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Abstract Rice germplasm 9311 and Fuhui 838 are both elite parent lines, particular for two and three-line indica hybrid rice in
China, respectively. Two kinds of major lepidopteran pests in rice production, stemborers and leaffolders, cause severe yield loss in
the most rice-producing countries. Bt toxic protein which are expressed by crylAc, crylC*and cry2A* should be the most available
methods to decrease the damage by these lepidopterans. To improve the rice resistance to insects, three Bt genes, i.e. crylAc, crylC*
and cry2A*, were introgressed to 9311 and Fuhui 838 from the donor parents, that are Minghui63 (crylC*), Minghui63 (Cry2A*),
Minghui63 (crylAc) respectively by molecular maker-assisted selection. The results showed that the improved lines got greatly
resistance to the pests, and acquired good results of the agronomic traits. The improved lines would not only have potential
application value but also can be used as bridge materials in rice transgenic breeding.

Keywords Rice (Oryza sativa L.); Bt Gene (crylAc, crylC*and cry2A*); Assays for insect-resistant; Marker-assisted selection
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A UL, SR R T . 4 (Hofmann et al., 1988a; Hofmann et al. 1988b; van
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i UAa, REMEER 0o A M S AR B R A
N, JREGN A B L, AR Es
PSR R FLIE AR . (Knowles, 1994; Schwartz
etal., 1997; Gazit et al., 1998; Schnepf et al., 1998).
AGHENBE T, REER,

fm B 135 R K % (crystal protein gene, &5
Cry)& Bt st R—3, NMHAER 2. A%
FIFHEI=F Bt P (crylAc, crylC*Hl cry2A%)(k)4i
HPE s VPR TN OO AR DCHRE, X% H
FHEAGWAER R SUFRERW, ULLIrEm
AL DR Bt KRR 23 0] LAE 5 RN S84 R IE
BRI — % = (LI (Tang %, 2006; Chen 5§, 2005).
CrylAc 1E R 55— Bt A U, Hpr bk o) 2 4%
ZINT . H CrylAc KA A CrylAc &
11.09£0.35 pg/g fFH-H (%A, 2005) CrylAc HH
HH BRI 0.02%. Cry2A*F1 CrylC* A2 —
£ Bt A diE P, Cry2A* & M & A
84.94+2 .34 ng/g~138.75+4.32 pg/g WEHH, Cry2A*
FEM AT Cry2A*E A R B EE AN
0.22%-~0.32% (Chen 2, 2005). CrylC*#5 [ 1) & &8 5
/b hy(Tang 2%, 2006) 1.46 pg/g B, {H f T HAD
PR, DRI AR o) s 5 HA B 1) R A e
PER 5 AR Bt A HUEDN, IX P FR Bt % RO PRI L B
R HAT AR P, RS SEINRE R R & 5 R
P, FEAES R R ) AR R R, XRE S
SRR H 5y, k3] T HER FEAR MR . Bt
B IRIA L — MM s, AEZKRE N i fI =2 A
ARk, mEfr L7 ARKIE, H Real-time
SONERINA R EANRE, B, DR
Filr Bt R0 DL AW H]

A Bt w4 [ n] LA Rl R 6 A6 3 KRG 1) i
WHSEH R, I KRENfEE . BT, Bt 8k
FAE D —F AR mAERN S T 60 £
E, [, Bt VEYILE A L A AT LA P2 PR 9k
DR RIS B, IR LA B AR T ol 7 ) e
R SAS, Ty HOA PR NSS4 R A2 28 PR A A
=98

AL
===

FE_ 20 50 SR, Bt S HURIZR 37 4f 45 55 [ 2%
#(Martin FIl Travers, 1989). 4 1995 &, 4 182 Ff
Bt Hl74E3E E IR (US Environmental Protection
Agency, EPAYA M. 1987 4F, AFFRIEIRM TH—
it Bt # KL K 4E4)(Barton et al., 1987; Fischhoff et al.,
1987; Vaeck et al., 1987). 1995 4, % Bt /4 & kKA
FE RIS RS T R S AL, 2004 4, 4Bk Bt /E4)
(PR RUA ] T 2240 J5 A bii(James, 2004), £
RNV KT 2009 4F 11 A3 3R43%5 cryl Ab/e B4
P 15 F0 Bt il 63 e Ak

ARIGAH 73 ARl il B IR Bk =R Bt L
(crylAc, crylC*, crylC*)‘F A2 9311 Fl¥E K 838 1,
h RICKs Bk 1R Bt JE AT H R R it A S FH S b
RHZ RS A o

1ERE S

1.1 2 FHARICHBNA SRR A S R A

HI BT Bt SR 5100 EARIL,  DfiELl &
e IE:SUBuR IR N S| MR S B AN TRt i) ]
PG GOREIE . AU KRB AL KRN 24 BRAE
HH B AR I i, SCERUEZ AR A 24 FK PCR
P2 B RE RS BT BT 4 . RS Bt R
(crylAc, crylC*Fl cry2A*) )ik Bt 2 MR RN
HEFRR. HMIEREASZRE WA 1.

1.2 HiEin LR

WIS R BN, £E 2009 4F HALE BURE 5O F,
TR\ R T R 9311 AR K 838 fE F ks, &
2350 10% (% 1), i —Fh Bt F:X(crylAc, crylC*
I cry2A*) 23 IILE 9311 FlkE MK 838 5t R X Fagh A
MRS RIS PE, BR T 9311 (cry2A*) X &
A R L, R Bt K R
TSz i I, Rl RR K 838 ()% NI K
ZRlgE T 838 (LX111), #ifk 838 (LX83), Hifk 838
(LX124) 833 RN IR e he e, Jop e
(IS0 45 55 Tang %5(2006)A11 Chen 25(2005) 6
RGP RIMFEA S
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Figure 1 PCR detection results of crylC*, cry2A and crylAc* homozygous lines
Note: 1~24: 24 homozygous individuals and the control (ctrl) was in the middle
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Table 1 The damage investigation of leaf folders in the different lines

MRS 5448 FEN A ANTR] e S A FR B 4 (%)
Names of progenies  Genotype Different folded leaves Numbers of leaves/ Folded leaves (%)
G 1-3 3-5 5-8 43 Plants
None Full
9311 I J o 0
None
9311(LX21) 1Ac V 70 0
9311(LX7) 1C* v 70
9311(LX64) 2A% S 70 1.5
4Rk 838 X
Fuhui 838 None v 30 10
K 838 (LX111)
FuhuiS38 (LX111) ¢ v 50 0
K 838 (LX83) .
Fuhui (LX83) 1€ v 50 0
e
K 838 (LX124) " J " .

Fuhui 838 (LX124)
iV R

Note: V means that the damaged leaves

1.3 REMRERE

2 +ig

2 2 \TLUE R, 5 Bt 3£ (crylAc, crylC*
Hlcry2A%)[HEA S R R SRR RLF, REXK
REESRRSREL . bk SR SR o AT
WISLRTE, 0 LX83 (GFIK 838/1C*)5 AR ALE HRR STk
K. FRR AR SOR B Eon) AT B R

W NP ol U i B R W 11021) vk YN SR A I E I
5, K Bt 2P (crylAc, crylC*Fl cry2A*) S A F LA
EPIAS R, E R BUR RS HE  R
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crylAcy cry 1 C* 3 PRI ZR I H 0T U R ) 2 g A A5
U SE A R HTE, Hodr,  cry2A* KL PR Rt ) 2 A
P IR I A R, A I R
X4 B A\ (Chen 25, 2005) K 2 1045 R AH—2L.

MR ZHARFE L2 45 R E, e Bt K&K (crylAc,
crylC*Fi cry2A*) [ &K R &GRSR S 546G
9311 Fifa Pk 838 JEAK AT 2 5, [MIINAE K FH AR K
B BLR, K Bt R:H(crylAc, crylC*Ail
Cry2A*) % 2 LU FRAE AN 2R B s, 1
1T HAFNHARFIA N FE Bt FEPH K R L BT 4
P S A —J7ih, B 2009 AR
AR A A U ROE A R AR s 75—
T, T IR RRRE A 3 i 2 2 e o e A
AL, DR e AT DR KR 16 8 5558 M I8
PLEBAN R AT RE A A Bt JER 5K A& LU %
A RIS BH LA B A

AT B AT 0 A H i S0 % W vk
1=/~ Bt Z=H(crylAc, crylC*Fl cry2A*) ik T8
IV LRI A Fhc s P AT B & A, T
KK B FIACE, RN A2 2009-11
IRAGFHE Bt LAV 15 A1 Bt itk 63 4sufb 1, it
Z AR LHER Bt 454X Bt JE[X(crylAblc), A
WFFEAR S A AR S IEAE b, [R)I A AR SE 56 =5 75k
[R5 AR Bt JERRI(cryLC* Al cry2A) AT &, A ]
FERT Bt SRS S AL B 5 25 TR U R
FRZ ARG KT R AE 2009 EHE H IR 7K R ik s 132 AR
(Zhang, 2009), JAZHEL K A FEASKTHE == B A b o
Rl b, SCIEEARAST R 2y, KDt I
PUR KT E bR AT H 152 S 0088 2R 5L it
WIS —0, MR LA, (S8 Fhr
WA BB, I AL DR S KRB A9 X £ 35
KR T K ) itk

IS AE
3.1 ity

AR I T AR FEA R A (D) HEAA S A Ny A
RUSEEG S O LF (1) Bt MOEF K 63 (crylAc). A
Pk 63 (crylC*)RIBK 63 (cry2A*) (Tang %5, 2006;
Chen %%, 2005) . (2) 52 A4S A Ay B A8 7K A P 2R A
SR EEAR R 9311 F4EK 838, 45| HIL I

B ] X ARV BRI FORTDY 148 BT A% N 4
AT
3.2 S Fhric BN [E 32 Y3 AR BR 2k

R A SE5 = O A 1% Bt ME K 63
(crylAc). HMK 63 (crylC*)FIHHTK 63 (cry2A*){E K
PERSEA, DL 9311 IR 838 4 BME A2 A A,
T 28 A8 I DL 2 AR AR A B8 D] S AR AT = AR
mAZ, RAGH st B REEA —SUNF Bt BRI K R,
B il F A8 —AORSRAF 255, Bt R R R

3.3 Hig#hia

Bz =, AR Bt (crylAc, crylC*
Hl cry2A*) KL IR 28 RBEHLRIAR, BFA 58 M 24 £K,
X HESEAFIREBEH LR AE T4 Bt SRR R+, 353t 80
AN Bt BRI R R Z [A)[AIRE 4 16.5 cm<19.8 cm,
F AR Z ARG 39.6 cm

3.4 9FFrid
K2 Bt SRNG5S Tang 25
(2006)F1 Chen %%(2005) 3C ik H A FH (1) 51 4 75 51—
i, BKIEES K 57°C, Bt R GIWESI A
BRI, U Ae % PR b

3.5 PCR 4 FHRICHE N K B Bis #E ER AR BB 7k #2)

JKFE BB DNA REUT R CTAB V2
(Murray and Thompson, 1980).

PCR A2/ 7: 25 10 94°C 4 min A, 5 2
H94°C 50s Pk, H357C50s Bk, 40
72°C 55 s 4T, 5552 72°C 7 min &M, 6
25°C 1 min ZIEAH1, 252 030 5 D4 32 M
o R 3% 35 R B A e HL VKA U (250'V, 30 min)o
36 HEMHLEERREHIKERE

U i, TR IE R R R MCEA
X HEEEAT B AR R U R (R ) 52, A
KAWL 24 Bk, 0 HUF RS ST 5%

REVERF S BHLIEI SN Bt (crylAc,
crylC*Fil cry2A*) LR 58 38, A5/ 5 DR AL 326 Y A4l
BHRFR, BANE K RBENLIEI S BREATH R
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I R A AU S BT« AT DU R P 5 £ 5 A,
7N N1 5 5 RS ARE AR B BOMPEIIE 63 (cryLAc).
W1 63 (CrylC*)RIWIHK 63 (cry2A*). i ZHAT )45 51
Ao MRANZ S crylCHRI ery2A SER L RIFTE N o K%
FIRTE A S ShRCPE T AR T T I H 1R 582 1 6135
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Table 2 Comparison of agronomic traits of the different lines under field conditions (Wuhan 2009, China)

TR) P (cm) FAEEHICR) ARREH(S)  RRICRICKD)  THIE(g) bR R (2) BNER %) RESORE(N)
Names Plant height (cm)  Heading stages (d)  Tillers/plant Grains/Plant 1 000 grain Yield/plant (g) Spikelet Grains/Tillers
weight (g) fertility (%)
Fatk 838 (4 )
. 109.0+1.5 94 9 612.2+145.9 35.0+0.6 21.5+5.3 71.8+3.0 67.3+9.7

Fuhui838 (Control)
LX83 (41 838/1C*)

. 110.5£1.3 92 9 796.3£143.2*  34.4+1.0 27.244.1% 72.4+12.1 88.8+16.5%
LX83 (Fuhui838/1C*)
LX124 (§@1k 838/2A%)

) 107.3£1.2 94 9 627.8+52.5 36.3+1.7 22.2+2.8 71.0+5.0 69.9+5.4
LX124 (Fuhui838/2A%*)
LX111 (4% % 838/1Ac)
. 112.7+1.1 95 9 679.3+106.7 35.0+0.5 23.8+4.0 65.1£0.4 74.8+15.1
LX111 (Fuhui838/1Ac)
9311 (%)
115.1+1.4 97 10 1255.5+229.8  28.1£0.9 35.2+5.3 74.4+3.5 135.3+40

9311 (Control)
LX7 (9311/1C¥*) 113.3£1.5 98 9 1370.0£180.5  30.7+0.7 42.0+5.1 84.7+3.8 152.7+19.9
LX64 (9311/2A%) 115.7£1.9 96 10 1260.0+£311.5 29.0+0.9 36.4+8.1 85.6+5.7 128.2+19.6
LX21 (9311/1Ac*) 114.6+1.0 98 8 1176.0+£224.3 28.7+1.9 34.0+8.5 86.1+4.1 147.8+£10.7

1 *RIR 5% RE AR, ** RR 1% WK
Note: * means 0.05 probability level, ** means 0.01 probability level
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