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Abstract: Four antifungal protein genes (RAC,, RCH, B-1,3-Glu and B-Rip) were introduced into Indica
hybrid rice (Oryza sativa L.) restorer line E32 by particle bombardment. Ten transgenic progenies of T, generation
exhibited resistance to sheath blight after inoculated at the active tillering stage. In addition, the transgenic
progenies had obvious variations in some non-target agronomic traits, such as growth duration, morphology, grain
appearance and grain yield. The genetic gains were different among transgenic lines and the traits. Panicle, grain
density and grain yield per plant had the highest genetic gains. The variation coefficients of plant height, panicle
length and grain appearance were low, while those of panicle numbers per plant and 1000-grain weight reached
high levels. The transgenetic rice cultivars with high yield and good quality could be developed.

Key words: Rice; Particle bombardment; Transgene; Non-target traits

W R R BRI H R ZE R AL RKRE B R BRI — Kt D02, (BRI R K
SRS, AT E R R RAMOR, R E M AR H AR PRIR G T RS I R B, TR e
BB AR, AT AN RE 181K B E 1 2 R AR E FIRAREHARGEAE B bR 02 72, o= 2R R A

WA 2006-09-08  HEZFHAM: 2006-12-11
HE&TE EHK 863”7 tHRIM H(101-01-02-02); | &4 “+ 7 TABHE 155 B (A2010104) % B



%4

PR REE: FRRVER KRS E32 FARAE B R EEIRE R MR 285

AR IR AT 2 P F At 72 b B AR U SR B R
A AR s SRR R 3 N EEZH L DNA J5 KA 35785 4F
TR A N 55 8RR T 809, b — P SR B
KGR B AR H A5 AR 2R 16 A8 S A4 (1
T AR TRFEFEREEAR G ARERE RSB
EENEMTFROAIES, EFHERRKMS
Flro R, X3 BT AT R 2 UK RS B AR
IR AR S R I O HRIE S, (B P R B
FEEDKFE ] AAE Hbnk PR RE E D> i,
AW IE R FE (Oryza sativa L) YK E % E32 LA
B0 MG R B A ER SRR, WRWEMN
ZANIEHRR SRR S 257, B s
BRI R IE R RR K5 Ak B m g AT 5, D
WO 1 BT w7 2 B0 i 5 R KRG 37 o b 4
(LSLiNvee N

1 AR

1.1 X Ie#8Y

PEIA A B} B FE (Oryza sativa L) A A (FE 5
64S/E32)/I TR E 2 E32 FILL E32 A2 REA, &rh
R TRBPORAEFBESAN 4 MiH
B H BRI [RA Co,OKREIRME LT il 2R RCH
OKFBRR LT BRI N B-1,3-Glu(FE 78 7 K FE G
FLRDAN B-Rip (N Z A% 0 R 06 B (1 5L D) E B,
TR R ALK R R =T T, AL B HH 10
YRR R R(EI21-1.E121-2.E121-3.E122-1,
E122-2.E123-3.E124-1.E124-2.E124-3 Hl E127-1).
X REGEAR E32 R BEDNRR R AEAH R4 AR TP 4 4.

IKFEEFEIRE (Rhizoctonia solanikiihn AG-TIA)
KT RKBHERESTEMH LS BRVAYHEA
WAL BT KRR IR B0 25 1l R 8 4 B, 2 B0 P 6
R SR B B K

1.2 Wit 54%it A

HH TE] AP AR 50 T 2003 4EREZRAE T RIgHE K
AN DA TS AT, 7 H 19 H#%Fh, 8
H 13 OBk, X Akt 3 IRES, DX
2.3 m?, BANX A 6 1T, 4T 10 B, /DX JEKE B
5K H A A, I 8 05 A8 W 3F 1T B 5 1R 7 1 (Days
before heading). SE#JER/NXEUHAAT 5 #5557
T (Husk awn). # 52 Z & (Grain colour). £ /5 (Plant
height). &l " | (Flag leaf length). &1 I %% (Flag leaf
width). &1 M- 1] #1 (Flag leaf area). ¥ Kk FH 47 (Number

of panicles per plant). 4 (Panicle length). % £8 &1 ¥
#f(Total grains per panicle)- % i % & (Grains density).
4 R SR # (Filled grains per panicle). 45 52 3 (Seed
setting)« T~ % # (1000-grain weight). B8k 7= & (Yield
per plant). % i & (Grain length). %% i 3% (Grain
width) FI4 # K B L (Grain length/grain width).
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Table 1 Resistance of transgenic rice lines to sheath blight
73 S FF 2R Disease EERA B FEEL Disease &R JFT Z Disease PERY FATEFES Disease
Line stalk rate (%) Disease degree index (%) Line stalk rate (%) Disease degree index (%)
E121-1 6384140 1.3%0.6" 142+63" E123-3 48.8+13.6 14+09" 1554927
E121-2 st1+11.2" 1.0£0.5" 11.5+547 E124-1 5534149 1.5+1.1"7 169%+13.17
E121-3 4414977 0.74+03" 7.6%3.0" E124-2 53.7%14.57 1.6+1.0" 16.5+102"
E122-1 421+78" 0.6+0.2" 63+1.7" E124-3 3324105 10+107 109+1147
E122-2 34341927 044057 48+51" E127-1 40.8%13.17 07405 78%55"
E32 (Control) 82.0%11.7 34%10 379+118

*, kO3B KR 5 50 RAH H ik 22 57 B2 (P<S%) FAfR B & /K (P<1%), F[E. * and ** present significant differences at P<5% and 1% levels,

respectively, compared with the control. The same as bellow.
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Table 2 Growth and yield traits in transgenic rice lines

B 0 s . o s g
wim o PR eaeen memm SmoER 4%% O TEE SR
L7 3 ##1 Panicle  Number of . . . . . . . .
. Days before . Total grains Grain density Filled grains Seed setting 1000-grain  Yield per
Line . length (cm)  panicles per . . o .
heading (d) plant per panicle (cm) per panicle (%) weight (g) plant (g)
E121-1 78 24.2+1.1" 5.4+3.2 221.6+36.1 9.2+1.7 177.3+£274  80.0+18.6 24.7+9.4 23.7+7.3
E121-2 79 245+2.4°  62+¢1.9  281.6+58.5 114215 2334333 829+82 257193  37.216.6
E121-3 78 23.5¢2.4" 7.0:0.7 245.0+50.5 10.4£1.6 217.2+27.6 88.7+4.8 28.3+£7.6 43.025.17
E122-1 79 25.7+1.9 4.842.4 251.4+60.6 9.8+2.5 195.1+39.1  77.6+17.6 26.4+£3.2 24.7+7.8
E122-2 82 28.5x1.1 6.6£3.0 250.6+29.5 8.8+0.9 168.6+255 6734215 21.9x10.6 24.4£7.6
E123-3 83 25.8+2.0 4.6+1.8 247.0£69.6 9.5+2.1 183.5+£39.3 74.3£9.0 21.2+6.3" 17.9+7.1
E124-1 78 27.7£3.3 5.0£1.2 249.0+£30.0 9.0+0.9 177.5£202 7132105 19.6+29" 17.4+4.4
E124-2 76 26.8+2.2 4.6+2.3 248.4+83.5 9.1£2.4 167.8+47.5 67.5+114° 24.043.7 18.5+8.1
E124-3 78 24.542.6" 6.2+1.3 198.0+60.2 8.0+£2.1 145.9+36.3 73.7+12.4 23.9+1.6 21.6+6.5
E127-1 81 23.8+1.97 5419  255.0£384  10.8x1.6° 17744253 69.6212.17 20279  19.4x59
E32 (Control) 78 27.7+0.7 4.4+0.9 224.2+39.3 8.0+1.6 199.9+22.2 89.1+5.1 27.1+£2.6 23.8+3.9
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Table 3 Grain appearance traits and morphology of transgenic rice lines

e @I Flag leaf BHL Grain Wiy R

ﬁi Plant height ¥ Length %% Width H# Area ¥ Length % Width Grain Husk
(cm) (cm) (cm) (sz) (mm) (mm) w colour awn
E121-1 11044.1" 37.7£7.3 1.920.1 53.4+12.3 8.6x0.5 2.620.1" 33102 R I
El121-2 1158 £4.3 42.4+8.0 2.210.1 68.1x14.2 8.2+0.3 244007  3.4+02 i I
E121-3 109.0x12.2"  404%55 2.010.1 58.416.6 8.0+0.1 2.640.4" 3.2+0.5 W 7
E122-1 111.8£10.5° 255165  3.1+08  57.4%31.0 9.1+0.2 28400  3.2+0.1 W ]
E122-2 117.4+12.5 42.3%5.9 2.6+1.4 83.0+49.3 8.6+0.6 2.8+0.2 3.1+0.2 W *®
E123-3 119.7+9.6 41.2+6.8 2.1+0.3 65.3+16.02 9.6+0.1" 2.6+0.4 3.840.9" bioyy T
E124-1 115.423.9" 48.3+6.2 2.1+0.1  75.06x11.2 9.1+0.4 2540.1°  3.603 HHE x
E124-2 107.046.4" 39.6+0.8 2.340.3 66.248.3 8.2+0.5 2.940.1 2.7£0.2 W T
E124-3 96.7£104°  40.9+12.3 1.9+0.2 56.8+21.6 8.7+0.4 3.010.1 2.9+0.2 R T
E127-1 106.6+4.7"  383£9.7 1.8£0.3  52.8+22.5 8.8+05 23204 39097 Bk ¥
E32 (Control) 123.7+2.8 44.7£6.6 2.120.1 67.7£12.2 8.4£0.1 2.910.0 2.9+0.2 -0y I

e RS HEMR, T HiE R4 T FeEE M
A LEREMRNA . W B127-1 BRI
FOEAREE, IFEAREKNEE (W lm) , 5
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BAEE 35 (Genetic gain) JRFR Jy it & 3R 15 2 5
RN, RAEE M EEFRSCRN E IR,
ERBRTE-HERRETERZE, FARHER
TR R EAR R m A 0, Aot 2 EAEH
PR 2R R ISR 28 AT TS, 45 2R (R 4) &
0, 10 MEERBE RN A HRZ R MRAAR
KNI AL I8 25, Ui B B BEAS AL R T 5 K I
IKFEAR 2R AR S AT B B B . HA
(] (1) B R ik R LA e MR R I A S 25 22 R K
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Table 4 The genetic gains of the major non-target agronomic traits of transgenic rice lines

- . £ i A s " - e PRI L
minm wE O g RRETE GESRE SR THE  ReR el
AR Number of . . Y . , . Ratio of grain
. Days before  Plant . Total grains ~ Grain  Filled grains Seed  1000-grain  Yield per
Line headin height panicles per er panicle  densit er panicle  settin weight lant length to
g g plant per p y  perp g g P width
E121-1 -1.27 -10.75 22.73 -1.16 15.00 -11.31 -10.21 -8.86 -0.42 11.11
E121-2 0.00 -6.39 40.91 25.60 42.50 16.76 -6.96 -5.17 56.30 14.14
E121-3 -1.27 -11.81 59.09 9.28 30.00 8.65 -045 443 80.67 6.73
E122-1 0.00 -9.62 9.09 12.13 22.50 -2.40 -12.91 -2.58 3.78 9.09
E122-2 3.80 -5.09 50.00 11.78 10.00 -15.66 -24.47 -19.19 2.52 2.69
E123-3 5.06 -3.23 4.55 10.17 18.75 -8.20 -16.61 -21.77 -24.79 29.63
E124-1 -1.27 -6.71 13.64 11.06 12.50 -11.21 -19.98 -27.68 -26.89 20.54
E124-2 -2.53 -13.50 4.55 10.79 13.75 -16.06 -24.24 -11.44 -22.27 -7.41
E124-3 -1.27 -21.83 4091 -11.69 0.00 -27.01 -17.28 -11.81 -9.24 -1.01
E127-1 2.53 -13.82 22.73 13.74 35.00 -11.26 -21.89 -25.46 -18.49 41.75
P14 Mean 0.38 -19.70 26.82 9.17 20.00 -1.77 -15.50 -12.95 4.12 12.73
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Fig. 1 Dendrogam of the variation coefficients of

non-target traits of transgenic rice lines

PH: k% Plant height, PL: 4 Panicle length; GL: &4 Grain
length; GW: % fi % Grain width; FGP: & #5267 4 Filled grains per
panicle; GD: & #i %5 B Grain density; TGP: 58 & ki ] Total grains
per panicle; SSR: 453C% Seed setting; GYP: #8k =& Yield per plant;
FLL: 8|#{ Flag leaf length; FLW: M35 Flag leaf width; FLA: 1]
- HiTH Flag leaf arca; NPP: Hi#k#H% Number of panicles per plant;
TGW: FHIE 1000-grain weight.
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