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!ñfezw

ezwZ¨ZzgZÅÛi~ÖzZáäzZg[Z̈âVÅãä~pgZuìÔéûZyÅÀ½Zðúgm»04Ð07ÇÅÛZëô@ìX*¸
&ä;ÇV~WäzZá!Zz[ÅzzÐoÉlZg~½ZðZ»kaZÉNêTÐWäzZáµZzgÈuÆîÃy»gc$%
~»°æäBìX0502YJä*ÅW!ä~~äuZüÜÅzzÐZ»kZzg½ZðîVÅÔ~05ÇJZü±ÅÂµìX1COVp

Z½ZðZ»k!<mezwÅaZzZg~ZüÜÆa"ÑgÇ³ZäZâ]KYgìêXZyZäZâ]~ZqZëäxgZñ¢5Îæ
E
G

ìÔéûF¹5kò´ÆezwÆ»ÞgzVÃ International Program on Rice Biotechnology (IPRB) ÃÉ&c»
ÐQCïÆa{§pZ{âàZæZäÅÛZëôg;ìXZk6z¤ZxÆezwÆâCÙ+Zzgezw6ïôäzZáZÒZäZgzVÃZÏ 1984

6z¤ZxÆèâàZæZäÅÛZëÅYCìX2C

!ñfezwÅ»g~ÆjZáÐKYäzZáZíZð_·Y]»W¸iZÏ)08(Åä;ð~A×ä!]ÐÉZåT~
×~ZEwÉäzZáqÑ]Ôðâz){ÅÕ<V»ZEw explant source ;gñ4Ôë{ZâÅZåiZzg]z){6åzcÔ

Agrobacterium Zzg particle bombardment HäåXZkäzg~QCZ+B542.ç
E
EGEJG8ÆZ§i»g»ÌW¸iôäcäåX

ZzgÉâgô82.ç EGEEÔmC̀Zû (gfp) Zzg!ÖZg6zîå (gusA) p~Ãg7gRåÆZÖgÔgâYgz*[m tumefaciens-mediated

¿ZzgZA!ñS'×Z3åÆaÉÐñWåäåX

QzVZzgFg-VÐ'×Z3!ñfezw

6z¤ZxÆèQzVÐ'×Z3åÅägcÄZzgÅÛZbÆà!ñfezw»gHä@ûezwÅ̀Ãvyàä IPRB

Ð'×ZØÅÛZëÅYnXezwÆXV sheath blight ÔW0SÔZzg bacterial blight Ô̀ZÃgzv yellow stem borer, zZá
~àVÆQzVÅÒ]ZzgñZ0Zi~!<m&ÆñÌ~̀ÅîhnÑ»!̄kìZzgZkÅzzÐ½ã03Ç3C̀ü#É

~ÃðÌZdägZÅ'×ZØñéä pool YCìX»ÞgzVÆaàVÆQzVÐ'×ZØZqÂ»xìYVûezwÆåÆ
QzVÐ'×ZØÆa lepidopteran 7ìZkÆ´z{'×ZØÅZhìåZqäØZg*Zg»xg;ìX"Ñgä/ÇÉV~

6å£òZlx»gÅIX4CÔ5CÔ6C!KezwÅ  (cry1Ab, 1Ac 1Aa, 2A, 1B, or combination of these genes) !K
Æ2009 ~ÅàX7C8C@ëZ[Jáâãîg6!KezwÅÃðn!iZg~îgs7ôzZðàX 1998 yZãWiâö«äiu~

~ZkÅ(} 2012 Ã!ñ́çä~T~ Bt Shanyou 63 Zzg Bt rice Huahui No.1 ZzZy~uÅziZg]igZ®ä
eä6»ì»ZkyêáïåX
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ÅzzÐÉ@ìÔ%nWzgÆîhçÅzzÐ̀Æ05Çvy  Xanthomonas oryzae pv. éû Bacterial Blight (BB)

åÅägcÄÔÙ|Zzg³)Æàéû(}eä6 Xa 21~Oryza longistaminata »:0YìX1ezw
IR 64, IR72, IR50, ½ô@ìÔZkjZáÐ5ÕiÇtWðXezwÅFZlxT~ bacterial blight resistance

ZzgezwÅ¼ìZlxêáïê~ZkåÃêáïôäÆa CO39, Pusa Basmati 1, IR68899B, MH63, BPY5204 

QCZ+B542.ç
E
EGEJG8Ð*ZgZäX11CÔ21CuZzgüí~âåcCZlxÆjZáÐyZãä!]Kâê@ëZÌJàgCîg6Ãð

Ìn77ÅYmìX

Ð'×ZØzZáezwÅn»gôäÅÃÒ74542.ç FGHGEGEZzgâÃ2Z4ZìÆaåÃe8Æfg)ÅYgÑìt sheath Blight 

äzâVZ4Zìí0~zZàï~ä-ZgZzgäzu}%nWzgÐmgpzZá6zîÃwÐ1Ñ̂ôDêX51C61CîgsôZñYäzZá74542.ç FGHGEGE

ÆÇBHäÔ@ë%nWzgÅîäg\»Z0Zi{ÎäÆayZãWiâöÅ¢zg] fungal elicitor Zzgấ42.çGEGEÅ(Jðàu¤ò»äpw
ìX

ezwÆäJy~WBÙÅ¶»XZkzâÜäzPÉY@ìZZk~ñéä¢ggÇVvkYkezwÅ©wÅ%Ãvy
àCìÔZzgqÝôä{áÅlZgÌ'~§bOWÉCìX*Ih{vkYkÆÜsKYäzZáZäZâ]~̀Zû¿Zäzc]»
ZEwÔig¦¤älÔik»ìi}ÅIéãZzg0ã·äÆfg)»g~êáïìtQÔäâÜÔZzg)́Z̈âVZzgYâgzVÆ

~»gÅà¶T»*Ih{vkYkÃNzwôäÆjZáÐílx 1999 a¢ggÇV§i»gêXâ̄ì'×Z3!ñf̀
̀Zû¿äzZìéûâNâí]4-ü2.ç

EGHGEZ4Zì~'×ZØÆfg)vkYkÅM contact HäåXâ̄ìZñ&4-ê
EJGZqägCÔzWZÅô)ÿÔ

Zlx~Ã¦@;Æ¿~g»z^aZôÆZyÅaZzZg~'×ZØô@ìXtZïðZzo5kâä{ìTÆgÎ[Ì7ìÔ2
'×Z3ezwÃàgCeä67ôäÅàg~Z%MÔîZZzgG~ä} _ Z̈âVZzg1m»]ÆaiCÙYÌ7êXâ̄ì

ä~àìX81C

Z}!ñfä!ÉÐ'×ZØ

ezw0ãÐõôäzZà̀ìZzgä*½~îVÆaZEwKYäzZá@i}0ã»03ÇezwÅ̀~ZEw
HY@ìXZkÃäzu~îVÆ£«~äzÐ&kicä{0ãäg»gÉ@ìX91Cä*½~0ãÅ¶Zzg¬@ägzwZg]~Zü±Åzz
Ð0ãÅØge~Zü±ÆæÃezwÅZ+̀»gôäÅÃÒÅYgÑìéZ7öÐÝåÃZEwôDÉñZ}

Å¶0ÑÅàìXZk~ezwÆ transcription factor !ñfZ7öÐ£ô̈nÔZkjZáÐ»gKâVà7ä}~
~ZüÜô@ìéûÃ¦@;ÆZü°Z+Cå EEEZ[Ô bundle sheath cell å»ZÖgÌêáïìéûíÆ!ñâkZzg HRD Z0g

Z½qÆañéäÙs trehalose 0ãÆñWZEwZzgÈÇàÐ'×ZØ~çz-ô@ìX12CZkÆ´z{RZ$gC45ë
E

EGEezw~
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åÅzzÐÈÇàÔØgeZzguä~Ð'×ZØicä{ÉCìX22C

½Zá~ZüÜ

ezw»g1;àgfÔg3V)Ã$(Ô6zîÔÅ5åFHZzg=ðÔn*])7N]4-ê IJGÔÃ`gkÔ
!5½54h4-ê
G
YEGIJGÔ

µ5Òh4-ê GIJGÔÎeéÔ»6ÔZzgWñe+(Zzg
zN2)åc}ÔgZÆ̧+Ô*$h4è

J
GEÔzNð!6ÔZzḡ´Zå(Æîw»ZYfg=ìX32C¾dò´~òVTZzgÍì»îwÂ

ìezw»ZEw¹icä{HY@ìÔTÅzzÐZyW!ä-V~Zë½ZðZbZYÅ¶ÉYCìXZkÅzzÐ$zgîVÔpZ&Ôäzä|
öäzZàpZ&ZzgqnúgÂV~zNðZ}ÔZ~Ô̄ÑäZzgi7Å¶zZµÉYCìXZü°½Z"3ïGJGZzģ]jäzZÉVÅÅÛZb~»°)b
»Çoô*7@ìT~ãä~eJëÅ°xñéäÏÔZyZäzc]»µÉ*ZzgZy6z¤Z'×6á.Þfô¿ägWæ:É*êáïêX½ZÉVÅ
½Z"3ïGJG~Zü±Æa]h§i»g»ZEwHYg;ìÔT~!ñ¯g-»6z¤ZxÌêáïìÔt!ñ(ßY»Zq§iìT
~îV~Z,åäZ4ôäØYDêXÅzzÐ̀Å½Z"3ïGJG~á.ÞfôZüÜÉY@ìXZkjZáÐ!ñfezw6zzNð
Z})Í®ygZõ(»gHäì42C52CtezwüíÔ@ä÷ZzgZ&c~âgôÅæäÐ̀ÅwkZÇÛZöÆfg)icä{aZzZgä¶zZà

ÆäpwÆfg)»gHäìXÍ®yezwÅZZlxÃ2102YJYg~ôäÆjZáÐâÅ5½3ð GG° loci ezwÅ£ò±~gPzî
âgôZie'i86zç6»xYg~ìXZü°9"54è GHGEbzÆqï!ñfezwÃZikä/aÉVÃîcäÂZy~åâÎZzg®~
¯ÑäÅlZg~"C{ZüÜx@}~WcÔZkÐZyZk*]Ã¾eQìûÕǢÑä~9"54è GHGEZbZYÆZü±Æfg)ä*½~
¯ÑäÅ¶ÆZ»0ZZgiàlHYYìX

ezw~âÑiòZâÅZå}ê-*íÔRê@ÔÑð̄ÔZzg$4-ü3ð GGG*í70ñYDXezw~Ñ$h4è
J

GEbzÆZü±Æ
Æfg)Ñð̄ÆZzo~'×ZØÐÑ&4h4è

JGGEÅWiZäZ:R~ RNAi approach jZáÐKYäzZáä!]Ðt¥xÉZû
ZüÜÉZZzgZkäÑð̄ÆAàgZ3ÐÝZâÅZå}ê-*íZzgZ3gSZåÆZgÇi~ZüÜHX72Ct!]ÈVìûÍì

Æ£«~7äzVÐqÝÉäzZà6zîZ̈âVZzgYâgzVäzâVÆa×:ÉCìÔZk6zîÆ£g~ZüÜÆfg)
ä*½»ZqZëXiÉäÅÂµìX

Biopharming ezwÐ

ezwÃZZlxÅZäzc]Å»g~~ZEwHY@ìT~zëÌêáïìXezwÐ»gÅYäzZà3äzZà
ìÔéûüÆ¶5Å̂ÆZhz4xü]~¦ÉYDêXZy  cholera toxin B subunit (CTB) zë~ZqZAX

æZ¢ö-ö
EG

gä¿Ã®~u¤òÆÇBäZ4H mucosal ü]ÐqÝHY@ì@ûZAXÆaºm mucosal Ãn}ZzgW-Æ
el|ÇwÐiZZ²áJ#}ÆägzwZg]6yZ[7ÉCZzgZkÅ CTB YnX82CZkÆ´z{ezwÐ»gôä{

Åäzu~zën}Zzg mucosal cell @äkáìgSìXZzgt¡¦âjw~"54h4è FGFGEZ(Aåé EXExÐôpgSìX immunogenicity
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VäZzgÇ÷ÆgZ5~ÉäzZàFg-VÃ@s¯CêÔt:ÉäÅzzÐF¹5kò´~gÅzZáZÅÛZäÆaÃZ{q
U"É$ËêYVûz;Vå¢zg]icä{ÉCìX

ZA!ñSZäzc]»uÐicä{ZEw%2VÔÎgzVÔñwVZzgZ̈âV~0ñYäzZáZpgä̀Zû~'×ZØaZ
ôäêìÔTÅzzÐZA!ñSÆÅäwiÅàlYg~ìXâZA!ñSâÅ5½3ð GG²}Å5½3ð GH9+ZzgÑðÎiZìezwÆäJy~
!ñ(ßYÆfg)ªCÙôäÅÎaXgÅYgÑìX'Zb%2VÃä!Cîg6Å5½3ð GH9+ZzgÑðÎiZìÙcÆqïezwîñâ

u¤ò~ZüÜÉZXZkÕiÃWÕVÅ¡ZzgeZ]c bacteriostatic TÐZyÅ½Zð&¢ÔWÕVÅ¡Æ$o-B5é
E

GEGCZêágtZzg
ÐXÉÆaZEwHYYì!<mgLYâgzVZzgZ̈âVÆâñßäîVÆaX

!ñfezwZzgw

!ñfezwÅ»ì~QzVZzgFg-VÐXÉÔZzgZ}!ñSä!ÉÐ'äZìÆfg)o«~ZüÜÔezwÅ½Z"3ïGJG

~ZüÜÆfg)̀ÅZÌ~ZüÜêáïìZkÆ´z{ZkÃZäzc]Çi~ÆyZy~ÅgW!ZEwHYYìX!ñfezw
âj1]~4~Æfg)ägzwZg]Æ¬KZüÜÃgz1»:0YìXZkÆÇBÇBezwÅ̀ÆjZáÐâãä~

»äpwÌêáïìéûÇî{½ZÃgzÝÅÂZ*ðZzg»g0eZðWÇ[~psôä»ZY C4 Pathway î]Yg~êX~å
ezwc³yúVÅaZzZgÆjZáÐÌãä~ï»W¸iÉ[ìZzgZkÆZïðZyZÇÛZY}ò apomict fg=ì03CZkÆ´z{

ªCÙÉ*ÑzqÉâêX13CZkÐëoezwÅaZzZg~ÑÜ~úcV¶zZµÉÏZzgezwÅ%ÆjZáÐ5Õi»gôä~æä
AÏX

jZ!Y]:
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nxvkÆ{0ZyÐmgpzÑ7äZìÔtZqFçî{VìTÆäZäW:~ïô!àúäïêXZkÆV

ZqpÚÅßg]~Zqäzu}ÐÈñÉñÉDêZzgZ*`Æ3äzZá{Ãô9Ôcg¹Y@ìX'Z5ðîg6ætz«»
´ënxÅYñaZöìX1CnxZqZ*`ìTÃWLÅ̂~eJÑY@ìZzgtWNgzKÔÔ·~Ô06ÔZzgäDz){Å»g~~
ZEwÉ@ìXZkÆ´z{ZkÃÑZ[Ææz!]2CZzg!"3ðGJçA²3CÅÂ~ZEwHY@ìXW`ÀnxÅZÇðYäzZàZlx~

)ñzã~ZEwÉä Triticum durum )gzK~ZEwÉäzZànx(Zzg Triticum aestivum L. ÉÐicä{¬xZlx
zZànx(êX

ç¢uH¶X5Cä*~nxaZ 683.15 hÆànxÉÐicä{ZEwÉäzZÑZ*`ìXZkÅ9002Y~aZzZg
ôäzZá&(}ò´~uÔZ&cÔZ%MêáïêXunxaZôäzZÑÉÐ(ZoìpåVaZÉäzZànxoÆ

(1 t$hÿ EIÇÑ:nxaZô@ì 2Ð1.3 Z0gÑZEwÉYCìXZ&cÌZK¢zg]Æ_.nxaZô@ìXZ%MCÙÇw
pZk»ÛÛzyo'WæôäcY@ìXîZÔW7´ZzgZgOíÌZK bushel of wheat at 13.5% moisture=27.21kg)

`»ZqzÛzyo'WæôäïêX*ä̧;ðÆäzgZynxÅaZzZg~¶zZµÉðìZzgZkÆZ@Zs»îwÂÉg;ìX6C

hZzgÎcÎÆ£«~nxÅaZzZg:»DgìYVûnxÅZÇÛZöÆaZ(gKYäzZágzZî§i»gÅzz
ÐtèÃg{äzâVîVÐ¹úìX7COVpZ[nxÅZü°aZzZgÆîwÆa!ñ(ßYÆ]h§jZ(gôä6izg
äcYg;ìTÅæäÐz{)biKYMêXÃiô*gzZî§jÐ*eìX

̀Zû¿'äZìÅqïnx
ìclearifield wheat äîZ~7002Y~«̀Zû¿'äZìzZànxàgCeä6îgsôzZðÔT»*x BASF

ÅñéäÏ~Ìi0{gSìt̀Zû¿äzZ imidazolinone herbicide Fçî{ZÇÛZöÅaZzZgìéû Clearifield wheatX
7ä}Å%Æa¢zg~êácäZgZâÅZåÆ§»C@dgZ5~ AHAS Åu¤òÃgzÂìX (AHAS) Z+I;egzWËZå]4-¢.ç

EG
GE

WäzZÑªZ4ZììXZ%M~ZkÆjZáÐÅYäzZàyZãWiâöÐqÝôä{}òÅgzÝ~éÆzâÜÔÕÅaZzZg
ZL]ZëÆx/ìX8C clearifield )á(ÔFg-VÐ'×ZØZzga~1kÅZÇÛZöÆgDyÆjZáÐ

Æè»gÅà Monsanto, the MON 71800 mC̀Zû¿'äZìôäzZànxÅ«̀QCZ+B542.ç
E
EGEJG8Æfg)

ìXÜð¯Ã'äZìzZànx»gôäÆai}~0cYäzZÑZq¬xÙé Roundup Ready Wheat Zk»àgC*x
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nx~îgsôzZcäXZq6Z4Zì A g r o b a c t e r i u m  t u m e f a c i e n s  s t r a i n  C P 4

Å]h̂ÅaZzZgÆaZEwÉäzZáåÃeÃéû 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS)

gZ5~»xô@ìÔZq§C6ðgZ3pÒäZgâÅZåiZzgäzu}pÒäZg%·]Å@;»f)äZgì7ä}Å%Zzg shikimate

§]ÆaÑiò0cäXZ¤pûó_·Y]Ðt!]U"É_ìûgZÉ&Z\gi~nxÅS:]gzZîZlxÜÑê
äZkÃZÌJâgL~àgCeä67ôä»ê7HìX9C Monsanto @ë

!ñfnx»w

Q}chzVÐ'×Z3nx
(Tilletia ÔA§éZzg[V~ïzZà¬xí0 (Puccinia graminis), nxÃFZlxÅí0»ÇoÉ@ìT~P

í0êáïêt&ÅñéäÏ~nxÅ̀~!~ÐíYDêXZy¡ð~A§éÉÐyZ[í0ìéû tritici)

»:ëêÔZkÆË~ù#Ö~ZïðgLäZäaZÉDêcQ!ÇÌäZä7aZ head blight ccrown rot

ÉDXA§éÆâ̀ZûâðÃI±n.çEE¯DêcQiCÙYÉDêZzgZz{Z̈âVcYâgzVÅ½Z»zëêÂÖÔºÔ
äA§éÐ'×Z3nx»gôäÆµ"6»xÑzqHå1 Syngenta ;gñyÆÂZiy~yZ!Zzgäzu~Fg-V»:ëêX

7002Y~Zkµ"ÃúZxÅY+Ð!ñ(ßY6KYäzZáZãZü]ÅzzÐñyôäcäX!ñfnxÆjZáÐaZÉä
ÔàV~ïzZàí0Ð'×Z3nxÅ»g~ Syngenta '×Z9)½5å YExZq¢oZyzZgÉ$ËìX11C Fusarium zZàqDäpÆ7Ã

ÆÇBp»xôgÑìÔZkÑÆaâgôçzyõú»ZEwHYñÇX21C CIMMYT Æa
9002Y~i-gc~áìö.&4-£é FGGßYZXk^ZzgYyZ4W'¤6Æ>äe{e{_·Y]Æfg)nx~äz

åÅ Lr34 í0Ð'×Z3åÅñéäÏ»ZÏsHÔtïnx~í0Æç}»4+i7ô$ËìX31Ci-gcÆ>ä
åägcÄHéûnxÅ1n~0cY@ì Yr36 ¸hÅéûZFg-VÆÜskôDêYyZ4çÆÇbäZâVä

Fg~~ñéäÅ5åFHÅÙ|ô©ìZzg Yr36 pywR6ZÇÛZöÆ¿~ü#ÉY@ìXÇbäZâVäZkïÐt³ïÑû
'×Z3gä¿Å@ZeYg~ô@ìX

ä!ñfnxÆyZy~ÉÐ(~uât»g~ÅìXz{ZZlxÅnx (CAAS) ìZOòWsZv~×Çb
Yellow ỒsÅ̂Åí0~ZzgQ}chzVÐ'×Z39êáïêX head scab zZ]kÔ yellow mosaic »gôìêT~

Ð'×Z3n5102YJ!iZg~äø[ÉÏX41C51C¦yZv~×-Eg;~ÃyYUÆ¿ÃÁôäzZànxÅn Mosaic Virus

»gÅYgÑì@ûzâÜÐ¬ÃyWäÅzzÐÉäzZá02ÇvyÃÁHYnXnxÅtn2102Yc3102YJàgCîg67
ôä~YñÏX61C
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#Ã'äZìôäzZànx
t(Nax1 and Nax2) ö.Z&7~g^âä#Ã\>î XYäzZánxÆäz82.ç EGEE¬ÑägcÄôaê CISRO

ÐÜêXäzâV82.ç EGEEäÎeé»ZÖgHìÔéû7ä}ÆaaZzgêápV Triticum monococcum nxÅ6ZãnÐÝ
åÑíÆ Nax2 ÆägxygZ5~g»z^eZwôiCÙYU"ÉMêX71C9002YW7´~KYäzZáyZãä!]~

7äzVäØgeÅñéäÏ~52Çicä{aZzZgä~X
ÆZEwÅzzÐÉCì gluten nxÅZ+Zlx»gÅYgÑêéûùÅFg-V»DgZÅÛZäÆaôpÉÏÔtFg~

ZzggKW-ÃyZ[ôÆÃZ{q½ZðZbZYÆZ(Aåé EXEx~g»z^eZrìÔTÅzzÐ%!½Z"3ïGJGÅ¶»DgÉY@ìXzZd
gliadins ZÃ-Eg;~QC"5»45ë GGEGÃZEwôDÉñZ+nx»gÅYgÑìT~nx~ÐùÅFg~aZôäzZá

Ã!CÙïwäcYñÇZzgZkÐnxÅÕÅS¤~'×h4~zZµÉÏXZkn~Ñð̄ÅlZgÌicä{ÉäÅÂµìtZq
ÑiòZâÅZåìéûnx~¹Á0cY@ìX81C

ÈÇà'äZìôäzZànx
ÈÇàÐ'×ZØnxÆjZáÐZqZëp!ì!<mñéä{äzg~¬@ñäp~ÅzzÐ0ãÅ¶ZqZëF+X

kYgÑìX91CZ*`ÅaZzZg~¶ËÌoÅu6ê}ZWZ]%AôCìÔ}W7´~ÈÇàÅzzÐz;VÅÀ̧ò
Wæã~ZqÇÅ¶zZµÉà¶)2002YÐ3002YÆäzgZy(XzÍgt~7002Y~îhÈÇàÅzzÐnxÅað~07ÇÅ

¶zZµÉà¶ÔTÅzzÐgcÑÃ003çeZ°»Äg{'äZìô*7ZX7002Y~zÍgt~e6g¹Ws6ZÎ~Z&7mÆ6zW
thale cress Ô(Zea mays), änxÅ03RZ$gC45ë

E
EGEÑí6ä!]KXnxÅCÙÑí~T~h Spangenberg ̀ð

ÈÇàÃ  êáïê (Saccharomyces cerevisiae). ÔP (Physcomitrella-patens) Ô»ð (Arabidopsis thaliana)

Ã pa t hw a ys ôDêéû§C6ð en c o d e  'äZìôäzZá6åägcÄÉñXtåZ+6zîÅg'×È~
ôÆ0ãÅÁlZg~Ì7ä}ÅÀò%ÃáìgBìXZ¤nxÅtn»x[ÉàÂWÒ{&ÇßV~ÖÈÇà\>î X regulate

ä International Maize and Wheat Improvement Center (CIMMYT) YäzZànx½ÉYñÏX02CZÏ§b
ZEwôDÉñnxÅS:]~ZüÜôäÅÃÒÅìXéCZb8 (DREB1A) ÐZqå Arabidopsis thaliana

Ð»gôä{tnxÈÇàÔÔÁägzwZg]ZzgØgeÃ'äZìôäÅ&¢ÅqïìX12C

!ñfnxÆaäzuZñµ
c!ñfnxÆaàg~Æü~p~ÅzzÐ3002YZzg4002Y~ZyÃàgCîg67ôä (GM) QCFçî{

änxÅ»ìôä (NAWG) Æµ"ÃñyôäcäZkÅzzRZ$gC45ë
E

EGEîVÅ(fÉð#¿ìX22CnxZÇäzZà̧ò̂
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zZáZÅÛZäÐZquz}HT~67ÇnxÆ»ì»gzVänx~!ñ(ßYÅ#]Õä I̂cÆh~äZ]l)Å×e~
gZñä~X32CÎZÁZò¯eZÎgÂÃ±ä0102Y~Z%M~LL¯e(ßY6ôgsÅgZñóóÆjZáÐZquz}ÂHÔT~

<ÔäDÔc0*z){ÆZEwÃIHYVûZk~Á0ãÔi}Zzg  07°úéZ[äyÇyäYZ*nxÐ»gôä{gzKÔ$h»4ø EH
Ô)

çg0Òy ÆjZáÐ  nx GM ̀Zû¿Zäzc]»ZEwÉ@ìX42CW7´ÔîZÔZzgZ%M~nxÅ»ìÐÝâ¡Vä
6'×huât»g~ÅYñX52C (R&D) nxÆjZáÐïZzgF¹ GM Yg~HìT~tZ´yHäìû

YZ*nxÆjZáÐZqäiQ¬@RäpÃWgÑìX®ZZk!]ÆZk*]aZÉâêû!ñfnxÅ»g~~
"The Case of Biotech ÅY+ÐYg~KYäzZÑ£!>Zy Wheat Food Organization !~WñÏX

)V)zZ]ÃáZiy¯ä)nxÅÔéûZkzâÜizZw»Dgì(ÆjZáÐZëêéU"ÉÇÔZzgnxÆ»ÞgzV Wheat"

Æa4+aZzZg~ñZµ½ô}ÇXZ¤nxÅaZzZgÆa]h(ßYÃZEw7HäÂ¹¢nxÅaZzZgÆ%~Ô
ZzggáÆÂZiy~¹(ZÜzZµÉYñÇX
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ZqpÚÅßg]~Zqäzu}ÐÈñÉñÉDêZzgZ*`Æ3äzZá{Ãô9Ôcg¹Y@ìX'Z5ðîg6ætz«»
´ënxÅYñaZöìX1CnxZqZ*`ìTÃWLÅ̂~eJÑY@ìZzgtWNgzKÔÔ·~Ô06ÔZzgäDz){Å»g~~
ZEwÉ@ìXZkÆ´z{ZkÃÑZ[Ææz!]2CZzg!"3ðGJçA²3CÅÂ~ZEwHY@ìXW`ÀnxÅZÇðYäzZàZlx~

)ñzã~ZEwÉä Triticum durum )gzK~ZEwÉäzZànx(Zzg Triticum aestivum L. ÉÐicä{¬xZlx
zZànx(êX

ç¢uH¶X5Cä*~nxaZ 683.15 hÆànxÉÐicä{ZEwÉäzZÑZ*`ìXZkÅ9002Y~aZzZg
ôäzZá&(}ò´~uÔZ&cÔZ%MêáïêXunxaZôäzZÑÉÐ(ZoìpåVaZÉäzZànxoÆ

(1 t$hÿ EIÇÑ:nxaZô@ì 2Ð1.3 Z0gÑZEwÉYCìXZ&cÌZK¢zg]Æ_.nxaZô@ìXZ%MCÙÇw
pZk»ÛÛzyo'WæôäcY@ìXîZÔW7´ZzgZgOíÌZK bushel of wheat at 13.5% moisture=27.21kg)

`»ZqzÛzyo'WæôäïêX*ä̧;ðÆäzgZynxÅaZzZg~¶zZµÉðìZzgZkÆZ@Zs»îwÂÉg;ìX6C

hZzgÎcÎÆ£«~nxÅaZzZg:»DgìYVûnxÅZÇÛZöÆaZ(gKYäzZágzZî§i»gÅzz
ÐtèÃg{äzâVîVÐ¹úìX7COVpZ[nxÅZü°aZzZgÆîwÆa!ñ(ßYÆ]h§jZ(gôä6izg
äcYg;ìTÅæäÐz{)biKYMêXÃiô*gzZî§jÐ*eìX

̀Zû¿'äZìÅqïnx
ìclearifield wheat äîZ~7002Y~«̀Zû¿'äZìzZànxàgCeä6îgsôzZðÔT»*x BASF

ÅñéäÏ~Ìi0{gSìt̀Zû¿äzZ imidazolinone herbicide Fçî{ZÇÛZöÅaZzZgìéû Clearifield wheatX
7ä}Å%Æa¢zg~êácäZgZâÅZåÆ§»C@dgZ5~ AHAS Åu¤òÃgzÂìX (AHAS) Z+I;egzWËZå]4-¢.ç

EG
GE

WäzZÑªZ4ZììXZ%M~ZkÆjZáÐÅYäzZàyZãWiâöÐqÝôä{}òÅgzÝ~éÆzâÜÔÕÅaZzZg
ZL]ZëÆx/ìX8C clearifield )á(ÔFg-VÐ'×ZØZzga~1kÅZÇÛZöÆgDyÆjZáÐ

Æè»gÅà Monsanto, the MON 71800 mC̀Zû¿'äZìôäzZànxÅ«̀QCZ+B542.ç
E
EGEJG8Æfg)

ìXÜð¯Ã'äZìzZànx»gôäÆai}~0cYäzZÑZq¬xÙé Roundup Ready Wheat Zk»àgC*x
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nx~îgsôzZcäXZq6Z4Zì A g r o b a c t e r i u m  t u m e f a c i e n s  s t r a i n  C P 4

Å]h̂ÅaZzZgÆaZEwÉäzZáåÃeÃéû 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS)

gZ5~»xô@ìÔZq§C6ðgZ3pÒäZgâÅZåiZzgäzu}pÒäZg%·]Å@;»f)äZgì7ä}Å%Zzg shikimate

§]ÆaÑiò0cäXZ¤pûó_·Y]Ðt!]U"É_ìûgZÉ&Z\gi~nxÅS:]gzZîZlxÜÑê
äZkÃZÌJâgL~àgCeä67ôä»ê7HìX9C Monsanto @ë

!ñfnx»w

Q}chzVÐ'×Z3nx
(Tilletia ÔA§éZzg[V~ïzZà¬xí0 (Puccinia graminis), nxÃFZlxÅí0»ÇoÉ@ìT~P

í0êáïêt&ÅñéäÏ~nxÅ̀~!~ÐíYDêXZy¡ð~A§éÉÐyZ[í0ìéû tritici)

»:ëêÔZkÆË~ù#Ö~ZïðgLäZäaZÉDêcQ!ÇÌäZä7aZ head blight ccrown rot

ÉDXA§éÆâ̀ZûâðÃI±n.çEE¯DêcQiCÙYÉDêZzgZz{Z̈âVcYâgzVÅ½Z»zëêÂÖÔºÔ
äA§éÐ'×Z3nx»gôäÆµ"6»xÑzqHå1 Syngenta ;gñyÆÂZiy~yZ!Zzgäzu~Fg-V»:ëêX

7002Y~Zkµ"ÃúZxÅY+Ð!ñ(ßY6KYäzZáZãZü]ÅzzÐñyôäcäX!ñfnxÆjZáÐaZÉä
ÔàV~ïzZàí0Ð'×Z3nxÅ»g~ Syngenta '×Z9)½5å YExZq¢oZyzZgÉ$ËìX11C Fusarium zZàqDäpÆ7Ã

ÆÇBp»xôgÑìÔZkÑÆaâgôçzyõú»ZEwHYñÇX21C CIMMYT Æa
9002Y~i-gc~áìö.&4-£é FGGßYZXk^ZzgYyZ4W'¤6Æ>äe{e{_·Y]Æfg)nx~äz

åÅ Lr34 í0Ð'×Z3åÅñéäÏ»ZÏsHÔtïnx~í0Æç}»4+i7ô$ËìX31Ci-gcÆ>ä
åägcÄHéûnxÅ1n~0cY@ì Yr36 ¸hÅéûZFg-VÆÜskôDêYyZ4çÆÇbäZâVä

Fg~~ñéäÅ5åFHÅÙ|ô©ìZzg Yr36 pywR6ZÇÛZöÆ¿~ü#ÉY@ìXÇbäZâVäZkïÐt³ïÑû
'×Z3gä¿Å@ZeYg~ô@ìX

ä!ñfnxÆyZy~ÉÐ(~uât»g~ÅìXz{ZZlxÅnx (CAAS) ìZOòWsZv~×Çb
Yellow ỒsÅ̂Åí0~ZzgQ}chzVÐ'×Z39êáïêX head scab zZ]kÔ yellow mosaic »gôìêT~

Ð'×Z3n5102YJ!iZg~äø[ÉÏX41C51C¦yZv~×-Eg;~ÃyYUÆ¿ÃÁôäzZànxÅn Mosaic Virus

»gÅYgÑì@ûzâÜÐ¬ÃyWäÅzzÐÉäzZá02ÇvyÃÁHYnXnxÅtn2102Yc3102YJàgCîg67
ôä~YñÏX61C
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#Ã'äZìôäzZànx
t(Nax1 and Nax2) ö.Z&7~g^âä#Ã\>î XYäzZánxÆäz82.ç EGEE¬ÑägcÄôaê CISRO

ÐÜêXäzâV82.ç EGEEäÎeé»ZÖgHìÔéû7ä}ÆaaZzgêápV Triticum monococcum nxÅ6ZãnÐÝ
åÑíÆ Nax2 ÆägxygZ5~g»z^eZwôiCÙYU"ÉMêX71C9002YW7´~KYäzZáyZãä!]~

7äzVäØgeÅñéäÏ~52Çicä{aZzZgä~X
ÆZEwÅzzÐÉCì gluten nxÅZ+Zlx»gÅYgÑêéûùÅFg-V»DgZÅÛZäÆaôpÉÏÔtFg~

ZzggKW-ÃyZ[ôÆÃZ{q½ZðZbZYÆZ(Aåé EXEx~g»z^eZrìÔTÅzzÐ%!½Z"3ïGJGÅ¶»DgÉY@ìXzZd
gliadins ZÃ-Eg;~QC"5»45ë GGEGÃZEwôDÉñZ+nx»gÅYgÑìT~nx~ÐùÅFg~aZôäzZá

Ã!CÙïwäcYñÇZzgZkÐnxÅÕÅS¤~'×h4~zZµÉÏXZkn~Ñð̄ÅlZgÌicä{ÉäÅÂµìtZq
ÑiòZâÅZåìéûnx~¹Á0cY@ìX81C

ÈÇà'äZìôäzZànx
ÈÇàÐ'×ZØnxÆjZáÐZqZëp!ì!<mñéä{äzg~¬@ñäp~ÅzzÐ0ãÅ¶ZqZëF+X

kYgÑìX91CZ*`ÅaZzZg~¶ËÌoÅu6ê}ZWZ]%AôCìÔ}W7´~ÈÇàÅzzÐz;VÅÀ̧ò
Wæã~ZqÇÅ¶zZµÉà¶)2002YÐ3002YÆäzgZy(XzÍgt~7002Y~îhÈÇàÅzzÐnxÅað~07ÇÅ

¶zZµÉà¶ÔTÅzzÐgcÑÃ003çeZ°»Äg{'äZìô*7ZX7002Y~zÍgt~e6g¹Ws6ZÎ~Z&7mÆ6zW
thale cress Ô(Zea mays), änxÅ03RZ$gC45ë

E
EGEÑí6ä!]KXnxÅCÙÑí~T~h Spangenberg ̀ð

ÈÇàÃ  êáïê (Saccharomyces cerevisiae). ÔP (Physcomitrella-patens) Ô»ð (Arabidopsis thaliana)

Ã pa t hw a ys ôDêéû§C6ð en c o d e  'äZìôäzZá6åägcÄÉñXtåZ+6zîÅg'×È~
ôÆ0ãÅÁlZg~Ì7ä}ÅÀò%ÃáìgBìXZ¤nxÅtn»x[ÉàÂWÒ{&ÇßV~ÖÈÇà\>î X regulate

ä International Maize and Wheat Improvement Center (CIMMYT) YäzZànx½ÉYñÏX02CZÏ§b
ZEwôDÉñnxÅS:]~ZüÜôäÅÃÒÅìXéCZb8 (DREB1A) ÐZqå Arabidopsis thaliana

Ð»gôä{tnxÈÇàÔÔÁägzwZg]ZzgØgeÃ'äZìôäÅ&¢ÅqïìX12C

!ñfnxÆaäzuZñµ
c!ñfnxÆaàg~Æü~p~ÅzzÐ3002YZzg4002Y~ZyÃàgCîg67ôä (GM) QCFçî{

änxÅ»ìôä (NAWG) Æµ"ÃñyôäcäZkÅzzRZ$gC45ë
E

EGEîVÅ(fÉð#¿ìX22CnxZÇäzZà̧ò̂
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zZáZÅÛZäÐZquz}HT~67ÇnxÆ»ì»gzVänx~!ñ(ßYÅ#]Õä I̂cÆh~äZ]l)Å×e~
gZñä~X32CÎZÁZò¯eZÎgÂÃ±ä0102Y~Z%M~LL¯e(ßY6ôgsÅgZñóóÆjZáÐZquz}ÂHÔT~

<ÔäDÔc0*z){ÆZEwÃIHYVûZk~Á0ãÔi}Zzg  07°úéZ[äyÇyäYZ*nxÐ»gôä{gzKÔ$h»4ø EH
Ô)

çg0Òy ÆjZáÐ  nx GM ̀Zû¿Zäzc]»ZEwÉ@ìX42CW7´ÔîZÔZzgZ%M~nxÅ»ìÐÝâ¡Vä
6'×huât»g~ÅYñX52C (R&D) nxÆjZáÐïZzgF¹ GM Yg~HìT~tZ´yHäìû

YZ*nxÆjZáÐZqäiQ¬@RäpÃWgÑìX®ZZk!]ÆZk*]aZÉâêû!ñfnxÅ»g~~
"The Case of Biotech ÅY+ÐYg~KYäzZÑ£!>Zy Wheat Food Organization !~WñÏX

)V)zZ]ÃáZiy¯ä)nxÅÔéûZkzâÜizZw»Dgì(ÆjZáÐZëêéU"ÉÇÔZzgnxÆ»ÞgzV Wheat"

Æa4+aZzZg~ñZµ½ô}ÇXZ¤nxÅaZzZgÆa]h(ßYÃZEw7HäÂ¹¢nxÅaZzZgÆ%~Ô
ZzggáÆÂZiy~¹(ZÜzZµÉYñÇX
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!ñfezw

ezwZ¨ZzgZÅÛi~ÖzZáäzZg[Z̈âVÅãä~pgZuìÔéûZyÅÀ½Zðúgm»04Ð07ÇÅÛZëô@ìX*¸
&ä;ÇV~WäzZá!Zz[ÅzzÐoÉlZg~½ZðZ»kaZÉNêTÐWäzZáµZzgÈuÆîÃy»gc$%
~»°æäBìX0502YJä*ÅW!ä~~äuZüÜÅzzÐZ»kZzg½ZðîVÅÔ~05ÇJZü±ÅÂµìX1COVp

Z½ZðZ»k!<mezwÅaZzZg~ZüÜÆa"ÑgÇ³ZäZâ]KYgìêXZyZäZâ]~ZqZëäxgZñ¢5Îæ
E
G

ìÔéûF¹5kò´ÆezwÆ»ÞgzVÃ International Program on Rice Biotechnology (IPRB) ÃÉ&c»
ÐQCïÆa{§pZ{âàZæZäÅÛZëôg;ìXZk6z¤ZxÆezwÆâCÙ+Zzgezw6ïôäzZáZÒZäZgzVÃZÏ 1984

6z¤ZxÆèâàZæZäÅÛZëÅYCìX2C

!ñfezwÅ»g~ÆjZáÐKYäzZáZíZð_·Y]»W¸iZÏ)08(Åä;ð~A×ä!]ÐÉZåT~
×~ZEwÉäzZáqÑ]Ôðâz){ÅÕ<V»ZEw explant source ;gñ4Ôë{ZâÅZåiZzg]z){6åzcÔ

Agrobacterium Zzg particle bombardment HäåXZkäzg~QCZ+B542.ç
E
EGEJG8ÆZ§i»g»ÌW¸iôäcäåX

ZzgÉâgô82.ç EGEEÔmC̀Zû (gfp) Zzg!ÖZg6zîå (gusA) p~Ãg7gRåÆZÖgÔgâYgz*[m tumefaciens-mediated

¿ZzgZA!ñS'×Z3åÆaÉÐñWåäåX

QzVZzgFg-VÐ'×Z3!ñfezw

6z¤ZxÆèQzVÐ'×Z3åÅägcÄZzgÅÛZbÆà!ñfezw»gHä@ûezwÅ̀Ãvyàä IPRB

Ð'×ZØÅÛZëÅYnXezwÆXV sheath blight ÔW0SÔZzg bacterial blight Ô̀ZÃgzv yellow stem borer, zZá
~àVÆQzVÅÒ]ZzgñZ0Zi~!<m&ÆñÌ~̀ÅîhnÑ»!̄kìZzgZkÅzzÐ½ã03Ç3C̀ü#É

~ÃðÌZdägZÅ'×ZØñéä pool YCìX»ÞgzVÆaàVÆQzVÐ'×ZØZqÂ»xìYVûezwÆåÆ
QzVÐ'×ZØÆa lepidopteran 7ìZkÆ´z{'×ZØÅZhìåZqäØZg*Zg»xg;ìX"Ñgä/ÇÉV~

6å£òZlx»gÅIX4CÔ5CÔ6C!KezwÅ  (cry1Ab, 1Ac 1Aa, 2A, 1B, or combination of these genes) !K
Æ2009 ~ÅàX7C8C@ëZ[Jáâãîg6!KezwÅÃðn!iZg~îgs7ôzZðàX 1998 yZãWiâö«äiu~

~ZkÅ(} 2012 Ã!ñ́çä~T~ Bt Shanyou 63 Zzg Bt rice Huahui No.1 ZzZy~uÅziZg]igZ®ä
eä6»ì»ZkyêáïåX
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ÅzzÐÉ@ìÔ%nWzgÆîhçÅzzÐ̀Æ05Çvy  Xanthomonas oryzae pv. éû Bacterial Blight (BB)

åÅägcÄÔÙ|Zzg³)Æàéû(}eä6 Xa 21~Oryza longistaminata »:0YìX1ezw
IR 64, IR72, IR50, ½ô@ìÔZkjZáÐ5ÕiÇtWðXezwÅFZlxT~ bacterial blight resistance

ZzgezwÅ¼ìZlxêáïê~ZkåÃêáïôäÆa CO39, Pusa Basmati 1, IR68899B, MH63, BPY5204 

QCZ+B542.ç
E
EGEJG8Ð*ZgZäX11CÔ21CuZzgüí~âåcCZlxÆjZáÐyZãä!]Kâê@ëZÌJàgCîg6Ãð

Ìn77ÅYmìX

Ð'×ZØzZáezwÅn»gôäÅÃÒ74542.ç FGHGEGEZzgâÃ2Z4ZìÆaåÃe8Æfg)ÅYgÑìt sheath Blight 

äzâVZ4Zìí0~zZàï~ä-ZgZzgäzu}%nWzgÐmgpzZá6zîÃwÐ1Ñ̂ôDêX51C61CîgsôZñYäzZá74542.ç FGHGEGE

ÆÇBHäÔ@ë%nWzgÅîäg\»Z0Zi{ÎäÆayZãWiâöÅ¢zg] fungal elicitor Zzgấ42.çGEGEÅ(Jðàu¤ò»äpw
ìX

ezwÆäJy~WBÙÅ¶»XZkzâÜäzPÉY@ìZZk~ñéä¢ggÇVvkYkezwÅ©wÅ%Ãvy
àCìÔZzgqÝôä{áÅlZgÌ'~§bOWÉCìX*Ih{vkYkÆÜsKYäzZáZäZâ]~̀Zû¿Zäzc]»
ZEwÔig¦¤älÔik»ìi}ÅIéãZzg0ã·äÆfg)»g~êáïìtQÔäâÜÔZzg)́Z̈âVZzgYâgzVÆ

~»gÅà¶T»*Ih{vkYkÃNzwôäÆjZáÐílx 1999 a¢ggÇV§i»gêXâ̄ì'×Z3!ñf̀
̀Zû¿äzZìéûâNâí]4-ü2.ç

EGHGEZ4Zì~'×ZØÆfg)vkYkÅM contact HäåXâ̄ìZñ&4-ê
EJGZqägCÔzWZÅô)ÿÔ

Zlx~Ã¦@;Æ¿~g»z^aZôÆZyÅaZzZg~'×ZØô@ìXtZïðZzo5kâä{ìTÆgÎ[Ì7ìÔ2
'×Z3ezwÃàgCeä67ôäÅàg~Z%MÔîZZzgG~ä} _ Z̈âVZzg1m»]ÆaiCÙYÌ7êXâ̄ì

ä~àìX81C

Z}!ñfä!ÉÐ'×ZØ

ezw0ãÐõôäzZà̀ìZzgä*½~îVÆaZEwKYäzZá@i}0ã»03ÇezwÅ̀~ZEw
HY@ìXZkÃäzu~îVÆ£«~äzÐ&kicä{0ãäg»gÉ@ìX91Cä*½~0ãÅ¶Zzg¬@ägzwZg]~Zü±Åzz
Ð0ãÅØge~Zü±ÆæÃezwÅZ+̀»gôäÅÃÒÅYgÑìéZ7öÐÝåÃZEwôDÉñZ}

Å¶0ÑÅàìXZk~ezwÆ transcription factor !ñfZ7öÐ£ô̈nÔZkjZáÐ»gKâVà7ä}~
~ZüÜô@ìéûÃ¦@;ÆZü°Z+Cå EEEZ[Ô bundle sheath cell å»ZÖgÌêáïìéûíÆ!ñâkZzg HRD Z0g

Z½qÆañéäÙs trehalose 0ãÆñWZEwZzgÈÇàÐ'×ZØ~çz-ô@ìX12CZkÆ´z{RZ$gC45ë
E

EGEezw~
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åÅzzÐÈÇàÔØgeZzguä~Ð'×ZØicä{ÉCìX22C

½Zá~ZüÜ

ezw»g1;àgfÔg3V)Ã$(Ô6zîÔÅ5åFHZzg=ðÔn*])7N]4-ê IJGÔÃ`gkÔ
!5½54h4-ê
G
YEGIJGÔ

µ5Òh4-ê GIJGÔÎeéÔ»6ÔZzgWñe+(Zzg
zN2)åc}ÔgZÆ̧+Ô*$h4è

J
GEÔzNð!6ÔZzḡ´Zå(Æîw»ZYfg=ìX32C¾dò´~òVTZzgÍì»îwÂ

ìezw»ZEw¹icä{HY@ìÔTÅzzÐZyW!ä-V~Zë½ZðZbZYÅ¶ÉYCìXZkÅzzÐ$zgîVÔpZ&Ôäzä|
öäzZàpZ&ZzgqnúgÂV~zNðZ}ÔZ~Ô̄ÑäZzgi7Å¶zZµÉYCìXZü°½Z"3ïGJGZzģ]jäzZÉVÅÅÛZb~»°)b
»Çoô*7@ìT~ãä~eJëÅ°xñéäÏÔZyZäzc]»µÉ*ZzgZy6z¤Z'×6á.Þfô¿ägWæ:É*êáïêX½ZÉVÅ
½Z"3ïGJG~Zü±Æa]h§i»g»ZEwHYg;ìÔT~!ñ¯g-»6z¤ZxÌêáïìÔt!ñ(ßY»Zq§iìT
~îV~Z,åäZ4ôäØYDêXÅzzÐ̀Å½Z"3ïGJG~á.ÞfôZüÜÉY@ìXZkjZáÐ!ñfezw6zzNð
Z})Í®ygZõ(»gHäì42C52CtezwüíÔ@ä÷ZzgZ&c~âgôÅæäÐ̀ÅwkZÇÛZöÆfg)icä{aZzZgä¶zZà

ÆäpwÆfg)»gHäìXÍ®yezwÅZZlxÃ2102YJYg~ôäÆjZáÐâÅ5½3ð GG° loci ezwÅ£ò±~gPzî
âgôZie'i86zç6»xYg~ìXZü°9"54è GHGEbzÆqï!ñfezwÃZikä/aÉVÃîcäÂZy~åâÎZzg®~
¯ÑäÅlZg~"C{ZüÜx@}~WcÔZkÐZyZk*]Ã¾eQìûÕǢÑä~9"54è GHGEZbZYÆZü±Æfg)ä*½~
¯ÑäÅ¶ÆZ»0ZZgiàlHYYìX

ezw~âÑiòZâÅZå}ê-*íÔRê@ÔÑð̄ÔZzg$4-ü3ð GGG*í70ñYDXezw~Ñ$h4è
J

GEbzÆZü±Æ
Æfg)Ñð̄ÆZzo~'×ZØÐÑ&4h4è

JGGEÅWiZäZ:R~ RNAi approach jZáÐKYäzZáä!]Ðt¥xÉZû
ZüÜÉZZzgZkäÑð̄ÆAàgZ3ÐÝZâÅZå}ê-*íZzgZ3gSZåÆZgÇi~ZüÜHX72Ct!]ÈVìûÍì

Æ£«~7äzVÐqÝÉäzZà6zîZ̈âVZzgYâgzVäzâVÆa×:ÉCìÔZk6zîÆ£g~ZüÜÆfg)
ä*½»ZqZëXiÉäÅÂµìX

Biopharming ezwÐ

ezwÃZZlxÅZäzc]Å»g~~ZEwHY@ìT~zëÌêáïìXezwÐ»gÅYäzZà3äzZà
ìÔéûüÆ¶5Å̂ÆZhz4xü]~¦ÉYDêXZy  cholera toxin B subunit (CTB) zë~ZqZAX

æZ¢ö-ö
EG

gä¿Ã®~u¤òÆÇBäZ4H mucosal ü]ÐqÝHY@ì@ûZAXÆaºm mucosal Ãn}ZzgW-Æ
el|ÇwÐiZZ²áJ#}ÆägzwZg]6yZ[7ÉCZzgZkÅ CTB YnX82CZkÆ´z{ezwÐ»gôä{

Åäzu~zën}Zzg mucosal cell @äkáìgSìXZzgt¡¦âjw~"54h4è FGFGEZ(Aåé EXExÐôpgSìX immunogenicity
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VäZzgÇ÷ÆgZ5~ÉäzZàFg-VÃ@s¯CêÔt:ÉäÅzzÐF¹5kò´~gÅzZáZÅÛZäÆaÃZ{q
U"É$ËêYVûz;Vå¢zg]icä{ÉCìX

ZA!ñSZäzc]»uÐicä{ZEw%2VÔÎgzVÔñwVZzgZ̈âV~0ñYäzZáZpgä̀Zû~'×ZØaZ
ôäêìÔTÅzzÐZA!ñSÆÅäwiÅàlYg~ìXâZA!ñSâÅ5½3ð GG²}Å5½3ð GH9+ZzgÑðÎiZìezwÆäJy~
!ñ(ßYÆfg)ªCÙôäÅÎaXgÅYgÑìX'Zb%2VÃä!Cîg6Å5½3ð GH9+ZzgÑðÎiZìÙcÆqïezwîñâ

u¤ò~ZüÜÉZXZkÕiÃWÕVÅ¡ZzgeZ]c bacteriostatic TÐZyÅ½Zð&¢ÔWÕVÅ¡Æ$o-B5é
E

GEGCZêágtZzg
ÐXÉÆaZEwHYYì!<mgLYâgzVZzgZ̈âVÆâñßäîVÆaX

!ñfezwZzgw

!ñfezwÅ»ì~QzVZzgFg-VÐXÉÔZzgZ}!ñSä!ÉÐ'äZìÆfg)o«~ZüÜÔezwÅ½Z"3ïGJG

~ZüÜÆfg)̀ÅZÌ~ZüÜêáïìZkÆ´z{ZkÃZäzc]Çi~ÆyZy~ÅgW!ZEwHYYìX!ñfezw
âj1]~4~Æfg)ägzwZg]Æ¬KZüÜÃgz1»:0YìXZkÆÇBÇBezwÅ̀ÆjZáÐâãä~

»äpwÌêáïìéûÇî{½ZÃgzÝÅÂZ*ðZzg»g0eZðWÇ[~psôä»ZY C4 Pathway î]Yg~êX~å
ezwc³yúVÅaZzZgÆjZáÐÌãä~ï»W¸iÉ[ìZzgZkÆZïðZyZÇÛZY}ò apomict fg=ì03CZkÆ´z{

ªCÙÉ*ÑzqÉâêX13CZkÐëoezwÅaZzZg~ÑÜ~úcV¶zZµÉÏZzgezwÅ%ÆjZáÐ5Õi»gôä~æä
AÏX

jZ!Y]:

 

 Rice Biotechnology: A need for developing countries. 2004 Swapan K Data Agbioforum 7(1&2):31-35. 1CÔ21CÔ41C
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