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Rice transgenic technology and transgenic rice varieties cultivation
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Abstract: Transgenic technology has been widely used in the genetic improvement of rice. This paper summarizes
the course of development and trend of rice transgenic technology, and a brief introduction of transgenic rice
cultivation and its regulatory approval system in China was made at the same time.
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Mo, 5 KRR SR R R 1269

R, B IRE A R I 3R s e 1983 4%,
B — R e TRV R g Il 1B 1 AR e B DR AR 1
Jei B 3t 30 RAEMKE, MMEREEEACD
SLEAEYBEAEY R R EENINEMFRZ—, &
FI 2 MR T ERE 5 s it 23z |
Al AW AR R AR S 123 (ISAAA) 15T il
TR 2015 4F, AER 28 ANE K4 1 800 J5 Ak R 3t
A T 1797 ACA U FE RN 5 2015 4F, e dk
RVEYI A BR T I 9 153 123570, H4a kil
P73 AN 34%,

JK#E (Oryza sativa L.) & 5t T i EERE
EMN 2 —o AR KFE A =R 38 K, FiAE T
FU tH SR FE SR AR 1) 20% 2647, AR T B
SRR RN 33% A4, JEEARE 6. &
] o 7K R P AL TR AR 24 oy 6 B 47 o e T L 1)
25%, S EL R ERE S ER 40% 5 FRE M
HRAE L= R 7 AR P S 50%, EA
60% LA LRI AN TR K N B BTl KRS
P2 R FAH R PP B4 ok R B E v R AR . ANk HAth
RAEY—FE, KRELERIE A P 2 Hh T i 5 v
RAG 5 E KGR, AR . BT AR
AR B ERTAL . KRN BT A — R B 1)
Al ST, WERFEZRT 2007 FHEH T Cokt
HgRE” B E Mg © . R ok, o DAY B
A R KRG AN IEM L, AL S R R 1
AR FIRCEAR KRBT AR, A& FH <0
Iy, Dt iE. KPR IR &7 KK
Bromp. AR, JKFEEE LR HORAE SLHL IR E
HAir i K EE BB . AT iEE 2 M
TR R, EFEIX KRR IR AR
SRR DR KRG PG B X P 7 1 A A — T R LRIA

1 KRR ERERA

IKFE R HE PRI BOR B T 46 T 20 THE42 80 EAUK,
£ 20 20 90 AN R Wk T . RRIRT
FER R TE SR RS (B “ 4
FER T BAT MRS A 3\ B 32 AR wl b b B —
Be7 XA R ). Bl R IR T G, BT
B AN A A2 T a7 B SRS A 2 N B B2 AR
PR T RA ARSI /R, — ST A e A
R BRI IROE 0 KRR, R A
PR BN ER AWK, KB EE IR H Al IE
P 2 VRVIEVET DT PRE R R . T EORE,
TR B B DR BRI 7T S S0 5 A2 “ 8% (R L

B ), MElp B E sSre “FER” (P T A
BrEt). R efl——m@saa.
1.1 KR AEAERNEL

KB B DR AR (R T 46T 20 22 80 4EARK,
3 ANRIE RN AE 1988 4F [l 345 T 5 3E H /K
TER AR, TATTH R DOKRR JEAE A x4,
FIT A%, 7 vy B s 0 PEG 4 7, Christou %% 1)
UK S NG R, T 1991 SF B3k 8 T
5 A A T 5 5 KRS A M Pk . Chan %5 1Y
[FFE CAOK R IE A AL %, F 1993 5 a3k g
T HRATE AN SR KA k. Hiei 2 1!
DL IR S @A H LU AT 5, SR AT 3 A
FRUERB AL AR KRBT T REMMRAL, M5
TR BN R R KSR . T IR i R R A,
RURE e ALAE — BER IR N — B R R, R, AR
N GO AT B A T ORI RGEAL Stk R T T &R
GB RS0, AR A SRR R T —
EREER SR P, RSt R — B R K
A 0% T 40 R e A R A 5 T UL TR 2 R& )
TAEUT, EEHAT, KREBEAELER RN
RAT A SRR AL, AR SN R .
b RGikase . AN TR A HLEAH
SHIEHE AT B DA RS A KRS T g
AL BT AME R Z N AR S @i 8L, A
BRI T 5 F3RR AAZ AT 5T KIIRAE
Mz, B0 H L% G A BT LUK & 4k 77,
— 5 GRAR IR E 2z P9 I A 2H 0 B A R R i AN
Ko BUA FIKFEBAL F AT & JE AR 10T LIS AN ]
b ) R DR AR (R PR AN S 7 e A R B e Ak
B AR, AR PR E R AR RO T
HIFEEEA A R
1.2 BIE$FRMRIAFA

WAl LR IS R TE 2 AR ) s R Hb g RN
T RI R FRIE, AT LA 2 5% JE DR AR AFF 7T 11
HE MRS . I, BB FE AR 1 H R,
R ey BT ok AN [F) 28 AL 1 )5 B T ) E R
B 2% Rk SRk B A RS2 58 H . M 1988 4F N2
RIS B R RUK R AR 24, B R IRKFE B 7T
CE I 30 fE i fE . WL RESRE, Wi
Z 8 2 R A SR S 2 TR Ik 8 B R R R I,
HET 32 21 24 B K REAR N (6 i U5, 4Rl s
Bl T 7K R B DR e AR B 7K s T e 22 DR 40 F F 9 o
REXHEBNER, ERAER Ziz AR b
BHREE T L, AR R R R R A R R
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SR E P RIL, PR AR OR R R A i s A
ITEE AN R, T8 7Y 5 AR,
KT = B A & s ALY Y AR
i, HEAE, WmERS TEYIESEK, £
SEIET: M, AR R 3T IREh I AMNESE R
AL FIFE = RFEi kA, Bk, ol 7 —2a A
AT . FAh, HE A R —Fp 2 R
Ja B IR B AN B S B SMIE I PR SRk T R 2
SRS YT BR BB 5 1, thdh 22 LR FE A
KTADBEL. Kk, HABERRHERIEEINT
B 5 Y R0 A B A e DR KR R v ik
2 EEA

FIFH2H VRS 7 3205 3 3 1ok K 5l B I 25 R £E 7K
FEds AR IE B A IRIE Y. IRTRE, &
A AT A B P AS R E RN D2 58 R T
YE. Ye & W B T /KRS 4R 7 R IE 1)
rbeS B A B ¥, RGN %8 305 Bt A Uk
K cryl C* Rl &, d5eJi FHARFE 1R /1 T 138 A% 3 40 2
P PN BRERE SR AR 11, & 3R1§ T CrylC*
AR B R R R IA PR KRR R X Fh
R L DRK G BE AT LA 2R3 K A AN AH B 5 U 5
(CrylC* A E AL, = AU 1 32 B 5647,
i R AL R AR IR ), XA RAE—E R b
TH B R AR B (R K R F 2 2 4R (Cry1C* |
AE KRR A LA RIE ). He 25 ™ 53 89 50
VKRB ILA LR R RIE BB Gtl3a, IRJEH
%8 3 T I BN 4 % i 1A A0 B9 N LIS B R 2k
OsrHSA, o AR B A SRS L E R R S
NFERG Gl TP309, 3K 1F 1 OstHSA & HXAE
R LA R e S RIS KRR R BT 501X Ff
R KRG AR el AR HCH 2.75 g 4l EE R T
99% N IMLIEHEH, EERM T R TR
()82 FH HiT 55

HHLUE R RIE H EEFE R AR, FIH 5
SRRIE TR IS H 03 FRIA # T B o R
IKAEAH R AR ORI A X 2D — e, — > b
) S DR gl A KB o 5 2 R AA I B 3l RIS AE 2 5 =
PTG T, RIEEAIIRA RIS BT, Hiz
PSRRI E B AT LAIKEh H 058 A R 7 2% A
FHRE LT R SRR B AL RNV 2 0
HeSE, WA LB T ikl RIBIR G s
}Eﬁﬁ-ﬁ% [56-60]O
1.3  Efric(Marker-free)dt B E 35 A

R EN FRBEENRS T, N TR

R A B8 AL 12 1) F BE DA MR, 20— ik
FEbRiC L [K (selectable marker gene) 5 H [ 3 [A] 3
el XFEAEAH N £ (2 NPT R BRI )
MPERT, AR g moR o, ML T3k
1R IR FEAR e PR R T B P T B ROk, 1T 43
TG U R IR R . H AT B LA e bR
N # 2 WE R e 7% 5 A5 ] (hygromycinphospho-
transferase, hpt). H15: 2 MR & A ML A (neomycin
phosphotransferase 11, nptIl). B 22 i 2= £ Tk 5% 7% iy
# [A (phosphinothricinacetyltransferase, bar) & 5- ¥
B PN P ZE R -3- B IR & Rl 2k A (5-enolpyrul
shikimate-3-phosphate synthase, EPSPS). ‘& 1%} M.
HITR IR e R R . G418, W2 & ( Feulh
BT RS ) AECHBE, X ELIE bR LI 3 O )
AT 2R R AEI T .

WE 5 e HE R EYD B R RS AL, e 3R i 2
CR ) 1) i - H AR . B oG, TER A e ik
BIE bR R A EAR Sl 2RI (4
SR, R B AR AR T BRI A ) E, A bar BLE
EPSPS BRI RE R 1 FEbric 2 R 3O H %R, 3X
FRIGOL o 2t ). ok, bRl R WA
— B AE 1) AT R e (R H R A A IE TR
T ), i ey AR B AR A RS (IR R AR 1 5 A ) b
T A 55 B At ) R K ST i A% 23 g ok — S BT IE Y
CRBARET ORI CHEANEE T RIHEIE ) ANBEER |
FH 22 A VEFR (3 B DRl A e e m e i R J Ho
=W 7 50 NEEh Y B A % ). Ay, BT
IERBEARICIE R AFEAE, Sz L A Y 34T 2 ik ast
e E 22 3 — e PR G . Rk, ¥ E ks
(1) % A ) 4 BORAAE ) i BE DR R R 72 i — A
HETTH .

MEFER B, TobRic i ik R HR R ECE LR JLF
SEmG O R AT A SRS A R
HEGA F AL IEF VR BT S bR i 5
AT PRIV B B ) FH 163 % 9 i 1) B R 25 B bR id 2R AL
BT TR AT B L AR B bR e B R ) B B ol
WA T 20, AR AT LR A AN [F] ) T-DNA
F BRI E M E A b 2%, Hodh—/> T-DNA
FBCGEA HIEER, A ARG ER . R
> T-DNA 7 B & 2N A EARPAIE, W
I A 2 DR R 1 22 R gl T DB A 1 s e E A
Bk, MAM SRR EEA RS (HArHTHEY
WAL ALK AN RS £ 54 3 F : Cre/loxP. FLP/
FRTs Fll R/Rs 54t ) THBRbriCHE R 7 RS TV 2
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FEF AL BAR T-DNA [X A5 A 5 PR 78 00 n B2 57 1
HALLR . E AT IEW IR W AL, AR
FHERACER TSI NE AR AR I AT —
RO AY, B CR A BCS E E DR AE
PRAEAT A4 AZ . BB 5N B AL PR o B ZH Ao
R R EH, AT VIERAR g Rl PR
TR i R AIE R SR VARG f] R, o 2
TAERBOR. AWK, RN, BT EiIEcmE
AR BT BT hR Tk K A AL R R, PR AN I
FER BT ZE R EENEY . ¥R T (¥
JRET- 25 Gt A PR g i ) 35 PR K HLAE FH TP R B0
KinEEFPA], BJLT-REAE A AU Y 40
B HT R ) A 3 AR T JE DR T R 10 3 el 2
IR AR IC RN B T A E R P A Ds Z 6], B
TER AR, Aric LD B BE A RE 4 F 10 5 H (26 A
EEE R, BEIIRAG IO hRIc 5k ] ) 6 2k A ) o
M KBRS B, FTEL, TR AR A
EETEFREEMEE APBKKEY . [, &
INEARE T 2RI R S, NS RGN
R A5 DR e LA JRA i T i 2 51 S 5 — A AR 2k ]
RIRERS o 30 A% G SR RO UL J LR VA A e ) T AR
LN BEAT € RUBM IR, Brel, FRERTBLA T
AiE AR IC R A AR R I . L B LR R
FETCARACHE L R KRR IR 7 Fh 8  R SE AT 17,
14 SZERFEUKRAKR

FITiE 22 2k R AL AL R B2 RN AR S2 AR B R A
AL HMEIER I EAR . R B A I 0F 7T
LR HERT A (RIS R MR, (H
BEE DT RIRN, AATHCR A T AR R 2
AR (dn s #2012 AR A o [ 465
8 AN FIMIEEE DR AR o PR K i, T DL TR B AT
ZRBREN S B ) 5 LR, R SRR (Xt
A AR A TG A S ) R 52 2 SR R
R NEEIERME IS5 R A7 LRt S s R
MNEYRUE R BAR RN BN AN BEAT T RE%:
UE (IR IR AR A P ) R E ) 454, XLk
AL A5 2 JE DR e ALK 1) B B E AR PR R

2 ke R AR TR (10 5 e mT LA ] 5 38 2 Dy 7 K
ol SRS A A% R 5 2R AN [R] R S 2
R EBIA R R Hfk b, REaEd I, R
By I3 e A 3R A5 5 3 DR R i 7 2 38 S5 AN R 1 7
RS2 R B R A, A< ROK (golden rice)
B A 3 5 AL 5 R A R 3 N BIK AR
T, MM R S RUKFE IR FL P e 7 7 B- B 3R

1A & i 42 B Yang 25 PO¥ 4 AN L) Bt
RHEEH (crylAbs cryldes crylC* Rl cry24¥) H1/K
FEMELEL 5 R & 77 Nl IE AL, TS T 10
T A Y v A XU B S e R 0 R A
IKAE e AREAR, T 2 FE DR AL AR AR X 1] B
B EEEL 9IS 9% ) (UL S A M R S R 5 1
AEIEME AN BRI ). oL, ZHEER
BN T3 — e SRS 2 g 22 A B DA e 3 ) — A
WL, R EN—EIIAZIZEEY . X
T SRS I 0, {ELIE — 5 T iR A B AR R X 2 K
Bt DNA 2 53N, BN HBTERTE NS
i A% e A AR 2 b K e 22 B X0TT T 30 R AR i
DNA %8 He JI#A K (— BT 20 kb), s LU AL
ZRERFAANFE. ETH, FRANITR T —5%
AT R B 305 B A i e R 3044 (R me
HEAE AT DU T 100 kb), G340 A T gLt ik
(bacteria artificial chromosome, BAC) £§ i& F*] X JG
BAC #4& BIBAC (binary BAC)™ LA 2T P1 AT
Ge i Ak B 19 AT T T B A i N 3 4k TAC
(transformation-competent artificial chromosome)*®”,
EANHERTEZ BN AL BRI T Bos TRIF
AT 55 o
L5 FRRFELER

JRAR S Sk AR A0 L TR A A g, S
ISP S I D AH R o AR R A AN,
AT 7y B SR AR B AR 3 BRI 3 R R,
NATLE AT S A AL SR T T I [R] IS 6] o2 A4 4K
HARBIFE T MBI T . Svab 55 U F 1990 4
RAEMH B T B D BEAT B iR ek, BEHET, O
I 20 A RIS R . S A AR B LB AR L,
FAREEARAE AT 77 THA HARS U8Rt - et 2
HMREE R RIA R . RIL W 5 T aifl, X
e R R 4 i b B A v s DU SR ARk R A (R
T AT ik 1 3 AP UL, T4 R A TR Ak
YRR R B 0 DL BOE R R A 1 B ) - Host
e R HR 73 i S A I A Y B ZR A 4% 7T DAORAIE
BN DR AN 2 W 3 e 5 DR R RO A6 1 Al 2 R R o
Tt BB A G AR B 5 R PR AL SO ) PR
WA VR E A, B, EEdA st R 2
22 W 038 A SRR Rl N RO AL, XM E s A
N AT A 25t G 4 0 A2 A A T e v el e i AR O 2
RS AR R OBR 5 B Jm w2 B iR 9 ) B R R Ik 5 2R
H R GMRZ AR — R, BT, IRZ R
V5T R AZ AR W 2 R AT AT s A e A A i
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BPr BRIk, RN, JEAZ AR A 1 RIE
B (— AN A 30T CAFR B 4 2 AN EE R 3R )
1 2 B AL T T AR A

23l 20 ZEMB TS KR, FUARE R R
ILH CBEE A TNRIER A, B AR
CL 238 F BIVEY 8 A% o R 5 J7 ThI T, e o Joi 44
AR F 32 A m M bk UYL pmdE UL Pk
B U, SRR AR A ) e R T e R B
RV R R A TAEHRAE A RHE YD (g5
T e LR ) R e R, X HABAE A 1R o
MTe T EEEE X PR AR KRG IR 7T
R e 778 S et 5 Hp 45 8 1 B AL A R 2 2
FERUARERR, MARBBIE L, (HRBREAER
FEZKAG AR IR I AR 175 A B R FH i 5%
1.6 TREFBURARARERRERAR

JE A HOR Y EL PR 4T #E (gene targeting) £
AR, 2 20 4L 80 FARK K @ K (1) — Wi o 1 2E4)
FHOR. kU, 2 iEid ZME DNA 74155040
JL A Gt fh b [F]R DNA 741 R B2, At ZhE
DNA JE s 8 -G NI 23— e AL A, 3oy 3t
— RS e AR, AT E RURAR, 1T elAR 2 i
BERE R 775 (R B 40 2 F o0 1 A W 2 Al
XA G 2 AEFEY) 1 R D e A 70 b R 4 5 1)
PER P, (B2 AR R R T #ER (R KR
I8 2T 1% PFTHERER, AN KR o W0 I 280
HRILAR T2tk ) PRI XA T2 R, H A
A A I RIS R ) i AT G A B A

B DRI G 0 5 AR A 8 FH e 91 S M A IR Tl A
DRI 2H 4 e A7 0 SE B0 DNA 46N B sl B, M
T 7E R 2 /KPR e B AT RS 7 B 1
(R —M Tk FE R gm B BRI LA 50 1R 7 40
A SRR, O 2 TR e S R T 7
M Y. ERT, TSR LR R AL R
Bt & B A £ R A% BRI (zinc finger nucleases, ZFNs).
L ST ONE TN B (U A% TR ¥ (transcription activator
like effector nuclease, TALEN) UL % CRISPR/Cas9 %
45 (CRISPR/Cas9 system). 7EAHIEH HEH LM
SR EAL i AR B BT N
2 HEREKIEFEMIEE

MAEYDE Tl M FERE, BB “ifh” 24—
AP B A L R RIE AR — BOMR 0 — B AR
Y, Haifevetase, BAREMEFEINE. g “Hr
an Ff T JEARA I N T E I B R I B A A )

MUTF R, B&gart. Bk, — sk miae
HAIE L LI R IR ERYE, — AN
Foft 8 — A3 i ol A 388 3 A ML ) 5 3R A 4%
W2 AR REIERE X ER “&Fh” 8¢ “Bramfh”,
FHRAEIEE X LR “mM” 8 HrmM” A4mr
RAGT & T . XA PRI
[E| F 79200 (2016 i ) K € 3= B AR it b i 52 A2
(A4 2013 4R 4 5 ) HHEAT BRI, BT
DAFEA SR UE, R H R AR KRR k.
SE b, BT PHBRALE 2005 S 8 /N RR S 1 i 2k
PSETINEY) @20 S 0 11 8 T = T A B S Y& 2
Pl IR, BT REY Ko FHME, FTU
W 5 B HERURE SO R T ML K R P & . %
R A S DR RGBT e A ) i) B R [ s B R
IKFEHT SRS B Rt — T SR

2.1 FHEREKEFMROASIMIRRNES

JUE R T 2 R K R d R, B
IR AL E R T KA B L KRG # MR RET
MR EARRYE, IXSERRLATES B PR 2 R A
ST RE H A KRR & B iR T o
VERI AR, 5 TR 3 i AR RS B A FR
WA

BRTRe R, 258 Tt B i3 UK R AR
M R —— N, ERREWEE T MR ERE R
T B B0 STk, 53 AT SIS T IB B
A i B3 AT R TR P30 B LG S DR K R A O AFF
) 12027 8TASASIEN 5 e D] ) o o g LB 3R DR K
HRRL R ] 192550508 5 30 35 TR ) 5 e R LA
DR K R i e ot ) 4210 KRS 9% e ORI P 3
DR 1 5 S HL A 35k TR /K el i A Rl ) ) 12201
03 751 5 DAY ) e e e L A ik TR KRG 37 4 L )
1) USR5 R AR 2 3 TR 1 T o R L B IR
IKAEA R R ) L1,

T A, BRIE I R K R b 7T CL 4k B
IS REKE, PTHUKRE & & T A .
F A O K S R (K% Bt % EREEIR ery14b/Ac 1
“CAEPR 157 P R HAR A “Baliflt 637 fEA )
T 1R 2 A TR VPR 5 C3RASAR b B A A 1) B 3
DR 7K R 2 A iE ) (3 2 e A b B AU [0 55— 1
SRR Al T, BAREEMRNE ). @i
HAeEMRBE AN KEE, FIH “ER157 #%
BHKEMPIRAT R PLRKE RMPTR I
&, B&TRIFHAFRAESX KM FES. FEH
crylC* Al cry24* WA B B P BUBE R, JRRE & MRS
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mE, 2%

IR S R AR RO i A 7 1273

(38 B B HL B B B AR % JE TR K R T1C-19%7 A
T2A-1%%, B Al & 5g A 7 vl A il e 4 PR AR
KEJR, O£ piEErNH e [, &
R A2 Bt A B R 56 3 UK RE AR B &
2% 8 2H ZURE S 3R 0K Bt S R DR I B 2k (R K R A
b B s e ik N F DR EG . AT LA, R %
Bt F:PR/KAE C A B4 1 R M AL 1) 26 A 4
ARAE G, FEBUR SO VFI 25 A% F AT DR 23 il Ak .
2.2 FHREPFKEHMMHNEESHEIURIE

MESMARF ARG, TER— P B
PP AT 1.35 423676, Horp 1A T0 R BEAR AL
A%, 3500 J5 36 0 A& B 1 MR AR e 3 )
T 5, B e 2 DAL VR 00 oo b ) 0 5 o AN 7R 4R
ANRKREW NI W71 %W 73, T Bk A e
FIVEEERL, B, SRS EREER
&L

5 TR R K WL A B 2 R4 400 1) O 9 7 T R AP
e, ST ARAT I e B R E A ) M AR M TR 0
A T R M ) RS T ) S A R I A A i
HEVI IR E A R AN . FFkE, SEEX
HUR A& DA™= il g 28 Al A O 5 A 1 /8 BEARE 5,
RI30F e 5 DRV 00 1 7 38 AR JFG 7 o 1) FH o
PR EAT . BB e B IEYI 5§ 1 & B BOdE AT
WA 3], B SEE RO ES (United States
Department of Agriculture, USDA). & £/ 245 5 E
B 5 (Food and Drug Administration, FDA) Fl13%
[ X 3155 297 J5) (Environmental Protection Agency,
EPA). 1X 3 MR IR CAEVHEORE B I AE 4L )
S At AH NV R R A T e ik DR AR ) ) b ke 2 4
(USDA). tr 1] (T[] ) % 4= (FDA) Je 305 % 4 (EPA).
Bz 4k, 36 E E 2 A FCBE (National Institutes
of Health, NIH) 17t 51 % Sk 56 =% 70 3k 47 22 4 5 B,
B 22 42 5 T4 & P2 5 (Occupational Safety and
Health Administration, OSHA) NI % #H 5 MMV A 53 19
S ARG AT A B, 5REBIAAE, RK
BRSRE 2 “ DU R B 0 bR ™ A% 1 A S
X BN HAE R A DU MR RN 1) 3 N 2
NE, FTCAHAR S F5K TP AR, R,
HTHBRERARZ, Fit, HEEERMETE S,
I HEA MG — I DL R e sk i (A SR i FL
FE I E AL B B a2 2 E PR (European
Food Safety Authority, EFSA), BlL4T VA M 32 ZALHE (5
TR A s RO TR 2 ) TR A
A A FITE ). OCT IR AV &

TARLEBY fo 0T B R AL W 1A AT 38 B P R A 1R
R % 5 TR A A2 ] B 1) 63 R A ) 7= ol P T 38 B
A0 &,

RE AR A NI PR ], 25 BR 56 ¥ 1k
g, FRSEREEE, ciEPElk T —EEE
G R EEEIHS EPREIEAER . BRI
BHAR, NIRE LML R R 2 SRt T A
REE. FAE 1993 45, Y ERRIER A T (&
Rl TAE 22 A B IpED, e IS5 (R T 72 S a6 A
FUIFRS, RS HEAT 2 AV . 1996 4F, Al
R AT RN AEYEE R TRE 22 45 B S 7805,
XAV FE R TR H s LR 20 RS LA
JOFBE TR T FE MR E . 1997 4F, Ll
SNV AR T AR 22 A2 B s O AR R R T
R aElraE, EXIFRZEA AV ERF T
FE = Sz VP k. 2001 4, [ESSBEk
7 RN B R A ) 2 A B, BRI E
b B R AR W) 55 SEAT e A VPO I B L A A 3
FEL AFEVERTHIEE . 4 VR AT A O e e i
Wl 78 CRAVEE R AV 22 EHE&E) KAi)a,
ANV AT SR X HE T 5 AN EME R
YAk CROML G B R AR ) 2 A B, BT 430
5T (RN HE LR AR W) 2 AV A BRI (I
F 2002 £ 3 HIFaE 920, 1996 £V & K& A i (A&
AW FE R T AR 22 A Bt /920 R R AR ) (O
VA R A Wk 1 22 A R ME ) . (AR B FE R A
VIRV BRIPED « CAOM G 3 TR A= Wy T ik /i)
G H 352 BE TR 7= T AL 364G 2 7 R MR )« 2007 4,
PN RAT T (o R S 7= b3 F 2 A VT
MY FN AT FRUE . 2010 48, b3k An T (%
BN 2 AT AR ). FIN, B (ke
NRIEFE R K CEZEREY M E 205D
50} 2 RV E P 3 P ) o S (e T AR BRI TR . X
—RINEHE P, MR ARAE SRR A R AT
e FEDRVE P30T P ) M TCRBR AN A, 45 A 1 A
KRB -

BARKHE, — MBI AR R AR R AL,
WA JI IRE A « SE R A VE PR 58 9 3145
IR R 2 AR S 5 BT PR 1) X SR AR A A 2 i
IR BIRRUE G AR AR IR TS 5 SRR ki@
HAZ IR EE FE R E YA AL P2 VP e B A& B V]
. Hi e P2 —0, R R K
— AT, FTEE RN G AN R TR S S
FILFH BB B 25 Pl b AR T B SR AL 32 AL AN SE AL



1274 LH): KRR RERE AT 7 S e R

F28%

RIRBAR ., ATV FIERIMOR ) 70 T 1E . 18
fefae e, M (A etk LS 2 2Ty
D7 A — N R A A VA, DL AN PRAL 2518
VE A2 15 0 i 5 R AR ) 22 A UE ) 32 B . %2
SVEVEAY AR S IR o SEIRRIT ST B (1]
AE ) HERREE N B (— M 12 FFEE K ),
BERE B (— M 1~2 4 ) A PRI R B (— K
1~2 4 ) K HIG 22U B B (1~2 FEiE H K ).
Horp, SRS =W TR AR AL A BB G B 5
(S A2 HR AR T2 1) JR 4t N B 2 i 25 A T 1R AT B/
FIBRLS s RO TR 70 B 2R 51 T R EUH B (1
T AHE BT EAT () AR (RS 5 AR P R T 2
FRAE AR 7= BN A AT I BOCARE iR . 4 HEHE
E, — AR NN AT, K A
SIS A FUM BOIX AN I H R B e E RN
L (M 7e0 N6, S, MM A S TS
i AN AFAE SRS ) B0 2% (B 75 NE. shiad.
AR AESH R BAIRE G ) BRI A4
PRI AE 5T 0T LA R AR B A R b B B TR AR ) 2 4 /N
FEHE, A AT IR HR DA 20 [ AR b A Y A B R A
W A E BRI A IR AR A, 2010 4, follFiR
A CEIERMEY) = EnTem ) X — DT
BRI ) ST IO H bR SRS I PN 5 AN T AR A A 1
XK, HTWEANWFIEHIEE 2, EE0A——Fd 1.
MUA_EARIR R, 3 FE X 56 P A 7 ) i A
JeH RGH HAR M0, Kk, NEBUF&d %
2RV S o A b T R B R B o ) 2 A A IR
REfr), ATLASER TGt in . ik 2 DR KR8 B i b
BB RUE,  H A A P 02 e Bt Bt R K
T ( ARG RV EBMUR 1) e B KUK R =2 e+ ),
FoAR AR o B B DRK R B MR BIOHT i R v Ak T %2
SV S B . X T DL A B R KR 22 4
WEF I B R ok, 42 T R R B 2 FR i
s P B S UE S S AR PRV RTE TS, TEEUR R VFIN S
AT DA SEL AL .
3 4B

KGR E R EENREED L —, adix
30 SEHIBE T S AWHRER, KIEHERH ARG T E
KEHED . H 2008 £E LAK, B LA K 8K %
T )T 2O0s 4 BE DRUK ARG (AR 5845 T 1 P2k 1 Bt
LR EWRHERT, HERWIA G QIR KR
HDEE PNV R TR 7 S e B N i P W TR PR E
VRS R R T R, T B i PR KR i 2R A

RAG TR e e A . I b S BURE R T R
TEVITLAL IS FEABAOROBR T A, A, W AT,
e e DR KRB R B9F e B AR SR R T M A R e i 828 2 X ¢
b e [ Rl 2 &y R 22 ROk 2 e EOR Y

DU -

(& £ X #

(1] #0250 TARIMY. b5 S 20 s AR AL, 2006

[2] Jackson DA, Symons RH, Berg P. Biochemical method
for inserting new genetic information into DNA of Simian
Virus 40: circular SV40 DNA molecules containing
lambda phage genes and the galactose operon of
Escherichia coli. Proc Natl Acad Sci USA, 1972, 69:
2904-9

[3] Zambryski P, Joos H, Genetello C, et al. Ti plasmid vector
for the introduction of DNA into plant cells without
alteration of their normal regeneration capacity. EMBO J,
1983, 2: 2143-50

[4] James C. Global status of commercialized biotech/GM
crops[R]: 2015. ISAAA Brief No.51. Ithaca, NY: ISAAA,
2016

[5] http://www.knowledgebank.irri.org/country-specific/asia/
rice-knowledge-for-china[ EB/OL]

[6] Zhang Q. Strategies for developing green super rice. Proc
Natl Acad Sci USA, 2007, 104: 16402-9

[71 Toriyama K, Arimotoa Y, Uchimiyaa H, et al. Transgenic
rice plants after direct gene transfer into protoplasts. Nat
Biotechnol, 1988, 6: 1072-4

[8] Zhang HM, Yang H, Rech EL. Transgenic rice plants
produced by electroporation-mediated plasmid uptake into
protoplasts. Plant Cell Rep, 1988, 7: 379-84

[91 Zhang W, Wu R. Efficient regeneration of transgenic
plants from rice protoplasts and correctly regulated
expression of the foreign gene in the plants. Theor Appl
Genet, 1988, 76: 835-40

[10] Christou P, Ford T, Kofron M. Production of transgenic
Rice (Oryza Sativa L.) plants from agronomically
important indica and japonica varieties via electric
discharge particle acceleration of exogenous DNA into
immature zygotic embryos. Nat Biotechnol, 1991, 9: 957-
62

[11] Chan MT, Chang HH, Ho SL, et al. Agrobacterium-
mediated production of transgenic rice plants expressing a
chimeric a-amylase promoter/B-glucuronidase gene. Plant
Mol Biol, 1993, 22: 491-506

[12] HieiY, Ohta S, Komari T, et al. Efficient transformation of
rice (Oryza sativa L.) mediated by Agrobacterium and
sequence analysis of the boundaries of the T-DNA. Plant J,
1994, 6: 271-82

[13] Hiei Y, Komari T. Improved protocols for transformation
of indica rice mediated by Agrobacterium tumefaciens.
Plant Cell Tissue Organ Cult, 2006, 85: 271-83

[14] Ge XJ, Chu ZZ, Lin Y], et al. A tissue culture system for
different germplasms of indica rice. Plant Cell Rep, 2005,
25:392-402



103

R, S

IR S R AR RO i A 7

1275

[15]

[19]

[20]

(21]

(22]

(24]

(23]

[26]

(27]

(28]

(30]

Lin YJ, Zhang Q. Optimizing the tissue culture conditions
for high efficiency transformation of indica rice. Plant Cell
Rep, 2005, 23: 540-7

Toki S, Hara N, Ono K, et al. Early infection of scutellum
tissue with Agrobacterium allows high-speed
transformation of rice. Plant J, 2006, 47: 969-76

Hiei Y, Komari T. Agrobacterium-mediated transformation
of rice using immature embryos or calli induced from
mature seed. Nat Protoc, 2008, 3: 824-34

Cui Y, Liu ZD, Li Y, et al. Application of a novel
phosphinothricin N-acetyltransferase (RePAT) gene in
developing glufosinate-resistant rice. Sci Rep, 2016, 6:
21259

Wang R, Lu LX, Pan XB, et al. Functional analysis of
OsPGIP] in rice sheath blight resistance. Plant Mol Biol,
2015, 87: 181-91

Yang Z, Chen H, Tang W, et al. Development and
characterization of transgenic rice expressing two Bacillus
thuringiensis genes. Pest Manag Sci, 2011, 67: 414-22

Cai HM, Zhou Y, Xiao JH, et al. Overexpressed glutamine
synthetase gene modifies nitrogen metabolism and abiotic
stress responses in rice. Plant Cell Rep, 2009, 28: 527-37
Zhou Y, Cai HM, Xiao JH, et al. Over-expression of
aspartate aminotransferase genes in rice resulted in altered
nitrogen metabolism and increased amino acid content in
seeds. Theor Appl Genet, 2009, 118: 1381-90

Shao M, Wan JS, Dean RA, et al. Expression of a harpin-
encoding gene in rice confers durable nonspecific
resistance to Magnaporthegrisea. Plant Biotechnol J,
2008, 6: 73-81

Wang QY, Guan YC, Wu YR, et al. Overexpression of a
rice OsDREBIF gene increases salt, drought, and low
temperature tolerance in both Arabidopsis and rice. Plant
Mol Biol, 2008, 67: 589-602

Liu KM, Wang L, Xu YY, et al. Overexpression of
OsCOIN, a putative cold inducible zinc finger protein,
increased tolerance to chilling, salt and drought, and
enhanced proline level in rice. Planta, 2007, 226: 1007-16
Maruthasalam S, Kalpana K, Kumar KK, et al.
Pyramiding transgenic resistance in elite indica rice
cultivars against the sheath blight and bacterial blight.
Plant Cell Rep, 2007, 26: 791-804

Tang W, Chen H, Xu CG, et al. Development of insect-
resistant transgenic indica rice with a synthetic cry/C*
gene. Mol Breed, 2006, 18: 1-10

Chen H, Tang W, Xu CG, et al. Transgenic indica rice
plants harboring a synthetic cry24* gene of Bacillus
thuringiensis exhibit enhanced resistance against rice
lepidopteran pests. Theor Appl Genet, 2005, 111: 1330-7
Coca M, Bortolotti C, Rufat M, et al. Transgenic rice
plants expressing the antifungal AFP protein from
Aspergillus giganteus show enhanced resistance to the rice
blast fungus Magnaporthegrisea. Plant Mol Biol, 2004,
54:245-59

Alfonso-Rubi J, Ortego F, Castanera P, et al. Transgenic
expression of trypsin inhibitor CMe from barley in indica
and japonica rice, confers resistance to the rice weevil

(31]

(32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Sitophilus oryzae. Transgenic Res, 2003, 12: 23-31

Jang IC, Oh SJ, Seo JS, et al. Expression of a bifunctional
fusion of the Escherichia coli genes for trehalose-6-
phosphate synthase and trehalose-6-phosphate
phosphatase in transgenic rice plants increases trehalose
accumulation and abiotic stress tolerance without stunting
growth. Plant Physiol, 2003, 131: 516-24

Kim JK, Jang IC, Wu R, et al. Co-expression of a modified
maize ribosome-inactivating protein and a rice basic
chitinase gene in transgenic rice plants confers enhanced
resistance to sheath blight. Transgenic Res, 2003, 12: 475-
84

Nishizawa Y, Saruta M, Nakazono K, et al. Characte-
rization of transgenic rice plants over-expressing the
stress-inducible f-glucanase gene Gnsl. Plant Mol Biol,
2003, 51: 143-52

Datta K, Koukolikova-Nicola Z, Baisakh N, et al.
Agrobacterium-mediated engineering for sheath blight
resistance of indica rice cultivars from different
ecosystems. Theor Appl Genet, 2000, 100: 832-9

Saijo Y, Hata S, Kyozuka J, et al. Overexpression of a
single Ca**-dependent protein kinase confers both cold
and salt/drought tolerance on rice plants. Plant J, 2000, 23:
319-27

Schaffrath U, Mauch F, Freydl E, et al. Constitutive
expression of the defense-related Rir/b gene in transgenic
rice plants confers enhanced resistance to the rice blast
fungus Magnaporthegrisea. Plant Mol Biol, 2000, 43: 59-
66

Tu J, Zhang G, Datta K, et al. Field performance of
transgenic elite commercial hybrid rice expressing
Bacillus thuringiensis 3-endotoxin. Nat Biotechnol, 2000,
18:1101-4

Nishizawa Y, Nishio Z, Nakazono K, et al. Enhanced
resistance to blast (Magnaporthegrisea) in transgenic
Japonica rice by constitutive expression of rice chitinase.
Theor Appl Genet, 1999, 99: 383-90

Datta K, Vasquez A, Tu J, et al. Constitutive and tissue-
specific differential expression of the cryl4(b) gene in
transgenic rice plants conferring resistance to rice insect
pest. Theor Appl Genet, 1998, 97: 20-30

Xu DP, Duan XL, Wang BY, et al. Expression of a late
embryogenesis abundant protein gene, HVAI, from barley
confers tolerance to water deficit and salt stress in
transgenic rice. Plant Physiol, 1996, 110: 249-57
Karlowski WM, Hirsch AM. The over-expression of an
alfalfa RING-H?2 gene induces pleiotropic effects on plant
growth and development. Plant Mol Biol, 2003, 52: 121-
33

Kumpatla SP, Chandrasekharan MB, Iuer LM, et al.
Genome intruder scanning and modulation systems and
transgene silencing. Trends Plant Sci, 1998, 3: 96-104

Li CY, Wei J, Lin YJ, et al. Gene silencing using the
recessive rice bacterial blight resistance gene xal3 as a
new paradigm in plant breeding. Plant Cell Rep, 2012, 31:
851-62

He Y, Ning TT, Xie TT, et al. Large-scale production of



1276

B AKAEDIRESER AT AL S L R

F28%

[48]

[57]

[58]

[59]

functional human serum albumin from transgenic rice
seeds. Proc Natl Acad Sci USA, 2011, 108: 19078-83

Ye RJ, Huang HQ, Yang Z, et al. Development of insect-
resistant transgenic rice with CrylC*-free endosperm.
Pest Manag Sci, 2009, 65: 1015-20

Shrawat AK, Carroll RT, DePauw M, et al. Genetic
engineering of improved nitrogen use efficiency in rice by
the tissue-specific expression of alanine aminotransferase.
Plant Biotechnol J, 2008, 6: 722-32

Taniguchi Y, Ohkawa H, Masumoto C, et al.
Overproduction of C, photosynthetic enzymes in
transgenic rice plants: an approach to introduce the C-like
photosynthetic pathway into rice. ] Exp Bot, 2008, 59:
1799-809

Cai M, Wei J, Li XH, et al. A rice promoter containing
both novel positive and negative cis-elements for
regulation of green tissue-specific gene expression in
transgenic plants. Plant Biotechnol J, 2007, 5: 664-74
Paine JA, Shipton CA, Chaggar S, et al. Improving the
nutritional value of Golden Rice through increased pro-
vitamin A content. Nat Biotechnol, 2005, 23: 482-7
Nagadhara D, Ramesh D, Pasalu IC, et al. Transgenic rice
plants expressing the snowdrop lectin gene (gna) exhibit
high-level resistance to the whitebacked planthopper
(Sogatellafurcifera). Theor Appl Genet, 2004, 109: 1399-
405

Nagadhara D, Ramesh S, Pasalu IC, et al. Transgenic
indica rice resistant to sap-sucking insects. Plant
Biotechnol J, 2003, 1: 231-40

Vasconcelos M, Datta K, Oliva N, et al. Enhanced iron
and zinc accumulation in transgenic rice with the ferritin
gene. Plant Sci, 2003, 164: 371-8

Ye XD, Al-Babili S, KIoti A, et al. Engineering the
provitamin A (f-carotene) biosynthetic pathway into
(carotenoid-free) rice endosperm. Science, 2000, 287:
303-5

Goto F, Yoshihara T, Shigemoto N, et al. Iron fortification
of rice seed by the soybean ferritin gene. Nat Biotechnol,
1999, 17: 282-6

Tang KX, Tinjuangjun P, Xu YN, et al. Particle-
bombardment-mediated co-transformation of elite Chinese
rice cultivars with genes conferring resistance to bacterial
blight and sap-sucking insect pests. Planta, 1999, 208:
552-63

Yuan T, Li XH, Xiao JH, et al. Characterization of
Xanthomonasoryzae-responsive cis-acting element in the
promoter of rice race-specific susceptibility gene Xal3.
Mol Plant, 2011, 4: 300-9

Liu L, Zhou Y, Szczerba MW, et al. Identification and
application of a rice senescence-associated promoter. Plant
Physiol, 2010, 153: 1239-49

Wu XL, Shiroto Y, Kishitani S, et al. Enhanced heat
and drought tolerance in transgenic rice seedlings
overexpressing OsWRKY11 under the control of HSP101
promoter. Plant Cell Rep, 2009, 28: 21-30

Cai M, Qiu DY, Yuan T, et al. Identification of novel
pathogen-responsive cis-elements and their binding

[60]

[66]

proteins in the promoter of OsWRKY13, a gene regulating
rice disease resistance. Plant Cell Environ, 2008, 31: 86-
96

Hua HX, Lu Q, Cai M, et al. Analysis of rice genes
induced by striped stemborer (Chilosuppressalis) attack
identified a promoter fragment highly specifically
responsive to insect feeding. Plant Mol Biol, 2007, 65:
519-30

Yau YY, Stewart CN. Less is more: strategies to remove
marker genes from transgenic plants. BMC Biotechnol,
2013, 13: 36

Darbani B, Eimanifar A, Stewart CN, et al. Methods to
produce marker-free transgenic plants. Biotechnol J, 2007,
2: 83-90

Miki B, McHugh S. Selectable marker genes in transgenic
plants: applications, alternatives and biosafety. J
Biotechnol, 2004, 107: 193-232

Ebinuma H, Sugita K, Matsunaga E, et al. Systems for the
removal of a selection marker and their combination with
a positive marker. Plant Cell Rep, 2001, 20: 383-92

Oliva N, Chadha-Mohanty P, Poletti S, et al. Large-scale
production and evaluation of marker-free indica rice IR64
expressing phytoferritin genes. Mol Breed, 2014, 33: 23-
37

Bai XQ, Wang QY, Chu CC. Excision of a selective
marker in transgenic rice using a novel Cre/loxP system
controlled by a floral specific promoter. Transgenic Res,
2008, 17: 1035-43

Cotsaftis O, Sallaud C, Breitle JC, et al. Transposon-
mediated generation of T-DNA and marker-free rice plants
expressing a Bt endotoxin gene. Mol Breed, 2002, 10:
165-80

Hamilton CM, Frary A, Lewis C, et al. Stable transfer of
intact high molecular weight DNA into plant
chromosomes. Proc Natl Acad Sci USA, 1996, 93: 9975-9
Liu YG, Shirano Y, Fukaki H, et al. Complementation of
plant mutant with large genomic DNA fragments by a
transformation-competent artificial chromosome vector
accelerates positional cloning. Proc Natl Acad Sci USA,
1999, 96: 6535-40

Svab Z, Hajdukiewicz P, Maliga P. Stable transformation
of plastids in higher plants. Proc Natl Acad Sci USA,
1990, 87: 8526-30

McBride KE, Svab Z, Schaaf DJ, et al. Amplification of a
chimeric Bacillus gene in chloroplasts leads to an
extraordinary level of an insecticidal protein in tobacco.
Biotechnology, 1995, 13: 362-5

Jin S, Zhang X, Daniell H. Pinelliaternata agglutinin
expression in chloroplasts confers broad spectrum
resistance against aphid, whitefly, Lepidopteran insects,
bacterial and viral pathogens. Plant Biotechnol J, 2012,
10: 313-27

Ye GN, Hajdukiewicz PT, Broyles D, et al. Plastid-
expressed 5-enolpyruvylshikimate-3-phosphate synthase
genes provide high level glyphosate tolerance in tobacco.
Plant J, 2001, 25: 261-70

Lutz KA, Knapp JE, Maliga P. Expression of bar in the



103

R, S

IR S R AR RO i A 7

1277

[77]

(78]

(85]

[86]

[87]

(88]

(89]

[90]

[91]

plastid genome confers herbicide resistance. Plant Physiol,
2001, 125: 1585-90

Whitney SM, Birch R, Kelso C, et al. Improving
recombinant Rubisco biogenesis, plant photosynthesis and
growth by co-expressing its ancillary RAFI chaperone.
Proc Natl Acad Sci USA, 2015, 112: 3564-9

Wurbs D, Ruf S, Bock R. Contained metabolic
engineering in tomatoes by expression of carotenoid
biosynthesis genes from the plastid genome. Plant J, 2007,
49: 276-88

Khan MS, Maliga P. Fluorescent antibiotic resistance
marker for tracking plastid transformation in higher plants.
Nat Biotechnol, 1999, 17: 910-5

Lee SM, Kang K, Chung H, et al. Plastid transformation
in the monocotyledonous cereal crop, rice (Oryza sativa)
and transmission of transgenes to their progeny. Mol
Cells, 2006, 21: 401-10

Hanin M, Volrath S, Bogucki A, et al. Gene targeting in
Arabidopsis. Plant J, 2001, 28: 671-7

Terada R, Urawa H, Inagaki Y, et al. Efficient gene
targeting by homologous recombination in rice. Nat
Biotechnol, 2002, 20: 1030-4

Chen H, Lin YJ. Promise and issues of genetically
modified crops. Curr Opin Plant Biol, 2013, 16: 255-60
Sun X, Wu A, Tang K. Transgenic rice lines with enhanced
resistance to the small brown plant hopper. Crop Prot,
2002,21: 511-4

Wu G, Cui H, Ye G, et al. Inheritance and expression of
the crylAb gene in Bt (Bacillus thuringiensis) transgenic
rice. Theor Appl Genet, 2002, 104: 727-34

Huang JQ, Wei ZM, An HL, et al. Agrobacterium
tumefaciens-mediated transformation of rice with the
spider insecticidal gene conferring resistance to leaffolder
and striped stem borer. Cell Res, 2001, 11: 149-55

Ye G Y, Shu QY, Yao H W, et al. Field evaluation of
resistance of transgenic rice containing a synthetic cry/A4b
gene from Bacillus thuringiensis Berliner to two stem
borers. J Econ Entomol, 2001, 94: 271-6

Xiao J, Cheng HT, Li XH, et al. Rice WRKY13 regulates
crosstalk between abiotic and biotic stress signaling
pathways by selective binding to different cis-elements.
Plant Physiol, 2013, 163: 1868-82

Deng HQ, Liu HB, Li XH, et al. A CCCH-type zinc finger
nucleic acid-binding protein quantitatively confers
resistance against rice bacterial blight disease. Plant
Physiol, 2012, 158: 876-89

Li HJ, Li XH, Xiao JH, et al. Ortholog alleles at Xa3/Xa26
locus confer conserved race-specific resistance against
Xanthomonas oryzae in rice. Mol Plant, 2012, 5: 281-90
Liu QS, Yuan M, Zhou Y, et al. A paralog of the MtN3/
saliva family recessively confers race-specific resistance
to Xanthomonas oryzaein rice. Plant Cell Environ, 2011,
34:1958-69

Shen XL, Liu HB, Yuan B, et al. OsEDRI negatively
regulates rice bacterial resistance via activation of ethylene
biosynthesis. Plant Cell Environ, 2011, 34: 179-91

Yuan M, Chu ZH, Li XH, et al. The bacterial pathogen

Xanthomonas oryzae overcomes rice defenses by
regulating host copper redistribution. Plant Cell, 2010, 22:
3164-76

Zhao J, Fu J, Li XH, et al. Dissection of the factors
affecting development-controlled and race-specific disease
resistance conferred by leucine-rich repeat receptor
kinase-type R genes in rice. Theor Appl Genet, 2009, 119:
231-9

Yuan M, Chu ZH, Li XH, et al. Pathogen-induced
expressional loss of function is the key factor of race-
specific bacterial resistance conferred by a recessive R
gene xal3 in rice. Plant Cell Physiol, 2009, 50: 947-55
Wang CT, Wen GS, Lin XH, et al. Identification and fine
mapping of the new bacterial blight resistance gene,
Xa31(t) in rice. Eur J Plant Pathol, 2009, 123: 235-40
Xiao WF, Liu HB, Li Y, et al. A rice gene of de novo
origin negatively regulates pathogen-induced defense
response. PLoS One, 2009, 4: e4603

Wu XM, Li XH, Xu CG, et al. Fine genetic mapping of
xa24, a recessive gene for resistance against Xanthomonas
oryzae pv. oryzae in rice. Theor Appl Genet, 2008, 118:
185-91

Qiu DY, Xiao J, Ding XH, et al. OsWRKY13 mediates rice
disease resistance by regulating defense-related genes in
salicylate and jasmonate-dependent signaling. Mol Plant
Microbe Interact, 2007, 20: 492-9

Zhang SP, Song WY, Chen LL, et al. Transgenic elite
indica rice varieties, resistance to Xanthomonas oryzae pv.
Oryzae. Mol Breed, 1998, 4: 551-8

Zhu XY, Xiong LZ. Putative megaenzyme DWAI plays

[92]

[94]

[95]

[96]

essential roles in drought resistance by regulating stress-
induced wax deposition in rice. Proc Natl Acad Sci USA,
2013, 110: 17790-5

[100] Du H, Wu N, Fu J, et al. A GH3 family member, OsGH3-
2, modulates auxin and abscisic acid levels and
differentially affects drought and cold tolerance in rice. J
Exp Bot, 2012, 63: 6467-80

[101] Tang N, Zhang H, Li XH, et al. Constitutive activation of
transcription factor OsbZIP46 improves drought tolerance
in rice. Plant Physiol, 2012, 158: 1755-68

[102] Ning J, Li XH, Hicks LM, et al. A Raf-like MAPKKK
gene DSM1 mediates drought resistance through reactive
oxygen species scavenging in rice. Plant Physiol, 2010,
152: 876-90

[103] Hou X, Xie KB, Yao JL, et al. Homolog of human ski-
interacting protein in rice positively regulates cell viability
and stress tolerance. Proc Natl Acad Sci USA, 2009, 106:
6410-5

[104] Xiao BZ, Chen X, Xiang CB, et al. Evaluation of seven
function-known candidate genes for their effects on
improving drought resistance of transgenic rice under the
field conditions. Mol Plant, 2009, 2: 73-83

[105] Yang Z, Wu YR, Li Y, et al. OsMTla, a type 1
metallothionein, plays the pivotal role in zinc homeostasis
and drought tolerance in rice. Plant Mol Biol, 2009, 70:
219-29

[106] Chen JQ, Meng XP, Zhang Y et al. Over-expression of



1278 LH): KRR RERE AT 7 S e R

F28%

OsDREB genes lead to enhanced drought tolerance in rice.
Biotechnol Lett, 2008, 30: 2191-8

[107] Huang J, Wang MM, Jiang Y, et al. Expression analysis of
rice A20/AN1-type zinc finger genes and characterization
of ZFP177 that contributes to temperature stress tolerance.
Gene, 2008, 420: 135-44

[108] Xiang Y, Tang N, Du H, et al. Characterization of
OsbZIP23 as a key player of bZIP transcription factor
family for conferring ABA sensitivity and salinity and
drought tolerance in rice. Plant Physiol, 2008, 148: 1938-
52

[109] Xu DQ, Huang J, Guo SQ, et al. Overexpression of a
TFIIA-type zinc finger protein gene ZFP252 enhances
drought and salt tolerance in rice (Oryza sativa L.). Febs
Lett, 2008, 582: 1037-43

[110] Huang YM, Xiao BZ, Xiong LZ. Characterization of a
stress responsive proteinase inhibitor gene with positive
effect in improving drought resistance in rice. Planta,
2007, 226: 73-85

[111] Xiang Y, Huang YM, Xiong LZ. Characterization of
stress-responsive CIPK genes in rice for stress tolerance
improvement. Plant Physiol, 2007, 144: 1416-28

[112] Xiao BZ, Huang YM, Tang N, et al. Overexpression of a
LEA gene in rice improves drought resistance under the
field conditions. Theor Appl Genet, 2007, 115: 36-45

[113] Hu HH, Dai MQ, Yao JL, et al. Overexpressing a NAM,
ATAF, and CUC (NAC) transcription factor enhances
drought resistance and salt tolerance in rice. Proc Natl
Acad Sci USA, 2006, 103: 12987-92

[114] Wang SK, Zhang SN, Sun CD, et al. Auxin response
factor (OsARF12), a novel regulator for phosphate
homeostasis in rice (Oryza sativa). New Phytol, 2014,
201:91-103

[115] Dai XY, Wang YY, Yang A, et al. OsMYB2P-1, an R2R3
MYB transcription factor, is involved in the regulation of
phosphate-starvation responses and root architecture in
rice. Plant Physiol, 2012, 159: 169-83

[116] Sun SB, Gu M, Cao Y et al. A constitutive expressed
phosphate transporter, OsPhtl;1, modulates phosphate
uptake and translocation in phosphate-replete rice. Plant
Physiol, 2012, 159: 1571-81

[117] Wang C, Ying S, Huang HJ, et al. Involvement of OsSPX!

in phosphate homeostasis in rice. Plant J, 2009, 57: 895-
904

[118] Yi KK, Wu ZC, Zhou J, et al. OsPTF1I, a novel
transcription factor involved in tolerance to phosphate
starvation in rice. Plant Physiol, 2005, 138: 2087-96

[119] Xu CJ, Liu Y, Li YB, et al. Differential expression of GS5
regulates grain size in rice. J Exp Bot, 2015, 66: 2611-23

[120] Li YB, Fan CC, Xing YZ, et al. Chalk5 encodes a vacuolar
H'-translocating pyrophosphatase influencing grain
chalkiness in rice. Nat Genet, 2014, 46: 398-404

[121] Peng B, Kong HL, Li YB, et al. OsA4P6 functions as an
important regulator of grain protein content and nutritional
quality in rice. Nat Commun, 2014, 5: 4847

[122] Liu TM, Liu HY, Zhang H, et al. Validation and
characterization of Ghd7.1, a major QTL with pleiotropic
effect sonspikelets per panicle, plant height, and heading
date in rice (Oryza sativa L.). J Integr Plant Biol, 2013,
45:36-41

[123] Yan WH, Liu HY, Zhou XC, et al. Natural variation in
Ghd7.1 plays important roles in grain yield and adaptation
in rice. Cell Res 2013, 23: 969-71

[124] Li YB, Fan CC, Xing YZ, et al. Natural variation in GS5
plays an important role in regulating grain size and yield
in rice. Nat Genet, 2011, 43: 1266-9

[125] Yan WH, Wang P, Chen HX et al. A major QTL, Ghds,
plays pleiotropic roles in regulating grain productivity,
plant height and heading date in rice. Mol Plant, 2011, 4:
319-30

[126] Bai XF, Luo LJ, Yan WH, et al. Genetic dissection of rice
grain shape using a recombinant inbred line population
derived from two contrasting parents and fine mapping of
qGL7. BMC Genet, 2010, 11: 16

[127] Xue WY, Xing YZ, Weng XY, et al. Natural variation in
Ghd7 is an important regulator of heading date and yield
potential in rice. Nat Genet, 2008, 40: 761-7

[128] Song XJ, Huang W, Shi M, et al. A QTL for rice grain
width and weight encodes a previously unknown RING-
type E3 ubiquitin ligase. Nat Genet, 2007, 39: 623-30

[129] Fan CC, Xing YZ, Mao HL, et al. GS3, a major QTL for
grain length and weight and minor QTL for grain width
and thickness in rice, encodes a putative transmembrane
protein. Theor Appl Genet, 2006, 112: 1164-71



