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Abstract Xa2l gene and hph gene were co-transferred into Chinese 3-line hybrid rice lines
Minghui 63 (restorer line) and Wan B (maintainence line )by biolistics gene transfer method. A
total of 5 transgenic rice lines with enhanced resistance against rice bacterial blight (BB) were
obtained. Four of the transgenic lines were found to have only Xa2l gene integrated into the
genome, and the other one have both Xa21 and Aph integrated. Molecular analysis to the
transgenic plants (up to six generations) showed that Xa21 gene had been integrated into the
plant genome. The offsprings inherited the resistance from Xa21 stable. The Xa21 transgenic
rice plants have been used as the restorer line for 2-line hybrid combinations. F; of some
combinations were found to show strong BB resistance and high yield-increasing potentiality.
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B AEERKERERHAZRE, KRB TREEIHRS. LR, REAHRERHRER4
& AREEET RN,

1 #H5HFE

1.1 ##

FfEEREANZEREREAT L Z NN SRE MR RZBIUL 63 FHIKERH
% 63 71 80 1 121 MR R B. HIZRAXAXBUAETRZI 97A, HWER A KFRRXHE
BARE & X07S #1 056S fEG AR HIAZHE .

1.2 7k
M 1995 4E 12 A = 1999 £ 10 R B MNMARERHFLT.
Xa21 BEEKREN THET 1995 4 12 H A% E Scripps B 5 17,
1.2.1 B4 #AFAES @B AR BRRGALNE L RT AR ALK Zhang (1995)
R, HBEXENKEMNFED MS 32 + (Murashige and Skoog,1962) ., ¥ 35— A
Ja, EENFREEAG, BFWIE SZ 35 (Zhang % 199 M EVEFRHAMRR.
1.2.2 FatEhii R PC822 & i ikr PTAS18 # A 9. 6kb A Xa21l HEK
DNA K BHET R, Z#HHA Xa2l ZHE K DNA F B2 MK %S IRBB21 52 B i K (Song %
1995) R PHX4 & A R BiRiC M B EH MR B rph(— CaMV 35S J331F hph NOS —H
] PUC119 ‘
% E Ohio Mr. K% Dr, J. J. Finer $#4t), PHX4 f1PC822 # 1 : 4 A TH ARG AEB K
F, H Biolistic PDS-1000 %t A 17dh 540 . [Rob 418 K % b 3 I/ Zhang % (1996)Chen %
(1998a, bYW FF.
1.2.3 #R#EFAL5HE HAEEHNEPHARGEERELUR CC Bk 4 (Zhang %
1998) &4 50mg/L MIBE EH#HTHE 2~3 F. BFHEAGHRRBHRAREERE L HER
2~3 . HERGEARI FTHLEAEREL 2 AUFEERERBS X 2. 4-D, BN 2mg/L
Kinetin, 1mg/L NAA, 5mg/L ABA), H# 2~3mm K AGHRBFAEFE L EE
TR FEHEBE N 2. 5mg/L Kinetin, 0. lmg/L NAA), 55 3 REHRZERB TR, B
HER/AEEE 1/2 MS 52 DREBAEK 1/2MS #4r, 1% KM, 50mg/L BIBE). FTE
Fe pH 5. 8. BREAEEFREA 5¢/L HRMEE LS, A BRI FRE A 2. 5g/L Phytagel
tb. EBEHEAMEE R 25C. ¥ 10em BHHABBRT LD, EATSBEEFER, B
KT R 28C, MEIRIEFHRT 26C. 6 AZJE HIERE Xanthomonas orgzae pv oryzae /PR 6
SHITEHEBN . Fet#fr PCR 2 FRW, #oHuRH 4L R FE Southern 4¢ F 4041 FiI
WERF FARSEBRARNEROEER. R T B EWERN T, R FANEANSEHEERDN
TEEERE LM LER. F T ARNEBENR, ELHPHBEFHETEE L PCR o
TR, UBAFIREXRE hph BH . X7 T, 46 FF 7 RS HERE.

HERE . LA R4 E M PCR MW, k%74 b ERP B MERE RPBE#H#TT.
Xa21 #EEKFEM 1997 4£ 10 A Z 1999 4F 10 A ¥R A ML R L F i AR, 470 %
¥E, FEnt, AAEREH T KB&ZAE, T 1998 FM 1999 F 5 AELZBAH#ATREE
RFAF=F ., AYbE MR E REEIH#HT S TR,



18 REES. ABREEHHRERE Xa2l BERKABRARHXBHR 31

2 ®R

2.1 AR HEEKBHERR

BHRESBEH TRZEMOMHRE, & T, AMHELFHRBK 63 TURMELR: K
(M22)R A Xa2l AT BRI rph R, 31 MR, H X MIDREFFH Xa2l #
H, 310 MrR, HERREREN, ARRERRRZEREEL B HEFREFELHK 63
(CK)EHEBEZR BENTFRL.FE2.M224% & #% 5 88.4~101. 6cm, H CK & 15. 8~
29, Ocm; Bk 18.6~21. 0cm, H, CK & 3.5~5.9cm, M12 #R & ¥ & 87. 6~100. 2cm; k CK
%% 2.0~14. 6cm; FE{ 18.4~23. 0cm, [t CK 4 4.3~8.9cm, SR B, B M22 iy 2
MRRES, HAWH CK £ 5.1~53.6 %; TR E M22 ¥ 16. 3g, H CK % 11. 1g; M12 F
115. 8g, H CK #214. 0g; BB EH CK W™16.3%~66.7%. £, FHAFMK 63 1
Bk RWBRTE, B EE. /b, TREMR, RESBIREE N, B8Rk
BEREK.
2.2 RBHEERKBHRHR

FEHKBEEE K BUARMRUELR . F - RAEEXQIMABEEREER, It

®1 Xa2l HEFBPWR 3 M, BRRHREER ML E
Table 1 Comparison of character regarding Minghui63 line M,, with Xa21 and original Minghuié3 (CK)

BES R AW K ERATEEE SRR ERIRE £XE THE SHEAE LCKHE
Plant Earbearing Plant Panicle Productive  Grains Fertile grains Fertility = 1000  Total grains Y%

line no. tillers times height length titters no. no. per no. per % grains  weight per Comparisi-
Month/day (cm) (cm) per Plant panicle panicle weight (g) plant (g) on with CK

M;,-103 8/21 88.4 19.2 11.9 172.9 89.6 51.8 15.0 18.5 —28.3
M;z2-104 8/25 88.5 18.6 11.3 142.1 75.5 53.2 16. 4 14.5 —43.8
M;2-105 8/25 94.9 19.8 12. 4 103.7 44.7 43.1 17.7 10.2 —60.5
M;2-106 8/14 101.6 20.5 10.1 163.6 84.6 51.7 16. 3 14.5 —43.8
M;2-129 8/25 96.5 20.2 9.8 191.8 124. 6 70.2 16.1 21. 6 —16. 28
Mp,-132 8/15 97.2 19.2 10.3 162.3 111.4 68.6 16.0 18.9 —26.74
M3,-135 8/14 100.0 21.0 11.3 158.5 100. 6 63.5 16. 6 19.4 —24.81

CK %ﬁ 83 8/18 117.4  24.5 11.6 113.5 79.5 70.0 27.4 25. 8

Minghui63

22 X2l REEEH S M, ERRNREEKRSRILE
Table 2 Comparison of character regarding Minghui63 line M, with Xa21 and original Minghui63 (CK)

BES WY KW BK REAARBE SRBEN SRMIEH £XER THE HBHEAE LLCKH
Plant Earbearing Plant Panicle Productive  Grains Fertile grains Fertility = 1000  Total grains Y%

line no. tillers times height length titters no. no. per no. per (%> grains  weight per Comparisi-

Month/day (cm) (cm) per plant panicle panicle weight (g) plant (g) on with CK
Miz-1 8/12 93.8 21.1 8.8 226.4 128.9 56.93 16.5 10.5 —66. 67
Miz-2 8/12 87.6 18.5 8.6 206. 8 122. 4 59.18 15.0 15. 2 —51.75
M;,-3 8/12 100.2 20.6 9.8 224. 2 128.0 57.09 16.2 18.7 —40. 64
Miz-4 8/16 93.2 21.1 11.2 202.8 126. 4 62. 32 14.4 19.7 —37.46
Miz-5 8/14 98.8 22.1 11.2 211.7 122.2 57.72 16. 2 21.4 —32.06
M;i;-6 8/12 98.1 20.4 7.4 241.0 156. 8 65. 06 16.1 17.8 —43.49
Miz-7 8/15 95.4 22.3 10.2 245.7 146.2 59.50 15. 6 23.0 —26.98
Miz-8 8/12 97.3 18.4 8.6 233.6 147.9 63. 31 15.8 19.6 —37.78
Mi2-9 8/13 98.8 23.0 8.0 243.6 121.7 49. 95 15.7 14.7 —53.33
Mi.-10 8/14 99.8 19.5 6.6 253.0 154.0 60. 86 16.0 16.7 —46. 98

CK Bi%K 63 8/18 102.2 27.3 10. 6 130.1 103.2 79. 32 29.8 31.5

Minghui63
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ISR BERAT Xa2l £H, F3IMR. ARHP 2 A RNWERRRERI TR 3. W
SIRRY, A, R B, BHEARE. TRESSHRMEL, REWHBER, HHFR
R BRENGRASEREAZERFIR. BERARFAECH TR ASNTRARABT
H MR RS

N3 X2l HEFAEBBIARHREHR S WL
Table 3 Comparison of character regarding wan B line BJ with Xa21 and original Wan B (CK)

®BEES HWEE BE BK AREARKESERN SHIRH SLER THE $KSE HCKH
Plant Earbearing Plant Panicle Productive = Grains Fertile grains Fertility 1000  Total grains Y%

line no. tillers times height length titters no. no. per no. per % grains  weight per Compari-

Month/day (em) (cm) per Plant panicle panicle weight (g) plant (g) sion with CK
BJ99001 8/16 99.8 19.6 11. 8 96. 2 75.5 78.5 29.0 18. 9 —25.6
BJ99002 - 8/16 100.4 21.9 10.2 127.4 112. 3 88.2 28.7 30.2 18.9
C‘;’(a?BB 8/15 100.0 21.3 11.6 104. 8 90.1 86.0 28.0 25.4

223 EXERABRHRATHAHRA

AM22 5 M2 HERBARSZARZIB/AT RGN 7A. hFR AMTRRBLH/A
BRXO07S, 056S)BLMAZHE, RFF, RAZRMK., 52U 97A. hF R A BEHMHRZ
He, HRALSHE, 5 CKAQUE 6DME, MBHE—TAUELE, SRR, &R, T
BESYW CK HBREMR, BHRETNE™ 0% UL, FETATERE. SHEALRXBAY
& XO7SCHIED K 056SOERD Bl i X A A A MR 24 M3 . & 4 BIBHRY, X07SCHl
)5 M12-3, M12-7, M12-10 BehI B 4&, WA CK & 3~4 X, BHA XM, SRR
B GIORR, SERML CK HEHM, THREM g, RASEH™ 41.8%~47.9%. B
X =AM HE R R A ST, HFAEHE, A RNAFE™. 056SG8)
5 M12-3, M12-8 EEHIAE, 5 CK LA B B M=%, HLELE, FRENKCK H
B, RIXHNE, MZHGEME, BEHRKET, &7 EEUMA.
2.4 KEAMHERAMEHN PCR EETLR
2.4.1 kBmartRRRE HAHFHREZEEAREARSERMMOESBHS, 45
HRGEHERARAENZERPE "N EEAMERERER (C.~C)RMERE R
BHEBAE YR BT K BB Z ML E R Xo-99-2), WRAKFHR, Lt BEHRK
HEARRE. B 1 ARERKBENFATFRORKERA.,

24 MHERHERSNEX7S). SHOSOFRHREHNNARZAEREANREER MBS
Table 4 Comparison of hybrid rice crossed with BBR Minghui63 line M, and Shanyoué63 Control

FERZX WY HE BK ARATEBR SEEY SWTREH S£XX TRE HHESE HCKH
MM S  Earbearing Plant Panicle Productive  Grains Fertile grains Fertility 1000  Total grains ¥ %

Combination tillers times height length titters no. no. per no. per % grains  weight per Compari-
No. Month/day (cm) (cm) per Plant panicle panicle weight (g) plant (g) sion with CK
X07SXM;;-3 8/8 115.5 26.0 13.8 221.3 188. 8 85. 31 26.1 63.0 47. 89
X07S X Mi2-7 8/8 124.0 25.7 13.7 212.6 188.0 88. 89 26. 4 62. 2 46.01
X07SXMp-10  8/9 116.0 25.1 12.2 226.8 200. 2 88. 27 26. 3 60.4 41.78
056SX M-8 8/9 129.3 24.7 22.0 299.1 186.4 62. 32 23. 8 55.0 29.11
056SXMj-3  8/14 121.0 23.5 14.8 242.5 154.6 63.75 23.8 52.1 22.30

Shanyou63 8/12 117.0 26.7 10.0 196. 4 148.6 75.56 29.6 42.6
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M1 & % Xa2l REFEMULE 63; £ 2R K 63
Fig. 1 Left are Xa21 transgenic Shanyou 63 plants; Right are the CK Shanyou 83,

2.4.2 PCR## PCRYMRWEREN, REERERAFTEROHTHSHBR N
FHRBER Xa2l WIERWH, TRZEGEK 63 A RS RH . RN X2l BREBS#
ZHhERAD, HEBREHBIERE, RE 2.

3 g

3.1 EERWRE®RL

EWMHE PR RAY Xa2l REMY hph HEGFF IR, HEEABEHETIENL, &
FWEBR 50mg/L MEREREL, HUBENEFTARATERREQGHESE, #MEY
BEERER, HP—BoNINERALEREE, 3—H2NEXRATENF BHFER
Xa2l BREFARICER hph, BT Xa2l X hph ZEABEEE ENESRENY, ZEMN25
BAEARRER L RER - RARNEREEANTE AL, NESRSEBEPET
HHAE X2l ZEAMATRERERFICEANKRERAMEERR, AMAEERAYE
R ELHEBEATFEEMRAR. BEXFQ, Bi% por EENAKBRCESEREH
AHERE, AR AR AL, BA KR RBHNE Xa2l ERTWAE hph
EEKKRE, SR EELNANELERREEEREE 8 F00MA.
3.2 HERAKBHBRER

EXABARBFHERMALAERTHALHRTRENANFRAD, DIHBFEREVE
HTRER, EREARRPLRESTEHERER, NEXERILEARCKNFARLE
FHMTEREROTHE, RECENFERFRE, NAERESHNEERIIENE
EREREFTHRAMNALABRRER.RMNPENFXRAOHHBEABREEENS KR

2% © 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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HRAEF AR, BRI B FEEER
MR SFRE LB, BAH
BER, MRS 63 %3R5 UAH
BER, SREALBAHABMNESR,
anet g L. M T T, BAED,
L/ MR/ BSERE, TREM,
X i B RORR, 5 TE AR A DR RS G R Y
HREFHL. XSRIOEREL DM
3 B B 5T 00 T R % 1 o e SR
PR B T W AR R R
ERMRBELAL, BfAMNRZHE
RETEREHE. XA, HEE
FMRBERBEB R, 28K

M2 M: 4+ F&: CK: B{KS&K 63, 1~5; Xa2l 8
LETIW 63 M 4R, 6, Xa2l HEEBM 637 62, 63 BEHEMkS E BB KR —
7~10, B MEN L EH & F (A Xa21 RH).
Fig.? M standard molecular weight: CK . Minghui 63, i S R E O A R RRR S ASL
1~5, the fouth generation of Xa2] transgenic Minghui 63:  JRIEFH MBS EMHILA, W REHARXE

A; the sixth generu.tion of Xa21 Iran.sgenic Mi.llah'l.‘li 63y 7~10; % *mﬁ+ﬁﬁv mﬁj Tﬁ-%ﬂ*ﬂg

Indica and Japomica hybrid combinations(Xa2] transgenic)F;.

AP EE, B—FEXEEFT BT

AEAE SR BIEHRA X, HAUK 63 REFAZRXLTRMGF, BANERMSE, #EY
RER REARESIIEESR. Mk BRFMAFRAZZH G, BEH R4, EREN
BE, AESIRER. EXRRMELRGE, REATEHAAMHANE. TRPTHERR
mAEEEE REEE—. ZMER, BRI ARG EFEERMEENLS, mEFHNH
gz o
3.3 RERABHBEREERALTBHR

HERGARSESEE 6/, B PCR W, HBPNEH Xa2l £H, BEMEER
BE. HERMAZBF. G8A X2l B, BHREHE. SR EARRRAZHE, A
THEMEHERE, BRANEN, IRV X2l ERMAEZER G PRERIEMEE,
BRTEEEBEANATREMEAE.

Mi2 &9 3 4~ # & M12-3, M12-7, M12-10 5§ AR OME R T & X07S M i F,
FEHEE, WERMT ERFH =R ZTHBAM 63 REEAEMM 41. 8% ~47. 9%, H - Hl
AP B EE .
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