast, 3%, {72 3} Desulfovivrio gegas T LZX-e] AAH u} Qo) dw
3oz ERFo| E2Y3He Protoxs @Y FHIYE|ZE o|Fo|A] glon] FADL} FMNo]|
ZBEAZ A1 acifluorfent T2 FE4d DPEA AlxA|o] 2]5te] FAJo] )
At et glolol] A= Protoxis DPEA] A& Ao 25te] #do] AR ¢ &
yeastll Ef-F2] Protoxfhs FRAHLZL 75 Hoa Aol7t Q& Ao o
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RET Q).
Chorgt 252 WEASoIN BHIE Protox?] o]#T 758 Aol 2t ENo]
EA3hs Protox®] F2ANY oo} o WE kg 7lme] AolojA I TE WAL
stofo} @ Zlolth. wetA DPEA BHEe] tjstd AYHE eI 4 gl AYQE
o] Protox$} 44 Uehie tlEHQ AHAEe] ProtoxGel tigt Aeld, s
g4 7% 2 d77 BeFolw, Protox AR 2% F)ag AUgosN 53
AzA o] TR UL AL AUE s AENE FHo] sHsg Holth A
" A7 FAAT A BN tistel VR VS FolAT SIY U Yy dRe
£ ave AR QA FASIA H &) fiste] Wael o] U Bolr},

m A7 ug 9 He
1. Bacillus subtilis®} WE4E Protox FAA}e] E3d, Ud U Protox FTA2
REE 713 vla |
1) Protox R-ZHx}e] Uy
2) ol% ¥ H Protox B0 A Ay
3) Protogen 1X2] A¥3} Wk-go] ozt R7] 2F A U 4 ZFH L F3
4) Protogen IX A}3} WhSel Ba: wlEAR N3t WeH BAY U8 WL
H] a2
5) W& Protox ‘FAX} ¥y
6) ¥ Protox -R-ZAA}] =
7) His-Tag WE[§ ©]-§&%}F o]F Wy Protox E AL it
8) B. subtilis Protox?] 3} AR
9) Protox H4A2] wW¥ 9 inclusion body?] A4
10) Ni-NTA column& ©]-&3%} soluble Protox A2 A
11) Soluble Protox X4 Aol mj2]= FADY] &3}
12) Inclusion body?] 34
13) Inclusion bodyZ+E| Protox A2 &
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14) Seedling emergence®} mortality &Hof 2% &HAAH v]2] oxyfluorfen
SR !

15) A A3 e T1 AMule)A DPE M3 HAALS 2% germination
inhibition assay ®}'He] 7|

16) #te]-21Y AR

17) Wild type} Ho] Protox A A8 AlAk

18) Vild typez} ¥o] Protox H 42| FA Wz

2. BYY AzAe ot A YAAY A& Ay

1) guje] YA8H
7}. Bacillus subtilis genomic library@2-4¥| Protox -S-Ax} £z
1}, PCRE B3 Protox {-#z}e] 2&
Tt} Protox -FAxte] ¢71Md A3
zh. A& ¢d 9y Az
nh, ©efAd ] HAAH
of, Gl FAAY o R Bl W T1 FA} R

2) He ¥R
7}. Transit sequence?] PCR cloning 2ty
L}, pGAl611& o]-§%t B, subtilis Protox: pGAI611 HE] =32}
C}, B, subtilis Protox FAx} PFAAZL WE| o] Alq)
et W PAAR
o, He] FAAR o Hel
vl The] A4 Ud P48 o 201848 9 TIER Y5
Ab MaA] g TIAe) F219 hygromycin A¥g 57 3 Eelu) £
of. Mlax] WY T2 YAABRNY copyoll w2 A2A gy AP

3. BEY Az ot BAAY BN Aa), Yty kg
1) Oxyfluorfeno] cigt xjulF wujje] G718 H§
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2) Oxyfluorfeno]] th¥} opd%y whufel FAAE wule] ye|ehy whg vja
3) Oxyfluorfenol] tiqt We) )4 713}
4) Oxyfluorfenol] TH3t FAAH 2] etz wrg
7}, CaMV 35S promoterE o] £3to] BIE HAAY wio) cthit oxyfluorfens
23
U}, Ubiquitin promoterE o]-&3}o] qt= A AH o) t)¥t oxyfluorfend
azb
5) HAAH we] oxyfluorfeno] tht Asty 7]zt
7k ANE W e B¢
L}, Ubiquitin promotero] 2|3 B, subtilis Protox -§HALE M A6 Ao
N7 A
th Ubiquitin promoterol 2|3] B, subtilis Protox R-HR}E plastidel] A

A oo
3

g
2) BAAH w2 B U Hol4d, a4, E4 wia
7t MIE(N-P-K) A|-8Fo]l wlE FAAH oY P8 S
L Az A FAAR vl AgrS
th EHol T FAUAR B UK W
et sofoll 2%t PAAH we g uhS
of, A2A| 2} Ao JEAGo] o3 PAAH He) 4 o Sy
o AREF (AN LE x A4) HEe o2 FYAY HY 47 9 3y
Ab olQAIZIE HAABH ] A% S
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oh. ¥ARY! A RAY By 7}
3) mA g4

7k e AWk 54

Ll e ity

Th kel oty Hiy

2t X354

b, e} Had

Hh BB rlel A% ynte) &4 wia

V. a4 A 2 8o oyt A
1. Bacillus subtilis®} W] 24-¥] Protox F8xt2] &=, wd U Protox &
E I L el e A B

HemeZ} chlorophyll®] A33tgo]l £x] H&= EXAHe] &5} Protoporphyrinogen
oxidase (Protox)& oxyfluorfend R|E¥ W F 7] diphenyl ether?] =2z
gt AxAle] yEetA 28722 plastido] East Protox A7} A&
Aol 25t competitive inhibitiono] ¢]3le] BAjo] P2 N 7]AQ Protogen
IXol £3=3, #3Y 714Wo] MEAUL 2114 plaswa membraneo] E@dlo] P
E3Q Proto IXOR Ao BN Atao} We EAslol A 2| A HisE 42y
L2 NEARZ sHcl ¢ 9o,

1) B, subtilis Protox ¥}-€-2] B4 33

o2 AYPEANA Fell¥ Protoxe diphenyl etherAl Aol 2)sto]
do] A 3] wheth, wbHo} B subtilis Protoxi= diphenyl ether?] #jzjo)
tiste] © WIZSHA RSl o’ WEMY Fol whE Az tiy wlges}
the A o3sl7] 915t B, subtilis Protox thAFolA UHAAM it
Ashal BAstden], X4 P4 2 B4 FEsATt. B subtilis Protox &
& FADE RIEALE 23319191, n-octylglucopyrancside®} & detergento] &
ttof B0l F7MEE & 4 YT Protogen IXQ] Ak} ¥Eg-9) £ & 7|22 &

i



of whet EM% A3}, Protgen IX A3} W2 2709 FUAME HE

pre-equilibrium mechanismg AA|¥ 4~ qlac}.

2) Diphenyl ether] AXAo] #3H-& LIEN]: FAAY A 22 A4l
Diphenyl ether?] A|ZAlo] P& Uehle FAAR HES U7 915}
the AlR-ataet FY3tel B, subtilis Protox F-AANE wule} wo] FAAE sig

‘_2
T}, dold WARH AJESL oxyfluorfens] thste] we N4 Ll

3) Woll A oxyfluorfen ML Irdshe ALl e 7y

Diphenyl etherA] #|ZAjo] thgt A8t d& ahdsly] 93 HWESI= WO T leaf
disc assay W& & 4 vl U o] #hHE tid A EAE wpa|sioiolsin, 4
N7} 48] At Fol Jhsdich, & dAFolME B subtilis Protox RAAE
YA BAAR g Ar2ste] FatY wol $29 REY mortalityd EAHY
22 oxyfluorfeno A3l J|AE MelslA AAY 4 Jd&= whyg 7usiacy
2] mortality= A A8] zatstzel & Ax|stglct. weld, £ AN uw
SHE oxyfluorfeno] PPl ME ANE WEsH7] 918t Halsta A&siA 1)

€ + A& Hojrt,

4) B, subtilis Protox2] V31IM ol oxyfluorfeno] tf3t #8tAM& Z71x|lc),

B. subtilis Protox2] Val-311& Meto 2 WHo| A7) ¥ V3IIM Ho] RAXE A
oA Wy AA, V3LIM WHo| Protx AAE Asla, FAY £, &AL A &
of 712 wild type 3 wlz EA43lgcth 2 A V31IM Hol &4 Km, keat,
kcat/Km Ft2 wild-typed} A2l ZUSIALOL}, Ki ZE wild-typeo] H[3}o] 1.6 u)
F71stddel. o]yt Azt V3IIM WHo|7t &AL FRU Fu) |2he W3AlF)x] ¢
2/, oxyfluorfen AMZA o] A% JAHE A|A¥c}. watA] oxyfluorfen =]}
3 AEL] gdoA V31IM ¥o)] Protox RAA}E wild typed] Protx S-HA}HCT} $£4

stk A& gFste dch
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2. FHG A2A ) Oyt AYy FAAR 2E N

37HA] RBe] Ael2yg o14sle] PAARE A E5}em, ubiquitin promoter
§ ARl A &3 UWE fEstyrt. F3L Agrobacterium  tumefaciens
LBA4404E o]-8¥t2l2, hygromycing o|-&3le o] AHH callust 2| E}ul=]
o412l FAAY /NES MUsigich BFH L2 hygromycin A uhil=|olA] 10-15%
calligo] Aohydsten], 1 %2 1-5wito] ] BylE|o] Rl JFEslo] ¥y u|
742 A AT TheAlciol e fAte] EANRT-E Yolr ] 9]%h DNA blot, RNA
blot, 2|3, Western blot5-2] M7z} {AAE t]SA )T Mol7} €3 9ge
o AR AToME= Adrt AARHEN FAx}e] YHE L4sHs ALE g9t
leaf disk assay& @3t & oxyfluorfen #|8d ZARAM wlgAABAQL wild
type 1 uMOJAHE] HEAL Fge] ARG wUgton], JuMolioM s Esix] By
ZEL 42T wAE dehl AzAel g3 MNE dUSe ¢ + Ak =y,
TCHME wild typest SUY AW Uehlol & MYo] AM8s18l™ vector AN
v AxAe ot AYEE #A U Aow uPErh. wbdHo| B subtilis
Protox f3d2Hg E=USIAR line&EE 10uMAME Yao] A2l dolilx] ¢ Ao
E B oxyfluerfeno] ol A= AP £ & HAL 7/IA ° 2 Yy
th EY Rz AUAeE 1-3 2R st XA Hels) 2 A
AR At AzxAe] Y AWPE FIAIAE At AR UEY £ 9
Atk HIE TFALE the BEE £ Q5 R AA we] W87} o)
HEol A& RolBE FAE v HHFI| AL callus?] 2] E2A|7|& 243
offt MU FUY FriFAE £YY 4 U Ao AW}

3. BYG AxAo] iy FAAH B Y, A} ubg
1) Oxyfluorfensi] ch¥t AuiF whufe] ¢j7|yd Hrg

Diphenyl ether] #|&|Ql oxyfluorfenol &]3] LlEllle= MEU THELY w&,
G52 w3, Adpadstag & AP B2l v AE g ooz &
o 9YER 2ABIYTh Oxyfluorfend whle] A=l AMelstn YRZAA 124]
B P ¥ GRZstlA AzbEE AELY &S AW Az, ¢=A%
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ol MELY &2 dorta] egtovt FzAslolM 4% 712t lag period
g AR F ujdao] ZAagto] wiel A F7ishelch Oxyfluorfeno] 23t AsE
A2 &L A EY Frlol whal FojEden gl dof] tig oxyfluorfend]
e Yol whel 2A) A ey o3l Ad4F ANELY F&o) FRIA
o uhg2o] lag period® THEE|YCTh Oxyfluofeno] o3 whuiele] ¢E4 s 7
#49} malondialdehyde®] 4% &l uwlel A 2t¢xEo] JFEE old UY+E
AA Jelstch ool AzlellA9l o] oxyfluorfenol] 2l wul Aol LiEh}t: Al
2|3 whgo] ¢lo] ¢ixdo) wiel A Tebd ©uls diphenyl etherA] Ao cgt
U712l el 383 A8 287 € Aeg Az

2) Oxyfluorfeno] iyl op3y whuliol PARH Gule] Jesta dkg wja

Bacillus subtilis protoporphyrinogen oxidase -2 A5 agrobacteriumg ulj7iA]
2 o]&3}o] MolA|7] ¥ cauliflower mosaic virus 35S promoterdlolA] Wa# %
AR g Rolstolch olHiyt BAAR o) diphenyl etherAl &)
oxyfluorfeno] Tt Aej¥ wt-gat ofa] #F RAsMY AR WSS AulE el
o} wlslglrh. oxyfluorfens] Aelel sl Ljelle A FHBUL 33} x4
ARG AulE ol Rt FAAR ol o A o]t ¥AAR
Y] S Ay 2E, FE W $E 2PN A 23}, AP 4R
ZZ0|AM 2] Aol AF Helo ul3) tik AstEE Aol Vel # Jlet 22
oMl A AulF wule] BRI A FUstleh  wEtd B subtilis
protoporphyrinogen oxidase -J-2A}& Ao|A|#A cauliflower mosaic virus 35S
prowoterstollA] WHA ¥ FAHH wull oxyfluorfenol thaf nlad &S A4
& UERA R B A wE A Wi IA dojuiA] des & 5 ek ¢
W ool FAAM el oxyfluorfeno] th¥t X34g 7] 2ol cisiM = =2)3tgict.

3) Oxyfluorfenoj tj¥t el U4 7%
G U3t Hee] Ui Z13E Welaat olg AE, B rE Fx, 4854 ¥
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L{rawﬁmw z&ﬂ_j

2 2 A 2 Eg-2) AHEQ MDAS) 4238, Protox®) ¥ 118]3 Proto 1X9) HIFE ZAIS
gt BAAE A oxyfluorfend] Isp gh& EQA AT UFsIA Wotor} Wz Hely
Lo gk Aol ol & Fsistol Lol it Isp gho] Relof ci¥t ghxch of 88l A uEelylth
Oxyfluorfeng] A2 w=of wjE ¢ AW ogRee] AZhE AHEALY 752 Yrr} Relo
A B o] Folzien] ¢F4e] vlajot MDAY HAHE HelRch WA o A o]l
th EY oxyfluorfend] A zlskof ulel Proto IXo] W} Kele] ol A e £3 3
E7} Woj vl3) RalojA ol Fasledv}. 223l oxyfluorfen A 2lef &)3) K.2) etioplastd]
Protox #/do] ol v]s] ZA AsiEglct, 21322 oxyfluorfenol ciyt Wt Hele] Zh4i
Aol o] A kAol 213t Protox®] 23] Xlojofl 7]qlshs R oR BZIEm o]yt AMde] Wo]
o] Azl HlzH Y& Uehle olF& AdYE el £59¢l.

4) Oxyfluorfenoll thgl AW wje] de|yhy kg

Diphenyl etherAl AZAo] UM LEh)E Hoz &aA Bacillus subtilis
protoporphyrinogen oxidaseé(Protox) FAX}E MXA Y MAA o) HojAlx HALS
A3 W (0ryza sativa L, cv. Nakdong)?] oxyfluorfeno] cjit AJg|4 vkg-& ulaz
517] 13t £ HdYE& +=3sAct Hygromycing A7 2N6 wix|ollA Aubgh A&
LBFE @olF B, subtilis Protox A}t Mol FAAH /A WU To, Ti, T:FAE
Wagner potol o]43le] 30/20C8] At 159 T &2A7 thF 30+5/20+
5C(F/oh) 8] LAzZoN EU717kA AR 7Tk PAAR W) oxyfluorfend)) tf
e HhEE AL A/ 42 Aol n|asty) glF W BN AAsd
Tt} Oxyfluorfene] 2%t PAL AWsIA] ¢ W Yo2HE Y ANEAY &2
oxyfluorfen?] %7t Z71%te] ulel IA Fri=igict, 28\ B, subtilis Protox
A2 o] FAAY WEFEY HfELY & AulF woHT} 2A o] Fof
ok 53] MAiHel B subtilis Protox FAAHE WHAA HAL AV e 7
£ oxyfluorfenol] 2]¥t ANERL] &o| 23| n|n]dlo] B, subtilis Protox FA=}
g A2 WU RKCh oxyfluorfeno] ti¥h o F3Y A 3PS LERAUT
A4 T L& oxyfluorfen?] =7t F71%te] utel A Fei=lglch. vt
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B. subtilis Protox RAAE MEHe] WA Fsut NaAo] WAl B+ B
% oxyfluorfeno] 2%t ¢ &4 o] AT} o] Fo{x]=] obokeh. A 2titetaRgo
A ¥ 2 malondialdehyde(MDA) 38 2r& ZA}3}4let], oxyfluorfend] 2]%+ MDAS] A3
NPT AEAY FHolut dFLL HfoMe npRriE FAFH oA FH
StAl LFEIURR| Qgtem B, subtilis Protox 8IS MEAo| WA W H$
B} AMaxe] WA wiJ} oxyfluorfeno] &J¥t MDA o] tl% ZtA UEelydch
Proto IX¢] &L BAzolas FAAT wo} YAL ABIA e Watole] A
o] xpol7} ¢l9l. oy}, carfentrazone} oxyfluorfend A 2|3t 7ol Proto IX9] &
Ho] golzom FAL AHI HEe FAL AH/IA| 42 vETE Proto IXE] F3F
o] Ao, AMiAAA UAAZ Wit MEHA WP WECT} Proto 1X8] F
Aefo] vha Hodrh R Protox HAL AL FAE Melolde FAAEAHTL F
AL ARSIA] e Wi} tih o] &aken, carfentrazone?} oxyfluorfend
A WE Boles HAE AWt o2 Wyt PAS AA|Y HTt Y AHBE
7t Zrh wakA B subtilis Protox fFAAME FolAA BAS AUY ws

carfentrazonez} oxyfluorfeno] A3 d-& Ll 93 ¢ 4+ el

5) M W] oxyfluorfene] cigt A&y 7]z}

FH, oxyfluorfeno] th¥t BFAAHHE A 713te] ojA AHEA] LI
HaAAE W MAA oA o]yl protoporphyrinogen IX(Protogen)< oxyfluorfeno]
A& vEh)E B, subtilis Protoxo] 2]3] protoporphyrin IX (Proto)2.E 4l3}x]
o] MaA9} nEIZEa ol o]F 8l porphyrin FEge] o] §H Zolx dBAYL
2 o]FEE Protogen FAL AWK o o] vj3] I o] & Aojm=
Proto?] Ztdol 28] A¥E viehd Zo2 AZtErh EF MaNoA WHAl
HAAT W= g4 oE MANM Protogend ProtoR Atshald 4= & Zolch
Oxyfluorfend Hg]s}x] 942 Z-fole HAL ABSA] Y WETE I Protoxd]
dol && Ro|BE ProtoZ} HtistA #AE Zlelct. Iyt porphyrin A3 A
2ER0e) §-aminolevulinic acid®] ¥t4del hemez} protochlorophyllideo] 2]%F
feedback inhibitiono] ot} AZolli= HrIR} Protod] HZ o] FA|Eo] FLHLE
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porphyrin JY-go] o FojAHA A& viehd Aeg yzct

4. FAAR AEL VR g Folid, P4 vla A+

Bacillus subtilis protoporphyrinogen(Protox) -FAA}& Agrobacterium ulj 7|
E o] g3te] HojxlZl ¥ cauliflower mosaic virus 35S promoterd}oll A W It
FAAR gulel WE Adstdct oley VAR whue} Wl tiste] oje] BAE=2
Ao el B, %748 U nASBLE AL A/sA] o2 whwjeb wlasialct
FAAY @] PP o &, BE W FERAM L Y] AL A}
WS wulof Hl3) thk ASHEE Aol UES & JIElRAoA Y] B A&
ARs}A] A2 WlY AR AY FUsACL
JAAY Wel AL A © Y2 B AN 172, 1, ) 21N 2AD
Az}, BE AT wiFA A AAY w7t YAE AV g2 HECH £
A7t S7tstel et Fulte) 172 Ao s BAAYL wWrt YA JB/A o
< WRrth 2947 At Ag2AstelM Y FAABF L FAL JWIA] 4L
Bzl A2, 4 TETIU4E M2 FAY Aol At =HAE] F A
Zel HEE FAAY Wt FAE A/SIA| 92 vio] vls] tid el FAAR o
7t 2ol F¥ Zoz AzEgicl EF, AFA, AdAH W AxAe ciy A
oA g WSS FAS AV U K 2 X617t gl Protox A Al
carfentrazone?} HAHIE AF AR 17 A}, carfentrazoned A 2|5tA] UL
4 EE 9P AloMe oF F 2~6F A BAAY ¥ 2, FdF+ L £
I eI a4 AL ABA] 42 vHT} rih DolHh ey A4 EE
2 ujg AMelet carfentrazone ZFF A gjofae FAjelo] tinldte FAE AR/}
W2 W7t FHAAE AFERT} e Y U #3471 A etktch ALz
A4 HE $EE Hodle] PAAH Hel YAS HYUsr| o2 wHid Y W &
P& EPRoIA ZAIY H3, oY F 459 8F ol 2P TP AL
o ujEaEol Aol BHAH o FAL AHINA] o2 ¥ide] FAAA #
ol7} gidlch E¥ WY £ FHLAd SloME FAAH wigt FAL HHsA|
UL W Zto] Xol7} QAL % FEaLe] o3 UEE FHAME olF FARH

ad

_13_

NEEM ZZ20E M 28 S 870 RN EHE SE MM NEd N HS e /s8R



AT AL AAsA YL Wizt 2 Alo]7} QAL 23] VLAY W Ao
o] Wt oA IE AZW Sl glojM FAAUME HAL HFHsiR| g
Holl wjs) 23 W Ul & Holst gllert HAAY control S Ay e} ¥
AAEo] W3 Ed47t AL Z3e Ryrh YAAY vl ol AP E 2}
7) $iste Aate] Aitgd W BE, ojsjubd B, IAEY, e wHax, st
54 5% BYE AN ¢ v} vastarh ARG Wl YIL AV
WL Wl o)F FHols 2 Hol7t flo] WAAVLE Y wAe WE gu
Rog AtEEgut,  weld  Bacillus subtilis Protox FAXE  AolAHA
cauliflower mosaic virus 355 promoterdlolix W@A & HANY whujol W
Protox Aajja} kAl i3] vy & ANYYS VAR FAAH] e A
B U rd Hike 34 dojuiAl Adeg o 4 Aok

_14_

O16/01/04 15869 @ e

A A7 FAMN A2 SE MEM ML A3 IS e/ s8R

fol

NaEX: IS0 a4 2



SUMMARY

I. Title

Studies on the enzymes of the porphyrin biosynthetic pathway and development

of herbicide-resistant crops through gene manipulation,

II. Importance of Study

The oxidation of protoporphyrinogen IX (Protogen IX) to protoporphyrin IX
(Proto 1X) is the last common step in the biosynthesis of heme and chlorophyll,
This six-electron oxidation is catalyzed by the enzyme protoporphyrinogen
oxidase (Protox) in vivo and can readily occur nonenzymatically., A variety of
diphenyl ether (DPE) compounds such as oxyfluorfen and acifluorfen can be used
as effective herbicides in crop protection and it is generally accepted that
Protox is the primary target of photodynamic DPE compounds, thereby Protogen 1X
is accumulated in plastid envelope, diffused into cytosol, transported to
plasma membrane, and oxidized by enzymatic or nonenzymatic process, The
resulting Proto IX mediates lipid peroxidation and cellular death in the
presence of molecular oxygen and light.

In plants, the target enzyme of DPE herbicides is located in the chloroplast
envelope, Three enzymes from prokaryotes have been cloned, sequenced,
expressed, and partially characterized, Although a number of biochemical
properties of the enzyme from Bacillus subtilis are similar to eukaryotic
enzymes in terms of an electron acceptor and a cofactor, this enzyme is

resistant to inhibition by DPE herbicides which are powerful inhibitor of
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eukaryotic enzyme, Therefore, the enzyme from B, subtilis seems to be an ideal
choice to study detailed herbicidal resistant mechanism and to develop

herbicide resistant transgenic plants,

I1I, Contents and Range of Study

1. Cloning and expression of protoprphyrinogen oxidase from Bacillus

subtilis and rice, and mechanistic studies of protoprphyrinogen

oxidase

Protoporphyrinogen oxidase (Protox), the last common enzyme in the
biosynthesis of heme and chlorophyll, is the molecualr target of a large number
of diphenyl ether herbicides, The biochemical basis for the herbicidal
mechanism is the competitive inhibition of plastid Protox, whereby
protoporphyrinogen IX (Protogen IX), the substrate of the enzyme, is
accumulated in the plastid envelope, diffused into the cytosol, and transported
to the plasma membrane, where it is rapidly oxidized by to Protoporphyrin IX
(Proto IX) by a herbicide-insensitive peroxidase-like enzymes and partly by its
autooxidation. resulting Proto IX causes photodynamic membrane 1lipid
peroxidation and ultimate cellular death in the presence of molecular oxygen

and light,

1) Chracterization of B, subtilis Protox

All eukaryotic Protox characterized to date are severely inhibited by
diphenyl ether compound. In contrast, B. subtilis Protox is poorly inhibited
by diphenyl ether herbicides, To better understand the basis of this

insensitivity, the enzyme was overexpressed as a soluble protein in E, coll,
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purified and characterized. The mechanism of oxidation of B, subtilis Protogen
IX was studied and kinetic parameters were determined for Protogen IX. The
enzyme required flavin adenine dinucleotide as a cofactor and its activity was
enhanced by 1 mM n-octylglucopyranoside, The nonenzymatic oxidation rate was
dependent on the concentration of protoporphyrinogen IX, suggesting that the

reaction involves a pre-equilibrium step followed by a rate-limiting step.

2) Generation of transgenic plants resistant to diphenyl ether herbicides

In an effort to develop the transgenic plants resistant to diphenyl ether
herbicides, the B, subtilis Protox gene was introduced into tobacco and rice
plants. Resulting transgenic plants showed large increase of resistance to the

oxyfluorfen,

3) Development of efficient method to asses oxyfluorfen resistance of rice
plants

The biochemical method currently available to assess the response of plants
to diphenyl ether herbicides is the leaf disc assay. This method requires
destructive sampling and is applicable only when individual plants reach a
certain stage of growth, In this work, the rate of seed germination and the
mortality of seedlings were examined after exposure of rice seeds to
oxyflourfen and these parameters were found to be efficient and convenient to
assess resistance of rice plants to oxyfluorfen at an early stage of growth,
The mortality was well correlated with lipid peroxidation as an assessment of
oxyfluorfen resistance, Thus, this approach has potential as an efficient and
rapid screening method which can differentiate between transgenic lines that

are resistant or sensitive to oxyfluorfen,

4) Mutaion of Val-311 to M-311 of B. subtilis Protox increases the resistance
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to oxyfluorfen,

V311 of B. subtilis Protox was mutated to Met and resulting V311M mutant of
B, subtilis Protox was expressed in E. coli, purified to the homogeneity, and
its enzymatic properties were characterized its catalytic behavior was compared
to the wild type. As shown in Table 1, little changes of kinetic constants of
(Km, kcat, kcat/Km) in V31IM mutant Protox, However, Ki increasesd to 1.6
times compared to the wild-type. This result indicated that V311M mutation
successfully increased the resistance to oxyfluorfen without changes in the
enzyme structure and catalytic mechanism, Therfore, V311M mutant of B. subtilis
Protox would be the better choice than the wild type for generating transgenic

plants reistant to diphenyl ether herbicides,

2. Development of transgenic rice plants expressing resistance to the
diphenyl ether herbicide, oxyfluorfen

Three gene constructs (pGAl1611 vector only, pGA1611:C and pGAl1611:P) were
prepared using conventional molecular biology techniques and employed for
further transformation, These gene constructs were subcloned into a binary
vector pGAl6ll harboring a constitutive ubiquitin promoter which was known to
be highly expressed in rice and a hygromycin phosphotransferase as a selection
marker and transformed into Agrobacterium tumefaciens LBA4404, Transgenic rice
plants resistant to diphenyl ether herbicide oxyfluorfen were generated via
selection of hygromycin-resistant calli after  Agrobacterium-mediated
transformation, On average, 10-15% calli were survived the selection medium
containing 50 ug ml™! hygromycin, After transferring onto regeneration medium,
selected calli were regenerated into shoots at a rate of 1-5%, The integration,
expression, and inheritance of the transgene were further investigated in To,
T, and T, generations by DNA blot, RNA blot, Western blot, and other

biochemical analyses. Western blot analysis using a polyclonal antibody raised
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against the B, subtilis Protox with T, transgenic plants showed much higher
expressions in the plastid targeted plants than in the cytoplasm expressed
plants, Both cytoplasm and plastid lines expressing the B. subtilis Protox in
Ty and Ty generation were resistant to the herbicide judged from the results of

seed germination and leaf disk assay.

3. Physiological and biochemial responses of transgenic plants to

diphenyl ether herbicides

1) Physiological responses of tobacco leaves of different age to DPE herbicide
oxyfluorfen

Responses of tobacco (Nicotiana tabacum cv, Xanthi) leaves of different age
to DPE herbicide oxyfluorfen were evaluated with respect to celluar leakage,
chlorophyll loss, and membrane lipid peroxidation. When tobacco leaves of
different age were incubated under light condition at 25C following 12 h dark
incubation, Significant electrolyte leakage from the treated tissues into the
bathing medium occurred., The change of electrolyte leakage was proportional to
the oxyfluorfen concentration and the duration of light exposure to the
tissues. Electrolyte leakage from the tissues treated with oxyfluorfen was
highly dependent on the leaf age. From the tissues of younger age, more
electrolyte leakage occurred and lag period was greatly reduced, Chlorophyll
loss and membrane lipid peroxidation, as measured by malondialdehyde (MDA)
production, caused by oxyfluorfen treatment were also dependent on the age of
treated leaf tissues. In conclusion, physiological responses of tobacco leaves
to oxyfluorfen greatly varied with the age of treated tissues, and thus tobacco
plants could be used as appropriate materials for studying the mechanism of

tolerance to DPE herbicides.
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2) Physiology and growth of transgenic tabacco plants containing Bacillus
subtilis protoporphyrinogen oxidase gene in response to oxyfluorfen treatment
The transgenic tobacco (Nicotiana tobacum cv, Xanti) plants containing
Bacillus subtilis protoporphyrinogen oxidase gene with cauliflower mosaic virus
35S promoter have been generated by using Agrobacterium-mediated gene
transformation, The nontransgenic and the transgenic plants were compared with
respect to responses to diphenyl ether herbicide oxyfluorfen and under various
environmental conditions, Both cellular leakage and lipid peroxidation caused
by oxyfluorfen were found to be less in the transgenic than in the
nontransgenic plants, Growth responses of the transgenic plants under various
temperature, light, and water conditions were almost the same as those of the
nontransgenic plants, although the transgenic plants exhibited slightly more
retarded growth under low light or saturated water condition. These results
revealed that the transgenic tobacco plants containing B, subtilis
protoporphyrinogen oxidase gene under cauliflower mosaic virus 35S promoter
were relatively resistant to oxyflourfen and exhibited normal growth pattern,
Possible mechanism of resistance to oxyfluorfen in the transgenic plants is

also discussed,

3) Differential susceptibilities of wheat and barley to oxyfluorfen

Wheat is known to be relatively tolerant to DPE herbicides, Growth and
physiological responses of wheat to DPE herbicide oxyfluorfen were examined in
comparison with those of oxyfluorfen susceptible barley, Compared to barley,
whéat was significantly less susceptible to the herbicide with preemergence and
postemergence treatments, The differential susceptibilities of wheat and barley
to the herbicide were more apparent with postemergence than with preemergence
treatment., The effects of the herbicide on causing cellular leakage,

chlorophyll loss, and lipid peroxidation were much lower in wheat than in
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barley leaves, Proto IX accumulated in both wheat and barley leaves treated
with oxyfluorfen, in a concentration-dependent manner, However, the magnitude
of the Proto IX accumulation was much lower in wheat than in barley leaves
treated with oxyfluorfen at a concentration of higher than 0.33 uM. Protox
from wheat leaves was found to be less susceptible to oxyfluorfen than that
from barley leaves, The Is concentration of oxyfluorfen on Protox activity were
approximately 0.2 and 0,06 uM for wheat and barley etioplasts, respectively.
Whereas the inhibition of Protox in barley etioplasts increased with increasing
concentration of oxyfluorfen, Protox in wheat etioplasts was not further
inhibited beyond 0,33 uM oxyfluorfen concentrations, Our results suggest that
inhibition of Protox by the herbicide, and thereby wheat is relatively tolerant

to the herbicide,

4) Generation of transgenic rice plants containing B. subtilis Protox gene and
their physiology and growth in response to oxyfluorfen

Protoporphyrinogen oxidase (Protox) is the target enzyme for diphenyl ether
(DPE) herbicides. Transgenic rice plants expressing a Bacillus subtilis Protox
gene, which is known to resistant to DPE herbicides, in the cytosol or plastid
were compared with respect to physiological responses to DPE herbicide
oxyfluorfen, The transgenic rice plants expressing a B, subtilis from the calli
which were on the medium containing hygromycin were transplanted to Wagner
pots. Following the acclimation of the plants in a growth chamber at 25/20°C,
day/night temperature with a 14 h photoperiod for 7 days, they were grown in a
greenhouse at tillering stage. Cellular leakage from the nontransgenic rice
plants began to increase depending on the concentration of the herbicide,
However, cellular leakage from the transgenic rice plants expressing a B,
substilis Protox gene was lower than the nontransgenic rice plants, Expecially,

transgenic rice plants expressed in the plastid exhibited higher degree of
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resistance than expressed in the cytosol to oxyfluorfen, Chlorophyll loss of
the nontransgenic rice plants appeared to increase depending on the
concentration of oxyfluorfen, However, such destruction of chlorophyll caused
by oxyfluorfen was not considerable in the transgenic rice plants expressed in
the cytosol or in those expressed in the plastid, Like cellular leakage and
chlorophyll loss, no lipid peroxidation estimated by malondialdehyde (MDA)
production appeared clearly in the transgenic rice plants, The transgenic rice
plants expressed in the plastid exhibited much lower level of MDA production
than those expressed in the cytosol in response to oxyfluorfen, protoporphyrin
accumulation was lower the transgenic rice plants expressing a B, suhstilis
Protox gene than the nontransgenic rice plants, Expecially, transgenic rice
plants expressed in the plastid exhibited lower protoporphyrin contents than
expressed in the cytosol to carfentrazone and oxyfluorfen, Also, Protox
activity inhibition was less the transgenic rice plants expressing a B,
substilis Protox gene than the nontransgenic rice plants, These results
indicate that the transgenic rice plants expressing a B, subtilis Protox gene
are resistant to carfentrazone and oxyfluorfen and the transgenic rice plants
expressed in the plastid exhibit higher degree of resistance to Protox

inhibitor herbicides than those expressed in the cytosol,

5) Mechanism of resistance to oxyfluorfen of transgenic rice plants

In transgenic rice plants expressed in the cytosol, before protoporphyrinogen
IX (Protogen) is transported to the plasma membrane, it could be oxidized to
protoporphyrin IX (Proto) by the oxyfluorfen-resistant B, subtilis Protox in
the cytosol, Since Proto is hydrophobic, it could reenter into the plastid and
the mitochondrion from the cytosol, and then be used to porphyrin synthesis,
Proto could also be partitioned into the plasma wembrane, but Proto

accumulation could be much alleviated. The transgenic rice plants expressed in
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the cytosol could be resistant by reduced Proto accumulation intc the plasma
membrane. In the transgenic rice plants expressed in the plastid, the B,
subtilis Protox will oxidize Protogen to Proto in the plastid membrane.
However, B. subtilis Protox expressed in the plastid could oxidize Protogen to
Proto presumably at higher rate than plastid Protox in the absence of
oxyfluorfen, As a result, intermediate of biosynthesis of heme and chlorophyll
beyond Proto will.be accumulated.in the plastid and act as photosensitizers,
However, this phenomenon could soon be overcome by feedback inhibition of §
-aminolevulinic acid synthesis by heme and protochlorophyllide., Thus, the
transgenic rice plants expressed in the plastid will be resistant to

oxyfluorfen and accomplish normally biosynthesis of heme and chlorophyll,

4. Comparative studies of specific responses of environmental stress and
productivity in transgenic rice plants

The transgenic tabacco (Nicotiana tabacum cv. Xanthi) and rice (Oryza sativa
cv, Nakdong) plants containing Bacillus subtilis protoporphyrinogen oxidase
(Protox) gene with cauliflower mosaic virus 35S promoter have recently been
generated by using Agrobacterium-mediated gene transformation, The nontrangenic
and the transgenic tabacco and rice plants were compared with respect to growth
responses and rice yield under various environmental conditions and quality of
rice grains,

Growth responses of the transgenic tabacco plants under various temperature,
light and water conditions were almost the same as those of the nontransgenic
plants, although the trangenic plants exhibited slightly more retarded growth
under low light or saturated water condition.

Number of tiller of transgenic rice plants under the twice as much as
recommended nitrogen (N) fertilizer was increased compared with the

nontransgenic rice plants. On the other hand, number of tiller of transgenic
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rice plants under no N fertilization and the half of recommended N fertilizer
was lesser than in the nontrangenic rice plants, There were no significantly
growth (plant height, number of tiller and leaves) difference between trangenic
and nontrangenic rice plants under drought condition. Recovery of growth in the
trangenic rice plants after loading was more rapid than in the nontrangenic
rice plants. Thus transgenic rice plants thought be tolerant to loading
condition, The transgenic and nontransgenic rice plants exhibited similar
growth responses, in terms of plant height, number of tiller and leaves, to
insecticides, fungicides, and herbicide, Plant height and number of tiller at
two to six weeks after seeding, and yield components of transgenic rice plants
under recommended N fertilizer and the twice as wmuch as recommended N
fertilizer without Protox inhibitor, carfentrazone application in the 1/5000a
pot were slightly reduced compared with the nontrangenic rice plants, However,
the nontrangenic rice plants under recommended N fertilizer and the twice as
much as recommended N fertilizer with cafentrazon application in the pot
exhibited lower growth rate and yield than in the trangenic rice plants
compared with each untreated control. The nontransgenic and the transgenic rice
plants were compared with respected to growth responses, yield components, and
yield under different planting density and levels of N fertilizer in the field.
Plant height and number of tiller at 4 and 8 weeks after transplanting and
yield components, and yield of the transgenic rice plants were almost the same
as those of the nontrangenic rice plants under different planting density and
levels of N fertilizer in the field. The nontrangenic and trangenic rice grain
were compared with respect to quality of rice grain including morphology, color
values, total starch, proximate compositions, phycochemical properties, pasting
characteristics, textual properties, moisture contents, and sensory
characteristics, The quality of the transgenic rice grain based on above

characteristics was almost the same as those of the nontrangenic rice grain,
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These results revealed that the trangenic tabacco and rice plants containing B,
sutilis Protox gene under cauliflower mosaic virus 35S promoter were relatively

resistant to Protox inhibitor herbicides and exhibited normal growth and yield,
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T, AX uigol 3t EQHolAY A, ¥¥A Y Ve AT e Ay
A FAAY 29 & E 4 = vl FAFY Vgl g KA} Ho] W Y
A ARA Y o] MY &Yool HF 7Helde]l 2 ALER AAHZ gt} A
A acetolactate synthase?] A 3|A|Ql imidazolinoneA] Aol thdt A3t w7}
M=ol ARER YT sirh, 2} olF FEAE ARA Y TP FHA=E B
st A A8 MU MAALE oz ujujdte H3] DPEA XA 2}-§o]
- AlGY S22 doldths M 218 73] whedtA] drhe HE 1AAHA W
Holl %t A3E A& MeE o2 ojgA st glch

DPEA| #2418 28402 ¢8{A Protogen IX¢] 413} Whg-2 AEA T ohel
ERF, olAE, welelol 5 Uhemo)ollt YHLE YL E = A BE ABA
of HeFog EAsle FPLE Protoxd] 2ol &ste] F/dH Proto IXE Fig
1-1¢] LlEl ul} o] Fe-chelatasel} Mg-chelataseZ} Néoﬂﬁ}ﬁlﬂ-‘ﬂ A¥dat o
F40 AYPes EAHA HArh AF7HA e A7 ZAo] wEW Protoxis A¥HY
X9 nEEzeol} gEAY oY E UYYEAY MEo] Efsin itin}
IE AR ALAY UdHE AR LA AMSSIA Protogen IXE Ab3tA|Ziciz ¢
HA otk W3t G884 APEY A7 EAUQ NS FEI AEMAN HeH
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NaEAX:

o] HUEL 435tz sler}, 2eejol(0'Brian et al., 1987: Ramseier et al.,
1989; Sasarman et al,, 1979), yeast(Urban-Grimal & Labbe-Bois 1983), <l
(Kappas et al., 1983)o] %lo}A] Protox EA7F AHA -8l 212 oA o
582 7% 3o AE HaAZY shirt Aol A7l X2y e[oH(porphyria)2t

S fAA Aye o ARY 4A vk DPEA FEAY AXAES HEA &
AY5H= Protox?] BV A 3l5lo}(Jacobs et al., 1984; Lee et al,, 1994: Matringe
ot al., 1989) A& FAY Yot GG R7/IANA HEAE LANPLEA A
2¥3g uepdch DPEAl EEd 23t Protoxzt AsiE® Protox?] 7]
Protogen IX7} #AEjo] JFA 302 ol 4P Yo =W F wjHLY E
& DPES] A 3d& UENE PM(plasma membrane)-Protoxel]l £]5}e] Proto IXE 43}
b dojity 2 Az Uy vho] FAH Proto IX= HFof] 23t singlet oxygend
ghEal o] singlet oxygeno] AL S AL AEANS AEHE W=
Rog alA QltHJacobs et al., 1991 Lee et al,, 1993). Protox+= K 2](Jacobs
& Jacobs, 1987), yeast(Labbe & Labbe, 1990), A¥%#|(Dailey & Kar, 1987: Proulx &
Dailey, 1992), Xf-F2] ZHSiepker et al., 1987)3} Desulfovivrio gegas(Klem &
Barton, 1987) S0 2XE AAH v} Qcr} dutzyoz X {Fo] &a)3l= Protoxs
chel Ewe|=2 o] Fo|x] glon] FADU} FMNo| RAAR 2HL-3}3 acifluorfenz}
2L YA DPEA AAlo] 23te] BAo] A3 At e|eg|oto] &}t Protox
£ DPEA AzAo)) &J3te] Bdo] AAHA] e & yeastlt X2 Protoxsle
zAo gl 7153 WHolA Xo|7t U= Aoz et rhHKlem & Barton,
1987: Matringe et al., 1989),

Thorgt 259 AEAMSA VU E Protoxg] o]2¥ 71%F ol 2t BEA
&A= Protox?] FRAYE Alolet o] whE whg 7|3 xlojollA I ZE A
Holo} 3 Zojt}, ulztM DPEA H3hEo] thste] AM3tdE& viehd 4 e H¥PE
o] Protox$} A Uthls tiEHA AYAEL] ProtoxFol vyt deld, A3}
3y 759 wia A7 B4Holn, Protox {-AA 22 Jled Moy 5
Az ot g3t AYLE AUE A7 AEAY F&ol He¥ Aot Aat
H Ay ¥AAR JEA cidtel ¥R g HoldI KA W B A=
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2 478 A3AE R RELA L3517 fiste] WA o] © Zolrt

Glutarmnate

ALA
Porphobilinogen
Uroporphyrinogen 111

Coproporphyrinogen II1

Protogen IX
Protox
e Proto IX 2
e / \ g
Protoheme Mg-Proto IX

Mg-Proto IX ME

Protochlorophyllide
Cytochrome e

Phytochrome ~—r\ Light
Catalases Chlorophyllide
Peroxidases

Chlorophyli

Fig. 1-1. The heme and chlorophyll biosynthetic pathway in higher plants,

A2 d = Jle Y 8%

1) B a7l 2%t AF7Hxe a7 Ay dF

€ ATH2 AYALY YA AA(AAHZE 92-2400-09-01-3) & B3} Protox
¢ 54 9 Protogen IX] At¥pukgo iyt AM¥ 72L& W Ow, Bacillus
subtilis®] Protox FrA2LE ghullo] =Ushs o I3, £ A3EY ddd o
¥aj ¥tAH= DPEA 3’8 Protox-like EA7F 2 EAS] AP HAutel] E2X e ool o
Fofl Heigt uizh Qlot, webd & A7 DPEA A|2AY 7133} Protox F-3=}

...44—
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U PAAY HEA AAdel iy Hay g3t FEU A7 o € d¥E FH5n
o Lo

Ut ROE HErFH o]y Aol FTIL Sl Protox AAIS] Y, YUAY
ABAY 2 9L 5 Y A7E Reglel $UY 4 s

2) S et a7l 47 g

Protoxe CTIFRE F7o] Ao iyt 2gPosA S @ Axrd
o Auly BAG Tolftth YU AB7HY CRE AR BBl AEdA
Protox?] ¥ 7]golu} 7|23 AHAY FY& F2 chfo| $hem Protoxd]
AR ] B A 7] @A 3L Protox FHAIE o] &3t FAABA At o
FE ol nin st wheb £ AFE F3h] Protox WAL 2l ¥t e
Hotal FHARA L) 5YES WU EHN Protox FAALY $&ofl Uit Al Apd
9] whdo] Zltj¥ch

A 3E A Y 52 2 UE

B 7oA E A 34 §¢ FR/2PYAT A dfo FY M2A
of th¥ A3y FHxE S2Yst AEAY LddY FuiE dFsigch. 2 33y
ol A FHA A3 E) A3YE VENW= Bacillus subtilis®) Protox -S3AE
wWajo]l =¢J8te] oxyfluorfen A¥Hd FAXMR NES 2 7Rzt v} glrh(Choi &
Guh, 1995), & dtojr= x| 39 S¢F Protoxo] #3 L2 HE de HEYH A
Y AHES BuE o g g2 3F Ex: d3E sk

1) 5d5¢t A+ HF F&

FHY A2RAY g 71AE ozt L4 FAAR AEA MU AVs
Protox JLQt& $1¥ =e|3 ZAE A7 915t
@ o8 VEANZHE Protox FAAE @A), FEYSIL, o]F Ud systend
sto] TRt FENZHE T2 ¥ €4 ProtoxE HE YT,
@ WHH Protoxd] F3 WIg 7[2& 43t 53] FHY AxHYE it &

ZOTE/01/04 1586 @@ N
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T oAy 2 B A3 712E EUIZ Protox At AF WHo| & 33t
@ M= FAAY AEAY FYAY AXIAYE AYE W #ALE FAATE 9
3 AN 7 9549 33, malondialdehyde?] A4, Proto IX®] &3, Protox
8 ¥4 T Adel, AR FE& vaygr

FU BAZH AEAE MEstn AR A8 3 T8 $51H,
@ Protox A =x}2] antisense DNAY FEAU £ systemE 7)¥icy.
@ @, W FAAY A Eo] oyt B g Fold W AP E wayct

2) 54 Fee] A7t HTHOR ANY AL A¥ 47 AL B

@ Protox f-Ax}2] #}2]-R|F EHolo] 2§t Al7]%5 Protox H4E 7|u¥icl,

@ Wol® Protox TAL] RAUAE o4 A% FAAY NEANEG sAugch

® DPEA | 2A 2ol Protoxd HBHLE SHe THE 2o che Aay AEAE
Zigict,

® wiot JIEt §-2AB A2A APY Yr) P $3Prh

- 46 -

SO16/01/04 1586 @@ UM /¥ &

PY 2RS4 MRS REN ZEE SE HMEMN HEHE A J2E HE /s8R

AAEEd: Z20 8 Ao

I



Nl 2 A Bacillus subtilis?} HEZFE Protox

E 40
2

0[o

Aol E2Y, 48 4l Protox 842

—

215 Bl A

A1d A A

OEEe] QB BEHOoE x5 Protox= FEAN FFHo| wel 2o
22U 71%3A WA tigde Roach gutEeE  JAYAFEAY  Protoxe
Oxyfluorfeng W]t DPEA] /g 2o tiste] Ayd& vehiAe, AYJE
A9} Protoxt Z44d& uiehdth.  DPEA A zAol tigt whgolA Protox7t BojF
£ o] thPA L Protoxd] F2A Xxjo|ot kg 7]2te] Alolofq I WAL Holo}
gich. wheld DPE Al AzAlo] w3 &2 A& el B subtilis®] Protox
= DPEA A ZAel] 2%t Protoxd] A¥d 713} ALY 2 Bodojgt & +
olch, 2 AollM B subtilis?] Protox FAALE th@ZolA o]F WHAAAN W@
& 9¥o] DPE A8} Protoxd AAtslz, AAMH Protox ZAE o] gdfe] Hbg £EE
3 A7E $yslgon, xE)-2F gaHol Wl &ste] B subilis &] Protoxoi]
F23 WH3lg Puteg A DPEA AMZAel Hrt d &2 A¥EYE UEtd + &
Wo| Protox ARG AUsta, olF WS Fote] JurE Mol Protoxet DPEA A
2A|0] ATALE B2, Ho| Protox(V31IM) 7} wild type®] B. subtilis
Protoxol] w]sto] DPEA| AlxAo] o &2 AWEE HUE AT  whepx Hol
Protox(V311M) f&xH= DPEA] A ZxA6] 73t AP & b= B 38 &9
AL Y AN ZA A 4 gk

A2 A AF 38 WYY
xeyl Y AR &5l Protox HAL] AEA wE HHL AHd2
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Protoxol] 2J%t At3hikg2] ]2 detr] 1%t WU LR B subtilisst HE MY
o2 At

1, B. subtilis$} W] Protox RAX}L] o]& wdzl A
7}, Protox -8-H=x}e] Wy

Protox -H-AA}7} Al4l¥ pBTacl(pBprotox) 22 transformation® E coli IM1052]
single colony& ampicilling& XE¥FF LB wjA]ofA] overnight uj %t ¥ plasnidE
@olufo] Hindl118} Bantll AHPELZ HRIR 5 UQH Protox RAAE A7/¥F2
2 ¥Hlsisict.

Transformation oJ & ¥QI§t % Protoxd WHE F=317] ¢3] ampicilling X
33t 1L9] LB wlX|o JMI05(pBProtox)& A E38t] 37ColA viegt ¥ 600nmolA] 2]
P57} 0.60] D5} 1M IPTGE A 2|stglch PTG Aa] 3] Protox U AEE
Yohus] 918 AZPAE vlotelg ATl crude extractE WoILIA SDS-PAGES}o]
vlas] Hgteh PTG A F 5a]%to] ALpH Protox7t #3E = ZLZ iy o]
IPTGE A e2|¥ ¥ 42102 w3t

U, o]F WA Protox HA FA
1) Crude extract

ke By wgye Halselste] MREE Rof 50uM Tris buffer (luM EDTA, pH
7.5)2 AL ¥ PMSFS} DTTS M 713 50uM Tris buffer 20mL2 FEMA|Zch Ald
42l Triton X-100& 71t ¥ 5& F< sonicationdto] MXEutE 33 sta, ¥4

22|8to] crude extract& dglct
2) Ammonium sulfate ¥
; @oi’ﬂ crude extracto] 0~30%(0.332g), 30~60%(0,368g), 60~90%(0,408g)2

ammonium sulfated o] 2z} ghAlolA AR A S-S ol BCA whid Agk why
& o]&dlo] P F 500 ug¥ AMEFlY Protoxe] H7tE FHA STl
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3) Phenylsepharose Chromatography

Protox 717} 7}4 A &AH 20~60% ammonium sulfate FAEF2] H-& AA3}
7] ¢35 0.01M Tris buffer (pH 7.5) 500mLE 8A}Zt FQt 0TColA FAHE AAsIA
T}. Phenylsepharose columng 7| X7} A7)#] U=F Fo s 53T F 20uM Tris
buffer(1mM EDTA, pH 7.5) 500mL® washing, equilibration¥t ¥ o] AAH 20~
60% ammonium sulfate ¥A ThiAe] IM KCI-E S columnE F}AZch ©] ©A
M AF8¥ lov salt bufferi 100M Kpi (pH 7.2), 0.1uM EDTA, 0.2% Tween 800)0]
100oL8& R-&3}951, high salt buffer:= 300mM Kpi (pH 7.2), 0.1mM EDTA, 0.2%
Tween 800]3 ¢jA] 100nLE E-&3tgict ot 30718 EHEEL WA 280nmel|A
FYEE SFT F A 9rtE FFs16ch 4t &2 S¥HA 3 48 7
2} AmiconAte] Centriprep(cut-off 30 KD)& o] &3A w3l clr| §7E &3]
dcrh, 243} autooxidationBT} Q3|3 A3} £%7) Holx HA EAMo] EA7 A
2 ez mwkslm, Ha BEE AAs] AT "4 BEEH MY

(reconstitution experiment)& A|=3}giTt.

4) Mono-Q Chromatography
Low salt buffer(10mM Kpi, 0.1mM EDTA, 0.2% Tween 80, pH 7.2)0 %
equilibrationA]Z] Mono-Q columno] phenylsepharose fractionolr @oJZ active

fraction& loadingA]7]3 high salt buffer(100mM Kpi, 0.1mM EDTA, 0.2% Tween 80,
pH 7.2)2 B-&3}act

t}. Protoxd] ¥7} &%
Protox 7} &AL Jacobs®t Jacobs (1982)¢] “hy& ARg3teich 7]
Protogen IXS &7 ¢38) 3% sodium amalgam®. 2 0.01M 20% ethanol-KOH &ofo] &
o} 9l 200 uM Proto IXE AT} protogen IX: x| Wio] B £ 47}
&Aanict Abgstgltl. 97 &ol HEPES buffer(pH 7.5)8 AMg3lom Ahgd
7129 Aakd gol ] 93 71A =0 wlE Protogen IX¢] autooxidation& &
Aqstol 300uLE At 3ul cuvetteo] HEPES buffer® Wi, AR 500 ugd
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gL ¥ 713AE %o 300xLE 23t & 42 Fof excitation 395nm, emission
626nmoll A 413} £ & ZFF3ch

JM105 (pBprotox) 1L wj%}
{

Crude extract

V

Ammonium sulfate %A
|« 3
Phenylsepharose Chromatography
| « %%
Mono-Q FFLC

Fig. 2-1. B. subtilis Protox A A=A =3,

2. {EXE Protox §-3z}e] §2Y
7}, W E4E Protox A2 el

B. subtilis®) DNA sequence®} 2| Z7}A] @&ld Protox FARIE2 sequenced &
th2 we] cDNA libraryollA Protox ®Al& $I%t o2 7}A| probeE ZAF¥T) thE
9] Fig. 2-2 ol7| At (Arabidopsis)@}t Wo|A] Protox-10|gfil BZtE]lE whide] ¢

3 olnizAl sequenced LIER Zeolcl,

499--- EGLFLGGNYVAGVALGRCVEGAYETAIE---
--~ DGLFLGGNYVAGVALGRCVEGAYESASQ-~~-

Fig. 2-2. Arabidopsis®} ¥ 23-E] Protox fHA2] R opnjicAt vl £A Wi

Arabidopsis$} wlo]A] Protox #A2] ojum|i-A} sequence *}Fg(homology)o] ul
L H2E U 4 9low B subtilis®] Protox2tE AAEAdo] Erin Aztdch. wle}
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Al W& cDNA library2H-E] Protox §-ARE ©A3te] HHile A /]t
o]Fojd o= NzZHLY,

L}, Protox -F-AR2}52] DNA sequence ZA W HA
B, subtilis?} W 2HE AL Protox -F-A=x}2] $AZF DNA sequenced ZAASIA
homology 44, Protogen I1X2] ZA¥l 9] 5-& DNA sequence AR ZHE F33ic}

t}. oA Protox -F-8x}e] S 24, genomic library screening
2]e] Aol 3] W32 ¥ Protox?] cDNA sequenceS probe® 3}o] EMBL3
genomic library& screeningdle] 2,1kbe] EE& €& F pSK HE o} AMqIstict

ArUH B2 F-AA} sequenced Sanger?] dideoxy Wyel whe} £443}gich.

3. His-Tag | & o] &3t o|F ¥ Protox HA2 P4t
pRSET W E| & o]L5}lo] B, subtilis Protox A AE o]F WPA|F|I Ni-columnE

A8t} Bl stolt.

4, B. subtilis Protox?] 3} AR

GST-Protox fusion proteing t]aFolA WHA|7IZ dojd ¢hiA L P og A}
£3}o] rabbit} moused| X HA|E ARIIcTh ARE FA= A3 MFA A A
AP FAAH W Protox ©hA UH $EL A7) 915t AHESHAT

5. Protox #A-9] U§
PRESTB-Protox WE|& A}@8lo] ¥& whio] whe} BL21(DE3)pLysS o &4 A2Al7)

3 25C(soluble Protox®] W2 7H¢), &L 30C(inclusion body Aol ZAL)o]
A a3t F D7t 0,500 @3tol& wl, IPTGE H7131o] Protoxd] HH & RESIY
th IPTGE 71 F  5-10A3 Alojo]l WHEe|st cell& @I PMSF,
1,10-phenanthroline & X¥3}= suspension bufferol]l celld ¥HERAZ I,

sonicationA] 7] HAEe]ste] AR A HAEES Eestch YL soluble
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Protox§ E¥d}IAL glom, HAEL inclusion bodyE X3S} gt

6. Ni-NTA columng ©]-&-3%} soluble Protox &2-2] A=A
Ni-NTA columng ©]-&%} soluble Protox?] AA|= column matrixg | F3}=

Novagen ¥ A}e] E& HHME uwlglon imidazoled XEUFIE HURL AL o]R3}Y

Protox& elution A]Zt},

7. Inclusion body2% ¥ Protox ZAg &
AAMHE inclusion body& %H<4o suspensionA]Zl ¥, 0.0IN NaOH &H& 10%

sodium cholate§ ¥ 3}+= sodium phosphate buffer(pH 7.5)F 7}t 1417t ZoF
A& F QA Belstel 4R st

8. Seedling emergence®} mortality &-gof 2J3t FAAE {8 oxyfluorfen #| ¥4
A%

B, subtilis Protox F3AAZ} AUV YEH e T, MrlellA oxyfluorfeno] thil =
8148 seedling emergence?} mortality &% WHH OB ZH A3}

9. Ap2]-23 FAW]

Mutagenesist= PCRE AHg3ted 43E]git}, PCRe| A}-§¥ templatew pRSET B &
o} 8l B subtilis Protoxo|t}, Z}Z F 7}1R]9] sense primerE3} antisense
primerS& AHME-5}9lt). Sense primer§& 5'-GCCTGCAAGCAAAACAAAGG-3’ (primer A)$%}
5’ -TCCACATCCATGGCAAACGT-3’ (prime}' B)ojt}. Antisense - primer+=
5'-ACGTTTGCCATGGATGTGGA-3' (primer C)2} 5’-CGACAATGGATTCGTCTCCG-3’ (primer D)o]
t}. PCRE primer sets (primer A W C, B2} D), template, dNTPs, 2|3 Taq
Polymerased ©|-&3to] 3 ¢icl, PCR KAL 3} Zcl : 95 ColA 5 min (1
cycle): 95 CollA 15 sec, 55 ToA 15 sec, 72 ColA 20 sec (15 cycles): n}zA]
1} extension time-> 72 CoJA] 6 min, PCRE &3} 518 bpa} 207 bp¥ product7} wt
Eof 3‘:‘],1:]- o]& DNA X5 agarose gel extraction kit (QIAGEN)E A}&3}o] A

A= qlct.
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BAE 518 bpet 207 bp DNA 2Z}& o] &3] PCRE jMAISIAT). o] of AMg®
sense primer<= primer AO]il antisense primer:= primer DoJT}, PCR XAL 99} &
d3fc}. PCR Z3} Hojzl 706 bpe] DNAE agarose gel extraction kit® Fa|steic).
FAY DNA RZE FcoR 13} Nde 122 AE ¥ pRSET B vectoro] @As}aitt
Vector®} HZ¥ DNAY E coli DHSa cellso] QAABE v}, FAARE pRSET
B-Protox(V311IM)& BamH 13} Hind 12 A%s}lo] Protox(V3lIM)&] Z7|E #elsly
t}. Protox(V311IM) I)ﬂﬁ—% Sanger’s dideoxy methodoll 2]3f ¥<Ql3}eit}.

10, Wild type3} ¥ o] Protox H42] o]&uhy

PRSET B-Protox2} pRSET B-Protox(V311M)E BL21-gold(DE3)pLysSol 32 A%A|7
t}. PAA|H  BL21-gold(DE3)plysS cell® ampicillin (100  pg/mé)}
chloramphenicol (35 ug/mé)o] E¥H¥ Luria Broth (LB) 500 meoilA] wjo¥rlzict} (30
C, 170 rpw). 600 nmejlA{ 0.D. ko] 0.5 =i 1 wM isopropylthiogalactoside (IPTG)
& A7 ¥, 5 hryet ujdstolch Celld {AlE 2] (3000 rpm, 15 min, 4 C)Z
22 o 0.3 M NaCl, 0.5 oM phenylmethylsulfonyl fluoride (PMSF), 0.2 %
n-octylglucopyranoside (OGP), 1% 1, 10-phenanthroline& X %%} sodium phosphate
(50 wM, pH 7.4) buffer® [EA]Zr} (buffer A). Sonicatord o]|&s}e] cell S 7
F, 100,000 x goll A 1 AlzHEet A4l ste] A =kl

11. Wild typez} o] Protox?] A=A

Ni*-NTA-agarose resini} AN 1 A7+t ¥HSAIZ ¥, columnol 28 et
Resing 5 uM MgClz, 0.1 mM EDTA, 50 wM NaCl, 17 % glycerol, 0.1 mM PMSF& ¥-&
S} HEPES (10 oM, pH 7.9) buffer 15 mE Ho] F ¢t} (buffer B). 5 mM MgCly,
0.1 oM EDTA, 50 uM NaCl, 17 % glycerol, 0.1 mM PMSF7} X &$ HEPES (10 uM, pH
7. 2) buffer 5 mE F H Bo] Frl (buffer C), 40 mM imidazolez} 100 oM
imidazole 2]l 500 mM imidazole ©] E{H A 7}A] E{2] buffer C& o] L35}

Protox ©h3-& B-&3slalct
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12. Protox ¥4 2] Assay

Protox A2l A& spectrophotometer (406 mm)E ©]R-3te] 30 CTolA 10 min
ot &A= 9rt, Assayd]| ARR-E buffer: 100 mM sodium phosphate (pH 7.4), 0.1
oM EDTA and 0.1 % Tween 200]3L (buffer D), 5 uM2] R.ZQIx} FADZ} 3 71sl<lct

13, Oxyfluorfenol &]%} Prtox ¥/d2] o
Oxyfluorfen® dimethy! sulfoxide (DMSO)o £3JA|FCl. AssayolA -&nje] #HF
5%+ 1 %o|c}, Inhibition assays= spectrofluorometer& A}E3}% T}, Excitation

o}3 3} emission A ZHzb 3959} 622 nmo]cl.

A 3 A A+ A3 € I

1. Protox R-Ax}e] Wy

pBTacl (pBProtox)& transformation® £ coli JMI050)|A plasmidE Qv
Hind]11 BamHl AH|¥EA A 2|2 insertd 0.7% agarose gel A7|FF o8 FHelsigr}
(Fig, 2-3).

IPTG A 2] ¥2] Protox ‘W8 A2t AEE Yol 7] $23] A|ZPHE crude extract
& o} SDS-PAGEE AMAlste] W=E wlas) ®okch, I Az} IPIGE ¥ 147 W)
of oln] Protox7} WHE7| Ay en) 547te] ALt™ ProtoxZ} EsjEe A2 H
of WY A& PTG A2l F 4r|ez Aol chFig. 2-4),

2. °o]F WHH Protox Ha] FA A3}

Crude extractZHE] &WU3to] ammonium sulfate A, phenylsepharose
chromatography, Mono-Q FPLCE &% FA|2tFo] utd HIE Table 2-13} Fig. 2-5
o] UYERJgitt. Phenylsepharose chromatography 2 ¥ol dojzle A Y2 #7
L Eayd B ghol AEE Ae BEY + otk
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% H<- 23.1kb
(el <-  6.0kbh

pBTac!- <~ 1.4kb
insert - > § §<- b
(1.4kb)

Fig, 2-3. Agarose gel 37|95 Atol|A] pBProtox?] insert ¥¢Ql. 1, HindlI1&} BamHl
O F double digestion¥t pBProtox: 2, HindIIIZ X &|3¥t pBProtox; 3, Size marker
( ADNA/HindI11),
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RS
>
He
fn
=l

1234567

Protox —>
(50 kD)

Fig. 2-4. IPTG A 2] ¥ A}7hH Protox ¥ W] (SDS-PAGE). 1, IPTG A2 2A; 2,

IPTG #2] ¥ 1A]zk 3, IPTG N ¥ 322k 4, IPTG Mg ¥ 57 5, PTG A3
F 917k 6, IPTG A 2] ¥ 22A)7t: 7, Size marker(45kD),

Table 2-1, Purification of B, subtilis Protox from heterclogous expression in
E. coli.

Activity . Specific activity
Total Total

Purification B —— Pass fre dbrd » Purification
’ F/dt dP/dt

step : corr : fold

(L) (mg) mix, (min™) (nM/min) mM/min/mg zU/mg
(ug)

Crude
40 200 250 0,128 0.80 3.2 9.6 1

extract

20~60%

Ammonium 4 68 250 0.3711 2.32 9.2 27.8 2.896
sulfate ppt.

Phenyl -
sepharose 15 27 100 0.224 1.40 14 42 4,375
chro, '
FPLC 3 0.3 30 0.050 031 10 30 3.125
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A iy ey
500 Do ARl et
36,000 Da G
29,000 D QUG e
24,000 Da S

Fa s

g )
20,000 Da ”

Fig, 2-5. SDS-PAGE of purified Protox. 1, marker: 2, crude extract: 3, ammonium

sulfate precipitate: 4, phenylsepharose chromatography: 5, Mono-Q FPLC,

3. Protogen IX®] 43} Wk-gof iyt f7] 284 9 F& FHELA F3}
7}. Protox #/del gt 7] 2a 48 &3

Protox ZAoll= FAD binding site’} x5l Ao g Azts|o] FMNz} FADS] &z}
& dotigtont HAgo st WA hokeh wheld, &FolA Jlsix]& FMNo]
L FADE 4o P& F7HIIA ¢t A2 Hzdr].

lo

L}, Autooxidationo] cj¥t <& 2RI AL H

Protogen IXQ] W]ZAA Ats} wrg &xof oyt 24 o]2(Fe¥, cu¥)e) &AE
Fig, 2-60] vehgich Fe¥2} cu® 7} BE Protogen IX2] Al%} 428 Zxzon
cu’oll %t Fn} Js} Fe¥' Bl &2 ¢ 4 rh
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40

35
30
25 r —— aulooxidation
=& gulooxldation+Fed+ 0.01mM
w20 —0—aulooxidallon+Fed+ 0.1mM
—¥—avlooxidation+Cu2+ 0.01mM
=¥~ autooxidalion+Cu2+ 0.1mM
15
10 3
5 |
o ' L A L 1

A
(=] Lnd aV] L] < n © t~ o (2] o
-—

Al (&)

Fig. 2-6. Fe¥2} Cu®'o] &J%¥t autooxidation 4= W3} &3

4, Protogen IX A3} wh-g-o] §A4: w|& A 413 b33 HAH 413} Nhgo] Wl

pBTac WE|& o|&38le] o|F WHE B subtilis Protox FAS] Hhgol cthsle
Lineweaver-Burke plot& ©]&3}o] Km W VmaxE ZA3}ch(Fig. 2-7). ®l&Z43
Atz} wkgof tisiol ¥H-g-E4l Protogen IXe] ol of¥t Wkge A& AR 4
B} Protogen 1X8) H=of tidl xHF Abs} whge) =& &ALV} Fig. 2-83%
Fig, 2-9o] Uehd nlg} o) 245 Al wrgo) e B4 g3 npasialg 714
2] sxof tiste] E3 Mg vehdgict oyt AAEE Protgen IXS] H|E4H
Q Av} wbg- FAF A3} w3 FASIA pre-equilibrium complexE ¥ ¥He=
o] EAIgg &mstz glem, o]t preequilibriun complext 713 EA}&e]
associationo|L} IEX= Protogen IX2] 6& =} At3} oA Liehules EE3 02 Atz
H $AY Mol &k

- 58 -
2016/01/04 16:02-SG U/ A E 0l
N2EXM: X2 4Ed 2 54 H7A RING EHS SE MM ML A HE L /s8R



1V (min/uM)

T 7T v 1 7 T ¥ T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

/S (uM™)

Fig. 2-7. Lineweaver-Burke plot of enzymatic oxidation of Protogen IX

2.5
_.-.---""""'—_-_ﬂ_-.
L -
2.0 + L]
=
= 154
E
s
=3
0.8
0.0 ———————r——— ; —
0 10 20 30 40 50 60
S (uM)

Fig. 2-8. Saturation kinetics of non-enzymatic Protogen IX oxidation.

- 59 -

A016/01/04 18:02-fg X8/ Y
HAgRE Y YL

22X Z208 AN 2 54 07 FEXN ZFE SEHHEM NE



1NV (min/uM)

_._.
o o
L ]
\

l\'

e
[=)

Tt 5T T T
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

1/S (uM™)

o
[

Fig. 2-9. I/V vs 1/S plot indicating the Michaelis-Menten behavior of the
non-enzymatic oxidation of Protogen IX.

5. ¥2] Protox A=} ¥x

Protox -8 Ate] consensus sequenced ©o]|R3}o] B Als databaseE ©MZ Az}
¥e] Protox R-UxHFLO167) EE& €& + ANen, YHe sequenceE WHU £
Agict.

6, ¥ Protox F3=}g =

B 2] cDNA library2%#E ©A¥ FLO167 SE02HE o]z 1156bpe] ¥ Protox
A2 |71 Ne& EMLI Arabidopsise] Protox f3=tet @7]A dg vay 2
2, 5'-wheto] ¢ 500bp BE {AAIL SAE ASE € F AACh EHE ¥
o] A28 ¥R3ly] 918t el genomic library(EMBL3)E%-E] FLO167 DNA A%
& o819 screening 3ttt °ol& F 71X FELEHFE dolW ¥ Protoxd] 7]
g &M & Fig. 2-104] Uehfich Genomic library2FE Aol FAxlele= %
< intronoj it {AzNFe] EHF ] e AeE FPHch
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TGCAGCATAT TGGACGGAGT GGITCTTTCC GCGGTAGTGC GCCCGCGCCC ACGGGAATGC GATTCCCAGC
CCATTCCACC CCCTTCCCAT TCCGGTGGGC CATTCCGAAT CCAACCAACC AACCAACCAT CGAACCCGCA
TCGTATCCAC TCCTTCTCCA GTCTCTTCGC CGCTCCGCAT CCGCAGCCGC TCGTCAGCGA CGGACATGGC

missing fragment

TIGAGCGCCT CATTGAGCCT TICTGCTCAG  GTGTTTATIG TAGTGTGCAA TTGCIGTTIT GITTTTGATG ATTCAGATAA
GAATACGGTG  ATTTCGGTGC TTAGGIGIGT ATGCTGGIGA TCCTTCAAAG CTCAGTATGA AGGCTGCATT ~TGGGAAGGTG
TGGAGGCTGG AGGATACTGG AGGTAGCATT ATTGGTGGAA — CCATCA AAACAATCCA  GGAGAGGGGG AAAAACCCCA
AACCGCCGAG  GGATCCCOGC  CTTCCAACGC CAAAGGGGCA GACAGTTGCA TCTTTCAGGA AGGGTCTGAC  TATGCTCCCG
GATGCTATTA CATCTAGGIT GGGTAGCAAA GTCAAACTTT CATGGAAGTT GACAAGCATT ACAAAGTCAG ACAACAAAGG
ATATGCATTA GTGTATGAAA CACCAGAAGG GGTGGTCTCG GTGCAAGCTA AAACTGTTGT CATGACCATC CCATCATATG
TTGCTAGTGA TATCTTGCGG CCACTTICAA  GTGATGCAGC AGATGCTCTG TCAATATICT ATTATCCACC AGTTGCTGCT
GTAACTGTTT CATATCCAAA AGAAGCAATT AGAAAAGAAT GCTTAATTGA CGGAGAGCTC ~CAGGGTTTCG GCAGCTGCAT
CCGCGTAGTC  AGGGAGTTGA GACTTTAGGA ACAATATATA GCTCATCACT CTTTCCAAAT CGTGCTCCAG ~CTGGAAGGGT
GTTACTTCTG AACTACATAG GAGGTTCTAC AAATACAGGG ATTGTTTCCA AGACTGAAAG TGAGCTGGTA  GAAGCAGTTG
ACCGTGACCT CAGGAAGATG  CTGATAAATC CTAAAGCAGT GGACCCTTTG GTCCTTGGCG TCCGGGTATG GCCACAAGCC
ATACCACAGT TCCTCATTGG CCATCTTGAT CATCTTGAGG CTGCAAATCT GCCTGGCAAA  GGTGGTTATG ~ ATGGATTGTT
CCTCGAGGAC  TATGTTCCAG AGTTGCCCTG  GGCCGATGCG  TTGAAGGTGC ~ ATATGAGAGT — GCCTCACAAA TATCTGACTA
CTTGACCAAG TACGCCTACA AGTGATCAAA  GTTGGCCTGC TCCTTTTGGC ACATAGATGT GAGGCTICTA  GCAGCAAAAA
TTTCATGGGC ATCTTTTTAT CCTGATTCTA ATTAGTTAGA ATTTAGAATT ~GTAGAGGAAT GTTCCATTIG CAGTTCATAA
TAGTTGTTCA GATTTCAGCC ATTCAATTTG TGCAGCCATT TACTATATGT AGTATGATCT TGTAAGTACT ACTAAGAACA
AATCAATTAT ATTTTCCTGC AAGTGACATC TCAATCGTCA GCAAAAAAAA AAAAAA

Fig. 2-10, The partial nucleotide sequences of the rice Protox gene,

Fig, 2-100)A]2} o] w3zl B] Protox2] cDNA sequenced probe® &}o] EMBL3
genonmic library& screening¥t A:E 2 2.1kbe] SE& pSK HE| o] 4tUstacl.
2] 27}A] 8t&] 2 genomic rice Protox?) sequence: Fig. 2-110j|A42t g},

7. His-Tag WE|§ o]-&% o|F 'y Protox A4 J4t
PRSET WE]& o]&3}o] B subtilis Protox E4& o|F WHA|F|5L Ni-columng

AHg5tey 22l - A stdch(Fig. 2-12),
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5-catattgg
attccaccee
gcatcgtatc

acggagtggt
ctteccattc
cactcctctce

BECCECCECC gCeEgcagceca

BCECcgaggag

tcectteegeg
cggtgggeca
cagtctccee
tggccaccge

gtagctgege
ticcgaatca
geegeteege
caccteegee

ccgegeccac
accaaccaac
atcccgcage

acggcaacgc

geggaatgega
caaccatcga
cgctegteag
cgccctigecs

ttcecagecc
acccgcaccc
cgacggacat
acttccgacg

E£BCCCECCEa

cgcggecacg ttcegetgege

BECgCCCggy
caggcgclgg
acatcaccac
cgaccccgte
ttectteege
gtggacageg
gggaagctaa
agctcaggge
cattcttgat
glcggtegag
tcaggtgttt
gtgcttaggt
ctggaggata
aaccgccgag

gegegegtet
ccacaaagca
Cgccgagege
tcaccatgge
Cggccggaga
ggctcaagga
geecggtgee
cggecttgge
tcaactigtg
gacttcgtge
attgtagtgt
gtgtatgetg
ctggaggtag
ggatccgtga

cggeggactg
cggegtegge
gccgecgagyg
cgtacgteet
ccgaccatga
cgatctcegtg
gtccaageee
gcgeteggeg
aaattcgatt
ggcgeaacct
gcaattgetg
gtgatcettc
cattattggt
gtgagaaatt

cgtogtggtg
gacgtgctcg
gctacctetg
tecttggect
atgggaatgg
ttcggggacce
ggegacetge
ttcgaccgee
gigetgageg
CgBCBCEgag
ttitgttttt
aaagctcagt
ggaaccatca
gecttetttg

cgtcgecage
BECBECHEECa
tcacggagge
ggaggagegs
tccececttt
gaatggtggt
ccaacgegece
cgttcttega
acctccagtt
tttccggega
gtctttgage
gctgattcag
atgaaggctg
aaacaatcca
ttggattaat

tatgecttica cecatttttag ccgecttceca acgecaaagg ggeall372)

8ECECgECCy
tcageggget
CCECECCCHC
cccaacagct
ccttcctttc
gcatggattg
ggcggttegt
cctcatgage
tgtgtgetct
aggtttcagg
gcctecattga
ataagaatac
catttgggaa
BEagaggggs
tgtccattgt

aggCLECCCEC
ctgcaccgeg
cceggeggea
tccagecttc
cttgatttcce
gggcgcgeag
getgtgggag
atccecggea
cceegttgtg
ggcgtgagea
gcctttetge
ggtgattticg
gatgtggagg
aaaaacccca
gttacaciga

Fig. 2-11, Genomic libraryollA @do]Z B Protox -§-Ax}2] ¢47] wld ©A,

LN
Gy rpeid
Sy e

. =i Niwa
- ERY

R 20D

V. gy

s gon

TN i ;?’:"‘{':’1.

Fig, 2-12. Ni-column o]&%t o]& w¥d B
crude extract (40 ug): 2, eluent of buffer Di 3, eluent of buffer E: 4, eluent

of buffer

E + 40mM

imidazole: b5,

eluent of buffer E + 100mM imidazole;

eluent of buffer E + 500mM imidazole.
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8. B. subtilis Protox?] ¥ #H=X
GST-Protox fusion proteing tiAdolA] WHA| 7)1 doj2 whiAg o g i}
£38lo] rabbitZ} mouseold FAE A =3t cl

9, Protox &.42] ¥ 9 inclusion body®] A2

Protox -§-AA}7} 419)¥ pRSETB-Protox ¥ E|-& BL21(DE3)pLysol transformationAl
73 YAAVY tlg2e] HIUG Fig. 2-130] UERIATE Protox FAAE X
ole oigate] 2 B4, Protox RAXE XA de Bl
B3] of whE xjzto] 23} Aelo] =EYE & 4 9lolrh ol AMdE Protox
EAE Hepgdo] tFdY H8& AAA7IR &S vehdch

1.2 o —e—pRSET B
~—»—pRSET 8 - Profox

< 0.6+

T T T T T T T — 1

Time (hr)

Fig. 2-13. pRSETB-Protox& ©]-§3}e] BAARY iy ¥4I,

Fig., 2-14&= FAAHZ cfAF225E W8 Protox AL A 4 Aol
t}l. IPTGE 713t ¥ 57t Fo) ProtoxJ} soluble formQ 2 T2 UFHS & <+
glen, 7A|Z Fol Hdo] FHolAS o 4 dth ol WAL IPIGE UL
2 dA Alzto] AU inclusion body& 3/d3lALl, E= proteaseo] &]d}o] £

82 Y& Uehls o= 4zgoh
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5.

@ Size mirker (@5 kDa) & pRSETH 0 b ) pRSETH-Protox O h 4 bRSETB 1 1
G pRSEM-Protax ) b G pRSETE 3 h @ pRSETB-Pratox 3 8 pRSETH 5 h
@ pRSETH Protox & h 9 pREETB-Protos 7 h

Fig. 2-14, BL21(DE3)pLysSol4] 2}t YA == Protox 3LA=2] SDS-PAGE,

10. Ni-NTA columng ©|&%} soluble Protox &42| |

Soluble form® 2 W ¥ Protox HAE Ni-NTA columng o]&ste] FAY AXE
Fig. 160] Uehigltl. Wd ¥ Protoxe] His-tag ¥-&o| Ni-column} 2 Fistaz ol
S8 U 4 ggoen Ay £F ¢EF soluble ProtoxE B-& = ATHFie.
2-15, lane 7).

washing buffer - HEPE buffer (pH 7.9)

elution buffer 1 - HEPE buffer (pH 7.2)

elution buffer 2 - HEPE buffer (pH 7,2) + 40 uM Imidazole
elution buffer 3 - HEPE buffer (pH 7.2) + 100 uM Imidazole
elution buffer 4 - HEPE buffer (pH 7.2) + 500 mM Imidazole

DO DDOO® DB

= o Es =
=0 —
- . —
B &
N (- .E-“'“. |
et w7
——— -——r
o
e e g

D) size marker (45 kDa) @ crude 40 8 ) washing bulffer ¢} clution buffer |
@ eltion bulfor 2 @ elution buffer 3 @ elution buifer 4 & crude 120 pu

Fig. 2-15, Ni-NTA columng ©o]-€% A ARt Protox 42| SDS-PAGE,
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11, Soluble Protox &4 o) n|x|&= FADS] &z}

ZAAE Protox HAZ} FADE cofactor® Q- FSH=A] dolRr] $3le] AAH
Protoxof] FADE 713t ¥ ¥4 & vlastel 2 AHE Table 10] Uehiglch FADY
H7tell &J3}e] Protox A2 HAo| F7HEE o 4 ANeH, ol it A3t FADIL

Protox®] cofactor®d& UElC],

Table 2-2. FADS] H7}o] 218} Protox 48] T4 W3},

Slope
Substrate 2078
10 xL 5106

C
s 100 zL 45180
Protox 10 zL 3980
100 xL 2929
Protox + & uM FAD 4568

12, Inclusion body2] 34

IPT6E 3H7I8PH soluble Protoxe] <ol AA3] &ol&E=dl o3t WAL
Protox?] thg AJatol]l A2 4¥& FEZ WA EolmE o|FE sl ¢gd
W& Jliade] AAS] 278k WY =F inclusion body®] ¥4 o4& otk
2l5to] pellet?} supernatant HEO 2 L}4ojA] SDS-PAGE & Protoxe] ¥ arg o
ohi gt} Fig. 2-160f LIERA npet o] wif @& ] 'U@H Protoxs} pelletl
2 AAYS U 4 gdon o]#¥ HAMS inclusion body7t AAEIL UL AJA}
3haL glch B ofuel BAPE = pellet & AL thf-Eo] Protox U HUY £

sloleh.

13. Inclusion body@-E Protox HAL &

34" inclusion bodyZ2X-E Protox ZAF F&317] ¢13to] 0.0IN NaOH} 10%
sodium cholate& A}&3}%it}, Fig. 2-17-& SDS, NaOH, sodium cholateo] 2]3}ed 2
&%= Protox AS SDS-PAGEER ¥-A3+ ZAztolt),

- 65 -

ZRIG/0/04 1800 G YN B/ mEY

MN2EX Z20/e 484 28 84 07294 REN ISAE SE HMEM M Mg S /s8R



O @ 0 ® ® ® O ® 9

Fig. 2-16. Protox U¥% soluble fraction®} pellet?] SDS-PAGE, (@, size
marker(45, 66 kDa): @, supernatant 50: @, pellet 50; @), supernatant 100: ®,
pellet 100; ®), supernatant 200; (@, pellet 200; @), supernatant 500: (@,
pellet 500.

o ©© @ @® 6 e o ® 09 o

Fig. 2-17. 0.0IN NaOH, SDS, sodium cholateo] 2]3le] F+2%|= Protox A A9
SDS-PAGE. (D, size marker: @), supernatant: ), pellet: @), 10% sodium cholate
supernatant: (&), 10% sodium cholate pellet; &, 0.1% SDS: @, 0.5 % SDS: ®,
0.0IN NaOH; (@, 0.01N NaOH + HCl supernatant: @, 0.0IN NaOH + HCl pellet,
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PRI
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Fig. 2~16. Protox W¥F soluble fractionz} pellet®] SDS-PAGE. (D), size
marker(45, 66 kDa): @, supernatant 50: @), pellet 50: @, supernatant 100; (&),
pellet 100: ®, supernatant 200; @, pellet 200: ®, supernatant 500; (D),
pellet 500,

o @ ®© @@ ® ® O ® 0 ®

Fig. 2-17. 0.0IN NaOH, SDS, sodium cholateo} 2&]3}o] F&X):= Protox )|
SDS-PAGE, (@, size marker: @, supernatant: @, pellet: @, 10% sodium cholate
supernatant; ®, 10% sodium cholate pellet: @, 0.1% SDS; @, 0.5 % SDS:
0.0IN NaOH: @, 0.0IN NaOH + HCl1 supernatant: @, 0.01N NaOH + HCl pellet,
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th5E2¢] inclusion body= 0.0IN NaOHo 7}&=%¢leit, 718¥ Protoxd] HEAEE
ST A3} Adake] "ol A4HE ¢+ 9k 28y sodium cholated ARE
8to] &% Protox UIH-EY BEE FXI3tL AUN2EE Protox F4e] cigkgat
olli= sodium cholate& o]-&3l= Zo] nlgl g Zlog AHZtEdrt

14. Seedling emergence} mortality &7of 2J% AN v{ g oxyfluorfen A3
B. subtilis Protox FAA7 A" S T AltjollA oxyfluorfenol thit X
3.8 seedling emergence®} mortality &3 whyo g At ti(Figs. 2-18, 19).

120
100~
3
80 4
6OT
%“ 10
204 —O— Nontransgenic rice
—®—— Transgenic rice
1 | S
0.01 0.1 1 10 100 1000
Oxyfluorfen (pM)

Fig., 2-18. Dependence of seedling emergence of nontransgenic and transgenic
rice seeds on the concentration of oxyfluorfen.
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40+
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P
20
0+ —O— Nontransgenic rice
—®&— Transgenicrice
-20 ~Frrmrr e T
001 01 1 10 100 1000
Oxyfluorfen (uM)

Fig. 2-19. Dependence of mortality of emerged seedlings of nontrangenic and
transgenic rice plants on the concentration of oxyfluorfen,

15. P A¥ e Ty AthollA DPE A HAAE $1%t germination inhibition
assay WHe| sy

AL A/A| & viot BAHB vi(cv. Hwasung T1)2] FAlol tisto] 0,01%2]
Goal(oxyfluorfen?] & )& HelstiL Aeldt Fxte| wol&at yoldt A EA9
mortality§ FFUL2H FAAHE W T AlvholA oxyfluorfeno] thyt =34
< ARE + A= AARE /PYstgc). Fig. 2-202 CaMV 35S promoter& AHg-8}o]
AL AVY HY FE Uehlz glon, ol A3H= leaf-disc assay Wit
& dAsta et
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Fig, 2-20. Evaluation of oxyfluorfen resistance by germination inhibition
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16. Ape]-A|H gQHol

C. reinhardtii Protox® AZAol USIARY, C  reinhardtii Protox®]
Val38Met2 A o] #A3t2]o|t}, C reinhardtii?] V38IMZ B. subtilis Protox?]
v3lle] sieidict, 2elBE B, subtilis Protoxd) 311Waz) Valg MetlZ X¥3s}:=
AYE st A s PCRE 518 bp2} 207 bpe| DNA RZ}Eo] HEFc
(Fig. 2-21A) BAME ol& F 27 DNAE AH8-38to] PCRE 43T A3} 706 bp 27
& nEArt. (Fig. 2-21B) Ligationz} 3 A A ¥ plasnidd BamH 1 2} Hind ML
2 Ay, 2.9 kb3t 1.4 kbe] bandE HASITHFig. 2-21C). o] Y
Az}, #3318 e} oAt MY Fig. 2-223 Pl

Fig. 2-21, Agarose gel electrophoresis

A, First PCR product using the four primers and pRSET B-Protox

B. Second PCR product using the two primers and first PCR products
C. Plasmid was digested using BawH 'I / Hind 1
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atgagtgacggcaaaaaacatgtagtcatcatcggeggeggecat taccggt ttageegee
MSDGKIKHVYVIIGGGTITTGTLAA
gecttectatatggaaaaagaaatcaaagaaaagaatctgecgettgagetgacactigtt
AAF YMEKETIIKEIKNLPLETVLTTLYV
gaggcaagtccgagagicggecgggaaaatccagactgtcaagaaagacggetatatcate
EASPRVGGKIOQTVKKDGYTITI
gaaagagggccégactcatttctggaaégaaagaaaagcgccccgcagcttgttaaagac
ERGPDSPFULERIKIKSAPOQLVKTD
ttaggtcttigagcatttgetigtcaacaatgegaccgggcaatectatgtgettgtaaac
LGLEHLTLVNNATGQSYVLVN
cgcacccigcatccaatgecgaagggegetgtaatggggatacecgacaaaaattgegecg
RTLHPMPIKGAVMGIPTZI KTIATP
tttgtttctacgggtetgttttectigtcegggaaggegagagetgetatggatticate
FVSTGLFSLSGKARAAMDTEFI
ctgcctgecaagcaaaacaaaggatgatcagtcattgggagaattcttecgeagacgtgte
LPASKTI KDDIQSLGETFTFZRTRT RY
ggagatgaagtggtcgagaact taatcgagecgetactatcagggatctacgecaggegac
G DEVVENLTIEPLLSGTIYAGTD
attgacaagctcagcctigatgtcgacattticcgecaattttatcagacggaacaaaageat
I DKLSLMSTTFPQFYQTES QQKH
agaagcctgattctcggecatgaaaaaaacaaggectcaaggetcaggecagcagetgacg
RSLILGMKEKTRPQGSGQQLT
gcaaaaaaacaagggcagttccaaactctgtcaaccggtttgecagacectigtagaagag
AKKQGQFQTLSTGLAQTLVETE
étcgaaaagcagttaaagctgacgaaggtgtataaaggcacaaaagtgaccaaacttagc
I EXKQLKLTI KVYKSGTZ KUVTTI KTLS
catagcggctcttgetattegetcgaactggataacggegtcacacttgatgetgattea
HSGSCYSLELIDNGVTLDATDS
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841 gtaattgtgactgctccgcataaageggetgegggaatgetttctgagettectgecatt
VIVTAPHIKA AAAGML SETLTZPAI 300
901 tctcatttgaaaaatatgcactccacatccatggeaaacgtegetttaggtttcectgaa
S HLKNMHST SMANVYALGTFUPE 320
961 ggctccgtccaaatggageatgagggcacgggtttigtcattitcaagaaacagtgacttt
GSVQMEHEGTGFVISRNSDTF 340
1021 gcgatcacagectgtacgtggacgaataaaaaatggecgeacgeagegecggaaggcaaa
AT TACTWTNIKEKWPHAAPETGHK 360
1081 acgctgct}céggcatatgtcggaaaagccggagacgaatccattgtcgatctatcagat
TLLRAYVGKAGDESTIVDLTSTD 380
1141 aatgacattatcaacattgtgttagaagacttaaagaaagtcatgaacataaacggcgag
NDITINTIVLETDLI KI KV VMNINGE 400
1201 ccggaaatgacatgtgtaacccgatggcatgaaageatgecgeagtaccatgteggecat
PEMTTCVTRUWHES SMPAQYWHVGH 420
1261 aagcagcgtatcasggagetgegtgaageacttigeatctgegtatecgggtgtitatatg
K QRIKELREA AL ASAYPGVYM 440
1321 acaggcgctfctttcgaaggtgtcggcattcccgactgcattgatcaaggaaaagctgcc
TGASFEGVYGIPDCID QGKAHA 460
1381 gtgtctgacgegettacctatttattcagetaa
VSDALTYLTFS - 470

Fig, 2-22. Nucleotide and amino acid sequences of the pRSET B-Protox(V31IM).

The changed sequence is underlined,
17, Wild typel]- H‘iO] Protox 2] A4t

E. coli BL21-gold(DE3) pLysSo] 3 AA A7l pRSET B-Protox?] /3 34 E & pRSET
Bol H)3) B THFig 2-23).
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Fig. 2-23. Growth curve of BL21-gold(DE3)pLysS/pRSET B and BL21-gold(DE3)
pLysS/pRSET B-Protox at 30 'C, When a cell density of Asw was 0.5, IPTG (1 mM)
was added. Y}, pRSET B-Protox(V311M)E ¥ A A#A|7! BL21-gold(DE3)pLysS: A3 A+
47} pRSET BRT} wigtrl, (Fig. 2-27) HAAHWY BL2I-gold(DE3)pLlysS cells?
4% ¥Z Protox enzymed] aUyo] E coli cell®] A& ol FAriet Qatg njA
th= 21& AJA|RC, SDS-PAGE A3}, Protox 4 IPTG M7} 3 3 hr} Shro] W@
23, 5 Al Fole E3E 7] AlAsie). (Fig. 2-248) Fig, 2-28) ¥4 &32
3 IPTG 87} ¥ 5 X|2t9] Protox A7 71 £ WAL Brh (Fig, 2-259)
2-29) N-wgle] Exjsl= histidine Zt7)o) 2)#] Ni¥-chelate columnz} AYH
Protox ¥P A& &L 5E°| imidazoled] o8] £Z¥ch Fig. 2-263} Fig. 2-30
2] SDS-PAGEX: Ni*-NAT-agarose column® & pRSET B-Protox gha 2} pRSET
B-Protox(V311M) thijo] A= 9l 3-& KojZEtT}
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Fig. 2-24. SDS-PAGE of IPTG-induced pRSET B and pRSET B-Protox

M : Size marker (45 kDa)

1 : 0 hr pRSET B 2 : 0 hr pRSET B-Protox
3 : 1 hr pRSET B 4 : 1 hr pRSET B-Protox
5 : 3 hr pRSET B 6 : 3 hr pRSET B-Protox
7 ¢ 5 hr pRSET B 8 : 5 hr pRSET B-Protox
9 : 7 hr pRSET B-Protox
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<«— 51 kDa

Fig. 2-24, SDS-PAGE of IPTG-induced pRSET B and pRSET B-Protox

M : Size marker (45 kDa)

1 : 0 hr pRSET B 2 ¢ 0 hr pRSET B-Protox
3 : 1 hr pRSET B 4 : 1 hr pRSET B-Protox
5! 3 hr pRSET B 6 : 3 hr pRSET B-Protox
7 ¢ 5 hr pRSET B 8 ¢ 5 hr pRSET B-Protox
9 : 7 hr pRSET B-Protox
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Fig, 2-25. Activity of pRSET B and pRSET B-Protox
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Fig. 2-26. SDS-PAGE of purified pRSET B-Protox

M i Size marker _
: Solubilized cell extract
¢ Purified pRSET B-Protox
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-—8— pRSET B

14| —®— pRSET B - Protox (V311M) .
]

! 1 T T T T

15 20 25
Time (hr)

Fig. 2-27, Growth curve of BL21-gold(DE3)pLysS/pRSET B and BL21-gold
(DE3)pLysS/pRSET B-Protox(V311M) at 30 C. When a cell density of Asw was 0.5,
1 oM IPTG was added.
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Fig, 2-28. SDS-PAGE of IPTG-induced pRSET B and pRSET B-Protox (V311M)

M : Size marker (45 kDa)
: 0 hr pRSET B 2 : 0 hr pRSET B-Protox(V311M)

1

3 : 3 hr pRSET B 4 : 3 hr pRSET B-Protox(V311M)
5 : 5 hr pRSET B 6 : 5 hr pRSET B-Protox(V311M)
7 : 7 hr pRSET B-Protox(V311M)
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Fig. 2-28. SDS-PAGE of IPTG-induced pRSET B and pRSET B-Protox (V311M)

M : Size marker (45 kDa) .
1: 0 hr pRSET B 2 : 0 hr pRSET B-Protox(V311M)

3 : 3 hr pRSET B 4 : 3 hr pRSET B-Protox(V311M)
5: 5 hr pRSET B 6 : 5 hr pRSET B-Protox(V311M)

7 ¢ 7 hr pRSET B-Protox(V311M)
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|| —m—pRSETB
%0 —@-— pRSET B - Protox (V311M) : 3 hr
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Fig, 2-29, Activity of pRSET B and pRSET B-Protox(V311M)
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Fig. 2-30. SDS-PAGE of purified pRSET B-Protox(V311M)

M : Size marker
1 ¢ Solubilized cell extract

2 : Purified pRSET B-Protox(V311IM)

- 80 ~
2O16/01/04 18:02- &2 R/ 0
IR SO MEN NS Y X2 WY/ 5y

NzEX: Z20e d8td 28 84 0128 REX



18, Wild typez} o] Protox F4A 2] A4 H|aL

Wild types} V311M o] Protox F.4o) thd}o] kinetic propertyd Bl £43}gict
7148 g0 of¥ 7] SE& wild type I Ho| HboM BF EHFHE Yl
Wt Fig, 2-31). Oxyfluorefend S H Ao] tld}lo] competitive inhibitor® 2R
sl e, o3 kinetic constant (Figs. 2-32, 33, 34, 35, 36)5& Table 2-3oi
Uelilt),  Table 2-30)A Ri=njo} o] V3LIM o] F42] Knm, keat, kcat/Km gk
wild-type3} A9 SUstg oL, Ki .%};\% wild typeol ®]3}e] 1.6 v J-7}stodct. o]
g3 Az V3IIM WHolrt A FRU FHul JF2 WHHAIA gomA,
oxyfluorfen A XA2] AL JAHHE A|AIRICE uwlglr] oxyfluorfen A3 2HE-2)
22do) A4 V31IM ¥Me] Protox A AH= wild typed] Protx A=} Kt} 943l R

< &5k Qlch

Table 2-3 Kinetic constants of wild-type and V311M mutant Protox

Protox Km kcat kcat/Km Ki
wild-type 3.19 14.01 4,41 11.00
V311M 3.00 12,85 4,28 17.73
0.25

e el

0.20 /,r
0.15
A o
0,10
0.05
0.00 T T T T T T T T e [ty e T 7T T
0o 1 2 3 4 5 6 7 8 9 10

Fig. 2-31. Saturation curve of purified pRSET B-Protox
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Fig. 2-32, Lineweaver-Burk plot of purified pRSET B-Protox
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Fig., 2-33. Eadie-Hofstee plot of purified pRSET B-Protox
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Fig. 2-34. Saturation curve of purified pRSET B-Protox(V311M)
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Fig, 2-35. Lineweaver-Burk plot of purified pRSET B-Protox(V311M)
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Fig. 2-36. Eadie-Hofstee plot of purified pRSET B-Protox(V311M)
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A 48 A}

Heme®} chlorophyll®] Ag}go] EX|¥ &= F iAo &x)8t= Protoporphyrinogen
oxidase (Protox)= oxyfluorfen® H|Z3¥t W £/ diphenyl ether] 32
z-gRojrt, AxA ] A3t 2L plastidol] E23H= Protox EAI7t A&
Ao 2]} competitive inhibitiono] &]3}e] Yido] AH2EA 7144l Protogen
IX o] #3531, 548 7] %o] AEUE ALtA plasna nenbrance] Egsle] FY4
B3¢ Proto IXOE AMBHOR A Atdol Wl Ex|stol|A AL IAkE FEH
22N NEMREZ} wIHctn oA Qlcl

1) B. subtilis Protox ¥}-3-2] BA v

e APWEAN A Fe)H Protox= diphenyl ethers] A XA o] &]3lo] ¥A
o] AA A%| =t} WbRo| B subtilis Protoxs= diphenyl ether”| =|ZA ¢ cj
sto] | RIZISHA WRSRICh o]B¥t E4 felY BEAY Fol ulE AN oy
RZe7} thE QA o|3ls}y] $15led B subtilis Protox& tiFdolA WUHAA
A cigAgatsta AAsiden, T4 FAY 2 BYE& 35t B subtilis
Protox & 4AX FADE RXIZAAZ Q319len, n-octylglucopyranoside®t &
detergentol] &J3}o] o] F/IHE & 4 AUMTL Protogen IX] At3} WH32] &%
& 7139 w=of uel £4% A3}, Protgen IXQ] At} ¥h-gE Fig. 1 3} o] 2
N2 ZF7tA& 2= pre-equilibrium mechanism HAJY 4= alglcl,

2) Diphenyl ether#] A)ZAo] AaAEE Ll HAAR A 52 A4t

Diphenyl etherZ] AzAol A4 Uehls JFAAR AELZ YA ¢3to
T AlN-2Ale} YYsto] B, subtilis Protox RAARE ©hlieh ¥of FAAR 314
t}, dojz HAAY ANEELS oxyfluorfend] tiste] &2 A vEelulch (Fig.
2)

3) BollA oxyfluorfen A¥/d& HEsl= HEZ QU WY g

Diphenyl ehterA] #|ZAo] ci¥t A3gE 3bdr] 4 FL3Ee WYL R leaf
disc assay W& & 4 v}t 28} o] HE iy AEAE uhElojolsta, 4
EA7F Aes] Apg Fol] 7bysicl, & dFola= B subtilis Protox fAAE
QA7 HAAH B E 2R 2SI FxY gol 2o FRY mortalityE T4 ¥
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Fig. 1,

Proto IX

(Han et al., J. Biochem, Mol. Biol. 34 (1), 39-42, 2001).

Fié. 2, Oxyfluorfen resistance of trangenic tobacco expressing B, subtilis

Plam
#16

Oxytluorten concentiation (LLM)

] 10 100

Ao

4l
&y %ﬁ,

Can

*ﬁ}:ﬁ;s

3

43

Protox gene (Han et al., Biosc. Biotech. Biochem,, 62 (3), 558-560, 1998).
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22X oxyfluorfeno] A3/4Q ANE HastA AEY 4 U= PHS AMdsisdch
Fig. 3 of viehd uie} o] R-H O mortalitys R[] atstzel A U sgich
uwlehd], B oA JUE w2 oxyfluorfeno] A3l AlE AE 483517
f15ted Ma)sta A&3IA AMHEE + & Rolch

120 ’
100
80+
&
ER
§ -
=
20+
0 —O——Nontransgenic rice
—=9— Tranugenic rice
L e e e e —
001 01 ) 10 10 1000
Oxylluorfen (M)

Fig, 3. Dependence of the mortality of seedlings of the nontransgenic and the
transgenic rice plants on t_he concentration of oxyfluorfen (Han et al., J.
Pest, Sci, 25(2), 144-146, 2000).

4) B. subtilis Protox®] V31IM ¥ o] oxyfluorfeno] th¥t AP Z71A]7I},

B. subtilis Protox®] Val-311& Meto 2 o] AJZl F, V3IIM ®Ho] {§AXIE tft
oA WHAA, V3IIM Wo] Protx HE4AE ABalsta, AL &, fHL4 3 &
mf 7)3}& wild type?} B)E HAs}gr). I A3} Table 1o LEhd H}g} o),
V3LIM ¥o] FA2] Km, kcat, keat/Km FhZ wild typez} A2l Fdstoloy}, Ki gk
wild typeo] W]sted 1.6 wf F7}3lodcth. ole|¥ Azh= v3lIM Ho|7t T4 XY
Fu)) 7]z WA 71A] Q4o WA, oxyfluorfen A Z2AL] A AAHE AARIt]
u}ebA] oxyfluorfen A 3}Ad l}%?«] SMojlA] V31IM Wo] Protox FAAI= wild type
¢} Protx -3 A} KMl ¢35ttt A& JF3taL Act

Table 1 Kinetic constants of wild-type and V31IM mutant Protox

Protox Km kcat kcat/Km Ki
wild-type 3.19 14,01 4, 41 11,00
V311M 3.00 12,85 4.28 17.73
-89 -
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A 3 a ey MEdo oigh Metd g &=
e

A1d A A
Diphenyl ether7] HzxA F ?'S}L}.Q_l oxyfluorfend A}AAeloA FE-3]71 o] Fo
Ache A3 £48024 EY 5229 §Ho JE ¥ ohlel, I3 £F¥L2=
£ A2EYE JMcks AR 7R v o8} ol AL T &I YA BF
By ZgME Feitt AXAYUAE B3t v A FAYU oxyfluorfeno]
2 ZAEY vof SlojAEe gllE RYoEN I At AREY Yoot M2
EAPESY 2R} fAFY U wet F8% YHURAAE HENE =Y}
t Aol FH3| PFHLEHN A2A MUY FEY L& LA =HA
2 9 AF3 Al Raxa glon FAAE WAL FFEe] uF - FY¥& ¥
¢ 29 vehgdA A=z gl Adelolth. ®hulvl ArabidopsisT ] HEHA AE
EolA Agrobacterium& ©]&¥ AFMEEY FAAB/YS A Y= e ¢
Y g4& /R WS AENES H3H R Adssdct 2 BY 73%% £
sl 2H el MEoAE 1 H¥AAH o] ml¢ Holrh Raineri(1990)5-2 ¥
AR 7] Be] AIEo)M 'neon;ycin—phosphotr‘ansfer‘ase (NPT)&} B -glucuronidase(GUS)
o 8BS HAHeRN AYUMEM Y FAARY HedE HEA sk =
¥, Gould(1991)%5-2 Agrobacterium& ©|-&3te] Ja4] AGH Yol (shoot
apices)Z NPT2} GUSR-E=le] Hol& Al F MEANE A EFHAZIL, TiMTielA
SoutherngA-& Fsto]  RAAL HolFodZE HIY wp gk 2y
Agrobacterium@ ©|-§% YHAAE ol FAARL =kto| HoHTE 2 o
E Potrykus(1990)& o8 H¥EAA UL R F skt A4 AHEAMY As U
FRAz7} "olH Aol oz} Agrobacterium®t FRM[G Al AEA 2o £
%l Agrobacteriumoll &3t UETte/dell chEt B g & ub vk miepd 2 A9
HNe gAABA FARpe] AL $I5te] PCRoY 27 £ AIETIE SouthernieH
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NEEX: X200 ey 2d

S B3t Als o Aoj" KfAAREE ¥eldlstt. Chan(1993)52 Agrobacterium
& s o] AFHo2N B Y FUAABHE deu AFstden, Fuiy
< 3 AENER Yrhe ThH2 AR Southernid Az} Frjof DNAZE RAH
the & Wd v} Qloh Agrobacteriumd ©o]€¥ AU FAAH JYPEol
199419961 Alolo] B gluel, mH4 WY YA Bk MEE T4
Z3 (callus)2} Agrobacterium®} virulence FAAIE |53l acetosyringoned 3
718t F2aYE It Aolth =X AEY A2, FFE 23y Zd =¥
R, HEY] F/, ABY 39 AY, i ogy 249 2Aujoke] ArjAe
= %—,Q_z‘s}c}'-}é A% 3 A}, o)A Agrobacteriumg ©]-&% WES #lz] DNA Aol
&2 RUAQ Ao $&E|I Qtl.  Asparagus officinalis (Bytebier et al.,
1987), maize (Gould et al., 1991: Citovsky et al., 1994)%F2] 2|HUAEolAN ¥
AABA 2 sido] o] FoF L, Hiel (1994)5o] sk AZUIL AZS Woldz %
AN FolAMel T +F2] FAAYVEE Atk olE2H Agrobacteriung ©]-&
A ES WAAR] 7He3tA 2 Aok R 44 Y] Protox {AAL
Escherichia coli, 1%}, HE, D3 o8 AENEZSY FE Hozn FAdol
FH= et (Lermontova et al., 1997). A|E71A] FEE EE ProtoxES
oxyfluorfen®} acifluorfenZh2 DPEA| A ZAlo| &3] 1 2}g&o] g Hrh= Ao
MLl Bacillus subtilis Protoxe o|g|3t A ZA o] AAE wa] =i Ao
Haxglct (Dailey et al., 1994: Jacobs et af,, 1990),

utety 2 AyPolMEe IR =EES HIst Azdzt A ojue F
& HEF-H2 slo] o Al oM B subtilis Protox RAAE AR
22X DPEA H2AQ oxyfluorfene] A3d-& 7ixe ¥ AYstaat siglct.

A 2d T % ¥

1. B. subtilis genomic libraryZHE Protox -F-&A} &g
7}, Genomic library@2-4-E] phage DNA 2]
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B, subtilis®] genomic libraryi= ClontechAtollAl 1isted Al-g3tgich. 10nL A
W0k o B HE lystaeE PAEeEH T A AL 2]5te] lambda-TRAP (Clontech Co.)
& A 2}slgl3, phenol/chloroform(1:1)& A eldte{ phage DNAE F&3I33L, olThE
A2 2 phage DNAS Ha|3}¢it].

U}, PCRE E3! Protox -F-AAte 2Z

Genomic libraryo]d 2|3t phage DNAZHE ProtoxS UTshstz ol HHAE
233 SAlo] dNMd AAHE $15to] pGEMTZI(+)e] HindIII & A& U@ WEE
9)5to] pBI1219] BarHl QIAlR-glo] ZEYYH 4 UEF primerE AL DNA
Thermal Cycler® Protox -FAx}& Z&3}gicl,

u

t}. Protox RAAL] ¢7jMd HA

PCROIl ]3] SZH DNAE gel’dolld EYsla, 1.4kbe] FUE H/|GEE &5 &
g]slo] Hindl1I1Z Fwiste] 7|45 F FHE H4s1dv}. pGENTZE(+)E HindIII
g Ackgl ¥, Bagt AW} 4o} ligationyt ¥ DNAE XL1-BlueE X¢]3}o] Sanger
5o HeE AjNEE FAsHch

2. whiel FAAH
7h A8 ud wE 22Y
B. subtilis Protox & A}l ZZH DNAE BamHI o2 A¢Islel DNA AHE Ee|st
AE W@ Y pBII2IE Barl 08 AWdle] YT F A7 &&sl HEE
Ha|stqir}. 1.4kb BasnHI DNA AW L BarHI o2 Avst Al E iy ¥ pBll2le)] Z
23tacl,

L}, Agrobacterium tumefaciens LBA44042] transformation U ¥ AFA] 8

B. subtilis Protox -8 =x}7} CaMV 35S promoterdlolA] o] ZAFEZ A%
pBI121& freeze-thawd (An et al., 1988)2% A, tumefaciens LBA44040] =3]3}
otl. FAABAE Ad3t7] ¢sle] A tumefaciens plasmid quick-screen WHO R
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2}Z}2] DNAE £e)314 Hindlll2 Axtst transformation oJ¥-& Heldlgiry.

th gl M2 PR

Yl (Nicotiana tabacum cv, Xanthi)2] A ABo= Wl F2E T A ¥
MS Z|Ewlzjol A|gdste] 1714 Bt WA d AUE AHEStAch. B subtilis
Protox RA2}7} =¥ A tumefaciens LBA4404 FF2} wul o HWE FTRujgdt
T M Aol Aadstols, A &8 JJAIE kanamycin ¥ wix|of 2| 4bsie]
Felg REAY ol o] F Y AH A2E AR

gl. HAAY AENY ¥ WU T FA R

] gAA#NL A EAE PCR ¥, Southern blot ¥4 W Northern blot
4& Bole] ¥AABVAE HUsioln, FAUHo] HAUH JAE ASAA 7
cloneg?] FA& +¥ste] ¥} AEAAY a2 AFsiAct

3. w2 AR
7h AlE fd ¥E A% 9 54

Bo] HAARL e Jdyte AE3 $W kanamycin selection W] £3}
P& YA sHe AR Rumgoe] FAAME HelE ulo] AF Agste
hygromycin selection& AM&-3tA] Hcrl, o] WE|(pGAl611)E X3-Fr) ¢3F 24
o2y Fob wol ALRSIITh poAI6LI-L 13, 5kb2A Protox HAAle wWE 23
& ubiquitin promoter’} ®rX§3) ¢lom, nopaline synthase HA} £A sequence’}
3' wiete] K-2tgle] gl binary W 2A FAA 24 F oM A A=Y
DNAE A'83}t7] $1% A ubAQ tetracyclin A4 Fxb7h T o] 9t A&
28] o] FEQl T-INA G Yol hygromycin A% |-A2E7L o] FAARH 4
Bt AUy 4 A=F Az Yok

L}, pGAl1611& ©)-&%t B subtilis Protox:pGAl1611 e Z32}
B. subtilis®] Protox -SAX}E o] WHAF|E target sited M XA WA A7
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NAEEH

£ ¥ W plastido]l WAAIE F 71 P& 7122 ARSI ST 4
BA)oA] Protox”} plastid 2Juote)] Ez)3lne =2 NXL] 9x|o B, subtilis
2] Protox -SAALE WHAFNA Y& tJAIEE (metabolic flow)8] FHAHS 7|3}
7] 93] 9% Protox -FAX}7} plastido] ©]|E3IEF transit sequenced B

subtilis Protox A=} 5 wgte] &% fusion)d}teic},

t}, B, subtilis Protox: pGA1611 el 8] Agrobacterium®. 2 3[A X
AxEd 9 plastidel]l HHHAAF AW F 71x] Fel2] pGAl6ll:Protoxd
Agrobacterium strain LBA44040)| 2 freeze and thaw ®'H o2 FAXAHE s}gict

g}, Agrobacterium w7l ¥bHoll 2% v FAAH

W BAAMY A 45 (recipient)s FFH Y vil(scutellum) 2 2HE FE=H
AYAE ARSI, Protox -S-AAE U-8-%t Agrobacterium® log phase® F2]
Al ks, Ay At ZxujoFE d1gicl. Hygromycin W cefotaximeo] FHFE N6 uj]
o)A Yao] AWH AeAF Aistn, MUY AeAE MS 2] £ wixlo] &A
A =39 fAE et

ah 2 3 AR/ v o] A
A5& S A E¥ HE 2Hol &A Az en, 1 9 JEHA B35S
4 A3 3-44 £EA & AAst] AMgstglch

4, FAARA ] EAHAYRY 4

Wel Al ol B subtilis SRt EABHEAIS o2k mRNARS] AL} o] F
oA g HAstaA To M), Ti AHle]l R Tp Acfe] FHABAE o2 sl
Southern 413} Northern £4& AlA|S}gict. ERY, B subtilis Protox ET|HE]E=
o 44 KPS Yotry| 98l B subtilis Protoxo] ThEISI WECIW FANE AR
T Airle] PAABAE ) F 22 Sle] Western EHE $Ysolch
7h BAARA L] Southern 4]
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Cytoplasm targeting lined} plastid targeting line % 4/ & AEsled O&Y
JogHE Al DNAE Ea|¥t ¥ Southern #4& 433}¢lc}, Phenol/chloroform
g o] 8, A DME £al3te] 2 & 5ugE 2 /MEFE #3tsch Digestion
buffer7} A|8o] A AHEEE 4°CoA] 247t A= ujk¥t ] DNAE nylon membrane
of HojAlgl F ¢ 3A|Zt < hybridization buffero] EHEH=E 3}3ict.
Stratagene Co, 2] Prime It® Kit& o]4€, random primer W o2 *p-dCTP HX|&}o]

membraneS M| 3}3L o] & phosphoimaging analyzer®. &4 38}¢Tt.

1. FAABAL] Northern £

A MG 209 5UU ASY 98 ANALE ol8sld BA e F WY
reagentS ARR3lo] AN RNAS =u|stelr}. o] 2 15ug2] AA| RNAE 2|3} ot
&2 AN T 6,5% formaldehyde2} 50% formamide’} $-5-FH 10XMops ¢33}
Tgkste] 80TColA 3E WA WAH AEE 1XMops EFolA 0.8%
formaldehyde agarose gel& E&lo] A RNAE H A Fch BAHT TWAS ol &%
wog AA RNAS  nylon membraned] HojA)3 PY-dCTPE  EA|R T},
hybridization buffero]A] %I-2-A]# phosphoimaging analyzerZ ¥A3}gic).

tlh, HAARAY Western T4

DNAS} RNAS] £ ol AMSEIUR ABES EolA At T, Mol A& 2|23t
FA e oh FAs Y5 LWl NEE FAMAACL FANY ANRE F 49
Miracloth (CalBiochem. Co)& oZ}A]Zl ThE 3,000g0lA 103t QA Eg|stadct. o]
F 233 & 100, 000go] A 10837 dMEE st A AHAES 100pLe] FA3} A3
dog &gch o chiAY W EMo] ALg3] flste] 20ugd LW A2
e Mol 15488 AlEE AMESHiTh. F FF WA 10% SDS-PAGES]
A E-2|A)Z] ¥ PVDF membraneol]. Mo|A|# B, subtilis Protox polyclonal ¥}A|e} &
o whe-& AlZith 2xF ¥AMES W=e] ZtA]= enhanced chemiluminescence

system® 2 nldol uwlel 435}edc} (ECL kit: Boehringer Mannheim. Co).
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NEEH:

5. PAHATA oxyfluorfen A& HA

7}. Preemergence treatment 7174

B. subtilis Protox 827t W Aw vellA 2EHE B FULEE MR
A Z2AE Ae)ste] A7 (LopAl )M 1 AYY FFE ZABIICH fA &
Ao AMEE AT HAA[A} v FAABAL T, Ao FAE E st 172 M
sAlol Adstelch wiRlole 22 0, 0.1, 1, 3uMe] SEZ oxyfluorfen S 2
Hotolh, EY WAAR Aol Wob AL Agrobacteriune] 0B A 913}
250mg/Le] cefotaximed ¥ A 7134l

L}, Postemergence treatment 743

B. subtilis Protox HA47} MAXolA HAEH, B A o] AME thE copy
4% ZA5He lineEE MUstel AEAo] oxyfluorfeng BYA st AzAe] 3
Aoz O AP AEE AAsiAh. AN ASEHAY FAARA
HMRLABAY TAT FAE AE - Holslel ZEolN AsiATh. 4FRE Ak
& A E 0.5mzE Aersiolon, U /ALY HE v} Yol leaf diskE F3ig]
B 4NN A3 ste] wHEZEe] o x1g &4l 0, 100nM, 1M, 3uMe] oxyfluorfen
o] @A 94 micro-petridish®] FRo| leaf disk& Z|9) A2} AFHES
stolem, dejolAd SIFSet wjakAlA MxAZ A Yt XM EE I ¥,
Felo] :FAA A2A Y BALS FEstoch AGHA FAEE R dFA
NESAIZ ¥, ] ANFEE Jos WHsie] AzA iyt NP |FE do}
Rokrl, '
6. PAAHR AT HAE

54 -‘:4_ 3 AAR AAE wels] o6 2 B¢ E} 3 FAE T Arhe] & A

A& 4719 Southern £4 2} FAL Y22 A FA4stoch

7. T1 FAke] hygromycin 2] vl& &%
Z7182 AU N U T F2HEY FYE AA F 70% oeE W NalClE A
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L3t B ArFstoch AdwiRlE hygromycin 50mg/Let cefotaxime 250mg/L& %}
R /265 A E AMSSHAR, YATeRolA 26CE AIste] AgAATE AN F 10
Aslo] hygromycinol 23 AR oz A ASIE AMEY FF Al

transgene?] H-E|H| & RA}SITH

A 3d a72dz d 2

1. gefe BAAR

7}. Bacillus subtilis genomic library2%E| Protox F-2x} &2l

10mL liquid culture (10" ~10" pfu/ml)EHE] lysated 50ul PYAHZ FHRE &
AAM 2oL chloroforn® A7} ¥ 43, 8000rpno.E 4°CollA 1087 3t
t}, Atyelg 2]ste] 50 uL lambda-TRAP (Clontech Co, )& He|stx, €& $lol 30
27F AR ¥, 8000rpnl 2 4°ColA 1083 YRR st AR AL W2 lul SM
buffero] Wetstelct. 1.5olm] LM LS FHEE &7 15,000rme 2 18 W4T
2% % 1ol SM buffero] TE3IGiTh o] F& 23 WHEY ThE pelletg 504L
TE-10 buffero] HEIZ 3, 70°CofA] 587t @A sl 15,000rpmollA 287 HAE
2)sigich. olFA 4 Yol F¢ phenol/chloroforn(1:1)& et phage
INAS 2&3}9]3 0.58]2] 5M ammonium acetated} 298] o+ 2 DNAE Hea)§ A2
k28] phage DNAE @ glth. B, subtilis genomic library2X-E] A DNA EE& &
% Protox -AAE I3zt FAlo] HrIMYE BHE $8te] pCEMTZI(+)2] HindIll
Holo] Al BoA wHA|7]7] 15t pBI121, BamHlF-#lo] S2YH 4 UEFH primer
& A} PCRE Protox RAAE 2T Ax, ol 279 WM=st B¥=H Ut
(Fig. 3-1). Agarose geloX 2% | 4kb 37]8) ZFH DNA UL A7 €&8 &
g)slo] th el AH&3Hct

L. PCRE B Protox A=t 5&

B. subtilis genomic libraryolA Ee]%} phage DNARHE| ProtoxE 3 33ta 9l
L= SAAE ZE33} FA)o) pGEM7ZE(+) (Promega Co.)#] HindIII, 18]35 pBl1214]
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Fig, 3-1, Amplification of B, subtilis Protox from DNAs isolated from genomic
library,

BarHl A|PEL AAH9)o] E2YYH 4 UESF prinerE MAIGCE AS-¥ primer
= N-terminal primer®A 5’-GCCGAAGCTTGGATCCATGAGTGACCGCAAAAA-3'3} C-terminal
primer® 5'-GCCGACTGGATCCGTTTTAGCTGAATAAAT-3’ ™ 5'-GCCGTCTAGGTTTTAGCTGAATAAAAT
-3’& DNA synthesizer (Pharmacia Co, )& ©]-%3le] §/43}213, DNA Thermal Cycler
(Cetus/Perkin-Elmer Co, )& A}8-3}o] denaturation (95°C, 14%), annealing(60°C, 1
B), extension (72°C, 18)E& 30cycle® 3}e] Vent™ DNA polymerase (NEB Co.)Z

Protox A& FIZA]Zct

t}. Protox -frAALY @7lMYE ZHA

PCRo| ]3] 5 DNAE 0.8% agarose gelollA Y3, 1.4kbe] UG i}
& A 7|2 % (unidirectional electroelution)® <4 welgt ¥, eyt 1.4kb AW
& Hindl112 AxEste] 3% low melting agarose (FMC Co, )& A7) QG E3dle AW 3
439l pOEM7ZE(+) & HidlIIZ AR ¥, et L4b AWt 4o} T, DA
ligase® ligation¥t ¥, ligation¥t DNAE XL1-BLUEZ T¢l3le] FZUE 4'H314
3 dideoxynucleotide chain termination WY (Sanger et al,, 1977)2.2 &7|A ¥
S ZAASIgct. 2%t plasmidE alkali denaturation®H 22 single strand& %}
E3 primer®E SP6 primer, T7 primer& A}23}9] Sequenase (USB Co,)Z&
pGEZE()o] SEYT DNAY WAADe BAstdch PoRe] oEl ZHT DMAE
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HindIIIZ2 At pGEM7Zf(+)o] F2Y3ste ¥ plasmid§ pBGl4Et HH3alch
PBG14E Hindl1IZ ARt ¥ agarose gelollM AJj3%5 ¥ A} 1.4kbe] HEUE &
4 9leict. S3YH 1.4kb o] B subtilis Protoxd YT IS Yt §AxIY
Z] oolR 7| ¢|5}o] dideoxy chain-termination Wi o &2 H/IMNYEE AAslgic) &
2|3t plasnidg alkali denaturation WH O R single strandg WHEIL primerE:
SP6 primer, T7 primer& AE-3te] FF¥E DNAY @7IMEE ALY A=, ov] 2
H F321e g7]MY(Hansson et al,, 1992)2 © 718 QI1E A|9dla FL3Act
(Fig. 3-2).

gt A& dd Ay Az
1) A& d8 gy 224 :

APEE Protox FAANE A EA oA A7) 9310 AU HEE A=2319
tl. $ZH DNAE 0.8% agarose gelojr HE¥H37 t}L, iyt A/ LE= elutiond}
git}l. Elution¥t DNAE BarHI 2 A%l 3% low melting agarose gelol] A7 9%
dlo] DNAZ®-E Estolch AE wWade pBlI21E Baml 22 Hwhsto] 0.8
agarose (FMC Co.) gelofA E¥¥ chg, WWd A/LE&2 HEE Ze3isch

1.4kb BasHl DNAE WS BamHl O & AT A|E U@WE pBli12le] FEY3}gdct
(Fig. 3-3). o] HE|& pBPI12E P73}t

2) Agrobacterium tumefaciens LBA44042] transformation ¥ transformant®] 41§

B. subtilis Protox -§-#X}7} CaMV 35S promoterdlejlA] o] RAFEE AR
AE HAAHL UHWE pBP12& A, tumefaciens LBA4404 =2 transformationd}s] %)
3}o] freeze and thaw W'H(An et al,, 1988)& AM§3}oith pBPI27F =]]€ A
tumefaciens LBA440483 X'H3}7] $|8}o] Agrobacterium plasmid quick-screen Wi
(An et al., 1988)2.% zZtzle]l DNAE Ha|dla, HindIIIE AxEsle] transformation
3RS BQAT A3, Fig. 3-404 UEhd Hlg} Zo] HFHog =UHALZS H
stoich A e o] EQlo] B dgrobateriumg UM RS PAAY LS
stalct.
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ANEEX

BHEMS

BHEGY

BHEGY
BHEM3
HHEGY
BHEM3
BHEGY
BHEM3
BHEGY
BHEM3
BHEGY

BHEM3

Fig. 3-2. Nucleotide
desinged primers,

CEET8

(e
w
fol

g

%

sequence of B, subtilis Protox gene amplified by PCR using

ATGAGTGACGGCAAANAACATGTAGTCATCATOGGCGGCGGCATTACCG

CGGAAATGACATGTGTAACCCGATGGCATGAAAGCATGCCGCAGTACCA

...................

- = == AAAGCATGCCGCAGT ACCA

TETCGGCCATAAGCAGOGTATC AAGGAGCTGCCTGAAGCACTIGCATCT
TGTCGGCCATAAGCAGOGTATCAAGGAGCTGCGTGAAGCACT TGCATCT
GCGTATCCGGGTGTTTATATGACAGGCGCTTCTTTCGAAGGTGTCGGCA
GCGTATCCC(;G’TGﬂ'l ATATGACAGGTGCTT C'ITI'CGMGGI'GTCGOCA
TTCCCGACTGCATTGATCAAGGAAAAGCTGCCGTGTCTGACGCGCTTAC
TTCCCGACTGCATTGATCAAGGAANAGCTGCCGTGTCTGACGCGCITAC

CTATTTATTCAGCTAA

CTATTTATTCAGCTAAAA
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—{rro a-{cawvass GUS Nos |4
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5" primer 3 mrieer
PCR Sacl
Unidirectional electroelution BawvH( 1inker
|
P PO BamH!
— Unidirectional
slectroelution
BagHl
Unfdirectional electroelutlon
B B
PP OV
Ligation
RB : LB
<]~ CaMV35S P PO NOS —d

Fig., 3-3, Structure of the CaMV 35S-Protox chimeric gene. In order to express
the Protox gene in tobacco cells, a chimeric gene between the CaMV 35S promoter
and Protox was constructed. LB, the left border of Ti-plasmid: NPTII, neomycin
phosphotransferase II: Protox, protoporphyrinogen oxidase. of B. subtilis, the
promoter of the nopaline synthase gene: RB, the right border of Ti-plasmid:
NOS, the terminator of the nopaline synthase gene: B, BaaHl: E, EcoRl: H,
HindII1: S, Sacl,

AEEM: X208 A
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1.4kb —|

Fig. 3-4. Agarose gel electrophoresis of pBP12 was digested with HindIIIl in
0.8% agarose gel: Lane 2: transfomant of pBP12, M: Size marker.

of, e Ee] FUAR

el (Nicotiana tabacum cv. Xanthi) AM|X ] FAAHo= wu] £RIE 70% oll%t
ol 3027 Azt F 50% FY-§& Al 108 FAslq A A3t BEH
T2 3% M3t MS7|EulA] (Murashige & Skoog, 1962)ollA *dolxZitt. 4%
ol 171 B¢ A5 dS A V|2 QHHS wheo] ©HHl MEe B3
A#L A 8Z ARSI} pBP12& AU il Q= A. tumefaciens LBA4404+= LBu}jx|oj
A 28°C, 200rpmo.2 18A|ZF HTufjoFete] e FAAR] AMESiArh w=Hu o
AHS pBP122 ALl Q&= A tumefaciens LBA4404 FF £oof 3083t A 2]3lo
HZ3 ¥, 1.0mg/L BAPS} 0.1mg/L NAAS H 713t MS 2 ¥ufx|o] x]Atsle] 26°C, ¢4
oAl 48A|7t FRujysiact. FRu|Y ¥ 1.0mg/L BAP, 300mg/L carbenicillinz}
100mg/L kanamycing H7I%t MS Adwfx]o] X|/4}3te] shootE FE¥ A} wig 23
THE shoot7} B3} gt -§=3t shootE 100mg/L kanamycino] H 7€ MS 7] &
R &A Fel&E A= ZA vl 104 F Fert FAEHUH g 2A2 2
7} 26°C, B=+ 3000Lux, Y2 16A]T F712 3idch #e7t =¥ 7 2E
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Fig. 3-4. Agarose gel electrophoresis of pBP12 was digested with HindIII in
0.8% agarose gel; Lane 2! transfomant of pBP12, M: Size marker,

o, gujAlze] YAAH

il (Nicotiana tabacum cv, Xanthi) MX] FAAB= gl F=HE 70% ogt
ol 3023 et ¥ 50 g8 o] 102 FH3te] A dFsia HIH
Z8248 33 NX3le] MS7)EulA] (Murashige & Skoog, 1962)0llA] wholA|Htt, A%
Aol 171 Tt A2 A AP AU|2 AdAUE whEo] ©ul Mxe A
AWL NS 2 AM-3I%ch pBP12E AU Q& A, tumefaciens LBA4404= LBujj=|oj]
A 28°C, 200rpmo.2 18A1Z Ffugste] whule] BFAAPe] &St w) o
AUE pBPI12E AU Il Q= A tumefaciens LBA4404 T3 Ko 3027 A 2]51
A% ¥ 1.0og/L BAPS} 0, 1mg/L NAAE M 713 MS Ly rjx|of] x]Ad3ste] 26°C, U4
oAl 48A) 7t Fzuwjyrsiglct, FRujor F 1.0mg/L BAP, 300mg/L carbenicillinz}
100mg/L kanamycing g 7}¥t MS Alwhu)=] oil‘i]*o‘z‘s}oi shoot& X3 Z2} wjg 23
ZBE shoot’} £3%¢ct. §-X3) shootE 100mg/L kanamycino] H7}# MS 7|&
wixlel] A $elE = A oG 10g F et FEHACh Y AL &2
7} 26°C, YE& 3000Lux, YAL 1612t FI[2 siolch B S22 e RE

- 107 -

ZO16/01/04 18:08 S A XB M/ E

T ERS SHMEIH NEY A RSN/ s8R

i
(5%
1
fae]
10
Pl

NEEM: Z20e d8d 28 2



2 oAty £3A]l b RAAEM I A2A Ay HPel AHgsisiTh

uh, ghale] HAAR ofF HA W T, FA HE
1) PCR ¥4

HAAUY e AA DNAE F&513L, PR WH2E Protox FAX}7} whil
9] genomeU| & T EE=A] Jolr.ert). N-terminal primerE 5’ -GCCGAAGCTTGGATCC
ATGAGTGACCGCAAAAA-3 '} C-terminal primer® 5'-GCCGAAGCTTGGATCCGTTTTAGCTGAATAAAT
-3'& DNA synthesizer (Pharmacia Co. )& o|-&8}ey ¥}/d%}3L, DNA Thermal Cygler
(Cetus/Perkin-Elmer Co. )& A}&3}o] denaturation (95°C, 14), annealing (60°C, 2
H)  extension (72°C, 2%5)& 40 cycle® 3}o] Vent™ DNA polymerase (NEB Co, )&
£99 Protox RAXE FEsiddrt. PR Wyeg =YH Protox FIUAE FJHY
% ZEY 1.4kb Protox AWML DIG-labelling & detection kit (B.M Co, )& o] &3}
o] labellingdtl @A o2 A3l EFE YO8 Southern blot& 331} o]
A, U PAARY wijolA 1. 4kbAHo| FHE S-S st ¢ ¥
AAY ) 2EE PolyATract system 1000 (Promega Co. )& ©]83}oj mRNAE #2]3}
3 GeneAmp RNA PCR kit (Perkin Elmer Co. )& RT-PCRE 4383}o] A AXEH whulof
A =¥ B, subtilis Protox -3 A}I7} mRNA 4~FoflA WA EH =X FHe s}l

2) Northern &4

£4% Protox A7} UHEHE FAAY wulE RT-PRE HAY F, 5u¢
poly(A)" RNAS 10% formaldehyde?} ¥-3¥ 1% agarose gelojlA] A7|¥F{ &
Hybond-N+ nylorlu membrane .2 $7]13 YP-dATPE ¥A|H 1.4kb Hindl1l AM-& &l
2.2 AHgste] Northern blot& =3sigict. of Zzt F& 33t 16014 TV}
Ryov} FAARe] x| o vl o] MAAIZL Rolx] ¢hokct (Fig, 3-5).

utebd ©HjMEE =¥ B subtilis Protox7t o= mRNA S&ollA WAL
YaY 4 gglch EY Fig. 3-5e4 Uehd Bl ol FE 30| & lenr} wd
o] Arjioe WA &S ¢ 5 Addrch
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Fig. 3-5. Northern blot analysis. Poly(A)" RNAs were isolated from transgenic
tobacco plants, separated on 1% agarose gel containing 10% formaldehyde, and
transferred to nylon membrane, The filter was probed with *P-labeled 1.4kb
Hindl1l fragment of B, subtilis Protox gene, Lane 1, nontransgenic tobacco
plant: Lane 2, transgenic tobacco plants,

3) Ty FAF HH

B. subtilis Protox H3zx} E¢lo] HUH whl sjNs &x7 26T, JE=
3000Lux, W72 16A12t F7]2 sto] APl BHAN F Atz AcdN 7
clone®] Fx& THslict

2. Ho PHAH
7}, Transit sequence?] PCR cloning &Y

B, subtilis Protox -JHAIE plastide] WRAF|Z] 93] o] FAXle] AHEE
pl;astidi o|EAlH F= transit sequence’} HR3}A] ¥t} Transit sequence:=
GenBank databaseollA] ¥¢1%t wule] Protox -FAXI2HE ¥ ESISt), whu)(KY160)

°] Protox -FAA}E transit sequence 2] PCR primers{forward primer
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NREEH:

Hd

(n

5 -d(TATCAAGCTTATGACAACAACTCCCATC)-3’, a reverse primer 5’-d(ATTGGAGCTCGGAGCATC
GTGTTCTCCA)-3'} 2 TiAIUZt ¥ whu)o) genomic DNAS template® A&, PCRE 43}
3t A3}, 190bp FEL] DNAZF 2BHE ¥elsiglom o) ZZH DNAS Hindl11/Sacl
AVIAAZE & ETE& Het ¥ Hindl11/Sacl Zﬂﬂi_é 18" pBluescriptU) &
subcloning®}e] o] insert?} ¥-F-¥ plasmidE Qiagen plasmid kit® AA] ¥ T3 @
T7 primer& ©]-83}9] sequencedl Aite= &} Zrl (Fig, 3-6).

ATGACAACAACTCCCATCGCCAATCATCCTAATATTTTCACTCACCGGTCACCGCCGTCCTCCTCCTCCTCCTCCTCCT
CCTCCTCCTCGTCTCCATCGGCATTCTTAACTCGTACGAGTTTCCTCCCTTTCTCTTCCATCTCGAAGCGCAATAGTGT
CAATTCGAATGGCTGGAGAACACGATGCTCCGAGCTC

Fig. 3-6, ©ull&%¥ PCR cloning® )] Protox -§-A=}e] transit sequence,

o] sequencets ETH T2 sequence FESHE The Ao|shn o]& HolAlA &
Az} EYo By sequenceg} °F7h i serine olumieAte] 1 wjdo| SAMshA| g
(Fig. 3-7), ol & 7ol AT BF (KVI60)3 ThEr] mpEel 2o2 A7H Y
CH(Samsun). L@]L} transit sequence2A]¢] Q¥ o] FXEE|HRE o] transit
sequence® B. subtilis®] Protox FARAE plastidZ® targetA]7]7} $]3t transit
sequence® A}R-3}oict,

PCR 1 MTTTPIANHPNIFTHRSPPSSSSSSSSSSSSAFLTRTSFLPFSSISKRNSYNSNGWRTRCS 63
Samsun 1 MTTTPIANHPNIFTHQSSSSPLAFLNRTSFIPFSSISKRNSVNCNGWRTRCS 52

Fig. 3-7. €€ PCR cloning¥ transit sequence?] o}m]=AF H]:L,

L}, pGA1611-& ©)-8-%t B. subtilis Protox: pGAl6l11 WE] Z2}

B. subtilis Protox FAA}7} Eo] Q= pBluescript& template® A}&3}eJ PCR
7|82 B subtilis Protox HARE FE3lgict AREX forward primers
5 *-GCTGGAGCTCATGAGTGAC GGCAAAAAAC-3'o]m subcloﬁingé— 213} Sacl ATEA siter)

EQ1= e B, subtilis Protox -f-A2}2] Ho] 7|A] x]7Hel ATG site?} AUSS 2

2O16/01/04 1327 B E U H

- 110 -
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alt}, Reverse pr‘imer-‘—‘:- 5’ -ATTGGGTACCTTAGCTGAATAAATAGGT-3' & A3t AL&31ale
Ho] 27 site (TAA)7} Al AREA Kpnl siteZ} vizl=]o] glch, o] & primer
o] &30 PCR FE3¥t th& AFIHL Sacl/Kpnl& ©|-&3te] 4% E& At 2

Me B2

FAZ Akl pGAl6ll HE|o]E ligationdlgit}, Transit sequenceZ} A=
Protox -§#A}== transit sequence® #A}7]¢] primer& A}E3}o] PCR FEHI F*

Mo

Hindl11/Sacl 0.8 ok# 1.8 3 r}S o] transit sequence DNA ¥} B, subtilis
Protox 8=} E}Qﬂé& ShAl HindI11/kpnl &2 7§83+ pGA1611 . % double ligation

A Al el

tl. B, subtilis Protox 8=} FAATL He 2o el

E ZH2] Protox -FAAE pcAl6ll HE]Z £¢5}%CHFig. 3-8). Transit
sequenced B, subtilis Protox -§Ha}e} E9el F pGAl611 HWEjo] 413t Az, B,
subtilis Protox AALE pGAl611 HEjo] 4lQRt 271x] F2E& & Ao AR
th pGAl611 WEl: ¥ PAARELE JPtd JoE ol Lg% WdE + =S
ubiquitin promoter7} F-&Eo] gl Ro| FHolrt. F FF{Y HeE ZUF ¥ A
tunefaciens LBA4404E host strainC 2 o|QA|Zl F Agrobacteriumdl| ©]% plasmid
7t &9 x| ZARE Azl Fig. 3-99] uiepd upel Zo] Protox HXAHP) B

I aJ2& plasmid mini prep W PCRZE el

transit sequence + protox (T+P) -F2Z}7

g 4= oA Holon o5 Agrobacteriung FAART| ALLsIC)

{ubiquitin promoter)

pGA1611 (vector only)
pGAl611-P # —— {ubiquitin promoter) :Bs Protox gene—Hgr R )

pGA1611-TP

Fig. 3-8. FAAE 9 Z3}H F 71A] A=RY pGA1611 HE,
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Fig. 3-9. Agrobacterium LBA4404o] =¥ Protox R3Axte| 2§¥<¢l (molecular
marker, T, T+P -AA} &)

gl v PAAH
1) ¥e nitolA Ry s

e Exp7} ZiAA UES Fo3hdM Fug AAY F FAE vhE Lol A
stolch, 70% ofEr&] 10mLol] °F 30 Fqb AMFE TR ¢F 508 FQF 2% NaoCl¥
100LE F=HA EE FEA Ed Agsiolch of 308 F¢ ELH S/ 30l
2 3-43)o] AX A3 RNolW thE sterile filter paper EROE FALE A
B8 wel ¥ EX1E 26 71E ufj=|o] x| A4psiaich

2) W22 A48}

NG 7)1 % iAol 43 o]t o WjQIRt Mels FelA MLeERE REY 2|Fol
1-2um A 5Q compact¥t B ARKE MWdle] N6 7] Eujx]oA] 3-4d F¢ & wiY
sjo} YA BIA|ZITH(Fig, 3-10), |

3) Agrobacterium mi7iol &3 HAXH
At A7t -89 5oL2] YEP wiR|o)A Agrobacteriumg 28°CeAM 3HF T
wjo¥staitt. Cell title 600nmoAl ODZko] 2.0 FE2| BEst HE=& Fulstolch
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e AME7E FujEE 3000rppl 2 108 ¢ QAR dL AAES 5nLY
AA-AS wjjkjo g QI ¥ HFH Petri disholl Agrobacteriumo] o} Q)= 5mLe]
MoAS WAE EAISHEL, 34 WiRAR AHAE A o 02 T ujerstel

T}, F=Z wjofo] LU A Ao ol 9= 1A AgrobacteriumE $loi7l 13

Fig. 3-10. W] wpute g e {29 AL,

sterile filter paper $joll ZA|AE &AM E7|E " 3 1ule] AA-AS wWix|7} &
¥ sterile filter paper’} Z3qle 2N6-AS Wix|2 AAM o Areje] 28CoA 2-3
o 5ot wjerstelct. wioF ¥ 30ule] cefotaxime 8-2Y(250mg/L)of] @A 2= conical
flasko] A ZWej2o]| Eo| Q&= Agrobacteriumg A ASI7] $13te ¢f 200rpmo 2
3-43] B % shaking®t T} sterile filter paper® WHAS 7 E7E A
AZAZ F cefotaxim W hygromycino] ¥-F-¥H 2N6-CH wiX|2 HZth 25njct Af
AlE K7IHA T "ol AA hygromycino] A¥APE veld P2 E AUstct
(Fig, 3-11). A ZpgolM Ao @& Hels F Aohtes FERE woulo
N6-BN WX 2 A ZFEE FEsile o € € Fole gdFart AYEHy A9
ihajo] o] Fojth(Fig, 3-12), 4l '#Ado] dojdt NRHE wojulo] A E3P=2A
A7F HREA G e =8 26 A E $A e E FEAIAATH

- 13 -
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=
MXEY s MAAo] B subtilis ProtoxE WHAIY FAAYR Wt 24lo] Abet
2 9 B4 Fig. 3-13o] vehyelct,
Fig. 3-11. Hygromycino] -89 wjx|2HE A}e}= calli
Fig. 3-12. ) E3pxleln o2 &1
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Fig. 3-13. 24olA #leta gle FAAR o

oh, W e PYAAH AF H
1) Southern blot analysis

Hygronycin 4% WlxolM x| £ YWY wzl AL Y Awese B
subtilis Protox 4] QAHA FUARE Qobr] 93] ATAE BEPe
¢ R (pGA1611:C) F S/A|, MANE FE F9|2 & 2 (pGAl611:P) F 6714, 2
g FALS FV3A| 4 GEH o HHOEZHE genomic DNME
phenol/chloroform BHH O 8 F&3le] 1 & 5ugd A EE 3|5} digestion buffer
7t A go] A AMEEE 47CoA 241 Bx wiPY ¥ Hindlll ANELE AT}
5] T Ho AXA #A3] Hersligrl, AxtY genomic DNAS 1X TBE 0.8% agarose
gelol E2JAlA DNAZF At & ¥ASISL nylon membraneo] HolAlzl ¥
UW-crosslinker® 2331%ct. o3 A &£8|% nylon membraneg ¢t 3|7 Zob
hybridization buffer® ujje}s}o] o] buffero] X3} =E dlgdr).

Stratagene Co, 8] Prime It® kit& o], B, subtilis Protox G-H=}E probed A}
§3}ol random primer YO 2 YP-dCTP ehEdle] BT U T wFY the 2X
SSC2} 0.1X SSCE A} E2 A28} membraned M2 3}il o] & X-ray filmo] ZHA]
7] AL} phosphoimaging analyzer® EA3}gt}).
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Fig. 3-13. 24loA zleix & FAAH G5

o}, ¥ FAAYH oAF HA
1) Southern blot analysis

Hygromycin 18] wixloA 2] E3E HAJH w7t 7L e AxeEY B
subtilis Protox FA=}Y ¢FHQA FHAFE doliy] Sl HAZAE FEFSE
¥ 2 (pGA1611:C) 3 5743, N2AE FE F22 ¢ R (pGAI6L1:P) F 671A], 2
Zlal PAL ABIA YL e o FUOSEHE genomic DNAE ZAZ
phenol/chloroform ¥ 08 F&dlo] 11 % 5ugF AIEE 3|8l digestion buffer
7 AR & AEES 47To]AN 247 F= wiYE § Hindll] ATELE Hhe]
5 F Hol AAA @A) Fdsiolch MR genomic DNAE 1X TBE 0.8% agarose
gelo] EelA)# DNAZF At RE ¥Usl3 nylon membraneo] HolA|Zl F
W-crosslinker® ZAstTl ol@A Ful3t nylon membraned ¢ 3A|% F<t
hybridization buffer® wjo}dle] o] buffero] EIEE=H 31t}

Stratagene Co. 2] Prime 1t® kit& o]&, B, subtilis Protox RH2E probeZ A}
£35}o] random primer ¥hHo g ¥p-dCTP sp@ sl 31F U F& v i 2X
SSCo} 0.1X SSCE Atal& A}£3}0] membraned MH 3t o|§ X-ray filwe] ZtA|
7) AL} phosphoimaging analyzer@ £43}glc},
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ol¢} o} 1.4kb%] B, subtilis Protox FAAIE probeE A}-E3}e] genomic
Southern blot hybridization& 4383t Az}, AHEZAE X FHE2 P Tp M)
€2, C5 2|3 C6 lineE& A7]oA 5kb o]3e] ofg WEE HoF3 glom i 7
5ol AZ TE 9A00] 0F AUHASES U & Agch olsks HEA oS C13} 3
lineS& sibe METg UBIL 1gich AANE BE $912 B lineolds
37h2] ME=ZE Ueh)E P15 lined A3t 67] 2 5719) linedlA] ©HE AME| 4l

&2 & 4 9lqrh(Fig. 3-14).

C6 C5 C3 C2CI W BEE PE RS2 1

kb kb
21 21
5

3.5 3.5
2 3

.......

Fig. 3-14. Southern blot of HindII1 digests of genomic DNA from nontransgenic
rice ’‘Nakdong’ (W), cytosol transgenic lines (Cl, C2, C3, C5, and C6) and
plastid transgenic lines (Pl1, P2, P3, P4, P5, and P15) at Ty generation probed
with the 1.4 kb PCR fragment containing B. subtilis Protox gene,

e, T, Mol 2] SouthernE oA = zfufZE Y S (W), B subtilis Protox-
A7 Aa|x] ¢t Helgt AN transgenic control(TC) A%, C3, C4,P4, 12|31
P152] 67} AT Al DNAE EAstgled] Wel TCE A &3t 4AIFA ToMtho A9
24 o} SUT o kb X0 W=yt ZAAEAL T NESFET MR8 £
i} dxste S-S UEehAo] B, subtilis Protox A7} ThEAIThe] Alssel <
Ao 2 Holgi YIS ¢ 4 AArHFig. 3-15).
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o|¢} o] 1,4kbe] B. subtilis Protox A& probeE A}&3}o] genomic
Southern blot hybridizationg& 43¢ A, AEHL -‘%‘-;?E HAZ W Ty Mtig
€2, C5 712]|3 C6 lineS-& 7o)X 5kb ojAte] ofa WIEd Bej2z glonm W A
4 A2 chE A6l ohE AUEARE &+ Adch olgke tjxF LR c13 C3
lineg& 3hte] WMerkg Uehia qlglct. MAAE B F92 U= linedM s
3718) WEE UeRls PI5 lined AL 67) 2 5702 lineol Al TS AllEig)
=& & F U%cKFig 3-14),

PISPS P4 PP oW

Fig. 3-14. Southern blot of Hindlll digests of genomic DNA from nontransgenic
rice 'Nakdong’ (W), cytosol transgenic lines (Cl, C2, C3, C5, and C6) and
plastid transgenic lines (P1, P2, P3, P4, P5, and P15) at Ty generation probed
with the 1,4 kb PCR fragment containing B. subtilis Protox gene,

T, Ty AitollA 8] SouthernEM oA zfulE JEH (W), B. subtilis Protox-f
AApr} Adaja] o4& WElnt A} ¥ transgenic control(TC) A%, C3, C4,P4, 12|
P158] 671 AF4 Al DNAE S43tded el TCE 23 4A18 A ToAlthol A
24 uje} S ¢ 5kb #1X|o] N=rt AAFHADL 1 WEFETAM i £4
oot QAT WS UEhlo] B, subtilis Protox $8717h ThEAIthe] Aol o
HA o8 AMolH: USE & + UMTHFig. 3-15).
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Fig. 3-15. Southern blot of HindIII digests of genomic DNA from nontransgenic
rice ‘Nakdong’ (W), transgenic control (Tc), cytosol transgenic lines (C3 and
C4) and plastid transgenic lines (P4 and P15) at T, generation probed with the
1.4 kb PCR fragment containing B. subtilis Protox gene.

Al thE $1Aled THE copytE AUE ATES HES] S8l i
utof] FAS =UAMAD B ATES FUIE EM5HATHFig. 3-16). Ty A}
Southern Eo|lA P42} P15 AFol 22t 1 copy®t 3 copyZ AUE Il HUH

| ol E4olAEs P3 AlFol WY Alm whe] oF 6kbet 8kbe]X]o] 2 copyE A4
¥ o= uetyrh P8 AFL P15 AS3} vlxstodon P2ot PIE A3 ATES
1 copyE e el Qe Aoz ety

TiAlthol 48] SoutherniZAl oA Wet TColM& WMEZL ZA|HA] dgton, vinz|

AAFAM ToMtholl ] £4 wjel S o dkb ¢|x|o] Wyt ZBAE AT, T W
E 5 Todtholl MY 24 wie} dx|sh= 93& Uehdo] B subtilis Protox H3
A7 cthEAthe Almel 8oz Holx &S Ry vt olch EF TAthe)
A2 Gl ME C3, C49t PATE To, TiMthollAe] £ Azt FU3HA sty §A
A7F L= 9SS Vehda gk 3y TiMtiztAlE 3copyE UERAZE P15
2% TAHY SMZ3 shute] f-dAigte] AAEN 7]&e] Hapel Ao|dtAl uE}
WCHFig. 3-17). TAIZ Holgl oM /A7 AAEAE ZAeg Agd"
1=

1.
=0
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Fig. 3-15. Southern blot of HindIIl digests of genomic DNA from nontransgenic
rice ‘Nakdong’ (W), transgenic control (Tc), cytosol transgenic lines (C3 and
C4) and plastid transgenic lines (P4 and P15) at T, generation probed with the
1.4 kb PCR fragment containing B, subtilis Protox gene.

B Agule] ohE fiAo] T copy+E AU ATES R3] 130 M
ste] FAL =}UAAY B ARGES FUIE BAsIOcHFig. 3-16). T Mf
Southern Ao A P42} P15 Aol Z}7} 1 copy?} 3 copy® A E A-go] ¥4
=t oY Mol P3 AFol B Alw whe] of 6kbe} 8kbe X0 2 copyE At
H Aeg Urtyth P8 ASE P15 AT} visstgon P22} PIE AT ABER
1 copy® AlQIEe] Q&= Aoz eyttt

TiAthol X 8] SoutherngAJofl Al Wb TColME WMEJF ZAAHRA] ofoton, 1injx]
AAFAA ToMtholl o] £ ufel AR <f 5kb f1x]of M=} ZAAFH Lz, 2 A
= 4E ToMltholl A e &4 wfjel dx|sh= o4& Uehlol B. subtilis Protox &3
AL chEAlthe] Aol 8o dojxa &S Byt ut lth EZF ToAltiol
Mo GAME C3, C42} PATE To, TiMltholl 2] A Az}e} SUstA st ¢
A7 AdE 9SS vehda ok ZEu TMBiZiXlE 3copy& UERIAW P15¢]
B TAd EMZA st fAxIe] AAIEolN 7|&e Az} AdoldtA U}
WTHFig. 3-17). TAIHZ Aolf: PN FAxI FAENE Ao Algd
1=
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C P1 P2 P3 P5 P6 P7 P8

kb

21 -

L I - ——
3.57 ﬂ:.‘l
2_

Fig. 3-16. Southern blot of HindIIl digests of genomic DNA in other T,
transgenic lines targeted to plastid envelope membrane,

WTC C3 C4 C4P4P15

() [E50 e

Fig. 3-17. Southern blot of HindIIl digests of genomic DNA in other T
transgenic lines targeted to plastid envelope membrane.
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C P1 P2 P3 P5 P6 P7 P8

kb
21

3.5

Fig. 3-16. Southern blot of HindlIl digests of genomic DNA in other T
transgenic lines targeted to plastid envelope membrane,

W TC C3 C4 C4 P4 P15

;_ .

Fig. 3-17. Southern blot of HindIIl digests of genomic DNA in other T:
transgenic lines targeted to plastid envelope membrane,

- 118 -

2016/01/04 16:08

NE2EH: Z208 MEH 23 584 AR KX XS SE MM HEL N RS WL/ sBF

&

i

G/ HE O



2) Northern blot analysis

B, subtilis Protox SRS HojAA FAL HHVY WM FAEE Yoll
9% Sigma Co.2] TRI® reagentE 1umL/0,1g AME3to] 47|19} 22 linegs] ¢ A
O BHE total RNAS 323 % 15ug AEY ARE 23l od2® HAAZCH
o] RNAZ 0.8% formaldehyde agarose geloll #2]A)# 25uM sodium phosphate&® T
o] Ax MHT ¥ nylon membraneo] Ho|A T 4}7]2] Southern blot 43 &
Qat W, £ probed insertE 2HEIStd Northern blot £ F3stgich
AEAT MAAE AR sto] PAe] ARS ASIHY To Ache] 7iA =258
alg a)2)sto] AA| RNAS A% A} B subtilis Protox mRNAZF ZHAElem, Wi
A ARt e YO ZHE &I AA| RNAGJA L Protox mRNAZF E2§31x] ¢
grch, EE 297t AxaAQ A4 C12} €3 linedl e wl$ W UPEE Rylon
€2, C5 1128]3 C6 lineol A= AN o2 &2 B subtilis Protox oRNA2] w¥HE 3
2 glojr), MANE BEEEL YUY lineo A= EE lineoA mRNAS] WA & AL
4 e Aoz ueigten P15 linedME 1 =7t 7MY &2 A2 Ueikitt
(Fig. 3-18).

T, Althe] W, TC, €3, C4, P4 R P152] 671 AFel A RNAE 4% 23, To Al
thol Al mRNAS] AR} ZEAE ™ 4ABolAN BF B subtilis Protox mRNAS] A&
Lpehjo] B, subtilis Protox mRNAES] AALZ} Mth7t A UE B4 02 o] Folx]iL
e o 4 9lgleh. Als DNA 3 copy® AFUEIAW PIS ATl 1 wd F=7}
e A& 4 4 lolrh (Fig. 3-19).

TA) 671 ATe] AA RNAE AT A3 ToMthol A mRNAS] HAP7E 2= ™
4720l X] BE B subtilis Protox mRNAS] U¥ & Ltelfo] B, subtilis Protox mR
NAZ O] AAZF AlLhrt AUE B OR o Flxal AL & 4 AUTh A N
Aol 3 copy® ATUEINY PI5olA 2 wWAFET} /P &2 AS & 5 Ul 2
U TAlololA ) AALE Y =& oty $1T Northern blot EM A& TiAlt
7HA) AARZo] 7t &otd Pl5olA Aabgo| Zastglon, PISHCL &3] WU P
47} B, subtilis Protox mRNAZ®] AAL7} 713 &A vlelstch(Fig. 3-20). TiAchzt
2} SRR} 3 copyE AHUEI AR P158} copy 7t TeAltholl A Bhite] R-A 2 uh
o 1o ma} AakgE Hyeelet AZEct
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W C1 C2 C3 C5 C6

(B)

Fig. 3-18, Northern blot of total cellular RNA from nontransgenic rice
'Nakdong’ (W), cytosol targeting lines (Cl, C2, €3, C5, and C6) and plastid
targeting lines (P1, P2, P3, P4, P5, and P15) at To generation probed with the
1.4 kb PCR fragment. (A) Thr*ee exposures of the C2, C5, and C6 lanes are shown,
(B) All lanes of the blot are shown except nontransgenic rice 'Nakdong’ (w).
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W Tc¢ C3 C4 P4 P15

Fig. 3-19. Northern blot of total cellular RNA from nontransgenic rice
‘Nakdong’ (W), transgenic control (Tc), cytosol targeting lines (C3 and C4) and
plastid targeting lines (P4 and P15) at T, generation probed with the 1,4 kb
PCR fragment.

W TC C3 C4 C4 P4P15

Fig, 3-20. Northern blot of total cellular RNA from nontransgenic rice
"Nakdong‘ (W), transgenic control (TC), cytosol targeting lines (C3 and C4) and
plastid targeting lines (P4 and P15) at T; generation probed with the 1.4 kb
PCR fragment.
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3) Western blot analysis

B. subtilis Protox Fe|HE|EZS] A4 HFE Uoli7] 3] B. subtilis Protox
of th¥stey ThEold PAE AHER T Mehe] MEH A G B subtilis Protox
At AHREEE A AP, AF GEHE ZUY BE AFolAM B subtilis
Protox ¥PiAz} g A7|9) o] ZAEr(Fig. 3-21A).

2 el MY i E Y A& FHY olft & + gl AE ey
o} B, subtilis ProtoxZto] Ff3hs olnjiato] E|SIEZR] ol o] Folzog
AU Aeta Ach ok A EoojMe @4} upE A2 iAol
AP B AXAoA e ZLEch 34 o &2 ZxE W=EE Ryt

RbE g e g NRGAIY BS P Aol AE|H AT F, €3, €4, P4, PI5 ARE
olA] B. subtilis Protox ©r¥|Az}t & 37| fAojA BRFE vyt 7z ube-g
Ry, 28\t B subtilis Protox7t AIQER] ¢4 AT &, W, TC AL
Aprgol Uehtz] ¢kol fARAAE EYAZ AFelMgte] whilag BPA L 4
the A& ¢ 4 AUNTHFig. 3-21B). HAAHo| HA 42 AFolA Sol3al
& BolA] oz, YFAABAFAMLS 2719 tlE HME=s) 2427 Hu Hx3

o

(z

(A) (B)

MW M Te €3 ¢4 P4 OPIS Bs MW M Te €3 C4 4 P15 Bs
(kD) s e

130

Fig. 3-21. (A) VWhen the soluble proteins were immunoreacted with the &
subtilis Protox antibody, proteins that were equivalent in size to the B
subtilis Protox were shown to be cross-reacted at all the lines including
control, (B) As for the microsomal proteins, the antibody reactive proteins
with all equal intensity were observed only in the transformed plants, but no
corresponding proteins were detected in the untransformed control, '
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oA BT} AAAe)A e v & Wy 2|3l B subtilis Protox®] proprotein®] &
A Eog & u 7+l gt ol AHY ABol|M B subtilis Protox FAA7}

deEchs Ag At & ¢ & Zolch

vl T Mlthell A2} hygromycin A4 QA E|ul& 4

A B3 PYAAY AMEA F 470 linez} pGA1611 WEIRE LfRiSH= transgenic
control & AABH] AZFERY T Arlolde) BAAY FAAL £ ARE Yol
B 98] o] FAMEY o} ¥l HE&E ARt FIE AW FAE 0% o
B& 3} 2% NaOCl2 EW AMER ¥ BEFFE MGt & Hojula A2 %A F
Ate] EHo] Q= BVE AAY the 50 ug/ol hygromycing H7IE 1/2MS A wj
Ao ztzb x| AFstod(Fig, 3-22) 28°Ce] ¢zojA <f 10dell AA o} fFE &
2 ZAT A, bygrowycing] FHE AT Belulgol Uekutth(Figs. 3-23,
24). Hygromycin Zi4=/d3t A 32de] o] wlxyt vl &E LiEhd C3 lined AT
UmA] lineol e 3:1¢) Eajulgol si7ke @4t HolthTable 3-1). &3 C3
lineol M e ] ul&3t |34 dstom e 238 S B
st

Fig. 3-22, T, seeds placed on MS solidified medium supplemented with 50 xg/mL
hygromycin,
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NEEXN .

ZEmg

Fig., 3-23, Germination and growth of T; generation on MS solidified medium
containing 50 zg/mL hygromycin,

Fig, 3-24, Transgenic rice seeds exhibited active growth (right). The
nontransgenic rice seeds were germinated at early stage but stopped their
growth following their germination (left),
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Table 3-1. Segregation of the hygromycin resistant trait at T, generation,

Transgenic line Resistant Sensitive Ratio x “value(3:1)
TC 18 7 31 0.12
C3 19 16
C4 - 22 ' 13 3:1 2.75
P4 13 7 3:1 1.07
P15 16 4 3:1 0.27

1) thee] M) iy YAAR ¥ F7H5Y D TSR Y5

B, subtilis Protox §AAE W Ao =4sle] B subtilis ProtoxE A|EF
2 Mae] w@EAn A, AEAoMRTIE MANAAM UHEY lineEo]
oxyfluorfeno] thyt A¥d FEI} & HoFHrh & AzA AYYH =7t B
T o &2 WE /MUsty] fsiME AaA] 9ol B subtilis ProtoxE ‘WAl
¥ 2 §AA AL X 7} Adolt tigdt BAARAE SR HR 3o} Yl whet
A, AaANE YARAE 3 25708 PYARBAE 7S] FAABI UL YL
2 husigen, olE2NE TEAE ¥R T AIVAE AL 2422
ol §dste] EQJEo] ol Fxieko] wig Hglom, Z lined FAIe] AFF2
th23 Zrh(Table 3-2).

) A gyl TiAl) FA4Y hygromycin A 5 9 E2¥] £4

AN PAARA T)EAE hygromycin 50mg/Lo] THH 1/2uS nljxjol 2] Asto
hygromycinol] ti¥l A4 o H-&§ AAsIocrt P1& X¥slo] P3, P5, P44, P5500A
A2t 7h4Ad el nlgo] 3118 EeYE B} Southern blot wAolA AHds
LAA7} FA12 copy® HUH P62 A2 Helnst 1:3(ANEA: Aed) 2 vl
AR Po] Y4es vehte vF A §d ZeuE Bolck FAl2 Hr
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Table 3-2. AAA] Iy FAAHN /a0 © TFx}t Hual

Transgenic line Number of seeds Transgenic line Number of seeds
P1 16 P26 15
P3 88 P28 53
P5 19 P30 8
P6 91 P36 6
P7 29 P38 15
P9 7 P41 .1
P12 74 P42 31
P14 1 P44 56
P17 25 P49 24
P20 92 P55 11
P21 22 P57 10
P25 ' 60 : P58 53

7t ol AlEge] w2 FH ML Erbesiolon Kol We a2 L &
& FUstolol U 202 MAHTL 224 3 copyR St AL LEhd P44
o A5 vr"*z}ﬂ 3 copy7t EMYAE EFsha 142 4F42 FAUPANY 2
gt AoE Hol T2 shute] Yoo o7 7o) RAATL AUH WAL U
Sl o2 YY) (Table 3-3),

AL, Oxyfluorfen 2|3 AA

o} BEe| oxyfluorfeno] $H¥ Zzte] wixlo] WAAY slxle} vPAAR 7)
Aol FAE AT F 109 WMol DF) W A AWRGITE XA F 4471
hatefoll Al ulo¥sto] ol =R} ohe WAEfo] m&AIATH A, B, C, ZLela D
42 7423, 1, 0.1pM, ZE2 BXe)e BAM MY HHo|thFig 3-25).
7} 320 9% ML NP AABNo)L 2EF SAle MTAo] FAABAZ A
§9 Bfolth § AR AxA AR e YAAR AN vigAAR s
ARt Znjyt ol Aydo] Qe YBROT & £ gtk 3uMe) BEelN B
AAY A} HPAAY AN BT AzAo] 3 ASAHE weton], 1uMz}
0.1xM8 SEOIME FAAY A7 vgAAY JAARC o BT WLL B
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Azl Rt Aol Use & 4 ek AaA Auel WAL =Ystd
AAE EQ o9 Hl%Y Pabg Btk

Table 3-3. Aj4A] WA TAth FA18 hygromycin X 3/d F2|u|E& HH

Transgenic line Resistant Sensitive x “value(3:1)
P1 8 3 0.03
P3 9 3 0.0
P5 5 3 0. 66
P6 4 9 13. 56
P7 5 5 3.33
P9 3 2 0.6
P12 3 4 3.85
P14 2 9 18.93
P17 1 3 5.33
P20 1 8 19.59
P21 3 4 3.85
P25 6 5 2.45

P26 3 5 6.0

P28 5 5 3.33
P30 4 0 1.33
P36 1 5 10, 88
P38 6 6 4.0

P41 4 4 2.66
P42 6 6 4.0

P44 7 3 0.13
P49 0 8 24.0
P55 6 1 0.42
P57 4 4 2.66
P58 0 11 33.0
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Fig. 3-25. Response of transgenic and nontransgenic rice plants to various
oxyfluorfen concentrations, (A) 3uM, (B) 1uM, (C) 0.1uM, and (D) control.

of. MaA WY T, YAABANY copyfol whe A4 A3y A

ToAThe] Mz dd FYAABA 3 Y A ol M2 t}2 copy42 4™
line& 4 B3lod leaf disk assayE H3}o] oxyfluorfen 284 ojHE Lqtog
Aotol & Az, uPAFRA wild typed 1uMolXFE &L 9o Ass
gten, 3uMoldel e HEslA] RY FE= Mz YA Vel Az o
3 FAE YASE & + Adch ER, TCHME wild typedt SUE ZAHS Uel
ol 2 Ao AME3AY vector A EE AXA o] thFt AP 22 = R
22 wtgEgc}, Wbdell B subtilis Protox FAAE =495} lineSe 10 uM
oA E "ol AL dojuhA] = ALE Bo JRERYH =3t KA} 2}
B3 glen, B subtilis Protox7} MEMUellA chg M4HE ] oxyfluorfeno]
oln AE AW 4 Q= dY¥e s Ao MZWUTH S5 P2106, P032(P4),
T12]3 P2053(P15)2 THE PAAHAE) v &2 AYHE 71 Ao BYr),
Copy<2} A% 2e] JaBANMNE 3 copy®E 41¥ P2108(P44)o] 1 copy: At
¥ P2106(P38)oll W3] A2AY] W& 244Q Aeg Uiyl wleld, copyd
Ztoll ub2 A2 AP Felize gle o2 AARHCHFig, 3-26).
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Sl co, & LR ga
wid| 697 ‘o, % % L BN
TC (2005) | %% 2% 78 o% 45 %%

P ; .
P 2106(1copy) | “u ¥, ® ‘; "g,‘?, .0.""'3"

P 2104(2copy) | ':’\'.;. .... ,;33': .:.‘;*mr

P2108(3copy) '?2, ?;' @ {‘ ‘i.3 ?-‘
arsice| oY, @8 8% P ae B
2032p0)| (%) G0 ¥ o 0 8§

b bl g e )
2053(13151: i*f ;Q%Mgg}

Fig. 3-26. Copyg=ol] wlZ oxyfluorfen #3}4 x}o]

ZA3. P2104, P2106, L)

P2108-2 ztz} P6, P38, P442} HU% lined., TCE vectoryl AMJEH A AT o
3L, ¢} C4, P4, 2] P15 3-4dxte) AU A4 Ay FAAHY,

- 129 -

ANEEXM: ZETE 48

0x
13
m
fol
-
e
44
0
30
=
>
P
J?'.
o
0m
o
=
P
=
>

g_l
0x
1z
o
|

=B EVEHE

o0 T



A4 d AR

3I71A] F-8Y WE RS o83l FAAHRE A E5}91.8H, ubiquitin promoter
g AFg3te] Al4F URE Kxdldth, FFEE Agrobacterium  tumefaciens
LBA4404F ©]-&3}9lL, hygromycing ©|-&3te] o] AH|HA calluset x| EEpujA]
oA PAAR AES Adusidch FEHLE hygromycindUuiR]ol A 10-15%
calligo| Atojygton], 1 Zof 1-5%8ko] x| E¥xEo] RalE FE3lq +HY o
72 BZA T kAol e fHAte] EX|RFE YolE] $]¥ DNA blot, RNA
blot 28] Western blot 5-¢] £4Z3}, fAxle thIAtlE Heol7t Ha 9lgle
o 4R A= Ayl JAAFEA AR} dRE L45He ZEE ALk
Leaf disk assay@ B3] & oxyfluorfen A3 ZAAoA vy AARAQ wild
typed 1Mo A HE FE4 P AE Ugken, JuMololr = E&six] XY
AER A4 YA S vehy Azl 3 mE U ¢ 5 vk EY,
TCOlM % wild type3} TU¥ Z¥g viehfo] & Aol AME3IAY vector AAZ
t AxA g ARPE A dr AoE uPHArh HbHo| B subtilis
Protox A EUIIGY lineE2 10puMAINE ©Ajo] A2l ofitx] ¢ Re
= He] oxyfluorfeno] ol FE AL + & YA 7IAA 2 & Yo
ol =R FARY HYAeE 1-34 BEER clgstAAnt A2AE ALl & Ay,
FAxLY A7t AxA ] i AL F/ATIAE dEtie AR ¥EH £ 9l
g}, iz TEFAE the HEY 4 GNW A2 A W A{A7I7E oh ]
o] & Ro|BE FAE iy ¥R 9iME callus?] 2] EEHAZE 23
ofgt AT FAUY FriFAE +HY £ A& A2 AgHLL
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NZEX: IS0 M48d 28 5

AN 4 & Y NENo oig YaAME ASHo o

2, dsiEty Bt

A1dA A A

Oxyfluorfend W]¥¥r DPEA| AxA e} oje} F2A o HAY o AXAES 3
Befstoll A A EAS FAY Haol NG fUAZLEN AHE EARE Leidr),
o]& A|Z2A|= porphyrin 38 P o)A Protogen IXo] AtZ}E|o] Proto IXSE H&=
ol FoIshs A Protox®] S Aslste 2o od8lx ok 28U ofE
RzA o &) o] HAL] Hio] AsiEE XA 7)do| ofugl BoldAE HAY
NES abegol F43] 3™t & NN e uto] = Protox7} A xAje] 23 =
sEd o] HA2] 7]A-Q Protogen IXo] FHEA] Rt M4 upgoz o|FIc}
T o]F Protogen X P Aute] Exf3h= A 2A L1439 Protox FAEAL] B
of 23} Proto IXQ2 At¥lE|=u] o] 18 Aute] Protox -FALAE AL peroxidased A
L2 FHE5 9ltHLlee et al., 1993). WA UM Aejo] #Ho] ohjuE
ojgl &2 ArE go] FAY3A olFARD Proto IXL KA ExE 4y W]
AL&HeE £4Hc). olFA B3 porphyrin g B EolAM oledEo] Wyyu}
of %% Proto IX& AN} nEZE2|olo]A] Mg-Proto IX chelatasel} Fe-Proto
IX chelataseoll 2|8] §HA I hemeo 2o Aol o]§H 4 ¢A HckFie.
4-1). DPEA| A|2A|2] Z}-gof &3] porphyrin ¥/ 28] Protox7} ASiEH A EA
Ulof Proto IXo] v|FYA o2 HristAl FAEEe A2 d8A gl Proto IX
g Fste) EANARTE UFY AtA(singlet oxygen, '0:)F W=EE YUY B
Holrt, UdFH itds Wbl vi¢ wol A7} YW R FF5A Hed MAxX
o] o P4 FEA EXI APALE FAs HAA }iiagg deogich o
A3 43S HIFRY oA ARLEo] B FEe] MEY FEEH] FEHI FF
o= Aol A HrHFig. 4-2). ‘
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Fig, 4-1, Scheme for mechanism of action of Protox-inhibiting compounds such as
DPE herbicides in plant cells,

'Proto + hy — “Proto
Proto  + 302 — 'Proto + 102

'0; + Unsaturated membrane lipids

|

Membrane lipid peroxidation

!

Membrane disruption

1
Cellular death

Fig. 4-2, Proto-mediated type Il photoperoxidation of membrane lipids.
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BA7kA] BEpFo] thE 4EUE Protox A3 A xA 7 WA= oL o]& A 2AHY
AElg F2 vlg Frh o)g AxAs I} HAre Aix|olA S5-A 2] (direct
treatment )& A XA Z ALEEH o]§ A Ao UdS Roles X3, #F, doF, ¥
F 53 T 94 Edde A&l AHgo] Jhestrt.

Protox A3} AlxAo] chgt &2 g2 thdd 713l &3] o]Fojd 4 g},
AzA 7t & FeEA] de 49 ¥ 7R e iE, Juh auUF 53 2
2 ABL Protox A A|zA o] EH%H vid& vebdch e F3AEe] Ffele
Protox A8 AZxAe] izl W/g-& vehlen 85U BFL fluorodifend ctirb 2}
Ag B3 EAY 4 2on ohFE aciflorfend E3Y 4 U] HToln, £y
Piatzol Y 47459 Xo] Ei Protoxs] A o F A2 WYL olFY
Protogen IXo] Proto IXQ 2 AM®|z] of ¥ F3o| oid r}E EXME HHH
€ 713 &°] RaEo QtkFig, 4-3). WE DPEA AH|ZAo] tf3) Wiy & vehie
Ao RIEo] 9lEd] acifluorfend] Tt Is Zhol FATelSlo A X 10,000 ppb o]
Aolglom acifluorfen®} T ZHE7)2HE 7RI Qe UCC-C42340] th3fix= o}t
71N U8& Role AR d#A Slth(Wright et al., 1995).

Protox A3 A7} +4d F& AMEE o} g ASY o8 AzAE
€ '] ofF7lA] ol & A ZAo] iy AP AlEo] &WstA] dx gt ol A
< A2A Mg F dntol] 3g A Eo] LERE acetyl CoA carboxylase =] 3)#)Ql
aryloxyphenoxypropionate % cyclohexanedione?] H|2ZA|L} acetolactate synthase
A 3|#)Q sulfonylurea®} imidazolinoneAl AZA| 52 ZA-¢o} vizs) & o of-$ &
o|3ltl. o] Protox A8 A|ZxA|e] 2-&7)&to] wi-p B3t Aokl M2 4
E2go] 54 ofufe]l o] FoA A¥Y AlEe] VY wF FEX Eef¢(selection
pressure)o] 7}3)A] 717} o] 7] wl&Q A28 FolHrh U} B. subtilis®} T
el glote] Protoxi= ¥ Ae] Protox RALELAS} nl7tA|E DPEA A Z A cfs)

W& vehdet 222 weejole] Protox RAAME 2HEo] AolAlA ddA ¥
ot A2A APy AEE WE U ¢ Y& 7Hedol & Aolth AzI7kA] ARy
Eloll A Protox A8] AlxAjel cidt Agsdo] Ltehtx] ¢ B2 o|H{ A=}
Yoz dAAY shsido] uj¢ Atk
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Pl

I

[

Protogen IX
Stroma
Thylakoid membrane to IX
J product(s)
* Chiorophyll & +—Chloroplast envelope

heme

Fig, 4-3, Schematic of possible mechanismws of resistance to Protox inhibitors.
The normal herbicide mechanism is denoted by dotted lines. Enzymes are black
dots or ovals with names in boxes, Potential sites of resistance are in bold
numbers: 1, inhibition of uptake or sequestration of the herbicide: 2, rapid
metabolic degradation of the herbicide: 3, herbicide-resistance Protox: 4,
degradation of extraplastidic Protogen IX and/or Proto IX: 5, inactivated
herbicide-resistant, extraplastidic Protox: 6, quenching of singlet oxygen and
other toxic oxygen species,

2OTG/0H/04 1808 @ X BH
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B ool A= DPEAl AZA|Q oxyfluorfenoll thit A&l Azl - 33ty Q&
218t in vitro AlA® S B og aujE wilE z|EE 3} oxyfluorfend ci
3 A NS YUPHE RARERLH ER DPEA AZA o] s vidE viEh)
£ Ao2 ¢HA B subtilis Protox HAAE Wil FAABNA of FAABY
gt AE @l g tldOE oxyfluorfeno] chgh Ae|3}3 Whg& wlasigich =
3t ubiquitin promoter?] ¢J8}& wh= B subtilis Protox S-AALE Huwe] MEA
L Aol WRsH: YARY Mo} CaV 355 promotere] FE Wi olHAR
E 3due Ao UHEEE st e FAAR HE 22 uF et vl
3l oxyfluorfeno] th¥t MEul FAHAEAY &, dF4 w3, Aztiisizg,
Proto IX W Protox ¥ ol ths] ZAksisich oh&el DPEA zAd] cig L&
g 713 dohlz] S8t AFE o|§ A&A ] s Zedd 2oz odyA He
2} wlasto] oxyfluorfenoll chyt Ade| - FH3A Hkg Ao|F A4 W in vitro AJE}
oA zArstelch

A 2Ad AT 3 P

DPEA] A|zA9] 2hgol 23] AEAoA dolvts W3 tlEHA Aol AU
As)EMUY %%, 224 T3, malondialdehyde(MDA)S] A4, Proto IXe] =3 m
Protox?] #4 A3 So] Qv B subtilis protoporphyrinogen oxidase(Protox)
FAAE AolAA VAL VY Hule}l W] oxyfluorfeno] ciyt A2] - A3t
1SS B AVIA] UL ANE "Hule} vollA o] Foixl= W3t ulasiglen
FAAG vl Akt FAo] vyt APE +WsaL el A2RA e AES B
AAH] o] Fo AH2A AYF AMENAY ol RS ], B &
ol N vla, RAIOEA AYY AlEAM dojihs thAta g3t DPEA A 2A2 2§
& Y3 stz dtolch H PAAR wE B2 HMEHIL LehtEA] dolk
7] 93] BAE AMY vie} PAS I[N U2 WY FUYe BYE £E&S
Hlzste] zAbsiolrh. ERF oxyfluorfeno] tish vjigel ZoR <3| W& Y=
g Re|oh ulaste] et i 713E dolR A} stgitt,
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NEsEd: 2208 484

1. HEAlE

DPEZA] AHzAo] 4 [HAAE &8]d B subtilis Protox -FAAE whujo}
Japonica® &) z|wjF W (Oryza sativa cv. Nakdong)o] HAAHAIA AEE A1L38}9]
th ¥ AV wu) FAE 70% ofekgol 302 M2} F 50% YR Ao
2087 HA3le] £ AAESlaL W FH4E 33 MH3lo] 100mg/ £ 2] kanamycino]
78 MS 7]:2u)2] (Murashige & Skoog, 1962)of|A] dolAl AT, BAAIN 1709 5
¢ AZAI AN F kanawycino] AP AME Auste] Yol HEQ}
vermiculite& 1:1(viv)E I EQE B plastic cupe]l ]33t} AAatatelA |
2 BQk &31A7 ¥ 30£3/2043C(F7/0p) 8] LAz AN ARA AL}, obEl thuj
(Nicotinana tabacum cv, Xanthi) F2}= 3 mIESlo] 918 RPA BAAHC}
¥ ubiquitin promoter?] ZAE = B, subtilis Protox SAAE M EA E=
LA A= E sidch PAE VIR @S ¥2] A1 prochloraz §o]
SHE B¢ AT ofE 247 oA ¥ SR EL AES e Wagner pot(1/5,000
a)oll IpFBIIL 30+5/20E5C(F/0k) 8] Mz EE717HA AT, @A
HAAY ¥ 2] ZA$E hygromycin(50mg/L)S H7HEE 2N6 wixollq AwH Aeazy
Bl Aol HAAR MAle} T1, T2 © 13 F2AHE ¢lof] 7)< Wagner poto]] o]4]s}o]
30720} gl 159 B¢ €A F 919 24 2PN A AL Uz}
Rele Fpox flo AR e s A Ak

2. Protox A3|¥ Azl chyt FAAY Wit 2l A WS

PAEY ¥ 1009 lined] FAME oxyfluorfen HE(0.1 ~ 100uM)o] 27t 2 E3)
I W SES AEs 219 SolaY o BEAch BE F 790 Yola £
2o of] A& YRRsll YR FET} e ABS Wgsith olYA MU
H HAAH ¥ lineo] oxyfluorfenz} o] Protox H3i3 AxAs dajz
cafentrazone?} oxadiazono] TI3fM = ZA}A gAdo] Qli=x]E Helslact o] A¥S
A8 AUY YAAR W AT A 5 WG L HoA Azt E=ol 1)
Z3leict, Carfentrazone(0, 6.25, 12,5, 25, 50 g ai/ha)3} oxadiazon(15, 30, 60,
120 g ai/ha)e Y4RALE EOFAe|3}%3, oxyfluorfen(18, 36, 73, 146, 296,
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587 g ai/ha)2 AgzAdos BYFEA AHsldch Aele 3F F 3dd 3z,
A F 100 RN *Ml%g & sto] FAAF vie} zfulF wizte] xlo]& v
stodct.

3. NEY TEEAY w&

glol 24 2AdM BAY &uje] A& cork borerE o]|§3}e] THE leaf
disc(4m diameter), W] A$oj 2} AANE AL UELE o] gsled UE AFWUG
5mL2] 1% sucrose®} 1mM MES buffer(pH 6.5)7F ©AA Q= ZZA 6cme] polystyrene
Petri disho)l &3l ¥, carfentrazone®} oxyfluorfeng acetone® 2 &Heo] 3l &
27t HEE Petri dishoy 7}8la BA ]2 Aol e okutIF el acetone 7}
rh ojul acetone?] XHF FE7F 1%(vv)E HA] UEF Idon, dAsE:
0.001, 0.01, 0.1, 1, 10, 100, 1000 zMZ 3}t <fx|A 2] F 25C growth chamber
oA 12417t Eo¢t otujoryt = 250 umol/m*/sec®] W& RAISPAA conductivity
meter(Cole-Parmer Instrument Co,, Vernon Hills, IL, USA)& o]-&3}o] A E322]
FE AEE WY BFHLE 124F ¢ BYSIATHFig 4-4). &F whHL
carfentrazone} oxyfluorfen?] A g| HXo] ulg} 24 conductivityglo] ttERE
Al Zbo]) w}Z conductivity®] WHE A2 LEhyn, Ao} B Lol zlo]
Zt& carfentrazone} oxyfluorfeno] &J%t conductivity?] Z7}8 HA]3}ec}.

4. 4F4 33

HAWL] WY} carfentrazone W oxyfluorfend] Hele AEZL &5 &4
g o AREY WY} FYUSHA SHch Oxyfluorfeng A3t JHHME 25C ¢z
o] At 12412F WIYRY F 250 uwol/n’/secd] Hg 24AIt FQt AR ThE
Hiscox & Israelstam(1979)2] WP ALE3lo] dF 4L S EHAstqr). #F 24}
F Petri disho]l Q& JHUE wGY Eelste AAAZ FFAZ o A g
Y3 dimethyl sulfoxideE -Rull2 3to] 48A17t ¢ YA EfollN FELE 223 F
FHELEN7)E 6452} 663nmoll Y FBEZE FEY F ched] Ao s 484 ¥
e AT,

Chlorophyll{mg/L)=(20.2 X Ags+8. 02 X Ags3) Xdilution factor
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| Collecting Leaf Discs |

U cork borer

| Floating Leaf Discs |

Q
0o o tmiM MES bufter (pH 6.5)
v with 1% sucrose

[ Herbicide Treawment |

| Dark Incubation |

" - for herbicide ubsorption

- for accumulation of photodynamic compounds

|_Light Incubation ]

- for action of photodynamic compounds

{ Conductivity Measuremen |

UIHII]II]II

© ©®
"

o6

%

conducuivity meier

Fig. 4-4, Procedure for electrolyte leakage measurement
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5. MXn}t A2 2jitdtatg

A A IAEEHAE2 TBA W& o] -83to] MDA AR FF 3l ZAlsignh. oFAlA
g W gz AL HAEA v& U JELY AN AR 2243 SYsA 3ty
th 23Rt o] Zfol sucrosest TBASE WI-g-3to] MDAS] &P ZHiitin o
A 9leBF(Kenyon et al,, 1985) wjoFed ZAA| sucrose:= HI}3}X] ¢igtct. ok
Ae] ¥ 25T growth chamberollA] 12417t Qtwjorst ¥ 250 umol/n/sec?] Y2
UAHFL ZARY F Wi o é"(’l% 24z} Felste] o o]t efAlof] oyt wig
o] dojutA] =S MDA BYFE SHY uizkA] 80T YE o] Rusich Ys
oA A ¢ AWML upRtApgo] Y3l 20% TCAS] 0.5% TBAZ} &3iEo] gl Rog
5ml Yol nfai¥t chg, 20,0008 £EZ 1587 Qe sle]l AAAg s
o] A& 100THA 252 #< The ice bathol gol WzZiAIZl F t}a] 20,000g
o SE2 158 AMEsY d2 YR AE FHERENIE 0|43l 532nmolA]
FREE &t en 600nmol Mo FHE gtoz BT W wjorede 20%
TCAoll 0.5% TBAZ} €8=o] & &3t 1:1(v/v) HIZE 3t ¢io} 2 AHE A
H F EAEE &3314c). MDASEE 156mM'cn’8] molar extinction coefficient
& ol&sto] At&sidct AtEd widda G- MDA $EF §U3te] dish o=
Batsto F MDA =2 eRych

6. Y &%

F3d-L €0, FY4717F FHS portable photosynthesis system(LI-6400, LI-COR,
Lincoln, NE, USA)Z &33lgict. &E2HEQ C0= A AL CO; mixer regulator
E &t & FF8 dile w=Jt HEF  F3th Leaf chamber:
light-emitting diode 3343} leaf temperature thermocouple®.T FAH A Al
19 P 23S #8A & galliun arsenide phosphide quantum sensord o]&
S A4 2@ PO st FUYE HFetdEd 234 Qe SEE 25T
2 fA3toic}, #edS 0-2000 wmol /m*/sec?] YT ZAZ} 0-1000 £mol /mol 2} CO, =
5 2A Ztzt 587 F-gAIN F HA st
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7. &4 B

JEL HHL 25To|A fluorescence induction monitor(FIM 1500, Analytical
Development Co, Ltd,, UK)& AME3dte] &A3teict SAstaAl 8l Q& leaf clip
oA Wetdol= nte] oy stel HAH FRAUE FESN| #13 08 F& o
Qeleld A ¥ ¥We AU HopdoldB(naximm  variable
fluorescence, Fv) ZtE Z|th¥ 3 (maximum fluorescence, Fm) ZtO2XHE 27|
(intial fluorescence, Fo) Zh& Wl Zto® 739l ©o|F Fto2RE A4HF Fv/Fu
e Y P Y g XY GALEE AT

8. Proto IX®] &3

Carfentrazone®} oxyfluorfend Z}zZ} 1 uME A 2|3 GRALZ Ae] F 4A 7Mx)0)
0.1 g 2]2|3}o] 1 nl8] methanol: acetone: 0.IN NaOH( 9:10:1, v/v)E& &% *
10,000 gol A 1043 WAE2|sto] A AE otz VYdE He(0.2un pore size)
E AE F AHEE7) A7bA] -20Ce WE o] Eusigdch A&zo] o) XHEE=
Proto IX®] %2 HPLCE o]-&3le] &A%l EZE Proto IXI} v 23taicH( Matsumoto &
Duke, 1990). ‘

9, Protox ¥4 &3

Protox ¥4 &7 Sherman 5(1991)¢] ol &J3] 4-3stgich. o] &4 7]A
9l Protogen IX2 o}UZt& ©]-&3}o] Proto IX& HA|A "wtE31(Jacobs & Jacobs,
1982) REE©]3 Protogen IXX HAWE WEAH welAztet P4d=EE Proto IXE
HPLCE o]&3}od &3 3lgitl. Carfentrazoned} oxyfluorfend]] 2]%F Ao A& =
AFSt7] §1310] o] A=A7F 0.1 uM HIIH AN AMEsigiT)

10, Farxpas B8 &3
- REAY AR

ZHANL =AH ¢ 0.58% 5m08] 100uM potassium phosphate buffer pH 7.5(2mM
EDTA, 1% PVP-40, 1nM PMSF7} -7 )& ol ApApg=E A3t Al# F&31ch
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¢, ascorbate peroxidase(AP)2] & buffers $]2] buffer RAdo]ejo] 5uM
ascorbates} XFE[ 2T}, Insoluble A2 4To] 2037t 15,000 g2 WA E 2|3}
AL 2 AAYSE RAANOT A3}t Protein $EFS BSAS ¥Zo gyl
Bradford(1976) ol &3] &3k

- bt £

CAT Y4 Mishra H(1993)8) Wiel Fste] Hstalrh WAL 50
potassium phosphate buffer (pH 7.0)¢} 11 mM H,0,2 S}, CAT B4 F4L2ZAG
YL 183t 240 nwo]l FYE WHE FAAcC

POD #2 Egleys(1983)2] el £33t 470 nwollA] Z33tch wHE L 40
mM potassium phosphate buffer(pH 6.9), 1.5 oM guaiacol W 6.5 oM H0.& ¥}elO
B, POD B4 FEY TANG Yol 1EZ FY= ¥z Zsigch

APX ¥/ Chen} Asada(1989)2] wWhH& Al83te] ascorbated] AMMAEE 290 nm
oAy 187 F3= A2 &ste] Ljepir). HH9L 100 oM potassium phosphate
buffer(pH 7.5), 005 mM ascorbate W 0.2 oM H0.2 3}%it}t. GRE/$-& Rao 5(1996)
o HE AFgste] 340 muollA FHE A4S FFsgch WHEYL 100 oM
potassium phosphate buffer(pH 7.8), 2 wM EDTA, 0,2 mM NADPH, 0.5 mM GSSGE &4
3taich

Shid

H3A A7 A 2H

1. Oxyfluorfeno] ti¥t xuliF wule] d71d Whg

A7PHE B u o] QUULE oxyfluorfens] 23t As)BYE] “Zo] =7 Uehut
th DPEA 24l oxyfluorfenc] 23t ghijelogiEle] AsjEAe] +2e FZHo
A WA zie] AHel wel 7 QCHFig. 4-5). ANENSe MzA F4
plastid®] Protox2] A3)2 Q¥ PB4 EAA Protox IX] #3o] o]Fojd 4 g
2% Po| Aelgy] A BEAA 12417 S wjsielet. EY BRASN Lie}
U A3EAY FEE 3~49718 A9, Ee] wil 2642 oY lag
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NEEXM:

phase= G7]7} Hold8 IA LElKtHFig, 4-5). ©] lag phase EQtol= X3
Proto IXC.ZXE Zof 2]5] WAIE]E singlet oxygen('0z)0] AlEN x[A7} zta gl
€ Wol7Zlzel o3 FRIEnZ dyAute wst doiuA] Jouk(Orr & Hess,
1981) singlet oxygen®| 'HAfo] AlLEH T o] 3t Wol7|2to] 2J3¥t singlet oxygen?]
F5E7E t] o] o|FojR]A] ¢o} singlet oxygeno] ]t ¥ Ate] w7} Yot
A HL I A AMELY w&ol F7HE ALz AGHYt

o8] FE oxyfluorfend Ae|Ft ©ulglE WAFelolM 1247 wjdt = x4
oA AsjEAL $&S &A% A}, oxyfluorfend] HE71 Z7}te)] wiel A)EA
8] &o] FUIES.H g2 lag phase® WA STHFig. 4-6).

Oxyfluorfeno] cth¥t FFA e ALE 7| o3 AY4E IA Llepytct
(Fig. 4-7), 7~8%712] 9] Z ol oxyfluorfeno] &%t 4Fa o] 7h4T} o
Fojz|x] oF ubH 3~4917]9] QoM 102M2] oxyfluorfend 2|2 oF 40%2] &
27} 23 = ot

DPEA] | ZA+& A]&¢} porphyrin ¥d2A 9] A EAfel Protox& A} 3[3}e Proto
IXo] H]AYA o2 JAHA st A2 ¢8lA ol Proto IX& W& F43te &
AtAZEE A5 AAE RIEE FRAY n€°]‘3} U5 Atde iAol vt
Eol AR W & FHYHA EHed Az T-9~ T8 AEQ EXS A WAE
275t} =AY 2}4b8}a1E-(membarane lipid peroxidation)& Y2.7it}.

qe] A Ipatstge EXs Aoz Ry fhdol o] oHETA o]FfA
tl. & Alfeit)Z(free radical)o] MEmpe] B33} xutirg FAsHE 44271
olEIStAE ] ¥raAzo] At €A EHa, oy wau AAwc]Z(lipid
radical )& AtA %} wb2-3to] AME}4=4 efr|Z(hydroperoxy radical)o] ¥{AAE W o]
Ro] thE X3} AL 2RE $AUALE o|HAA £ QojA A Hitzbg-e
Aafb-gol dojutA HcKFig. 4-8). FFH LT Hepdo|=e] EXE A2 MDA
2} ethanel 2 )™, o]yt Axut-go] Ys) detdol= w27 HAFHI o
g e Mz z3g°l SHHE Aeg oA drt

ole} o] oxyfluorfen?] Azle] oj3t A at3tapg-2] 2| X2 MDA FPFE 2
Arstgdenl, MDAL] A2 oxyfluorfend 0.1uM ©]d2) =2 He g u] o]Fo
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Fom 10uM o3 sEorME MDAl o ol EolutA] e AFo|gdrt
(Fig. 4-9). Oxyfluorfenol 2]¥t MDAS] A= wufele] grlof wlet 2A 29y
%=l oxyfluorfeno] 2% HMELY riolut F4 w3 ZFfoMel upatstx]
2 3~4%714 oy dolAe MpAg ko] Jb A Uelwton 5~69719 7~89
7] dollA o] MDA L ME KR Xlolst YehUR] ¢fsktt

1500+

3- to 4-leaf stage

10004

500~

o.

1500

5- to 6-leaf stage

—0— 0.001
—— 0.01

1000 - —&— 0.1
—_— 1
—a— 10
5004 —%—— 100

—<—— 1000 uM

Conductivity change (Lmho/cm)

7- to 8-leaf stage

Time (h)

Fig. 4-5, Effect of various concentrations of oxyfluorfen on electrolyte
leakage from tobacco leaf discs of different leaf stage upon exposure to
continuous light at 250 umol/w’/sec at 25T following 12 h dark incubation,
Values are differences between treated and control tissues.
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AAsEA:

HH

(T

1500
_‘ 3- to 4-leaf stage
!
1000 -
500
T i B e
S 1500
.g 5- to 6-leaf stage o
—O— )t
R —e— 4
§° 1000 - —4— 6 h
2 —&k— 8h
; —— 10h
F 500 —s— 12
§ —o— 24h
1500 4 !
7- to 8-leaf stage
1000 +
500
0+

0.001 001 01 1 10 100 tooO
Oxyfluorfen (M)

Fig, 4-6. Effect of light incubation period on electrolyte leakage from tobacco
leaf discs of different leal stage treated with various concentrations of
oxyfluorfen. The tissues were exposed to continuous light at 250,un101/m2/sec at
25C following 12 h dark incubation. Values are differences between treated and
control tissues,
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3 120+

£

g 1004

ks

o\o 80 T

> 60

<3

g 40
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Fig. 4-7. Effect of oxyfluorfen on chlorophyll content of tobacco leaf discs of
different leaf stage, The tissues were exposed to continuous light at 250z
mol/m’/sec at 25°C for 24 h following 12 h dark incubaion, Error bars are =1
standard error of the means. In some cases the error bar is obscured by the

datum symbol.
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Fig. 4-8. Chain reaction of membrane lipid peroxidation mediated by Proto IX
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olabe) Aol AW wiel go| MEU AHEAY F&, d=2 w3 W0 A
qHBE HETOIN oxyfluorfens] EHE THHOL ZAY £ Agon whld
o2} ole T oxyfluorens] Ezhe el d7lol wel ZA welde ¢ + Az,
@717} ol2l ol U4 oxyfluorfens] A7} B% ZA UEhdith webd of o %]
HUIY TS o) 8T AUINE FHo] FUW 3~497]9) wu) Yg ciaes
st} 4astgich,
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Fig, 4-9. Effect of oxyfluorfen on MDA production from tobacco leaf discs of
different leaf stage. The tissues were exposed to continuous light at 250 u
mol/m’/sec at 25C for 24 h following 12 h dark incubation. Error bars are *1
standard error of the means, In some cases the error bar is obscured by the

datum symbol,

2, Oxyfluorfenoll Th¥t op % ool FAAH o] ey whg vla

B, subtilis Protox FAAE wWEAZl FAAE line 3, 4 W 169 Y
oxyfluorfeno] ti¥t Ae|¥td W-&-& ofAy wewjel Hlstgic). Oxyfluorfeno] 2%t
AEY FiEde] +&2 FAIY @l line 48 A3l BF opdy wujol
Re}l zHA o] Rl R tHFig., 4-10). & x|ulE wule] A 100 zM2] oxyfluorfend
X3t W 1247 ZAFE $¢] conductivity M3} ¢F 1000 zmho/cmQl ®WhA
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line 33} line 162] ZHLols Ztzt F 700 W 600 umho/cm®] FFolgc).
Oxyfluorfeno th¥t AujF whufel HAAH whule] ol xtoj: oxyfluorfend]
gl F=7t TolAL Ael Azte] Zoje wiel oS AA vehte FYoldr}

(Fig. 4-10),
1000  Wild-type _ #3
750 = o
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ﬁ 250+ o
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Fig. 4-10. Effect of oxyfluorfen on electrolyte leakage from leaf discs of
wild-type and transgenic tobacco plants, The tissues were exposed to continuous
light at 250ymol/m2/sec at 25°C following 12 h dark incubation., Values are
differences between treated and control tissues,
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Oxyfluorfenc] S1%t QH4 TR Zae] F9ANE mRAXZ AW g
line 48 A28}z 2% A% wolrct 3 ol Fol AT Table 4-1).

Table 4-1. Effect of 1mM oxyflurofen on chlorophyll loss in leaf discs of
nontransgenic and transgenic tobacco plants, Chlorophyll contents were
determined after 24 hr of exposure to 250 xmol/m’/sec photosynthetically active
radiation at 25C following 12 h dark incubation, Values are the means with 1
standard error of triplicate experiments,

Plant tissue Chlorophyll loss (%)
Nontransgenic 45,614, 92

"3 26.6+4,14

i 50, 3+2. 20

- 32,81, 45

Oxyfluorfen®] HME W] pabspapge] AJHQl MDAGAEHLE ZAPRE A
oxyfluorfend 10 uMo]/}e] T =2 AzslAE of FAAH wwl line 39 B¢ opy
3 dujoll Rt o 2A vehl FA-o] ABH )7} oxyflurofeno] © E7i¥r ut
& H3ck(Fig. 4-11).

2 EE AQulE erlet v 8 o] FAo] ATVH ol AEY ASEAY &
&, 954 vy A A JA3EAE F BRE FHolA oxyfluorfens] #3444 LiEl
U] B. subtilis Protox -f-3x}7} ghufolA] LAZASE AR E + et

3. Oxyfluorfeno]l i3t We] Wj4 7]%

Fig. 4-116] Ufepd uio} o] W Relo] ul3le £ S vehigdey E
GAele] Z-¢ ol oyt oxyfluorfend] Is Fto] Kol oyt grHct 2.3u) &3kcl
Oxyfluorfen?] Z YA st & 73 -Folls EXl Aejsidg wikc Wat Rely 7+
3 zolst vl FaistA vebdeh ZPAelAY oxyfluorfen?] I h& E A )4
Beh W5stA wokot Wat Reld] In el Aole olF FR3te] Wol oyt I
Ftol Belof tiyt ghRrt of 8uf A LIEINtCHFig. 4-12).

- 151 -

2OTE/01/04 1508988 N H /e &Y

NEEH: X202 dad 28 842 071 R XAE SE MEN MNES A RS HE /S8R



12

~—~ 10+
Z 0
4
]
PR
S
=
S 4
<
3
s -
2 oA —O0— Wild-type
—e— Transgenic
-2

LEAAALLL IR R AL

P LB DY R
0001 001 01 1 10 100 1000
' Oxyfluorfen (uM)

Fig. 4-11, Effect of oxyfluorfen on MDA production from leaf discs of
nontransgenic and transgenic (#3) tobacco plants. The tissues were exposed to
continuous light at 250 zmol/m’/sec at 25C for 24 h following 12 h dark
incubation, Error bars are *1 standard error of the means. In some cases the
error bar is obscured by the datum symbol,
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Fig. 4-12. Effect of (A) preemergence (B) postemergence treatment of
oxyfluorfen on wheat and barely in a greenhouse, Error bars are * 1 SE of the
means, In some cases the error bar is obscured by the symbol,

A Aol ueld Wt Beld A Aole in vitro ARAME HUE Q]
th Oxyfluorfen?] Az sxof wtE ¢ AWOZHE AIZMH HNELY F&2
AEch BeloA §F3A o]FeRen Bele B¢ oxyfluorfend 0.33uM o]4e]
S22 Ae|stg-g u] AMEAY &o] Zuh=lgrk(Fig. 4-13), Oxyfluorfenol] £
Tt HgE54Y sy E vpvlA] F RS vehfol el - 14M oxyfluorfene] A2
= d540 nst njnjsig oy el Ffole HANEA F&Y FFAMNE
0.33uM o] HEE A3Ag ul PFHL o] IA AL cHFig. 4-14).
A A 2paksbarg-0] A1 FEQD MDAY] AL 0.33uM o]/de] oxyfluorfeng A |31 wf
o] FojH=ul] W] A9 10uMe] oxyfluorfens] Ha|=2 Rale] of 50% $27re] MDA
7} 233 = AAtHFig. 4-15).

- 153 -
2016/01/04 15:09- 8¢
Ie ey 28 54 37 RAN NS SE MZH Ml A8 22 e/ s8F




250

z A B
E 200+ i

£

2 150 .

&

—

(=3

=
1

Conductivity chan
ut
o
3

—
<
I

LRAR L LB ARLLL | T

0.01 01 1 10 0.01 0.1 1 10

Oxyfluorfen (M)

Fig. 4-13, Effect of oxyfluorfen on cellular leakage from leaf squares of (A)
wheat and (B) barley, The tissues were exposed to continuous light at 120 ]
mol/m’/s PAR at 25C following 12 h of dark incubation. Values are the
differences between treated control tissues, Error bars are * 1 SE of the
means, In some cases the error bar is obscured by the symbol,
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Fig., 4-14, Effect of oxyfluorfen on chlorophyll contents of wheat and barley
leaf squares. The tissues were exposed to continuous light at 120 gmol/n/s
PAR at 25C for 24 h following 12 h of dark incubation. Error bars are *1 SE
of the means. In some cases the error bar is obscured by the symbol,
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Fig, 4-15, Effect of oxyfluorfen on MDA production in wheat and barley leaf
squares, The tissues were exposed to continuous light at 120 zmol/mf/s PAR at
25C following 12 h of dark incubation, Error bars are = 1 SE of the means. In
some cases the error bar is obscured by the symbol.

Oxyfluorfene] A z]%sEo] uwlal Proto IXo] W3t Hele) glo] ZHEYsul 27
Zxot dol ] HelolM o FHIGUCE & 1 Ex 10 4#M2] oxyfluorfend A e
& w Kele] qo] FA5= Proto I1X9] &2 wWoj w3k 1,99} 1.58 o IA 1}
Ehutch(Fig. 4-16). Oxyfluorfeng A 2|3tx] ¢fok& o Wz RezRy 2y
etioplast®] Protox ¥/d-Z 77z} 16.5%} 17.7 nmol Proto IX formed/h/mg protein.
2 vlsstAl vrelstch, 2@y} oxyfluorfen A 2lof ]3] X.g] etioplast®] Protox ¥
ol ol W)s) 2A As|H Ut Protox Bgo] thdh W} Hele I g 242 0.2
o} 0.06 uMo] g}, X.2]2] Protox: oxyfluorfen®] Ae] %7} ZuiHo ulel 2A
A gl ot We] Zfoll= 0,33 M 0]/ oxyfluorfend] He] LT E2E ¢ o|4t2
Protox #[8l7} o] Fo]=[A] IgtrH(Fig, 4-17).

2822 oxyfluorfeno] tigh w2} Beale] Zh¢Ad ol o] A ZAo] 2] Protox
2] A} Aolof 7]dts A2 AZEH o]t apdo] Wo] o] H x| way
Wd& Uehdls o|#2 My eet +&9rt
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Fig. 4-16, Effect of oxyfluorfen on Proto IX accumulation in wheat and barely
leaf squares after 12 h of dark incubation at 25°C, Error bars are *1 SE of
the means. In some cases the error bar is obscured by the symbol,
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Fig. 4-17, Effect of oxyfluorfen on Protox activity in wheat and barely leaf
squares after 12 h of dark incubation at 25C, Error bars are £1 SE of the
means, In some cases the error bar is obscured by the symbol,
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4, Oxyfluorfene] i3t FHAAR W] ey Wb

7}. CaMv 35S promoter& ©]-&3le] WEE HAAH ol ¥} oxyfluorfend] #3}
CaMV 35S promoter& ©]£3}o] B, subtilis ProtoxE I¥guje] MEAe] AHo|AlHA

e FAAY o ¥t oxyfluorfend] AztE AfuhF o] ok viagt A &

549 w3 W AEute] AFatEahg BE foq¥ xjo|zp Llehubx] QhoH(Figs.

4-18, 19) CaMV 35S promoterE o]-8%¥} 7% B subtilis Protox F-AXI7} 473 o

2 AZAUS AoHx By Reg AzEgich

120
g
é‘ 100
KS)
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o 80+
=
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&
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—®— Transgenic
20 "l'."l L] UIIII'I‘ v I‘II-] T 'Il"ﬂ' ﬁIII" ry lulﬂ T IIIII'I L
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Oxyfluorfen (nM)

Fig, 4-18, Effect of oxyflurofen on chlorophyll loss in leaf squares of
nontransgenic and transgenic rice (cv. Hwasung) plants, The tissues were
exposed to continuous light at 250 zmol/m*/sec at 25°C for 24 h following 12 h
dark incubation, Error bars are T+ 1 SE of the means, In some cases the error

bar is obscured by the symbol,
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Fig. 4-19, Effect of oxyflurofen on MDA production from leaf squares of
nontransgenic and transgenic rice (cv, Hwasung) plants. The tissues were
exposed to continuous light at 250 gmol/n’/sec at 25°C for 24 h following 12 h
dark incubation, Error bars are + 1 SE of the means, In some cases the error

bar is obscured by the symbol,

L}, Ubiquitin promoter?] ZA& %= B. subtilis Protox §-2x} HAAH vlo] tj
¥t oxyfluorfen®] &2}
1) To M)

DPEA #|ZA]Ql oxyfluorfeno] ti¥t g AMI wo} A#|slA] 94 Mol ubs
& HEY AMELS] F&3 dF4 MNAR wasklcl Oxyfluorfend Hejdt ¥
V& 25T dxAe] YAl 1222 WY F 250 wmol/n/sece] W& 1243
U RARE A PAE ABVSER] 42 vlY JAMCZRE HIEAY w&o] A
A o] FoFc(Figs. 4-20, 21). o|A{ AEU AHEAUL +&& oxyfluorfend] %
=7t F74gel njet o AA o]t Ty PAL AWY gAM OB R
AAEAY & PAL AU 4L JAHoZHEY HHEUL o] 3
ol A UElICHFigs. 4-20, 21). Oxyfluorfeno] T3t olgit W-ge B,
subtilis Protox FAALE MEHe] WHAA FALE ART vjo] vz ML)
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targetingdte] P P& FHY oM ol WA Jvehbs B 3o|srh(Figs. 4-20,
21). B, subtilis Protox FAx}7} AMEAA YHEE= HAAAY vy HQo:=
oxyfluorfenoll thyt z¥}/gdo] UEILIA] ¢ line® WEFH U olE Sof c-1 3
AN 9 7ol oxyfluorfeno tis) PFAE AH|EIA] U2 W AL FUY 4+
o] W& veh)olck(Fig, 4-20),

FAS AHY W} FAL ABA] AL ¥ JAM)A oxyfluorfend] X z|o)
o5 olRo)Ak EA Take] ZAE MEU AspEH & e uxy 3
olglrh. Oxyfluorfen BH-& 3R] o2 vie] Aol e dF2Y H3e
ol wel apHog kAl WA B subtilis Protox FAAE MEAo] wy
AL HaAola wdsthe FUAAR o JAHME gELH LT} o
FoJA|A] Qfgtrh(Figs. 4-22, 23). o]y AEHE FAAY GEHI To Al
A oxyfluorfeno] A ¥/dE& Liehio] MaNolA ddshs BAARR W7t X YA
Aests BUAR HET o g3 FU3 AEEE vepdicle 2& ¢ 4 9ddth

2) Ty W T2 Altj

DPEA A ZA|Q) oxyfluorfeno] thit BAL AH|YL vio} AF/sIA] b2 o wre
& FRY A2AY ZRE vashe o F2 AMSEHE AXY ANELY £& o
S4 nh W AW 3}aretzabgo] 2 FATEQ MDAY AAPBFO R WAty HlEA o)
B subtilis Protox FAXE WHAIA FAE ABY line & JEHQ lineld
Cl, C2, C5, C6%}t plastidol B. subtilis Protox SRS WHA|A HAL A%
line ¥ tfE¥3FQ 1line2& Pl, P3, P4, PISGE tjiaozT AYHE <335t}
Oxyfluorfendg A2t ¢ MW E 25T §F 29 AAolA 12417 wjast F 250
pmol/n’/sect] W& 1247t H¢t 2AIR Az AL AWk Q2 vlo) g WO
Z2HE ANELY F&Eo] A o]FAHTHFig. 4-24). ©]YZ HZ ] AHELYY
&2 oxyfluorfend] X7} F71o] wel W& IA o) Fojzcth Iy AL
AL o AuogHee HAEHY &2 YAUS AVIA]| g2 o Yoz iy
o AsiEde] w&ol i) wi-¢ WA LiebthFig. 4-24). Oxyfluorfeno] tigt
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Fig. 4-20. Effect of oxyfluorfen on electrolyte leakage from leaf squares of
nontransgenic and transgenic rice (cv. Nakdong) plants. Letter C indicates that
B. subtilis Protox gene would be expressed in the cytosol and the following
numbers represent the individual transgenic lines, The tissues were exposed to
continuous light at 250 pumol/w’/sec at 25°C for 12 h following 12 h dark
incubation, Values are differences between treated and control tissues,
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Fig., 4-21. Effect of oxyfluorfen on electrolyte leakage from leaf squares of
nontransgenic and transgenic rice (cv, Nakdong) plants. Letter P indicates that
B. subtilis Protox gene would be expressed in the plastid and the following
numbers represent the individual transgenic lines. The tissues were exposed to
continuous light at 250 pmol/mz/sec at 25C for 12 h following 12 h dark
incubation, Values are differences between treated and control tissues.
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Fig. 4-22. Effect of oxyfluorfen on chlorophyll loss from leaf squares of
nontransgenic and transgenic rice (cv, Nakdong) plants, Letter C indicates that
B. subtilis Protox gene would be expressed in the cytosol and the following
numbers represent the individual transgenic lines, The tissues were exposed to
continuous light at 250 ;zmol/mz/sec at 26 for 24 h following 12 h dark
incubation,
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Fig., 4-23. Effect of oxyfluorfen on chlorophyll loss from leaf squares of
nontransgenic and transgenic rice (cv. Nakdong) plants. Letter P indicates that
B, subtilis Protox gene would be expressed in the plastid and the following
numbers represent the individual transgenic lines, The tissues were exposed to
continuous light at 250 pmol/m’/sec at 25°C for 24 h following 12 h dark
incubation.
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Fig. 4-24, Effect of oxyfluorfen on cellular leakage from leaf squares of the
nontransgenic and the transgenic rice plants. W, nontransgenic rice plants:
C1-C6, transgenic lines of cytoplasm targeted: P1-P15, transgenic lines of
plastid targeted. '
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NEEH

ol2j3t WL B. subtilis Protox ARG MEA] UPAA AL ABY o
of W3] plastido] targetingdle] FAS [HT vlolN tg WA Vehle Ao
StHFig. 4-24). B. subtilis Protox -AA}E AZZe] WHAA HAL AR
8] 7-f-olE oxyfluorfenoll cigt A go] LtepLlA] ¢oltt. o & §of C-1 FAAH
o} %ol oxyfluorfeno] vhal ¥AL Aus}x] ok Wt A FUY 429 W
<& Ueh]cHFig. 4-24).

YA ABY Y YA ABSIA UL W2 o WA oxyfluorfens] g0
23] o] Fojx|= FEL FHarel ZAE XV FAELY w29 FLot ulay A
Folgrt, Oxyfluorfend PAS J]SIA] 42 W o Ao e PF49 gt
& wxo wel ERH o2 24 WA B, subtilis Protox FAANE MEA ¢
HA7| AL} plastido)] targetingdlte] HA L AR ¥e ¢ AHNE gE4 Yy
o] Ztavt o] FolA|A] UStth(Fig. 4-25), EF FAL APSHA] ¢fS W] o Aw
ol A oxyfluorfen?] X elof whd 2| A}abstargo] PAsHA o] FojFom 1 A%
£ oxyfluorfen?] ol uwiel tvi2A UeldE o 5 QloctHFig. 4-26). gy}
oxyfluorfen®] X elo] w}E |4 2}Ar3t218-2 M XEYof B, subtilis Protox -RAR}E
LA FAS AHUY F ol AL AHIA] 42 B Aol vis) n)¢ WA
UELGem plastido]l B. subtilis Protox 3RS WHAIA AL AV 7o
£ °o]#¥ oxyfluorfen®] Helo] whE A Apatdtatgo] AL o]Fojx|a] ¢lgicy
(Fig. 4-26).

ol gt AYZHe ubiquitine promoterE ©]&3}e] B, subtilis Protox -§AAE
UAAA AL AH G5l oxyfluorfeno] AL vlehD plastido] B,
subtilis Protox FAAE WA FAL A#UL 7 Axdo] YA A FAL
AP W BT} in vitro FefolA T &I FET ARLE Yehdcles AL & £
gt

WY, FAAY o FUe HFHI UehbheA) gotry] ¢l HAg A%
T Mcie] wel PAE FARA] o WY FYPeS A wlasiych ¥
=F deld 2elM BUEeE FHY A2} M=EAON) plastide] B, subtilis
Protox FAALE YWANA AL AV W AL VA 942 vy 248

—
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Fig. 4-25,

Effect of oxyfluorfen on Chl
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loss from leaf squares of the

nontransgenic and the transgenic rice plants, W, nontransgenic rice plants:

C1-C6,

transgenic lines of cytoplasm targeted:

P1-P15,

transgenic lines of

plastid targeted. The tissues were exposed to continuous light at 250 gmol
m?s™! at 25C for 12 h following 12 h dark incubation,
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Fig. 4-26. Effect of oxyfluorfen on MDA production in leaf squares of the
nontransgenic and the transgenic rice plants, W, nontransgenic rice plants: C6,
transgenic lines of cytoplasm targeted: P15, transgenic lines of plastid
targeted, The tissues were exposed to continuous light at 250 zmol m%™ at 2
5C for 12 h following 12 h dark incubation,
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tl& (transgenic control) Wi w]#f tld & ZF¥o|HoLt BAH FYats U
BhubAl QbokTh(Fig. 4-27). o]E24¥E JZAY TP o 800 puwol o's’ oA
g FERPoINE o 0|4 FYdo] o] FeiAR] ¢Jglon] 25+5 umol C0; m’s™e
B HE vehhodch BAE ABsA] 2 vEs FAS AVY H§ BEF FPEY
FR3HL i 800 pmol mis' 2R FAHQTE ®I 0 FEE @2Ist Fy
T FIY BPAME BAUES AVY et YA AH/A] G2 WY IR ¢
o Azt FAstelen ¥¥ge €0 EIFLZ o 700 pmol/mol. &2 FHE| YT
(Fig, 4-28).

EAY 84 P glog Ve AL Fv/Fn o2 WY LS FAsIEEY
o] FfolME FAE JVY vy PAL ARHA] S ¥ [Tt xlol= ve}
L] okottH(Table 4-1). olF Fv/Fu 32 AF4 Y¥Fe SAHUINCE T AEN B
F 0.8 o] &9 vy gA Ureht olF A EAZF AR el A HAsA
th. o]E%t Fw/im g2 ol& AEAY A&A|7]o wpd W= glolch. 1EER 8,
subtilis Protox FAAt] WHLR HPAL AHY A EAN FPYLs Ex FYPYLE
&2 HEI vehA] dseS Hdsialct

3) T3 Al

B, subtilis Protox FAAE MEA W MLAo] HolAx FAL FHY 1009
AE % oxyfluorfeno] THEH O L& BA AHEY 4 MaAor] Ydsh= 2z
2 AL #F Hyusled oxyfluorfenz} o] Protox A3}l carfentrazonei}
oxadiazong A 2]3}o] olg FAAE AFH AuiFte] WY g, A2 AN
A2 w2, 454 v W xYbsge] #FAEQ MDAY] B4R, Proto K F
A, Protox ¥/ W AL FY AolE Yot ket Oxyfluorfeno] AdH 33
AP ABREL A uiE} FAAY control (TC)oll B]3] carfentrazone®} oxyfluorfen
Aelol o3 dxY ATt Honl, AEAL Yoo HolAZ HH AR AFY
ol & Aol7t gidith It oxadiazon Aejol] v FAAY AFES2t A
F W xpolzt QlATHFig. 4-29). uwheld ofFe] |y e AY APS
carfentrazone} oxyfluorfeng TthAte 2 3}t RWAAY vje) oz ey F23
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Fig. 4-27, Photosynthetic activities of the transgenic and the nontransgenic
rice plants (cv, Nakdong) of T2 generation at various photon flux densities.
The photosynthetic activities were measured on the 4th true leaves of the
plants at 4 weeks after transplanting. CO; concentration was set at 400 g
mol/mol, NT, nontransgenic rice plants: TC, transgenic control: C, transgenic
lines of cytoplasm targeted: P, transgenic lines of plastid targeted,
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Fig. 4-28. Photosynthetic activities of the transgenic and the nontransgenic
rice plants (cv, Nakdong) of T2 generation at various CO; concentrations, The
photosynthetic activities were measured on the 4th true leaves of the plants at
4 weeks after transplanting, Photon flux density was set at 1000 xmol/m‘/sec.
NT, nontransgenic rice plants: TC, transgenic control: C, transgenic lines of
cytoplasm targeted: P, transgenic lines of plastid targeted,

Table 4-1, Photosynthetic efficiency of the transgenic and the nontransgenic
rice plants (cv. Nakdong) of T: generation at different growth stages., WAT,
weeks after transplanting! NT, nontransgenic plants: TC, transgenic control
plants; Cl13, cytosol targeted transgenic plants; P9, plastid targeted
transgenic plants,

Photosynthetic efficiency (Fv/Fm)

WAT
NT TC c13 P9
6 0. 821 0.821 0.819 0. 809
7 0.818 0,818 0.821 0.825
8 0. 824 0.814 0,823 0.820
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Al DNA= M gl MANZ FAXE Aojr|] ABA B subtilis Protox 7
AR 28-S Hestell(Fig. 4-30), Northern Ho] Az}, FAAY vio]A B.
subtilis Protox FAAL] WAL} o] FojF o o] {FAAE MEAA LR ¥
R} AayoA URA vy o B2 A3 HcHFig. 4-31). Carfentrazone}
oxyfluorfeno 2%t xulE W Q2 2RE Y ANELY F&2 ol AxAY &
=7} 1%l whel 2 A SuiElgdciFig. 4-32). Z8u B. subtilis Protox 2=}
Ho] PAAY WEHE HUNEYY F2 ) HolAMTt 2A o] Fo Huh
53] MAAol| B subtilis Protox |AXE UHAIA FAL ARBY W FF ol
T AzAjo] ot MEHY F&2 B subtilis Protox RHAE AlZZe] WA
A AR AA vehiddch 484 HPY Zaes FHAR ol ulsf AujF vy
TColA AA Yetptort A w&ollA R Aol ©e] B subtilis Protox §3
A5 A iAo WA Dol E Alo|7t gA AELe] UHE F7t &
Aol WA ALK} carfentrazoned} oxyfluorfeno] 23t &4 #ake] zHA s}
tha ZlcHFig. 4-33). A Hzpiepapge] AEE2 MDA AEPE 2 e,
carfentrazoned} oxyfluorfeno] 2]J3t MDAL] QAT HIER L Fr&Ho|l} g4
ZFole} o2 YAAR HollA FSHA vehlA] Qkem B subtilis
Protox A& AMEHo] WHAD e ZHfRch MiAo] WA w7t
carfentrazoneo] 2]%F MDA AJAo] T% A LEILEOL} oxyfluorfeno] A= A A9}
AN Wy Zhol] xlo] 7} QA% CHFig. 4-34). Protoporphyrin #32 FAZoME &
8% AL AFE wzzdo & At AsdcHFig. 4-35). ¥ fuM
carfentrazone} oxyfluorfen A g|A] zjul%F oA+ protoporphyrin X &3 &
Z}z} 4.73} 7.6 nmol/g fw§ Roj F-AelRct 2tz 3nje} 5uf watch ey A
B ATSL ol F A2A Azl 2% protoporphyrin X F3 2 fufF i
vt Aolch Y AaAo] WP AFo| MEUe LHY AFHRT o]F F Al2A
ol protoporphyrin IX %33 TiL A ¢lr]l. Protox fA VAL FA 2] ArelolA
o FAAH &= AAujF BELE thds Aol &3, 0.1xM carfentrazonez}
oxyfluorfen AMg|Z A|ujF v FHAAW WHT} Protox Y A3 Fx7 il
(Fig. 4-36). 2] MAAof AP 7971 MEo] WA ZF-fof sl F Az
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Fig. 4-29. Shoot fresh weight of nontransgenic and transgenic rice plants of
the T3 generation to carfentrazone (A), oxadiazone (B), and oxyfluorfen (C). W,
nontransgenic rice plants; TC, transgenic control: C-20 and C-22, transgenic
line of cytoplasm targeted; P-32 and P-72, transgenic line of plastid targeted,
Carfentrazone and oxadiazone were treated at 3 days after seeding (DAS) in
wet-seeding, However, oxyfluorfen was treated at 3 DAS in direct seeding on dry
paddy. Shoot fresh weight was measured at 10 days after treatment. The average
shoot fresh weight of the control, W, TC, C-20, C-22, P-32, and P-72 was 1,69,
1.47, 1,73, 1,80, 1,50, and 1,67 g/15 plants, respectively,
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kb kb

W C-20 C-22 w P32 P-72

Fig. 4-30. Southern blot analysis of nontransgenic and the transgenic rice
plants (cv. Nakdong) of the T3 generation, W, nontransgenic rice plants: C-20
and C-22, transgenic line of cytoplasm targeted: P-32 and P-72, transgenic line

of plastid targeted,

W PCl C-20 C-22 W PC2 P-32 P-72

Fig. 4-31. Northern blot analysis of nontransgenic and the transgenic rice
plants (cv, Nakdong) of the T3 generation, W, nontransgenic rice plants: PCl
and PC2 positive control expressed in cytoplasm and plastid, repectively: C-20
and C-22, transgenic line of cytoplasm targeted: P-32 and P-72, transgenic line

of plastid targeted.
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Fig., 4-32, Effect of carfentrazone (A) and oxyfluorfen (B) on electrolyte
leakage from leaf squares of the nontransgenic and the transgenic rice plants
of the T3 generation, W, nontransgenic rice plants: C-22, transgenic line of
cytoplasm targeted: P-32, transgenic line of plastid targeted, The tissues were
exposed to continuous light at 150 wmol/m’/sec at 25C for 24 h following 12 h
dark incubation, Values are differences between treated and control tissues.
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Fig. 4-33. Effect of carfentrazone (A) and oxyfluorfen (B) on chlorophyll loss
in leaf squares of the nontransgenic and the transgenic rice plants of the T3
generation. W, nontransgenic rice plants: C-22, transgenic line of cytoplasm
targeted; P-32, transgenic line of plastid targeted. The tissues were exposed
to continuous light at 150 gmol/m’/sec at 25°C for 24 h following 12 h dark

incubation,
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Fig., 4-34. Effect of carfentrazone (A) and oxyfluorfen (B) on MDA production
from leaf squares of the nontransgenic and the transgenic rice plants of the T3
generation, W, nontransgenic rice plants: C-22, transgenic line of cytoplasm
targeted: P-32, transgenic line of plastid targeted. The tissues were exposed
to continuous light at 150 gmol/w’/sec at 25C for 24 h following 12 h dark
incubation. Values are differences between treated and control tissues,
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Fig. 4-35. Effect of carfentrazone and oxyfluorfen on protoporphyrin IX content
of the nontransgenic and the transgenic rice plants of the T3 generation, W,
nontransgenic rice plants: C-22, transgenic line of cytoplasm targeted: P-32,
transgenic line of plastid targeted, Shoots of the plants were soaked in 1 uM
herbicides solution for 2 hr in the dark and 4 hrs exposure to light at 150
mol /m’/sec at 25°C.
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Fig. 4-36. Protox enzyme activity in crude chloroplast extracts of the
nontransgenic and the transgenic rice plants of the T3 generaton, WV,
nontransgenic rice plants: C-22, transgenic line of cytoplasm targeted: P-32,
transgenic line of plastid targeted, Enzyme activity were measured without and

with 0.1 uM herbicides,
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A Halol 2|3} Protox ¥’ Asi7t AQdct EZ FAAH v} AujFol vyt Fat
3} &4, catalase, peroxidase, glutathione reductase W ascorbate peroxidase?]
e iy AP BUANE o FRY Ao|E Holx| ¢sirHTable
4-2), o]¥3t A3} HE ubiquitin promoterE o]R3F}od B, subtilis Protox AR}
2 WA A WY FEH I} carfentrazone?} oxyfluorfeno] 2 34& U}
Ul plastidol B, subtilis Protox FAARE WAAIA ¥AE ARY w7}t AEH
MRIAIA WS ABY MR in vitro W in vivo FEllN O &I FYYL AY

4& eldckes 2& ¢ 4 ok

Table 4-2. Antioxidant enzyme activities of nontransgenic and the transgenic
rice plants of the T3 generation, TC, transgenic control: C-22, transgenic line

of cytoplasm targeted: P-32 transgenic line of plastid targeted.

Line

Enzyme activities (mg protein)

CAT POD APX GR

Wild 2.56£0,0039 2.77£0.0402 0.80x0.0024 0,13%+0.0036

TC 2.31%0, 0098 2.77x0.0060 0.60x0.0309 0.12=£0, 0002

2022 2.25%0.0165 2,36%=0,0146 0.60*0, 0548 0, 13+0. 0004

2032 2.14%0.0225 2.9910.0292 0.62£0,0788 0.14%0, 0062

Enzyme activities (g fresh weight)

Vild 2,16 10. 0091 2.3410,0157 0.67x0,.0516 0.12+x0,0009

TC 2.29%0,0132 2.73%0,0007 0.59%0.0188 0,12%+0,0013

2022 2,2910,0048 2.40%0.0156 0.62x0,0188 0.14£0.0078

2032 2,090, 0007 2.93+0,0115 0.61=x0, 0028 0.13%0,0018
* Data indicates the averagetstandard deviation. Specipic activity of
catalase: pmol H0; decomposed/min/mg protein, peroxidase: pmol tetraguaicol

formed/min/mg protein, ascorbate: pmol ascorbate oxidazed/min/mg protein,

glutathion reductase: umol NADPH oxidazed/min/mg protein.
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5 HAAY M2 oxyfluorfeno] tiyt A3y 7]zt
7h AeiE W] Ag

Oxyfluorfeng W] E-¥t DPEA| Al2A|2} o]9f F2H 02 JAY A8 AxANEL =
AEstol A AEAY FAY Wt Y4 RIIALOEN A E}E vepdoh
o] A RA= porphyrin 344 ZFIA Protogeno] ALB}E|e] ProtoxLE Hi& HF
of ¥olsle F£ Protoxd] BHE Ashe Zo2 galA qtl. 2L} o)F )
ZAol] oJ8) o] A9 WAJo] AEH H40| s]Wo] ol e} BolFAR HAL) M)
€ AEol 43 §4"rt. & a9 uto] SlE Protoxst Mze] ejs| As)
EH o] e 7]A2 Protogeno] JFAEX] R3lil AN uigog o|FHT}. wit
A EEEz ol Protox& 7ML A% 71WQ Protogend TE F ¢17) w2
hemoltdo] FUHOE oFoixy] HME AXAE st B NBAME
Protogeno| plastid2HE] nEIcglolZ o|EFHriz ¢alA glc}. Plastid2HE|
o5 Protogen Wy Aulo| &3 A|2A U438 Protox -FALE AL HAof &
8] Proto ArE=u] o] AyAule] EAshe A 2A U4 o] Protox RAELS ¥
dell 23] ProtoZ At3}sE] =] o] WA} Protox FAlX A= peroxidased] #HO
E F&55 lrhlee et al., 1993). U¥Ae BUH Jejo] $7o] hEE o
o} & At3} Hkgo] LAFA o] FolAM Proto HRA B3 gzAnte)] A4H
2% #3Hch o]FA FAU porphyrin T ZRolA ol o] Ayt &3
H Proto= AU} nEZE=goloA Mg-Proto chelataseL} Fe-Proto chelatased]
28] 4S54 W henel 29 ¥gole o] 8H 4 A Hrh QyAute) =HH Proto
T ¥E8Y S g3l FAejslol N EAIMARRE Y HAE UYsHY A
Atz g-g doA] AETehg syt o it AFol ALH ST o] R 4
EX7} £A HcHFig. 4-374),

Ul Ubiquitin promoter®] A& ‘= B, subtilis Protox SARS MEAe] wd
A7 A%

Oxyfluorfenol] 2]8 plastid®] Protox7} A3[Y o|F plastid H}goT o|E3
Protogen UYFALSZ  o]FEFo] ProtoZ AMMEs] A Mo uyHd
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oxyfluorfeno]] LYER+= B. subtilis Protoxo] &|8] M ZZoA ProtoR Al3}E Fo]
th 3 o]F Proto= X-FEY EAl|RE MEHZHE plastidil HEI=Eol
o]53% Zo|m Mg-Proto chelatasel} Fe-Proto chelatase] 2Hg-0 8 ¢JF4AL} heme
o]l ALEE Zojrh, MEAoAL Protos YA HOoBE oFH Ao}
chelatase ®4go] fle YF ALY Proto H32 PFAL A/ 2 AulF
Bl Qo) s} A LAY Zolth, I ER oxyfluorfeno] 2% W& AutolAe]
Proto 40| 7487 tlEe] ARYE Urhls A2 BolHrkFig 4-378).

t}. Ubiquitin promoter®] 2ZA& Wh= B subtilis Protox F-AAIE Aio] Uy
A7 A%

MaNo|A WWEE= B subtilis Protox: oxyflurofene] u4dE Uehj=z
oxyfluorfeng& *2]¥ ZH-2ol|% plastidolA] Protogeng Proto® AMHIA|Z 4= glon
oxyfluorfeng A e|3}x] 2 zuiF W F-ol v[3) t% & Protox ¥4 U
Ehd Aojth, 222 YH4L Ex hewedd e FUEHEC] plastidel] £H £
31& Zoln Proto2} npriA2 FHY EME ALY Zojrt Ty &4 EE
heme¥}/d2] ALEAQ  §-aminolevulinic acid(ALA)S] 4ol =¥  hemeo|L}
protochlorophyllide(PChide)o] £]3)] feedback inhibitiono] o]Fe|x Zolm g Zu}
E oYY EAY #Fo] FAH Aoz AZHch ulEid oy HRde
oxyfluorfend] TN = A& LEhNEA 4F4L) hemed] UL FHH LR o
FojH Ao oHrHFig. 4-37C).
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Fig. 4-37. Proposed mechanism of resistance to oxyfluorfen in transgenic
plants, A, nontransgenic plants: B, transgenic plants having B, subtilis Protox

in the cytosol: C, transgenic plants having B, subtilis Protox in the plastid,
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A4 A A3RY

1. Oxyfluorfenol ti¥t z|wiF &l 7d &

Diphenyl ether] ] 2A¢] oxyfluorfeno] 2J3)] LEh}s MXEW LFEAY F&,
AFa mha), AR & AYPAA YelF 13E AlF @& ez 3t
of ¥z xxpslgith Oxyfluorfend guie] Aol Aelsta dzAoA 124
ZHFoh mjayt F YRABeA AZPEE AEAY &S FFY A, ¢4
AME AELL] &S dojupA] djon FzAstolM dF 71t lag period
£ A ¥ ujodA|Zto] Aste] whet 2A F713tch Oxyfluorfend] 2]¥ A&
Aol F&L A wEe Frto] el FulEldden gl do] it oxyfluorfend]
Hibe o] wet ZA ciEA Uehd ol dd4F AELY F&o] TR
o Whgo] lag period® THHE &ITH Oxyfluofeno] 2%t wuigle) |84 =t 2t
42} malondialdehyded] A X @&of wiel A 2p¢5o] FHER o3 UdY+E
A velyich o]de] Ao el o] oxyfluorfene] &3] whuj de] vehte A
213 4rgol elo doll el A detA gl diphenyl etherA AzAlo] iyt
U712 Tel 83 AE RV E Zles yztgct

2. Oxyfluorfenol]l Tyt op 3%y whniel AR wuje] Ay g v

Bacillus subtilis protoporphyrinogen oxidase -R-AA}S agrobacteriums uj7)A]
2 o]&3le] AHo|A|Zl F cauliflower mosaic virus 35S promoterdtollr W#H ¥t
AR wlE S7151ch oY WUWYW kel diphenyl etherr] )
oxyfluorfenc] ch3t el ¥ Wrg3} ofd] ¥ zAstlHel AR NS AulE Pl
o} wlaskedch, Oxyfluorfene] Aelol la) Ljelbe XL} F4E0e) &3} 29
Hatspatg o AujE ghufol Rl HAAR whajol A o A o] FojHr}. FUEHR
o] AL oE 2=, FE WU $E UM AR A3, APxet L
ZZ0)NY o] AmiFE whufel wlsh tha A3lE= @At VBl & 7Bl 22
oldel AL AulF "ulY AFI A Fdsieich whebrd B subtilis
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protoporphyrinogen oxidase F+AA}E AoJA]#A cauliflower mosaic virus 358
promoterdlol A WA I HAAE gl oxyfluorfeno] thsl B3 &2 A
& Uehia|nt HA AT ntE AR Hike 3A dojuA] 4R o & UMch

3. Oxyfluorfenol ¥t Wel /8 713

Wz Be2)e] Ui 12k welaal olE AAks, AEAY £& Ak, 4854 €Y L A
Azparebabgo] AHEQ) MDAS] A%, Protox®] B4 T1e]a Proto 1X8] £ 3& ZAISIAICL
A A A1) oxyfluorfen?] I FH BN g|AlNc} W53sHA wekout Wzt Hele] Ign gkl
Aol olg FEaslo] o] iyt Is Ftol Halof thyt giwch of 8ul wAl UElkich
Oxyfluorfen?] A 2| Eo] W o Ao Ree] Az ALY F&52 Wi} Helo
AN FR3A o]FZon ¢80 ot MAY HAE Re|ETt WolM T A o]FoZ
th %t oxyfluorfend] A 2lsEol ute} Proto IXo] W3t Hele] ol HH= e #4 3
27} Qoj ul3) RelojN oS Eastgnh, 28] 3 oxyfluorfen A 2)ol &3] K] etioplast]
Protox ¥/do] ol w|3) A Asi=|glct, 2EL oxyfluorfeno] th¥h Wt Hele] 44
Hloli= o] A|ZAo] 2% Protox?] A3) xjojojl 7|5k Aoz APz o2t Alalo] o
o] HxAe] vl2d WP Uelle ol fE dEEzle #4¥ct

4, Oxyfluorfeno] tigl HAAYF W gy vhg

Diphenyl ether#] A XAl U4 Ut Ao eI Bacillus subtilis
protoporphyrinogen oxidase(Protox) A& MEA 9 MaAo] HolAH FAEL
AgE ¥ (0ryza sativa L, cv, Nakdong)?] oxyfluorfenel] tigt Alz]3 ¥hg-S ®|a
§17] st 2 Ay S3sgch Hygromycing A7IRE 2N6 iAo A Ayt AE
AZHE QoA B. subtilis Protox fAx} Ho] HAAH A& Wagner potol o]
Aste] 30/200CE] AR 13U T £HAY v 30+£5/20E5C(F/op) e 2
NZIN BYr17H AT WARB Wl owfluorfens] The AelH B
& ¥AL ABshr 2 Heb wlasiy] 3 gE™ E4E& AAEAtL
Oxyfluorfeno] &% AL AHUsIA) o wle dosRed HNELY F&2
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oxyfluorfen?] =7} F71go] wlegl 3A Fri=Eigict. sy B subtilis Protox
A2 o] PAAR HEFEY ANELY F&2 AulF WollraEel 2A o] Fol
Atk 53] MaMo| B subtilis Protox FAARE UAAlA HAL ABT W A
2. oxyfluorfenol] )&t HSEZ L] +&o] 28] nln|sl B, subtilis Protox A=}
E MEAo] WA RKC} oxyfluorfeno] it oL F31¥ A4S Veh ).
AEL HHY A2 oxyfluorfend] 7t F7igtel wel 2A Foiglodct. et
B. subtilis Protox $Ax1E MEol WA Z9rl Mae] WA By =
T oxyfluorfeno] 2%t 1S4 §eke] ATl o|folx|z] Qigtct. 2|2 2pitstatg-ol
A EZ malondialdehyde(MDA) AQ#-& ZAPS}o+=u], oxyfluorfeno] £]%F MDAS] A}
BHE HELY w&oLt dFLY FLolMe nprA2 FAAE vlolM Fy
SHAl LEFA] Q3otem B, subtilis Protox S-S AXAo] wWRAA W F¢
Brh Aaxo] UyA)Z B7} oxyfluorfeno] &J%F MDA o] TS AtA UlElyie).
Proto?] &3 FAglolMs FAANE vo} AL AYWsA] UL wjalolal AY
ol 7h 91al L}, carfentrazone} oxyfluorfend 2|3t Aol Proto IXY &3
ol golArh vt ¥AE AVY W YAS AR 92 BT} Proto IX¢
ool H9ar, MadolN WAAYD {7t AEAA dBAZ WET} Proto IX8] &
Fgfo] vht Hgrh ER Protox A BPL FA T MelolMe ARV}
A& ABSIA] U2 wET} thh o] A om, carfentrazoned}t oxyfluorfeng
A& ZPole FALS A/ AL w7l YA AWY vEo} Y A=
7} Zch welM B subtilis Protox #AANE MoAA AL ABY =
carfentrazoned} oxyfluorfeno] 84S Uehla QU2E& 4 4 ddr). o224 B
subtilis Protox RA}7} HFH L2 o Holxo] FAUo] UHE S SULAY

4 34t

5. YAAH ¥ 2) oxyfluorfeno] iyt Asty 713

WA, oxyfluorfeno] ci¥t BAARN APy 7)ol glold ALAo] YY)
HAAH = MM o)A o]t protoporphyrinogen IX(Protogen)& oxyfluorfenoj]
U4dS Uehll= B, subtilis Protoxol 2]3| protoporphyrin IX(Proto) 2.2 At3}E] o]
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Aot n|EFELoLR o] Fste] porphyrin Aol o]§H Zoli UFALLE
o] ¥ Protogene HFALZ AR o= wof W3] I Yol A& ZO|EEZ Proto
8 Zdol o3 MYES vehd Aoz Ak Y MANA WHA FAA
¥ e AYHLE AaAolM Protogeng Proto® AFAR £ Q& Zojrh
Oxyfluorfeng A 2]3}2] ¢4 Z-Poll= BAL AMSIA] QY2 HETE 1 Protoxs] &
4ol & ZA°|BZ Protor} risiAl £39 Zlolth Zeut porphyrin FE/ge] A
FEAQ  §-aminolevulinic acid®] #4do) hemez} protochlorophyllideo) 2]%Y
feedback inhibitiono] o1} AZell= }T}gt Protod] &3 o] FA|xlo] A4 o=2
porphyrin A3t/gdo] o|FojA WA PG Lehd ZoE AZHc}
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A 5 & gaid2t 29 &g HE S[oly, duy

HZ1 ST
A1d A A
HAABAEL G BHBo| L B/ FHshs tldldl Uz A%

ol-873el F¥uIe] wtE 5 BF HE ¢ olf HEo AAL dodle WEE
Roli= Ao 9lon o] AWEAH tjrHbiological cost)a} Ttk B3| AR 1 &

2

g 718 84 22 - F - £F R 0ol o 1 Fold& & 5 Alth tgo] 4
2L PAAT AES HESP] AT dFelA FAT AL =98 A HE
Aol A AL - Fols]olof dh PP o] FH el2 FA=E LdHE o
of ¥tk 7] fsiAe Y FAA TPA ANEE JIELR ¢ A i
olE& AT FriolM AFE HJEl2 =AY FARE] KA} U o Fe ot A
E7F dgAorh wietA £ A7 AR AEAY vBAAY N EAT e
sto] o158 T, Ty W BCGF MujelM =1E fH21E EAUAE FARPLE
ZALSto] FAAH AEAL] Fof fAA PP olF BHAAH AEAY #A W
& Bol4dE ZEsIA ok FAMRB MEANZRE £HY A Al Hte 1|
A QYeE AEsIA Sl

A2 A A 3 Wy

1. A% &je] 2%, F 9 +& h§

HAAY chlle] B 41 Bo|ME ALY 3} B subtilis?] Protox 93
2kg FolAlA F-o] ARH ) 2}§ 70% o|¥hgoll 302 A el F 50% Y
€ FA 10832 ’&”—18}01 29 AT WEEF4EL 38 A5l 100 ng/ L)
kanamycinee] d7}¥ MS (Murashige and Skoog, 1962) 7)Euwjx|oj x|Atsleict. g
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U ulEd A38Y el $Abe kanamycineo] H7bElA] o2 Msulx|ol| x]Adstact A
Bl 1M T8 ALAA 294 2¢49(2F 1.5em)o] H welgE Aol AH8sidd
th ol& AEAE AN UAXEE YEE 1116]&E Y43t 33T pote]] u}F
Sto] 1347 BF2A0] Lol Ao UL F chY BARUZ FA8}
och & ukg2 whifo] AL L4 25T, L 3BT AL PALEY 15CE
A (L % HEgA] FPL 200 gmol/n’/s0l3L, B £BE 70%), BIAL 20,
100 @ 200 zmol/n’/s 4208 Ha|slglc) o|mle] &&= 25C, B 452 7053
2488} FES EGTES 1005t A& Aol AYY 705 F £EL2 Ae|s}
grholm) L& 25Col B3 200umol/n’/s). 23 ol& AEMNE FPYN
T} B3 HolZo] & 24 B RA(LE ¢ AL 17~20T, T 28~35C)ol FA|3}
ek,

olg ARG W 24 =9 BH) Azl F 8, 20, 27, 34 W 40de] 2%, A4,
g 4F g WANFE At

2. BAAH v FF Y Fold, Y vl

7t HIE(N-P-K) A]&Fol] mhE FAAH ] 4% g

BAL ABSIR] L& B{(nontransgenic rice, NT)9} 3 AAI(transgenic
control, TC: transgenic rice targeted to cytosol, Ci: transgenic rice targeted
to plastid, P)8| 4ABE LR HEAFYoIAN it rtel]l FH3te A,
& N-P-K=11-4,5-5,7kg/10as 7]|&02 Ztz} Bu|, 1/24]v], 2383k, 2u) Ay £2
L2 MdA3} Wagner Pot(1/5000a)0] EZA miAY = E¢S 2% Fc, P g
TC A$2 hygromycin Wiz|oA iyt AENE o|Y8IR, N FF5olA o}
Al F olastget. W Aol AP AL FoI3tr] st A & 2AL F
7 28%27C, ot 2012TE FAFUSL S % 1A, oRE 10X R {3
stolem olot F 105#(0]Y F 65U ) el Ji3 E+E FAUAINI fst £
8A1ZL, ozt 16A12te] T ZAE RAIBH] $Ite] duhg o] 8 TAAME HA
stelch A& Zabe ol ¥ 7Y TP L2 MEXNY 24, 2EXSF, dFE 2L
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o A% 8K Aol & nlastch
L 2 24 W A A 3AAR WYy WS

e HE U1 FUW PURE 4AIFE REo| oY F W 2A(FYAY)
g 2A0% RASIIA FAE oY F 7do] AEHOZHE Jon FHoA A
f17eR 0= Hsiolch Z)Er ) EI} 2Ab &S A7) U1 AEH
d3tAl 4¥stsdch

th Eofe] FRol 2% FAAR we U 1§

7NN 7P Wol AMEstal Q= AEA, AldA|, ARA Algol whE 3
o ey wl AR Aol& ulasly] 8] PAAH|(C4, P4, TC, Wild type) 4
ATE tYeE AFAle BFFE ARG 2E st Fhulno] EA BPMC(AHET: 8t
A}) 5089} LPHE-S HLUjAOE SHe Cartap hydrochloride(AMER: Bjgl) 5053 2}
Z} 200 ml, 200 g/10a& o] ¥ 1542} 0ol FHAe] gk I AIFY
b2y A8 YUAEZA Validamycin A (FEH:uie]E) 5x¢f =W g AR
Carpropamid (JR7g:<&ebx}) 15%5 Zt2} 320 ml, 156 ml/10a &f2FO 2 o)ef % 15¢
2 300l AGA e st AxAE Pyrazosulfuron + molinate ¥TAN(AFEH: -yt
W) EEW] WO 0|9 F 15Qe] 47 Azistalch, seh A 2
& 7] “71 ot HstA skt

gt HxA L Abo] HTAE AI(XEAYH)

FAE /A 2 Wt A4 MEAIt MiA o] targetingdte] FAAR o 2
AZE A2 Z Protox A 33 A XA carfentrazone 0 W 50 g ai/hag} H&ANEXR
oA YHl wrlo] FMI= TE A|H]8K(N-P-K=11-4.5-5. Tkg/10a)2} S=Hake] 2uj2
Aelste] o]F T gl 2%t WY B& £FFE 242 AolE wlaglc). o]
€ AEE fsl ZAAZ W QY FAE AFs HolAA  Vagner
Pot(1/5000a)0l ¥}F3tqict. A8 wixle 8T wfAHaZ et LA v|g
£ 5055 7IM|2 Al-BStal U] 0%, g7H] 20%2 bz} FAIsHlch A4t Feld
Hl &= AR7ME ALESHich ol HIEE uE A 2do] E¢ EA 3143,
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carfentrazonex= ¥}E ¥ 5do] Ag|slalct AxA gsle AN F 17Y BHo=
53714 2% W BU4E 2ZASlY golH gttt £UEL £HUo| FLIA oA

ZALSto] gopH gty

o, AR (AL x A) Heel] wpE Y W kg (2PAY)

fle] Ay 7ot Lol MEA MaAlo] targetingdte] FAAB/Y 47 2A%
I} A E AN YE 39:2(44 30 x 19 om, FS 30 x 15 cm, WA} 30 x 12 cm)
At LA E 2aE(RET B T, AE Ue FU)2E waste] ve A%
HeE& ZABITE ol§ FAME I3 HolA 1043 FEY F = o)
ol sttt o]akE 54 19¢el =, oY ¥ 3092 50de] EYE R}
3, wH/70] £HFE 28 ARl AAERM HAAR He] PAgS u)

ssglct,

v, o] A7l FA AR A8 ukg

B, subtilis Protox f-AxI& M EA3} MaNo] WHAIEEFY YAAHY 2z} 2
AF A& HFItL Kol A 104 SHY ¥ = o] EF 2RAUE(15
X30 cm) B 184 22} 4HAR Lo} ojatsigih, o)ghS 54 194, 59 28Y, 6
o 5dol stlaL, T vt Alu] Wl s AR 5o Al $2FY XA uiyol
E8lo] WGl o]y F 470} 8o 23 W BASF =alslo] Auiwiet ¥
AR wo Y% Wg-& wlwsidct

AL BEAY AEe 3 &3 Bt
BAAYE MEANY ¥ FAY FES 2ES] floto] YA 3WH MENE
aefste] d2 Frjolq =q] FAHxlY UYHAYEE B FAEHS HAsidch

1) 29§ Fo) $4
A2A A FAAE FAABAY AN 0 DAY AN oF 100 ZHS
Aot SAlIH Zélsla QEE MEA AW AnY siglom YUABY
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BAIE 1~228 AMAD Ty, Ty FA2} A3 BORFAE FAEH =44
APt copy +F HAsle ARE o|gsiglct wu] BEEES] A= o
FAelol g3 2Este] WRED FEAVE W3 Zaje ) HFE A HGH
22 Agst EAE 2lo] FAArt vhgd AAISHTh

2) Fof &8 AA

T W T, Altiolld BAAR SR Bdel 23] RES copy 48 FYXY 3EE
ZApste) 219 Ak 4 HErt AP AGS Eelste] REUCL =4 &
Axte] W ofHE Genomic DNAS )%t Southern blot&#A{zl mRNAS E2|¥
Northern blot&A*goll ofsl AMEXUe] =D AlxA Ad KA BeE U o
d o515 FUstalch

of. m|A ¢t
ma AL HAMNK AL 2005, 2017, 2032, 2040, 2057, 2072, 2089, 2093,

20949} uIEQ 19 (2075)8 E4ote] ol 2L BHE Ao} Lol git.

) ] At 54

e A7) o) A TP Caliperg ©]-838t FB3IGL F Zo)9
&S vlastoen, AU B Hd FAS FHY F 1000712 Ad FA
24 syt Y $EF,YS 1g8] Ag TEFRY ol YaL 30T} 4T
A BT EE FOlEF ¥ ohs dY 29 -"ﬁ—i'—% HAstL FAE &3l
of o] F4H £EUFS AMSIATHESE B, 2000). 2L M= wlies
Color Chroma meter(Minolta, Japan)& o]-€3}cd #ete] Me & wjasigich 2rete]
gz B =& 10 oL vlojH ol 2N NaOH 3 nl& Y3l 2 g Yol dede] 83

3] B E = AIZHE WALstalTh

2) A7 Az
w2t A 2E food mixerE E3te] 45n4] AE BN ol AE ARE A}
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B3t4a, YEdel RastdA ARgstolch, AZMRY] dubdEA S8, U, &
A 2 AP, HEELS AAC PP (1990)0] E3t EAFHc),

3) AIIR-e &4
@ ol A %k

Williams 5(1970)2] %ol &3] cigzt go] EAstact. AZFE 20 og(AY
71&)ell 0.5N KOHE 10 nL ¥7}8te] HefxiM & Yo AHojFHA I ¥, 1 F
10 L& 50 oL -§EefATo) 2|54t 0.IN HCl 5 uLg 715t 2312 £ 8%
= £ 0.5 ulg siste] FEY The AolM 5EZ xSl RUBEAL 680 no
o d FHEE Z33lslch Montgomery} Senti Wy (1958) 0.2 & HEo|A oju=E
220 OlURHE G F2te] ofUROA REING I o|ERE olUz oA
kg Aot
@ EAYSY

Medcalf} Gilles Wi (1965)o &J3) th&at Zo] &Asiqlct. MIHE lgol 37
+ 40 obg Z}3te] 1A Tt Aty ohg W Bo] Y 3000 rpmoll A 3043 WA
el sioich 18T ARE MY A3 9E AAsL JAAY FAG sl A=
HHEote] Faful2HE Airsiglch

HAE ¥ RA(g) - AL WrE FA(g)
EAYSY (%) = X 100
AN g7 FA

Q HEYy Si=

Schoch %} (1964)0] ]3] 65Col|A 95C71A] YALE BFo 2 71d3sty
3 ol FFstolrt. AL 0.5 g(AF &) FF4 40 wlol F E4AZ g 2
SEolAq ZuEE 30837 AolFI 3000 rpm, 4C ZAolA 308z WARe FY
HAE FAZRY ol Aof &3] B-EY & Aatsigict
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NEEM XS0 H8d 2 sS4 8724 7

e - A9 A By o
- A2e) EA(AZ NE) x (100 - %83 =)

L3z nlg £ujs) E dHEUdo YR F APAE Fof oA A
ZAZ F FAL A2 Axtsiglct.

AZF g A R
Boleis) = 2F e WA FA) 100
IR FA(g)

ek AACC W (1983)o whel Megazyme kit (K-TSTA, Megazyme
International Ireland Limited, Ireland)& A}&38}e] &Zg3slgct. AlE 100 mg(AH
71&)0) 80% oEFE 0.2 LS P31 A7 ¥ g -amylase?} amyloglucosidaseE X}
2 YhgAZeh g ¥ 100 olE FEAY o o] F 10 ulE #3te] 3000 rpmo]
A 1087 AdEe3t o] F 0.1 nlE ¥ F GOPOD 4L 7lste] wh-gA7IL &
BREAZ 510 nwojl ) FFEE FFste] thy Mo2RE F AEUZE AIA

o,

1 100 162
AEFE = 4E X F X 1000 x X X
1000 W 180
AE = Al89 FHE - blank?] FHE
= 100 (ug)
glucose 100 goj it Fude
W=7 FA ()
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-
oX
2
i
o

(o]
S EUES AACC(1983) wholl whel HA syt AR 0.2 g(l4% $23a)S
x|

B2 Al EAN(g-anylase) & EYT T} 30T F2FRoA 1587 whEA
71 % 3,68 N A& 0.6 nLe} sodium tungstate ¢ 0,4 LS 7}8te] 2827 AR

glo] AR Z J3}ict. o2 5 mlof] 0.1 N alkaline ferricyanide £¢] 10 oL
€ 71t #e ¥2FROA 2087 A2 F acetic acid-salt £ 25 L,
soluble starch-KI-8-) 1 ulE H7}3}e] & E3slodcrt. ©]& 0.1 N thiosulfate &
g2 MYt HPA] 429 0.1 N thiosulfated}-2 AACC 22-180] &]3] A& 10 g
% maltoseQ o2 AN ThE ofe) g ol &olo] MR ARG Adstach

AL &AE(%) = 0,082 X ng maltose/10 g sample

® 25 &3

a. AGHEZHA ] gt 35 ok}

WA slgel oy HEdnE  FPse zt}%g
Analyser(RVA)E ©o|-83lo] A& 4 g (14% +2%UU)E FF< 25 Lo EArx7|2
0-222 71d2= 50CoA, 2-882 95CHA] Ab4, 8-128-2 95CollA B-=%], 12-18

Rapid Visco

T2 TH] 50CE 37, 18-2282 50CE FAISHHEAM Ao wsg &4 wa

stact,

b. AlX}FAIYE 7|0 &3 &3}
3t #7154 ulst 3i1o] HA dlo] GFnojE ol WEI T 1247 W] st
30-120C7}A] 5C/Ee] 4EZ 7tdstaA T3 548 &Aslec).

°f 100 g AEE F v FE FHpol RS EF F YME olysiddn

nAt A7 WY E 100 w42} 270 milXo] A2 FHAYE 4B & B3 A
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A=EH

wg Helsiao),
@ Ao QY 24
42, B, F AP 2 AP, NEUDL A0C Pl Eshel Bt

£ o|xaty 54

a. OF‘QE_SP_:& gy

Williams S2 upg¥el whe} Lastoliu] AL 20 vg(7% 712)0] 0.5N KOHE
10oL 3 7tste] weialdg YL Ao fHA IHAIZ ¥, 1 F 10 olE 50 ol B3
EelaFo) 2|8k 0.IN HC! 5 uLE 7}t 23X F 9905 £ 0.5 nLE 7}3}
of B vhE ALoM SET WA EYFE=AZ 680 oM FXEE FA3)
octh ofEA FEINORHE opUEo A HUEFE AlAlstgch

b, Ed%5Y

Medcal f2} Gilles *3*H(1965)e] &3] vhgat o] FFsiact. 4 AL 1gol ¥
F4 40 olE 713t 1A12F FoF INRRY ohy 4l Fel ¥ 3000 rpmoil A 30837 4
Aie] stelch 187 ARE AlY AR Y9E AAL AAY FAE 5331 A8
oto] Fm|2 el AxstAc.

EdH(x) = _ - x 100

c. &Yt gI=

Schoch W (1964)0] 2]l 65CollA 95C7IA| HRXE tFog 7ldste o33
2ol &Aslgdrh. AR 0.5 g(AY 712)S 40 wlo] T BN kg 2 LA
S| 2 3087 Ao] R 3000 rpn, 4°C ZojA 3087 YAl stn PAY FA
B ofzl Ao &3] &L Aot
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) B
Yy = e i X 100

A FA(AR 71E) X (100 - &3 =)

2
23

o

$AEE ) WA £ HEetisle] QAR F APAS o] e¥oly 7
ZA3) F A o] Akl

A% ¢ A& 7
RHE(x) = ¥ 8 FAl(g) X 100
A& FA(ng)

d. 2354

A AEY Mo ¥ A=usE FHsHe IHEAYL  Rapid Visco
Analyser(RVA)& ©]-&3le] A& 3 g(l4% +EUHF)E& F5F4 25 nlof] 47151 0-2
B2 714_E 50Co|A, 2-88-2 95THIA] A4, 8-128E 95CoA 8], 12-188
< THA] 50CE W32, 18-2282 50CE RA3tdA AR W ZFs}o] ujas)
ack.

5) #Minlel H4

O U +EEY &%

Zbzke] g 3 RHESie] HojE ¥, A3 & HI&E 11 52 3o Hul F4Y
& Hol= 4083 A4 WAY chE A&z 087 Astdct W ¥
F2E& 43 A2 W vh A0l YZSlL 105ColA dyrtdazges vy £
BHEE 33tach

@ Z1A1A uhol 23 whe YAH &3
43 T H] &S 1: 42 3t 4080 A20M HRA|AIZ F 08T AVPE(E
4. )z g Xk whd MYE o]€319] Rheometer® second bite

compression test& AA]3t4.2m, load cell 1 kg, probe: 27 2cm@] MUY,

- 200 -

POTG/0U/04 10028 @ QB /g

5 ARSI/ s

>
HU
]
Rl
Hel
il
E
1L
0z
1]
0x
i3]
v
fol
-
e
J
0
0
[Pl
>
P
J
Mo
O
e
>
P
d
>
oo

).



deformationd 70%%2 2Asto] &A3tedrt. TPARYE ¥Ax SAXE Axbsich

@ #eB Il A Aol AP g /| F x4

TR FIIAE AAYste] AEEAE AWsta 2 10] AAIX sheetF o] -85}
kel o3, Wl g, HaX 54, AAFA VT2 ¢AME ZAZe] ois) H o
A g FHAIL F Z Pride] #zte] A g2ujrt sheetd] VIBTIE FIISIES 3}
dck, ztzbe) FAE Bl 9L ARE Sasz FAAE st BAjstch
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0|E =y Code

CiS2 ol ohs 2} 54g YotEo| 2I8 Zgct

1 SE We ol ® O del Yot o2 Hotsle oy, 2 thils We sl AR 3
oMol gro] MAXE £Fshs GAYLICh OIx|ZteE 3 EoME HMXHoR el vlatxi g
&£Ysle cAIYUCh '

1. 1 &
T8t HAf(Roasted nutty taste)
=} . B3oict 4%
A22(Color)
T8t g8o|ct 3/c}
£7|(Glossiness)
=C} 2go|c| St
gee 2rx
TRt H2Eolct 2ds|ct
& o{g|&(Clumpiness)
WO UCH H&olct SHUCH
2. 247
Ciol(Sweety taste)
Fr} H2&olct Ct
58t St(Roasted nutly taste)
HC} H5o|ct ot
&7} (Stickiness)
oF5ICt BEo|c} Zsict
Z4 = (Hardness)
o5t sEo|ct Zsict
S%/4J(Cohesiveness)
FC} H2Eo|ct it
2zLA (Adhesiveness)
e}aict Hso|ct 25ic
ZIH =((Moistness)
=1 H2Eo|ct Ct
3. 3=tA|
Aol MEE
(Overall eating quality)
Lpeuct =23o|ct EC}

Fig. 5-1, Sensory evaluation sheet for cooked rice
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A3 A A Az A 2

2

HyAANA ‘E}HM Hl*é AEE gl A EAE & o] Lol A A
3lo] EhfY] AL A& 25T, AL U 2L PALEQ 15T 35CE 217 A
sto] ol Zxof tiRt W xlol& YobHttHFig. 5-2). 2, g W AAFL
olg Xxof cistel JWAARY et nPYAATH whiziol Axlol= ¢lalch
HA2] o)M= 25T} 35T HelofMe xlolrt dglen), 15TH Ao A= PAN
Y il AEAZ vgAARE el AEART} gFo] H AL By

U AR e B g

BARYR el nPAIRE whe) BN i el w1 2, g4,
F W AAF Aol UolRolrhFig. 5-3). Fdol wiFt WEE & Vg F4}
T BY F BUNBY st vgAARY A EA Do Kol glgen) W
FF 10pmol/n’/soll 4o 28, FF U JAFL vPAAYY Pojuct Y249
H ElelA AL F¥E Bt

o)

1

Lo 3A3% el & kg

EQG TE2 100%2} 7052 Ae]ste] FARBY wolet n|PAATY gl A8
of thdt W& 2%, 4%, ¥ W PAF o2 golRglrHFig. 5-4). EF £2E&
10052 F2|3te] 453 il SN 243 AAFM v A AHY guluct §
AABY HEAoIA AFo] ol F¥g Ryvh el 2 9he] g4} HEo)
A xlelE HolA| sty
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Fig. 5-2, Growth of the nontransgenic and the transgenic tobacco plants under

various temperature conditions,
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Plant height (cm)

35
30 -
25+
20
15+
10+
5
0

20 pmol/m?/sec

—O— Nontransgenic
—®— Transgenic

30+
25 -
20+
15~
104
5

T . L] ' I I 2 v

100 pmol/m?2/sec

30-
25 -
20
15
10 -
5

200 pmol/m?/sec

30 40
Days after transplanting

Fig. 5-3. Growth of the nontransgenic and the transgenic tobacco under various

light conditions,
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35

304  Unsaturated
25

~—O—— Nontransgenic
—&— Transgenic

1 4 1 T I w i * T

30+ Saturated

Plant height (cm)
o

(=)

L SR SIS S (LSS
0 10 20 30 40

Days after transplanting

Fig. 5-4. Growth of the nontransgenic and the transgenic tobacco under
unsaturated and saturated water conditions,

gl FAAYH e 24 24 U

AAre] B WGETH W Xo|rt F 24 24N olF MEMte] W3 Hol
& dobr gttt 2 dge H¥AAR kot FEAR ehlold 4So] Ho
A Agg Bolor 1 ol AA AFHA ookth T dFH AAFLS B
A% oy dgo] ol Z& Bt uleld o|& HAE EvE & ol A
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NEEX:

B 5 BZEcH B7 Hol2 Fo] & 24 AN olF AEAN L] Aozt

Y 3SR E} ol TR ¥t dF B AL, AF L A4E FejolM ¥

A/ gl HERAoNA AFo] Dol AP Byort I Aolzp A st A

o2 Mo} 33’2‘_\_*! o oz AZol-&Ate FH o] wE A=
& AL oAtE gl

2, HAAY wo] BF WG Boly, Ay, $AA uva
7}, BIE(N-P-K)A]-&gof whE HFAAH vje] 4% 9hg

Aluje zlojol] 2}t HAAHM L] ABK xlo|& I $3le] WA HEAEFH o
Al AT ere WA (102) T NiPiK=11:4.5:5 Tkg& EEZAN L8 313 XEA|H] 35
0, 1/2, 1, 20} 4202 AMBE 2AY ¥ GEWe] wild type, transgenic
control, C lined}t P lined] W& ZtZ 184 EEof o]atslal o|et £ 13 H4e
2 v 2%, E9¢ g8 HHE AVPEE 2ASHch Qi o2 Aujgko] &
Naa4g e 2%, 2494 % g7 S %S vEdh §3 Qe
T % ARy Futo] wie Wzt /Y AstAl vehd ¥3AL Edolgict EF
ARIEFELE o S AUl FAAR Wt uBAAT wHc B A7)0}
wetdil Sdes F71Eden olo uiste Rulgel whu]olMe] HAAH =
HPAAT e £d47F o 2Rglch FAAR ojzeiel vastdS FSoE o]
23 B B subtilis Protox RHUAE MEHCIL} MaAo] UHAA HAL A
B3 HollAM oS Tt EFF AN o] B, subtilis Protox FAARE WA
BAL IHY ¥ WKL MIEHo| B subtilis Protox F3AE LHAA AL
AR W2 ASHETE Aol &5l o 4¥E = AL Uiy} o Ay
o= FAAH tiz W] qAPo] PAS AH|SA] ¢4 viHT} U EE3 F o)
et AlnjEE F7to] wE g4 Fhs 2942 FrtolAet fabstdey, 24
S7He TRk ddich ol AIEFE FAAE HE FAL FBIA] Q2 o
of ulaj cht W ANFE YRR 3t AMS & 4 oo yAAH v AS
2 BEEANFHET} G R2oA AdHE B THTables 5-1, 2, 3).

.
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Table 5-1, Comparison to plant height (cm) of the nontransgenic and transgenic
rice (cv. Nakdong) to various fertilization rates at different growth stages,

WAT, weeks after transplanting: NT, nontransgenic lines: TC, transgenic
controli C, cytosol targeted transgenic linesi P, plastid targeted transgenic
lines,

WAT NT TC C P

No fertilization

1 24.5 19.0 23.3 22,0

2 30.5 23.8 32.7 31.2

3 38.8 33.0 38.3 37.7

4 52.0 43.2 51,7 48.3

5 63.0 52,3 63.2 60,3

6 64.5 58.0 65.7 63.8

7 65.8 61.3 66.0 63.8

Half fertilization

1 22.7 22,3 24,7 23.1

2 30.2 31.9 35.7 31.3

3 39.3 39.8 43.8 37.7

4 93.0 53.8 57.7 51,2

5 64.3 60.7 65.2 60.0

6 69.8 68.0 69.7 66.2

7 71.2 69.2 71.3 68.5

Standard fertilization

1 22.1 23.5 23.7 22.7

2 28.8 31.9 34.4 30.9

3 39.8 42.5 42.5 41.0

4 53.7 54,8 55.3 54.2

5 64.2 60,8 62.5 58.3

6 70.5 65.7 67.0 61.7

7 69.7 68.7 66.5 61.7

Double fertilization

| 19.9 19.0 23.6 22.4

2 29.3 29,1 32.6 31.1

3 40.3 39,7 42.8 40,2

4 58.0 52.2 57.7 51.8

5 64.5 62.3 70.5 62.0

6 72.3 70,2 74.2 65.5

7 74.0 76,2 76.0 67.7
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Table 5-2, Comparison to number of tillers of the nontransgenic and transgenic
rice (cv. Nakdong) to various fertilization rates at different growth stages.
WAT, weeks after transplanting: NT, nontransgenic lines: TC, transgenic
control: C, cytosol targeted transgenic lines: P, plastid targeted transgenic

lines,
WAT NT TC C P
No fertilization
1 1 1 1
2 1 1 1
3 2 2 3 2.7
4 3.3 3 4 3.7
5 4,3 4.3 7.0 6.3
6 6.5 5.3 8.3 7.7
7 9 6.3 9 8.7
Half fertilization
1 1 1 1 1
2 1 1 1 1
3 2.7 3 3 2.7
4 3.7 4.3 4.7 4
5 6.7 7.7 7.3 4.3
6 9 7.7 10 5.7
7 11 9 10 7.3
Standard fertilization
1 1 1 1 1
2 1 2 1.3 2
3 3 3.3 4 5
4 4.3 6 8.3 8
5 8.7 9.7 12 13.7
6 11.7 12 13.3 16.3
7 13.7 11.7 14.3 17
Double fertilization
1 1 1 1 1
2 1.3 1.3 2 2.3
3 1.7 3 3.3 3.7
4 4 4.7 5.3
5 7.5 8.3 10. 3 9.3
6 10.5 10.7 12.3 11.3
7 15 13 16.3 18
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Table 5-3. Comparison to number of leaves of the nontransgenic and transgenic
rice (cv. Nakdong) to various fertilization rates at different growth stages.
WAT, weeks after transplanting: NT, nontransgenic lines: TC, transgenic
control: C, cytosol targeted transgenic lines: P, plastid targeted transgenic

lines,
WAT NT TC C P
No fertilization
1 5 5.2 5.7 5
2 6.1 6.1 6.7 6.2
3 7 7 8.7 8.3
4 11,3 11 14.3 14.3
5 15.3 17.3 24.7 22.3
6 - 23 19.3 28.7 24,7
7 22 23.3 32 31
Half fertilization
1 5 5.4 5.8 5.4
2 6.3 6.9 7.1 6.5
3 8.7 9.7 10 8.7
4 14 17.3 15.3 14
5 22 25.3 25 18
6 29 30.3 30.7 22.7
7 36 34 35.3 27.3
Standard fertilization
1 5 57 6 6
2 6.2 8.4 7.8 9.3
3 9 12.3 12.7 15
4 16 20.7 25.3 29.3
5 27.3 33.3 40.3 47
6 37 39.7 46.3 53.3
7 47 47 51 55.7
Double fertilization
1 5 5,2 5.8 5.8
2 6.9 7 8 8.7
3 7.7 10.3 13 14
4 15 18 19.7 19.7
5 27.5 27.7 32 31.3
6 34 35 42.7 39
7 46 52 56 53
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L Az o3 FAAY v PNke

FAE ARSI 42 ol PAS AHY B E o] F 304 T B4
2824 Ae 2AE RER ol RN BEE APtk ¥AS A
A W YAS AU v AYS A zAsloA nl dAHEUdEY ol AE
Ao AEE TEF B A2 Ushd 39 o|Y F 7FAM ©E RPo)ANY iz
wWo wls] ztz} 25, 45%0] SFEoE 7; stedcy. 2@y M=) B, subtilis
Protox 84S WANA PUL ABY Web MANO| B subtilis Protox FH%}
§ UEAA FAS A8 v A et ME2 FT Ao|7t gl AY =
Aslol A2 PAS ARSI Y W EE AL AAY HE @ ZA0AY =z
HEch &4 AAAZIZE o oo, Ay 2] 3 A& Ashe Axdo| B
subtilis Protox SRAAES WHAA FAL AHF tﬁit} AMAAo| B subtilis
Protox F32E UHAIA HAL AR/ Bﬂl?} o & 9L e 222 ey
Zeuh 2 FfolMe AY 220 AP BEd4 £ g4 LLuE o] Folx]
A= gttt Aw 2AslolAMe PAL AR gL W AL AHY o A
B2rAa7F AR F2%t xlol= ¢l4ltHTables 5-4, 5, 6).
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Table 5-4, Comparison to plant height {cm) of the nontransgenic and transgenic
rice (cv, Nakdong) under drought and wet paddy conditions, WAT, weeks after
transplanting: NT, nontransgenic lines: TC, transgenic control: C, cytosol
targeted transgenic lines: P, plastid targeted transgenic lines.

WAT NT TC C P
Drought condition
1 18.8 20 21.3 21.8
2 22.8 26.2 31.4 31.5
3 33.3 29.7 38.7 .37
4 47.5 42.2 49 49
5 55.8 48.7 53.7 54.3
6 57.3 55 56.8 62
7 65.2 63.3 60.7 63
Wet condition
1 22,1 23.5 23.7 22.7
2 28.8 31.9 34.4 30.9
3 39.8 42,5 42,5 41.0
4 53,7 54,8 55.3 54,2
5 64.2 60.8 62.5 58.3
6 70.5 65,7 67.0 61,7
7 69.7 68.7 66.5 61.7

Table 5-5, Comparison to number of tillers of the nontransgenic and transgenic
rice (cv. Nakdong) under drought and wet paddy conditions, WAT, weeks after
transplanting: NT, nontransgenic lines: TC, transgenic control:i C, cytosol
targeted transgenic linesi P, plastid targeted transgenic lines.

WAT NT 1C C P
Drought condition
1 1 1 1 1
2 1 1 1
K| 1.3 2.3 1.7 2.3
4 1.7 2.7 2 3
5 2.3 2.7 2 3.3
6 3 2.7 2.3 3.3
7 5 5.3 4 4,3
Vet condition
1 1 1 1
2 2 1.3 2
3 3 3.3 4 5
4 4.3 6 8.3 8
5 8.7 9.7 12 13.7
6 11,7 12 13.3 16.3
7 13,7 11.7 14.3 17
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Table 5-6. Comparison to number of leaves of the nontransgenic and transgenic

rice (cv. Nakdong) under drought and wet paddy conditions. WAT, weeks after
transplanting: NT, nontransgenic linesi TC, transgenic control: C, cytosol
targeted transgenic lines: P, plastid targeted transgenic lines,
WAT NT TC C P
Drought condition

1 5 5.5 5.7 5.5

2 6 6.3 6.7 6.7

3 5.3 8.3 6.7 8.7

4 8.7 11 8 11

5 9.7 12.7 9.3 14

6 12 13 10.7 14,3

7 16.3 18.3 14,3 17.7

Wet condition

1 5 5.7 6 6

2 6.2 8.4 7.8 9.3

3 9 12.3 12.7 15

4 16 20,7 25.3 29.3

5 27.3 33.3 40 3 47

6 37 39.7 6.3 53.3

7 47 47 51 55.7

t}, E&o] 3 FAAH W AS e

AEHOZHE Jom G2 F-9E AZoE FHY =HS FET 2N AL
AFsla] ok ol PAAH B A{E AVEE ZABHTL =5 XAstdAMe

A AT|IIA] 2 w9} PYAAY B BF ARo] A JAHIUTE FUFE o
o} F 7320] ZASIA Ul MEAo| B subtilis Protox FAAE WA ¥AS
A% g W AN o} B subtilis Protox SAAE WHAIA AL AV ¥l
74zt 1%, 31% A% LA 452 F$ole M2 B subtilis Protox 3
A2 HRAA FAAY ve} MAN] B subtilis Protox FAANE LAAA ¥A
L ARE WolA 7z} 22%, 34% AT AAETE 222 MAAo| B subtilis
Protox -S-AAIS wWEAlA A AHT HY AL MEZHo| B subtilis Protox
FARNE WA PAS ARY HE BEH o £ UL Aoz ety
th, Ay zAslolAe W A g3t RASHA =8 Ao 3] £ 17

Q
BE

7b o &elzch ey o)y A% a4t 2PE LR 3l ARE Ul 7
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Folle FEEA] it ¢E PAE A 4L vle BH Al o3 Aol
HEHA] fgken O F zARloch 8 Az ¥ Aol HEHE FYo] YU
AgelA e wol us] WAE AVY #A o 2A Ushiomz YAAW W
THEo thA 73 Ao g AR (Tables 5-7, 8, 9).

Table 5-7. Comparison to plant heights (cm) of the nontransgenic and transgenic
rice (cv, Nakdong) under lodging and normal conditions, WAT, weeks after
transplanting: NT, nontransgenic lines: TC, transgenic control: C, cytosol
targeted transgenic lines: P, plastid targeted transgenic lines.

WAT NT TC C P

Lodging condition

1 22.6 20,2 23.2 23.5
2 26 25.9 31.6 28.9
3 36 32.3 42 38
4 50,5 49,7 55.3 52.8
5 60 55 59.8 61.8
6 70 56,7 66.8 67.5
7 death 64.8 70,7 67.5
Normal condition
1 22,1 23.5 23.7 22,7
2 28.8 31,9 34.4 30.9
3 39.8 42,5 42,5 41,0
4 53.7 54.8 55.3 54.2
5 64.2 60.8 : 62.5 58.3
6 70.5 65.7 67.0 61.7
7 69.7 68.7 66.5 61.7
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Table 5-8, Comparison to number of tillers of the nontransgenic and transgenic
rice (cv. Nakdong) under lodging and normal conditions. WAT, weeks after
transplanting: NT, nontransgenic lines: TC, transgenic control: C, cytosol
targeted transgenic lines: P, plastid targeted transgenic lines,

WAT NT TC C P
Lodging condition

1 1 1 1 1
2 1 1 1.7 1
3 2 3 3.7 3
4 3 4 7 4
5 3.5 6 9.3 6.3
6 4 7 10.7 8.3
7 death 9,7 12.7 11,7
Normal condition
1 1 1
2 1.3 2
3 3.3 4 5
4 4,3 6 8.3 8
5 8.7 9.7 12 13,7
6 11.7 12 13.3 16,3
7 13.7 11,7 14.3 17

Table 5-9, Comparison to number of leaver of the nontransgenic and transgenic
rice (cv. Nakdong) under lodging and normal conditions. WAT, weeks after
transplanting: NI, nontransgenic lines: TC, transgenic control: C, cytosol
targeted transgenic lines: P, plastid targeted transgenic lines.

WAT NT TC C P
Lodging condition
1 5 5.2 5.7 5.1
2 6 6 8.3 6.2
3 6.7 9 13.7 9.7
4 11 13.3 24.3 16
5 13,5 19.7 32,7 24
6 11 23 36.7 27.3
7 death 30 39.7 36.7
Normal condition
1 5 5,7 6 6
2 6.2 8.4 7.8 9.3
3 9 12,3 12.7 15
4 16 20,7 25,3 29,3
5 27,3 33.3 40,3 47
6 37 39.7 46.3 53.3
7 47 47 51 55.7
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el woke] FRoll A3 FHAH W Uy NS

BMONAM 71 who] AMESIIL Q& AR, AbEAl, AEA Abgo] o3 PAL A
BRI w9 Ul Wl AL Xolg ulawsly] gls) YA AH/Y w(c4, P4, TC,
ot BAS AHIA] e H(wild type)E EUIN 4AZS cfAtoE WILHF wao]
AHEE = A3l Fhuplo] EA BPMC(R] ] 3-A), 4 uA}) 50%E o]oF F 1593} 30
doll B2l stgich(Table 5-10). AFAE Ha|s}y) A o|Y F 1-257x] 2] £
4ot dae BAAR AT AuiE Dol 2ot gldey, 2 M= HAA
T owzL AafFel wish chad 2 A& Bk AEA BPAMC Aol o3 PAAW
Heh AuiFzre] 23, 2d4 W dE Aolst glol FAAH Wi BAMC Hzlo]
A g Hele Qe ez AlHErh oldpwibutg WAIsts] 913) A& cartap
hydrochloride( &%, ¥ehHE JAAE vt Nuivio] Haslo] o] Fto] U
Aol & ZALSHITHTable 5-11). MFA Az A(o]Y ¥ 1-23)7tal= HAAR A
3 ApiEde 2%, BEds 9 dgolM Aozt gldx, MEA cartap
hydrochloride A 2] Follk BPMC AMelot -RAIStA HAE AU ol YA A¥s)
A o2H bl v Aolzt gidch W YYRHnIEHE AT 913 AL A
w3 validanycin A& ©]% F 15U2} 30do] Hza|sto] PAAY W} YUL B@s}
A o2 Wbl o] ol iRt v & ZAISIITHTable 5-12). ArFA validamycin
AE A ¥ 2AoNe FAAY v YA ARSA| 4 v o] xolzt adrh
21U EUFY dols BAE VR ¢S w7t HAAH Hoj ule) thr
A= Aoz Kol HAL AHSIA ¢S W7} validamycin Ao) t)dte] LjAle] A&
Aog A€t} AFA carpropamid Mo &3] AL 32 AUSH| ke
of Hl3l FAAR W7t o] F 5-63of Ao, P4 o3l AR A
& A/EA g2 wiof viE] o]} F 5-6FolA Wol A He HgrhTable
5-13). Carpropamid X e]of 2J¥ HAAF wio} AL AUsA] ¢ vizte] EH4
Aol lslch. ol ¥ 1590 A &A| pyrazolsulfuron-ethyl + molinated 2|3}
IFAAE ol AL AMIHA S wTo] UA Aol§ =AbsleltiTable
5-14). XAz} EdolAl= pyrazolsulfuron-ethyl + molinate A g)of w}E HAA
T Aot YA ABA] o2 He] Wgxlolzh glsith 23U gfeMe HA
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A% controlo] ThE YHAIYH Ho} FASL M| o2 we] uls) A it
of AxA o] vigo] ¥ Aog PZE gt

Table 5-~10. Growth responses of the transgenic and nontransgenic T2 generation
rice plants (cv. Nakdong) as affected by insecticide, BPMC (50%). Insecticide
was treated at 15 and 30 days after transplanting.

Plant height

Number of tillers

Number of leaves

" Wb TC C4 P4 | WD TC C4 P4 W TC C4 P4
1 23.1 19.7 23.7 24.5( 1 1 1 1 5 5 58 5.3
2 28,5 30.6 33.1 34.3( 1 1.3 1 1 6.3 7.1 7.3 6.8
3 38.5 38.3 42.2 42.2( 3 33 3.3 3793 107 63 11
4 55,7 53.8 56.7 56.3( 4 4 43 4.7 ] 15 153 16 18.7
5 66.3 66,3 64.2 66 [85 7.3 7 83| 28 25 25 29.3
6 72,3 70.3 70.5 71.3[9.5 8 9 9,7 |35.5 30.3 30.3 36.3
7 74.5 78.3 76.3 77 |11.5 10.7 10.7 11.3|43.5 37.3 39 41.3

Table 5-11. Growth responses of the transgenic and nontransgenic T2 generation

rice plants

(cv.

Nakdong) as affected by insecticide,

Cartap hydrochloride

(50%), Insecticide was treated at 15 and 30 days after transplanting.

Plant height

Number of tillers

Numbr of leaves

WAT Ww TC C4 P4 | WD TC C4 P4 | WD TC C4 P4
1 20,9 20.1 21.4 21.2] 1 1 1 1 4.7 5 54 5
2 27.5 28,1 31 28.3| 1 1 1 1 6.5 6.1 6.4 6.1
3 38.8 34.8 34.8 36 |23 2.7 27 27|77 83 7.7 8.3
4 2.3 49 49,5 47.2| 3 3.7 33 3.7 (12,3 12.3 12 123
5 54,5 62.2 63.5 58.2| 6 4.7 4.7 5 225 17.7 17.7 19
6 71,5 67.3 66.5 63.3|7.5 6.7 6.3 6.3 | 29 24.3 24 233
7 79.5 73.7 78,5 65 [10.5 9.3 8.7 9 |39.5 32.3 32,7 31.7
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Table 5-12, Growth responses of the transgenic and nontransgenic T2 generation
rice plants
Fungicide was treated at 15 and 30 days after transplanting,

(v,

Nakdong)

as affected by fungicide,

Validamysin-A

(5%).

Plant height Number of tillers Number of leaves
WAT W T C4 P4 | WD TC C4 P4 | WD TC C4 P4
1 21.4 22 20.2 22.8| 1 11 1 5 654 57 5.2
2 32 30,3 31.7 25,8 1 1 1.3 1 6 7 7.1 7
3 35.5 39.7 39.3 40.5| 3 3 33 33| 9 9.7 11 11.7
4 ~ 53 53.7 55.8 53 4 4 4.7 4.7 |14.7 16,7 16.3 17.3
© 5 62.3 62,3 60.7 63.2|57 7 7.3 7 |20.7 257 26.7 27.3
6 66.7 70.8 66.2 71.2| 7 9 3 83227 31.3 34.3 32
7 74 77,8 8.3 74 | 13 10,7 10.3 11 38 37 41.3 38

Table 5-13. Growth responses of the transgenic and nontransgenic T2 generation
rice plants
Fungicide was treated at 15 and 30 days after transplanting,

(cv.

Nakdong)

as affected by fungicide,

Carpropamid

(15%).

Plant height

Number of tillers

Number of leaves

" W TC C4 P4 | WD TC C4 P4 ¥D TC 4 P4
1 20,9 20 20.8 21.7| 1 1 1 1 51 5.9 6 5.2
2 30.1 31.3 30.7 32.2| 1 2 L7 1.7 7 9.2 81 7.4
3 4.8 39.5 38 41.2| 3 43 3.7 37| 11 14.3 12 11.7
4 53.7 53,2 51.3 52 5 6.7 57 57|18 233 20 19
5 65 62.5 60,3 63.5|8.3 11.3 11 87 (29.7 39 39.7 32.7
6 75,7 73.5 69 70.8( 10 12,7 13.3 11.7| 39 48 48.7 41.7
7 76.8 78,8 72.2 71.8| 13 12.3 14.7 14.7|47.3 52 51,7 52.3

- 218 -
SOG0/04 1028
AA=EH IS0 MEd 23 o4 070 RN ZAS S MEXN HEd A HENY /s8R



Table 5-14. Growth responses of the transgenic and nontransgenic T2 generation

rice plants (cv, Nakdong) as affected by herbicide,
Pyrazosul furon-ethyl+molinate. Herbicide was treated at 15 days after
transplanting,
Plant height Number of tillers Number of leaves
WAT

WD TC c4 P4 WD TC C4 P4 WD TC c4 P4

1 19.9 18.8 20.3 23.1| 1 1 1 1 5.1 5.2 56 5.1
2 28.1 25.9 31.1 29.3| 1.3 1 1.7 1 6.8 7 7.8 6.3
3 38.2 36.7 40 38.7( 3 2.7 3.3 2797 10 11 9
4 47.5 48,5 50.7 47.5| 4.3 3.7 53 4.7 (153 12.7 16.3 14.3
5 57 53.5 54.2 525|177 6 9.3 7 27 23 30.3 24.3
6 66.8 62,3 652 61,6187 7 93 8 |32.3 26.3 36.3 28

7 74.5 73 73 68.7(11.3 8.7 10.3 11 |40.7 31 41.7 36.7

of, A XA Ao AT RG] o FAAR v Y W £y

B, subtilis Protox ARG ME™z2} MAA Zt2t UHAA FAL AHT o
o} PYAAH control el PAE ARA 4 W& AF3t oA W4z
2] 1/5000a poto]l ¥}E3}giTh I}F: ¥ 5YUo] carfentrazone 0, 50 g ai/ha T+F L2
A el stalaL, FEAFY A gt st FEHsbe EE AMF
(N-P-K=11-4,5-5.7kg/10a) 3} A4 FHFe] 2|2 A 2|s}o] olg T AHgo it o
8] B53 +F18 f49 AolF Hlasislch Carfentrazoned A e|shA] ¢4 ML
EEY Ao 2F F 4-6F oA 2L B, subtilis Protox FHALE A XA
AP 2022 AlFe] ohE FAAR vet FAES AR 32 woll njzf 23]
Zlth(Table 5-15). A2 vl AelolMe PAS ABEA] o2 wof] vz FAAH
control®} MAAo] LA 2032 AGolM 2L E F¥E KEch a8y
ol FAMH uigl YAE /A 2 oM ALY EEF Ao} wid A
o] AL FAslsich AL FEY A 2|2} carfentrazone 50 g aisha A e|ojA] &
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LAY vio} PG AHSHA] AL ol 2339 W= Table 5-1504 Hi= Hig}
Zol Ztzt FAelo thulsle] HAAH vyt PFAL ARIA] L Woll w3 o]
F 2.3 = 2BPLTE AL} o] F 4T  Alol7} Gl H4F
g Ageie ALF EBEY AMjet FASHA ol F 2-3F 7iAe
carfentrazonee 50 g ai/ha X 2|o N HAMH Woj w3l FAS AW G2 ¥
2R 7tA7} ZoL) o]y ¥ 4-7F o)A = carfentrazone A 2lo] &3t RAAI &
g EF o]lF AWUF LT o]z gt FAE AHIA 92 v AL
EEY Aol vls] wikAMelolA carfentrazone Aelo] ¥ 2AUAT A By
olglch, ALA FFE W wiErA 2}t carfentrazone e F FAAH o} PUg A
3R] Q2 Wi te] EE4 WHE FAMSIIcHTable 5-16). Carfentrazoned A g
1A ol A4 HEY W MY AzldAde FAL ABIA] UL HY ALKt
HAAYE ol ]3] wiEn, FdpdME ohd W FEE Bl 53], gAAR
controlZ THE AlFo] vs] £d71 AUk 239 Zatel FA8HA HAAH o
o AL AYIIA] 2 WolA AL BEY Ao} vl Azt Ed4e R4
steich A4 EFEF A 2|2} carfentrazone 50 g ai/ha A 2loA] FAAH vie} §
AE ABsA] UL vto] EsE 2Ao|ALt Ho] o]} F 2-3Fo M BA
¥ vt YAE ABIA] Q& wof ¥|3] carfentrazone Ao &3] FEF¢ L7
Aot Lt o]Y} F 3-6FoE ol MWUF BT carfentrazone Hzlof 23t &
A4 247t ool HEEHe FPoldent, o733 A& IR U2 He ¥
AAH wo] w3 B4 4t AW ZA¥S Bk AL wi Aejet
carfentrazone 50 g ai/ha A 2lo]A BE AwFolA FEAao] cu|gt B4 o4
¥ 2-3F71A] ALzt 45N F718e A¥E Rolch 2 ¥UAE A
of vzl AL APINA| U W ol F 2-65 A 7| WlAM E€4 47t At
AL AHA 42 vie LW ZEF Aol vl wiF HeolM carfentrazone
Helol 9% Fd4 a7t Ad B¥oldct. & o3l F =7 Adch el AN
# v el P4 FEII WY A BA0] e A2 Aot a4
&3} vk e W carfentrazone A glof] ¥t a2 Q40 WHIE ¥ 5-173
2t} CarfentrazoneZ A 2|%lA] ¢4 AL EEH ujzgf AeloMe HAL AH

-

3o
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T2t AYFol FAAR wio] w3 tix WA, $EUSol
A dij 2 "’3@%1% 7 FAE AR U2 wof w3 W2 AP HAc) o

A3 2 wrt FAAH vo] w3 thk wakd Aol
3, oly¥t %‘ 3 AL ZEY AR ulg Aol FRstgch A4W w2
% A elet carfentrazone Aol BAS APsIA| 942 W7l FAAE viof u)s)
a7t Zch. A4 wlgr AHelet carfentrazone A ejolAde A4 BFg XY
carfentrazone M 2o] |3} 2022 ABE AR BE AelolA 4q7tast 2A et
ych olel e A FFEeF W ulY A el8} carfentrazone A o] 23t wje] <=
PrLe FFHOZ carfentrazone He| ¥ Z7] v{e] A7 +24LE o}y
P& e Azbgc} 3kx|ut carfentrazone2 Wx] oYUR o] hujolA 30 g
ai/ha =02 AME-S& AlE3la glvh, 28 £ dF= carfentrazone 50 g ai/ha
TELR @At gol AHelste] AL ulgel AT g o3t oy FRE 2}
ict.
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Table 5-15. Plant height of the transgenic and nontransgenic T3 generation rice
plants (cv. Nakdong) as affected by different levels of nitrogen fertilization

and carfentrazone, Carfentrazone was treated at § days after seeding.

Cafentrazon Weeks after seeding
Line

(g a.i/ha) 2 3 4 5 6

---------- Standard fertilization----------
Wild 0 31.6(100) 45.0(100) 56.4(100) 59.1(100.) 61.3(100)
50 22.1(70) 31.0(69) 47.3(84) 56.6(96) 66.1(108)
TC 0 26.9(100) 39.3(100) 52,9(100) 59.2(100) 64.1(100)
50 22.5(89) 33.4(85) 44.1(83) 54.1(91) 64.2(100)
2022 0 31.8(100) 45.1(100) 59,3(100) 63.2(100) 75,7(100)
50 27.3(94) 40.5(90) 57.3(93) 60.3(95) 65.4(86)
2032 0 28,0(100) 41.3(100) 56.0(100) 60,4(100) 69.3(100)
50 22.4(80) 34,2(83) 47.8(85) 56.2(93) 68.0(98)

---------- Double fertilization----------
Wild 0 28.6(100) 44.5(100) 56,4(100) 65.0(100) 75(100)
50 16,2(57) 25.1(56) 46.1(82) 51.2(79) 59.6(84)
TC 0 24.8(100) 38.6(100) 54,4(100) 62.7(100) 71.8(100)
50 17.5(71) 31.5(82) 45.9(84) 55.8(89) 65.3(91)
2022 0 29.8(100) 46(100) 61,4(100) 65.2(100) 75.0(100)
50 22.6(76) 33.5(73) 46,4(76) 55.4(85) 62,6(83)
2032 0 28.1(100) 39.6(100) 58.6(100) 63.8(100) 67.8(100)
50 26,2(93) 30.5(77) 43,6(74) 53,9(84) 66,1(97)
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Table 5-16. Number of tillers of the transgenic and nontransgenic T3 generation
Nakdong)

rice plants

fertilization and carfentrazone,

seeding,
Cafentrazon Weeks after seeding
Line
(g a.i/ha) 3 4 5 6
--------- Standard fertilization-------
Wild 0 2.3(100)  2.8(100) 2.9(100) 2,8(100)
50 1.0(43) 1.1(40) 1.8(62) 2.1(76)
TC 0 1.3(100)  1.4(100) 2.8(100) 1.6(100)
50 1.0(75) 1.0(69) 1.1(40) 1.2(78)
2022 0 1.5(100)  2.0(100) 2.0(100) 1.9(100)
50 1.0(65)  1.2(61) 1.6(78) 1.9(100)
2032 0 1.4(100)  1.6(100) 2.9(100) 2.4(100)
50 1.1(76) 1.1(71) 1.7(58) 2.4(100)
———————— Double fertilization----------
Wild 0 2.4(100)  3.1(100) 3.2(100) 3.6(100)
50 1.1(47) 1.1(36) 1.2(38) 1.6(44)
TC 0 1.3(100)  2.1(100)  2.2(100)  1.8(100)
50 1.1(84) 1.0(47) 1.6(72) 1.8(100)
2022 0 1.7(100)  2,2(100) 2,5(100) 2.2(100)
50 1.0(58) 1.0(45) 1.7(65) 1.9(85)
2032 0 1.1(100)  1.9(100) 2.7(100) 2.4(100)
50 1.1(100)  1,0(53) 1.8(67) 3.0(123)
- 223 -
2O16/01/0G4 16:29-4
D M3 28 4 ¢S REN ZEE SEHHZMH HEd Alg A2 e /s8R

(cv.

as affected by different
Carfentrazone was treated at 5 days after

levels of nitrogen

Gk €S "y . - p
BB/ EN

v

sy



Table 5-17. Yield components of the transgenic and nontransgenic T3 generation
levels of nitrogen

rice plants
fertilization and carfentrazone,

(cv.

Nakdong)

as affected by different

Carfentrazone was treated at 5 days after

seeding,.
L Cafentrazone Panicles Spikelets  Ripened grain é;,g?g Yield rrllgég
(g a.i/ha) (No.. /pot) (No, /panicles) (%) (g) (g/pot) (%)
---------- Standard fertilization----------
Wild 0 I 45 85 27 12,9 100
50 9.7 49 94 26 10.0 78
TC 0 8.7 53 91 24 124 100
50 6.3 61 94 24 9.0 73
2022 0 9.3 53 92 25 10.1 100
50 8.0 53 91 26 8.7 86
2032 0 10.0 54 85 23 11.1 100
50 8.3 61 95 24 10.8 97
---------- Double fertilization----------
¥ild 0 13.7 54 97 28 16.2 100
50 9.0 67 88 23 10.1 62
TC 0 9.0 63 91 25 11.1 100
50 7.3 68 80 21 7.7 69
2022 0 10.3 56 90 24 13.0 100
50 8.3 52 79 22 10.2 78.4
2032 0 10.7 70 91 23 10.7 100
50 11.0 71 90 24 13.6 127
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uh AR (A LE x L) Wato] mhE wle) A W L (EAAY)

B, subtilis Protox A& MEU3} M) WA UL AW 22} 2
AB YA AR 2 WE ANYE 342 (44 30 x 19 on, E2 30 x 15
om, WA 30 x 12 en) 3} AANE G 24F(EEW L wjah o gesid el A
B9 4374 848 AT oldh ¥ 4Fs 2FE AL FEAY 423
ol BAe ABBA] G ol us YART W} T AoY T ure )
AU E PAE AW e wol YAAY WED KA 2lo)7} 914
thFig. 5-5). A4 Wk Aelolrs 243 Waxiuiold FARBN7} Yde A
BobA] ohe ol uish tha 2ol KoM oE gk A AAWES] YA wjzk A
glo] o}t RE MubEe] 24 E2Y Aol 2 Holsl ATt ol F 43
Hdgs 2] Aol SAEA WA B2 AApuleldTt AL AW
A e Wof wis] WAAH Wy} Wk B 1 v AAUEME AL AY
ShAl ohe ol BUAAY WSl §oAQ xjol7t YAUTHFig 5-6). WA wj
AzloAs WAL A 24 B2 GUURA HAAY Wyl YIg AV}
2l 2 W wF] Ed4rt fo3er il HAAH control A A UE}
PaAeol PAL A¥shA| e v BA4TF SABIAY Hgch A Ay
2o A vl Azlol ¥ BE MitEe] BdsE EEF Aol uls] $o3q
Aol7t Qadth. ol ¥ 8Fa] 2ol AL, W ANUEY WAl AL
AW e Wl YUY Wil F2HA xloj7} gtk B, A AAUEe
A P A BRE WS s EEW ATt 2ol Huh oo ¥ 8
FH B4 g, ol F 47w B4 At wal A AR} Wi o)
A BAE WY g vig WUAR W] FYHA Apolr} AWEx] gt
U, 243 B2 QU] A4 FEY Neold FAAR control YAL A
olx] ohe wiET B4zt WA Fgch AU} A HesRe] it §A
A wo WAL AW %S B $WTY L4E Table 5-183} gl ¥
A v} WAL AR G wizlo] £BIH Q40 SlojH Aolv} gl 4
PR fo] 3] ABY FUAME o]F FUAY AR YAL APepA| U2
wzto] & xjo]7t AU 3l8 WAAY W AFoIA $ado] gkl
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Fig. 5-5. Plant height of the transgenic and nontransgenic T3 generation rice
plants (cv, Nakdong: ND) as affected by different levels of fertilization and
planting density. Data assessed at 4 weeks after transplanting. (NDNT) Nakdong
nontransgenic check: (NDTC) Nakdong transgenic check: (WP) wide planting (30X
19 cm); (SP) standard planting (30X15 cm); (NP) narrow planting (30X12 cm);
(SF) standard fertilization: (DF) Double fertilization
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Fig. 5-6. Number of tillers per unit area (m’) of the transgenic and
nontransgenic T3 generation rice plants (cv. Nakdong: ND) as affected by
different levels of fertilization and planting density, Data assessed at 4
weeks after transplanting, (NDNT) Nakdong nontransgenic check: (NDTC) Nakdong
transgenic check: (WP) wide planting (30Xx19 cm): (SP) standard planting (30X
15 cm); (NP) narrow planting (30X12 cm): (SF) standard fertilization: (DF)

Double fertilization
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Fig, 5-7. Plant height of the transgenic and nontransgenic T3 generation rice
plants (cv, Nakdong: ND) as affected by different levels of fertilization and
planting density, Data assessed at 8 weeks after transplanting, (NDNT) Nakdong
nontransgenic check: (NDTC) Nakdong transgenic check: (WP) wide planting (30X
19 cm): (SP) standard planting (30X15 cm): (NP) narrow planting (30X12 cm):
(SF) standard fertilization: (DF) Double fertilization
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Fig, 5-8. Number of tillers per unit area (mz) of the transgenic and
nontransgenic T3 generation rice plants (cv, Nakdong: ND) as affected by
different levels of fertilization and planting density. Data assessed at 8
weeks after transplanting, (NDNT) Nakdong nontransgenic check: (NDTC) Nakdong
transgenic check: (WP) wide planting (30X19 cm): (SP) standard planting (30X
15 cm): (NP) narrow planting (30X12 cm): (SF) standard fertilization: (DF)

Double fertilization
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Table 5-18, Yield components of the transgenic and nontransgenic T3 generation
rice plants (cv., Nakdong: ND) as affected by different levels of fertilization
and planting density. (NDNT) Nakdong nontransgenic check: (NDTC) Nakdong
transgenic check; (WP) wide planting (30%x19 cm): (SP) standard planting (30X
15 cm): (NP) narrow planting (30X12 cm): (SF) standard fertilization: (DF)
Double fertilization

Density Line Panicles  Spikelets Ripened 1,000 Yield

grain grain Yield
A;T?/;?g (No. /m*) (No./panicles) (%) (g) (kg/10a) (index)
—————————— Standard fertilization----------
Wild 286 99 91 26 674 100
30x19ci TC 265 99 87 24 558 83
(18) 3032 299 110 91 24 727 108
3094 283 88 91 26 653 97
Wild 297 84 89 26 585 100
30x15c TC 277 91 88 24 541 93
(22) 3032 288 95 91 24 605 103
3094 301 84 91 26 609 104
Wild 322 88 92 26 672 100
30X12crt TC 308 92 88 25 633 94
(28) 3032 328 97 91 25 716 106
3094 339 91 92 26 728 108
—————————— Double fertilization----------
Wild 316 94 92 25 687 100
30x19cr TC 318 114 89 25 803 117
(18) 3032 313 121 90 26 891 130
3094 325 100 89 26 738 107
Wild 352 102 91 26 850 100
30X15c TC 327 105 88 24 729 86
(18) 3032 378 112 90 25 935 110
3094 359 100 88 27 855 101
Wild 400 100 91 26 943 100
30x12c TC 400 99 89 24 858 91
(28) 3032 399 106 89 24 904 96
3094 391 93 90 27 887 94
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B. subtilis Protox RAXE MEAMY ML o] YHAA FAL ARV W FZ
A% BAS AF/IA Y& HE 72 5¢ 199, 59 284, 64 5ol ol
th ole} F 459 8Fo] XA W EUFE ZAINTh A oA vE ¥AE
HuY o} AL AR/A] WS WY 2 W EYpole & Ao/t gy §
A% control (TC) Ajulniet HAAR ¥ ABEC} o] F 459} 8FH o] £Y

47} BE 3L BACHTable 5-19).

Table 5-19. Growth responses of the transgenic and nontransgenic T3 generation
rice plants (cv, Nakdong) as affected by different levels of transplanting

date,
. Line 4 weeks after transplanting 8 weeks after transplanting
Transplanting
ats Pla“fcg‘;ight No. of tillers Planfcgj’ight No. of tillers
Wild 32.9 6.9 66.0 12,5
TC 32.4 6.0 66.6 7.7
My 19 s sz 8.1 63.8 11.5
3089 32.8 8.0 61.9 11.4
Wild 42,6 8.4 68.2 12,7
May 28 TC 40.2 6.1 67.3 7.5
3072 41.1 8.2 67.0 12.5
3089 38.7 9.2 65.9 13.1
Wild 43.1 7.6 68.0 12.2
June § TC 41.6 6.1 68.2 9.3
3072 42.9 8.5 69.3 13.5
3089 41.9 7.7 67.2 12.9
of, BAAY HEY K33 < ¥}
FAARE AEAY ¥l 33 YIS B3] At AxA AP KAA

§ FAAB/A st WP AR AN o 100 2EE AYste] AelA )
2 FAE Hsta glen FrioA =9 sty UYEPEE Ed: 43
TS AAY egoltt,
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B @7 dolot HyFE vl Table 5-203} kel
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Table 5-20. Morphology of rice grains

. Thousand
Length Width LW HEE
(mm) (mm) cailh grain weight

(g)
2005 4,44£0,17 2.73£0.09 1.63 16.6
2017 4,650, 18 2.641+0,10 1.76 17.8
2032 4,70%0,10 2.58+0,11 1.82 16,1
2040 4,57£0,24 2.53%0,14 1.81 15.9
2057 4,53%x0,17 2.61+0,14 1.74 16.6
2072 4,65%0,19 2.656%0.14 1.75 17.1
2075 4,56+0,13 2.62%0.13 1.74 16,6
2089 4,62%0.25 _ 2.62%0,10 1.76 18.0
2093 4,61+0,13 2,66%+0,12 1,73 17.7
2094 4,92+0,22 2,7010.10 1.82 18.8

Ao NZg dod3 @7IFEE |23t A3} Table 5-219} 23Tt
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w7 oJubdEe BEAME ZHI} Table 5-239F Zo] vhiA, HE @ & A2
greke zbzh 0.18~0,33%, 1.05~1.48%8 & xjol= ¢lAUA T 20173} 20757 &
Aol vlay @€ Agg Bych

2 4 Ay dutdE #HL HEC] 0.06~0.15%, F AHo] 0.45~
1.10%5 0.26~0.83%7F A&z A¥YH A Fel2 Eof ASE ¢ + A}
(Table 5-24), #7}o) whwid ek 7.1~ 8.1% HE A8 & Aol
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Table 5-21, Color values of rice grains

and rice flours

L a b
s G 68,530, 91 ~1,25+0.03 6.90+0.13
“p 92.17 %0, 84 -0.96+0, 04 3,980, 10
G 67.13+0, 77 ~1.26£0.09 7.5040 18
2017 F 92,390, 01 -1,01 £0,02 4.34+0,03
G 70.08 0. 05 -1.41+0,03 7.52+0.06
2032 F 92.77++0.83 -1.01£0,02 4.37+0.02
4 G 71.20+0, 01 -1.36+0,01 7.81£0,07
2040 F 92,600, 02 ~1.00+0.03 4.54+0.03
6 69.91 %1, 06 -1.16+0.07 6.88+0,07
2057 F 92.95+0. 03 ~0.98+0.02 4.16+0.01
G 70.0340.10 ~1.310.05 6,960, 02
2072 F 92.16+0.06 ~0.95+0. 01 4.34+0.02
i G 72.03£0, 11 ~1.38+0.08 7.360.08
20 F 92.92+0. 06 10,97 £0.02 4.20+0.01
G 67.3540. 18 -1, 470, 04 6.04 0,05
2089 F 93.15+0, 00 -1.0640,02 4.18+0.01
G 68.77+0.95 -1.45+0, 04 5,870, 09
2093 F 93.01 40, 88 “1.13+0.12 3.96+0.08
67.6820. 07 -1.350, 04 6,080, 07
2094 93,720, 01 -1.05+0.01 4.1040.01
%G : Grain
%xF : Flour

L: lightness, ai: redness, bi yellowness
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Table 5-22. Total starch(%) and damaged starch(%) of rice flours

Sample Total starch Damaged starch
2005 85.7 13.6
2017 85.6 10.5
2032 87.3 12.1
2040 85.2 11.1
2057 '85.8 9.5
2072 89.0 12.1
2075 89.5 10.9
2089 88.8 11.1
2093 89.2 12.6
2094 89.8 11.7

Table 5-23. Proximate compositions of non-waxy rice flours

Semples Moisture  Protein Ash Lipid (%)

(%) (%) (%) Crude Total
2005 11.33 7.48 0.28 0.28 1.05
2017 10, 24 8.03 0.33 0.30 1.43
2032 11.47 7.19 0.28 0.26 1,10
2040 11.49 7.10 0.27 0.23 1,31
2057 11,31 7.36 0.30 0.16 1.17
2072 11.39 7.28 0.27 0.25 1.11
2075 11.45 7.40 0.26 0.32 1,48
2089 11,47 8,08 0.22 0.26 1,17
2093 11.28 7.53 0.22 0.22 1.08
2094 11.20 7.61 0.18 0.27 1,13
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Table 5-24, Proximate compositions of non-waxy rice starches

Samples Moisture Protein Ash Lipid (%)__
(%) (%) (%) Crude Total
2005 8.16 4,35 0.07 0,07 : 0., 75_ ”
2017 7.35 5.31 0.06 0.07 0.79
2032 9.00 4,56 0.10 - 0.64
2040 7.92 4.61 0.06 - 0.78
2057 8.53 4.64 0.11 - 0.70
2072 8.23 4.52 0.12 0.14 0.72
2075 8.02 5,28 0.10 0.27 1.10
2089 7.55 5.35 0.15 0.18 0.45
2093 7.01 5,60 0.15 0.19 0.78
2094 8.14 5.56 0.12 0.17 0,60

3. o) olzlsty B

10558 zte] o2 oA Fake Table 5-252} Zro] 17.6~22.3%E 20057} 7H3F
of ofgZ oA aFog WY uf Yulo] F& Ao AztE Yt 20175 vhE 4]
ol Hlsl W2 wojm 2093z} 20947} i o= Eolrh F2eM EAUFHZ
20057} 204.7%% 7} wlth 95Co|A ] P& 22.4~26.12 A& o] T o]
7t fidlch. AEE Ee3te] AEY o3 BA4E vy A Table 5-262} o]
ofHZ oA ¥are 18.8~ 23.0%, EZYUHYL 132.6~169. 152 #7FFof nls) w2
EZTeY S Koo sP&YL MrlTee Wl 85CHE Fl8t7] Al&ste] 95C
of= 31.0~35 92 #t7}Fof ulsf 1.59] = F718tdch
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Table 5-25, Physicochemical properties of non-waxy rice flours

Samples Amylose  Water binding Swelling power

content  capacity (%) at 656C at 75C at 85C at 95C
2005 17.6 204.7 4.7 6.9 9.3 25.9
2017 18.9 181.8 5.4 6.6 8.6 22.4
2032 20.2 181.9 5.2 6.9 9.6 23.2
2040 19.7 179.4 - 5.1 6.9 9.4 22.7
2057 21.4 198.4 5.3 7.1 8.5 25.8
2072 20.0 187.3 5.2 7.1 9.1 25.8
2075 21,1 188.6 5.0 6.9 7.7 23.8
2089 21.1 196.3 5.5 6.9 8.6 24,7
2093 22.3 188.9 6.2 7.5 7.8 22.4
2094 21.3 192.5 6.2 7.4 7.6 26.1

Table 5-26., Physicochemical properties of non-waxy rice starches

Sagples Amylose Water binding ° Swe}ling power .,
content capacity (%) at 65°C at 75C at 85C at 95C

2005 19.0 152.5 6.1 9.3 13.9 33.7
2017 19.8 146.1 7.0 8.7 12.0 35.9
2032 20.4 137.8 5.2 8.2 12.2 30.6
2040 20.9 157.5 5.6 7.5 10.5 32.8
2057 22.8 132.6 7.8 8.3 12,6 31.4
2072 21.7 148.4 7.0 9.0 13.8 31.9
2075 22.2 154.5 6.0 7.4 10.2 33.1
2089 22,0 160.5 6.4 8.0 11.4 33.1
2093 23.0 169.1 6.5 8.3 11.2 31.7
2094 22.4 139.1 6.4 8.2 10.9 31.0
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AGHE SF7)0] A% AI7HFe] T3} 542 Table 5-273F Zr}. IIA| e
66.3- 7T1.5CR 20170] 7} Wotil tl& A8 Zole & Alol7t gldtt. A&4dE &
Aol A3 AEE FEY B(ANME 4 g/25 0wl B)S Y2 943 252 JM4Y o)
AL YA BRI 232 Ao §21 opUR oA opURMKI) o3 FEI} F
1l A& FPske AoE 7Mdd uE ARy 3 PH4L 4 4 drh 53
setback2 S ¥ A& ¥} BRo| Qlo] setbacko] WO k¥r} oxHrin
B85 glvth. Table 5-27614 B0l 107)]8] A& HES 23} dafo] xlo|7} vs
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Table 5-27, Pasting characteristics of rice flours by Rapid Visco Analyzer

Pasting Peak Final
temperature  viscosity  viscosity Breakdown Setback

(c) (RVU) (RVU)
2005 70.9 509.3 419.8 196.9 107.4
2017 66.3 486.0 399.1 246.1 159.2
2032 69.9 472.8 351.9 244.5 123.6
2040 70.5 476, 1 358.1 236.4 118.4
2057 69.3 515, 8 404.1 229.8 118.0
2072 70,4 498. 6 395.7 222.7 119.8
2075 71.5 490.6 398.3 218.1 125.8
2089 69,2 4821 442.7 190.2 150, 8
2093 69.3 492.1 433.3 211,6 152.8
2094 69.2 482.1 405.0 215.5 138.4
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AYAAE glo] T3/A] &EE &Y RoF yztgcH(Table 5-28), X3 ARL 3
g 1% o2/ 25 nle] & HI1st &33197] Wl UrFeh= thE =7
th A AETY IHYPE TIPA == 20057 7 wWeken 71.2-74.1TY

HE R setbackd #7}Fol= oFt thE A3 RYcrt AEW] BENS
2] f8lAE Bel galstolol sht 4 2] a3 T A2 WE o A =
A& B2 ¢8) EE AES 2este] vastein Eelapgeld Aie) ¢RH awt
gEolLt AE AAL zpolo] &3 ZIAE F vl dFHolof & Aoz HAW
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Table 5-28, Pasting characteristics of rice starches by Rapid Visco Analyzer

Pasting Peak Final
temperature  viscosity  viscosity Breakdown Setback

() (RVU) (RVU)
2005 71.2 222.9 200.1 98.3 75.4
2017 73.0 206. 1 198.6 68.3 60.8
2032 73.4 232.3 238.7 79.2 85.6
2040 72.2 208.5 219.6 72.4 83.6
2057 72.5 204,1 212,1 77.9 85,9
2072 71.7 205.5 193.1 85.3 72.9
2075 73.9 177.8 207.9 62.5 92.6
2089 72.7 198.5 187.3 75.3 64.1
2093 74.0 186.3 205.9 64.3 84.0
2094 74.1 206.7 208.7 81.8 83.8
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20t F AL w2 PdE Al JHE o] Kejed HoMELR TPAE FHo ALY
(Hardness), %4 (Adhesiveness), ¥l (Springiness)®} -2 A (Cohesiveness) $2]
HAX FPXE u|a3t A Table 5-293 o] Fa gz} vHdof 5% ¢Fold {9
ZQl zpolE Kolcl, 2017, 2040, 2089, 2093, 20947} H-2pAdo] Flom uiniz| 5%FF
Sjato] Hatagdo] ukgleh w3 2017, 207571 wtgkew 20059 20930 RUAEE
Holct wte] HAad &3FE& AT WYL U YdE AMEIAU HUdE AHE3tY
38t WU bulkE FFshe ol dEA Sleul AU IVt AN F Yy
a7l F7h WY Aol Wl 7 Foll g3 tiEA Uehtes AR dejzict. Hd
22}e] BEE& Y Ex AY FFHLE Hart He3lEE o] WHE Algslalth

Anrgolut 3L el Fiol wiel fFelHel Alo]& Rola] ¢lgict,

Table 5-29, Textural properties of cooked rices

Hardness Adhesiveness Springiness Cohesiveness
2005 16619.20+4:1181.72  88.20+60,81"°  0.59+0.10" 0.23:+0, 05
2017 15041,40+2224.06 153.20%+152,30"™ 0,530, 10° 0.23+0.08
2032 16927.20+1816.74  87.40%50.85™" 0.63%0,09™ 0.29+0.08
2040 16295.30+1653.75 193,20+163.21"  0.64:+0,13™ 0.28+0.12
2057 16474,30+1999,93  77,00%30. 34 0.640,15™ 0.29+0.14
2072 17031.72£1463.41  91.00:47, 39° 0,65+0,13* 0,29%0,10
2075 16299.20£1706.73  56.40%29, 44° 0,530, 05° 0.24£0.03
2089 15881.5541003.83 213.73+141,53"  0.62+0,13™ 0.27+0,06
2093 15691.80+1038.98 181.50+85,74™  0.60+0,13> 0.24+0.04
2094 16249.10+ 931.60 163.20+74.79*°  0.73%0,12" 0.32+0.10
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6. T il 2% sty F4 Wl
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Table 5-30, Moisture contents(%) of cooked rices used in sensory measurement

Moisture
contents(%)
2005 64.3
2017 63.2
2032 63.3
2040 64.0
2057 64.0
2072 63.8
2075 63.5
2089 63.0
2093 63.2
2094 64.3

3H FAY A3 B v)8g 111,58 XAste Yt F A AE AAUS o
p<0.05 FEoIN 1057 A|RET FYFHY Alo]§ Holx| ¢gtal, HaFleR
3 BSAAE AANYY dojy EF 10252 A T FAo) oM o]
& RolA] ¢slct.

WAt £4E FHAD vl Fig 5-13 2 2422 ©AE A5HAE A4
gt Az} Table 5-31¢} Zth HAAHAU MI =& 20057 Eoton dnjuie} 20930] c}
o8 Fgton ThE 20942f 207571 otk EE FHHU Kol i FeHd
xpol & Ro|A| Qfo} 1157 A2 2 ¥ vlglo] A2 rj2x] &S Hylen §
5] yigto] Frin W7 20059 B¢ Wt F ©utz L slo] &2 FIHE U
th k) ANF F ouhgk AWt AFEThe AR Fol el 4 =t ol thsiA
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Table 5-31. Sensory characteristics

of cooked rices

Rice
1imibyeo 2005 2017 2032 2040 2057 2072 2075 2089 2093 2094
Nutty — 3.82%1.53 6.08%1.65 4.62+0.99 5.16%1.24 4.32+]1.24 5.23%1.55 4.47:1.63 5.18+*1.88 4.67+1.27 6.12+1.,47 5.72+1.18
Color  6.28+0.85 5.72+1.48 3.88+0.93 5.36+0.86 4.42+0.79 4.95=1.15 4.70*1.75 4.88+1.76 5.28=1.70 4.70+1.48 6.52+0.41
Glass  5.98+1.21 6.28+1.57 5.12%1.38 5.32%1.38 4.82+]1.08 4.87+0.77 5.58+0.64 508%=1.80 6.26+0,95 6.43=1.30 5.40+1.09
Full 4.90%1.59 4.96+1.53 4.86%1.31 4.78%1.29 4.46%0.59 4.48+0,77 4.85+0.98 5.25+2.18 3.62=0.93 4.83+1. 67 5.24+1.30
Clump  6.58+0.66 6.68+0.96 5.24+1.09 5.34%1.02 6.22+0.283 6.23+1.00 6. 47+1.44 5.38%1.70 7.17+0,52 6.27+0.81 6.04+1.55
Sveety 4.05%£2.03 6.04+1.00 4.74+1.54 4.24+0.42 3.34+0,78 4.42+1.27 3.67x1.72 4.77+1.50 4.40+1.30 4.88+]1.96 3.22+0.86
Roast  4.08%0.91 5.98+1.41 4.54*1.75 3.98+1.03 4.82%1.47 4.85%2.00 4.80+2 39 567+1.62 4.43+1.09 4.25+1 41 3.74+0.72
Stick  §5.60*1.13 6.22*0.88 5.58+0.59 5.00t0.89 4.94*1,50 5.45%1.51 5.67+2.08 3.67+1.46 6, 07+1.66 4.60%1.28 5.12+1.63
Hard 4.30+1.66 4.42x1.41 4.38%x1.18 4.12*1.26 4.50*1.04 3.77£0,73 3.70+1.20 4,80%1.86 4.30%x}. 31 4.77X0.75 4.08x0.70
Cohesi 5. 87+1.08 5.70%0.74 5.24%1.38 5.54+*[.65 5.30*1.34 563+0.96 555+1.73 3.92%1,36 583+1.33 553+0,63 5 54+0.91
Adhesi  5,48%1.04 6.58+0.94 516%1.63 5.54%1.73 6.02%£1.06 5.85+0.90 5.77+1.49 3.75%1.32 6.23%1.48 6.00=1.63 6.12*1.15
Moist  §.10%1.36 6.08+1.63 4,74*1.14 5060.91 4.48%+0.81 5.35+0,56 5.68+t1.44 4.55+2.21 5.68+0.73 502%+0.92 4.74%+0.79
Overall  §5,32%1.98 6.28+]1,34 5.08+0.83 4.54*1.15 4.66*x0.54 513%1.70 4,87+1.38 4.30+]1,34 525+1.81 530%1.30 4.12+0.62

Means value among different kinds of cooked rices were not significantly different at 5% level
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Bacillus subtilis protoporphyrinogen(Protox) §-ZR}S AgrobacteriumS vj7]A
2 o] &3} AMo|AlZl F cauliflower mosaic virus 35S promoterd}ollA] UdH#A %t
FARY el HE F7I8iolch ol FAPH e} wol ciiste] o8 BR=R
Ao A%, 34 U nALFLE FAE BV o2 Tl ® Y vjas}
ot FAAY ghfje] AL oy &2, FE W FERAANY AFo] AL A
B3] o o] wl3f vha A3}E WAl VEIRE & JElRolA Y Qe
FAE ANsHA] S vl A ALl FdstAdch
FARE WY P FAL W AL BE ANPZY 172, 1, 28] FEN 2ARD
As, BE AW wiBAolA FAAE It YAS AWIA UL HEo} B4
F7F F7Iotl AL, Rbdol Fule} 172 A FolAs FAAT vyl FAS AR
U WEct E947t Hh ARz FAAB Y PAS A/ 92
BZho) A, 9 BUF)ALE AR FYT Aol oddch B8 ¥ A
2o HES FAAH Hut YAS AYSIA] 4 o] uls] chh wel FAAY o
7t o] 3 Ao At Y, AFA, A W AxA e ozt ¥
@ e LY NS HAE AU g WMot 2 o)z} glalh Protox A
carfentrazone} AAH|E AF 2R 18] A, carfentrazoned A 2]sHA] ¢t A
4 EE Y Y AloMe 3hF F 2-65% FAAY Ao 2} 44 W Y
o gzt PP 248 PAS AV 4 WEr) thk Helxch e
A EF W ol AEl8k carfentrazone 23 A 2|ollAs FA el tinste PAL
At ¢S W7 FAAY AJEE v AR QA pFnLT A Uepdch A
AdEe} A4 HE £ Heisle] PAAR v} FA L JHsIA] 2 v zto] 4
% 8 TS AR RAIE A3, ol} F 459 8F o] 24 FdeE
AU e} vgeEol] VAl FAAR vl FUG AWslA] 4L ol FolF
d ol gloleh ERE WO 48 4o JolME FAAR W PYAL AR
3HA QF2 W ol Xjol7t QAT 7 T Lo o] HEH $YME olF ¥
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AAE AT FAE A/3tA S wde] Aojrt gAY 2318 FUHH Wit £
Fol W2 BFE Atk oAl E AHutgo] glojA FUAWE ¥AL A
SHAl 9 Wof 3] 2% W Fdgole  Aolrt glolert FAPH control 2|
i o} FAA[A His] EL¢TE A2 FFE HAvh. FAAR w2 oA AP
& ZAEL7] S18ley A dSY W AE, oA FY, THFAY, WU Ha
A,y 54 5% ¥AE V3R Q42 viet wlasiolch. FAAH Wt YA
AR/SA] U HDole ol Figo] F Aojrt glo] BAAHLE Y wjHY H
e Qe Ao® AEE ). wheld Bacillus subtilis Protox RS AolAlHA
cauliflower mosaic virus 35S promoterd}ollA] WA T FAAY gt v=
Protox #3jz} Al ZxAe] cfsf vliLd &2 APPS vehlAzt P AR ulg A
3 W Y HE A doluA| UL ¢ 4+ drh
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