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HOE: AU -Co BRI E-2 (Oryza sativa L. ov. TGA2) FEA 5 R, K18 R BIE MBI AIK
FABRALRENR dwarf69., dwarf69 1 TGA-2 RILARIERF, . F, . F, MBS SRRV B AR Z R rEE
EEdl. F—EHRER, BIR dwaf6d 1 TGA-2 I G EH o WHEERE (Rice G protein alpha-subunit, RGA) 5
REHBAFFRA—MHERNESR, H RCA EHAER TCA2 PHREEWHEE FERERK duafs9 F KX
B, SHRLREK dwapd FIEFA R TGA-2 B RGA B[ 5" LI X MFF RS, dwar69 RGA 5' EIFR EL TGA-2
RGA 5" 1iEX £ 4! 1076 bp, B IRIGE KRR ZIR PN RCA 5 LI RIFS) 5 HEF A MM RGA 5" HIR 7517

R ERES,

KW KR BB, GEAE; 5K
NLEHRS: 05296579 (2004) 01-0070-05

PESHES: o6 NIRRT A

RERRFFEYERKEFI N EZ MR
SRR R THSEN T RBAEZEMAERKEE
FICEWHIEEE THEENE L, FrJeeEmY
FHhEELBRMMAME. IRABR, KEHH
WBRNERTREEREANKRER (gibberellin)" f1
X ZELKFEB (brassinosteroid) LI Z B, K
MEHBEMMKELE,; PEHEYBEHEESERER
(axin) BHXY; Mo, FH-LRERAERMEE
HE REREIEY . URMERM SR d KB
A ZEAR AR VR B I IE S S5 G B o W3
(Rice G protein alpha-subunit, RGA), X}HA/LHEAHE
AP £ B RGA T RES GA ME S H S A X"
Ashikari %' B # 9 DNKRF dI BAEK (F12,
HO532, HOS533, HO537, HO538, HO541, HO552,
CM392, CM1729) F Fujisawa %V $RIEH 5 4 dI
AR K (CM1361-1, DK22, DKT-1, DKT-2, ID-1)
#Re RCA HEWWBX AL T AREEHAEL,
# RGA BHN—RBF/REME LR, SBK
Bk, AL ZRF v-Co® A8 b H/KAE M AP F
HEE-2 (TCA-2) KB —RBIEBE dwarfo” .
FEARBIIT, RIS EBIEND A2
TEREAT TS, FIPESE dwarf69 RGA HIHRIS X &
ARFNHE, MHS FRXFIS5HEEERHA
[[l; FFEH AP RGA TF dwarf69 ZEdsrEHR PR

~ RS 2003 -03-07

BEEERLD, X—EFTREEIH dwarfb9 Mk
BIACWERA,
1 et SR
1.1 #EYHEREFETLRE

{375 78 A0 T 9 K R bl R A R A BE-2 (Onyza
sativa L. cv. TGA-2) I RERMBKBHFTE
FRITFR AR, F y-Co¥Xf TGA-2 FF 34T 60 v/
min, BHEBERH2.5-35F vy WEH BT, ¥
5 000RLALFL S5 YRR FHCFE K (3 3R LA 37 CHR
B, B2 Ri#EFHEMN, FKB4~549 R
BREKH, kA EERTHERNRAEERET
BXEEES SR, BN dwafs9. 750 E
AR RN, 20, B 1

R HREMHSE AR doarf59 5 TOA2 #57

#Z, MBEAMBEZENRF, . F,. F, RN
BE, TR S0,
1.2 &

cDNA &5 HRFI & . pMD 18-T vector, IR
H Takara 3] ; Taq 8. WYIEEIA H Promega 247,
E. coli DHSa AALHEHRAF. HERXFEA Sigma
RV RIE AT '
1.3 7k#E % DNA 1 RNA 99 5

KAGE DNA R AEMME . 055 08
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TrEE3RE DNAYY . 7KA5 8 RNA 28 #B dwarf69 FIFR 5 %4814 A/B. C/D. E/F. C/F #1 E/D @
5 TGA-2 8 WAz AE R, FIFHR RSB — 13 PCR H 340 BN dwarfo9 F1 TGA-2 3£ K4 DNA

HLRBUR RNAY
1.4 KT8 RGA £1K cDNA KISE g

Hi4E GenBank H(HE FEH Seo % & R HIKH
RGA £ cDNA J¥3] (B3RS 128001) &iH4&
R PCR 5’514 RGAa: 5’-ggggaccatggeicatecetgtageaga-
3 (THEZFIIAMAL Kn 1 big) #1354
RGAb: 5'-ggictagatcaagticcitceetggageg-3' (T IH £8 ¥
FIHNMAR Xba I fi)o PA 1 pg KAGZRIR A
218 RNA A, A 0.5 pg Oligo (dT),, 65 C
M S min, % Takara cDNA & B & R 4R 5 &
AR cDNA % — 4%, BUSE —4 DNA NBiR, A
Perkin-Elmer Cetus DNA Thermal Cycler 480 # %7 PCR
YR, TIEAMHR 94 T30 s, 55 CIBA 30,
72 CIEH 2 min, 763 30 MM, BB —RIEHF
FE 72 CARIR 10 min, #% Sambrook 2 B 75 ¥ LA
V5 M e PR e L K B U PCR 7= 4. ¥ PCR =4
SCREZE pMDIS-T Bifk, AIBYI 4 SR BIMMHES
Tha, #—F AR AL IEENE PCR P41 DNA
3,
1.5 RGA WFREDH

KA ER RT-PCR B, UK actin 2
P2 485 X f) 356 bp PCR K BRE AW S, H,
1% RGAa/b VR 1 pmol/L, actin 5| 903 N
0.05 pmol/L, ¥ I%&MH: 95 °C FiAM 5 min, R
94 C 1 min, 50 °C 1 min, 72 C 2 min, $" 4 354
{&3F, 72 $E{H 7 min,
1.6 RGA 5' LI EFEIIHISTHT

BRiE RGA B H A F 5] (GenBank % F 5
135844), &t 6 M54 (B3 (a)):

A 5'-cigtgeatatgacccataggcag-3’
5'-gaatga gatetgetacaggatgag-3’
5'-ccatggtictigacagaagcage-3’
5’-ctgectatgggtcatatgeacag-3’
5’-cagtacgctattattctctigggtac-3’
5'-ggatggattaggalgegaatgegg-3'

> I o> I w B T =~

Y AR M R B, T AMN: 95 CAEME S
min, A Taq B, RE T 30 NMEF (94C 1
min, 65°C 1 min, 72 C 3 min) ¥V, BE—%
ARG, FERYBETE 72 CTHRIR 10 min, HF,
C/D ¥ 7= e ARSI E RIRT (1.4)0

2 FRHE

2.1 BT dwarf69 SEEF TCA2 IRBEHH
RAMK dwarf69 B E R MS R, REMEF
B, HHCE AR R AR KRR bk
Fo dwarf69 KRB A, ZFFHEE. R HE.
MR, 2B%6, SERD, FHERE, BT
M, BRRIANERZH (B, R14%1HT
TERAAEKEST RBHE dwarf69 il TGA-2 % 30
BRIE KR TTUAE Y dwerf59 BIER R TR
HEHEAM TCA2 N—F L4 MM TREME
110, dwarf69 BIMHEH TGA-2 B 1/4, B w (M8}
) (UTFRE) dwarf69 & TCA-2 BIE 5 5.

1 BFAERUKE TGA-2 (a). BUREHK dwafsd (b)
RHEIRAE (TGA-2x dwarfs9) F1X (c) KIRR
Fig.1 Phenotypes of wild type TGA-2 (a),
dwarf mutant dwarf59 (b) and
their F1 progeny (TGA-2 x dwarf69)

A1 dwarf69 # TGA-2 (&30 4%) #k&H. 4, AP 11 vHeT R, tRATSESE
Tab.1 The height, stem diameter, panicle length of TGA-2 and dwarf69 plants,
and the width, length and chlorophyll content of their 11* leaf.

BH  Hfem EM/cm i /em M F/em Mlem 4, (WK 11077

dwarf69 44.8+5.726 0.58 +0.061 13.76 £ 1.004 1.35+0.226 8.8+2.521 3.35+0.037

TGA-2 92.4+7.977 0.40+£0.058 26.38+1.317 2.02+0.203 36.2+5.312 0.69+0.031
dwarf69/TGA-2 0.48 1.18 0.52 0.67 0.24 4.86

1) UTFmET
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L EXE:

dwarf69 5 TGA-2 I IF R REEERRHA: Fl
R¥EES TCA2 M (B 1, R2); ERZM 2K
BEL IR BEAR (K2). EERX R
BERAY 406 BRMAET, BRESRTE 88 ~ 121 em A
307 ¥k, 90 109.30 cm; BRE S MRE 23~ 62 em
B 98k, FHIH45.492cem (F£2). BERAE
RVEENT 3:1 L, VPR dwarf69 MIERFF RAER A
AR R — B S NER. ATH—-FRIES
R, ArR2 kit 3 shRAREM 3 BRFA R
RIFEER B3R FIEATHE R, W F3 RAREL, B
HIRRAREAHEK F3 RE R MR RE,
KBHERSE, HBAEE; MFLERADE
2B IER B, RHZEE, FAREM
RAERBMOMKEHTS 3:1; B—K F3RLEE
hEAERA, ABHAEGHE, XHE—-SHY
dwarf69 FeRIH K —HERMESER .,

&2 dwarf69. TGA-2 B AL ER K

B FL. F2 8%
Tab.2 The height of TGA-2, dwarf59 and their F1 and

F2 progeny plants of reciprocal crosses

e B lem BB VEIBE/om
TGA-2 86 - 101 30 92 +7.977
dwarf69 30-52 30 45+5.726

TGA-2 x dwarf69 Fl 105 - 111 2 108 + 1.414
dwarf69 x TGA-2 F1 95-107 4 101 £2.062
30-53 55 45+5.223
TCA-2 x dwarf6? F2
96-122 149 112+4.753
doarf59 x TGA-2 2 23-62 44 45+4.135
88-121 158 109+ 5.880

2.2 dwarf59 ¥ TGA-2 RGA BEERBEXPTERE
RiEDH
UETFURMERRB LR 4 KTBBULETARER
HTRCAZERARBXEZETARBENERMSI
AT, B LA BF 5 B RT-PCR B 77 ¥ 4+ B
dwarp9 F1 TGA-2 B E T & 2R HmIG X K RGA
DNA, WFEREWH: WTKEH1 143 bp W
RGA cDNA BERSHE (4R 380 NE M), TGA-2
dwarf69 ZIAE —~PTHEEBRMER (A—G), BH
RGAMBINEEREETR (HEAKR-HER).
X—PMEEMZERETHER RT-PCR B /=4
B, WATEERBEREM. HRITAMZERTEE
RER W RCA BB dwarf9 FHIFEREEAR
HERRINEE., XREAFIFEAACKENKTE
RGA cDNA P31 AR BEB S dwarf69 HIFH!
MR, BAIBE—BRKA¥ER RT-PCR Xt RGA
£ dwarf69 1 TGA-2 I RAE R IHAT T BT,

ME 2\ LIER], 7 8 MR EH R+
RGA (LR KFImR) 7 dwarf9 PRI BBE
RTFHZE TcA2 WRZE (B2 (a), MEAINS
1 actin (BERFRPIR) BWREBTERHE PHELL
X—E5 R RGA TEKREBREE dwarf69 A
BEIE# &k,

B2 dwarf69 1 TGA-2 * RGA
K B RT-PCR Rk T
Fig.2 Semiquantitative RT-PCR analysis of RGA
gene expression of dwar59 and TGA-2
M: DNA MX$4r BB ;
a: L TGA-2 & RNA NH#itR;
b: LA dwarf & RNA N8It .
EhLRFi kA RGA MY =Y,
HELRET LA actin T =)

2.3 dwarf69 F TGA-2 b RGA R 5 LXK FF 51
HITEIES

RE RGA R BB FIEKBELRERE
dwarf69 PIREABREMER, NURSZENED
i ; {BAE dwarf69 H RGA mRNA B R A B KKK T
HEAMN (B2), XMBAItEEHT RGA XEMRE
BRI EEEATSI RN, Ak, RITEEEK
dwarf69 FIEFAEFP TGA-2 89 RGA N 5' LI X P
ST T RS .

HRHE Seo % (1995)" & #AY/KHS R-36 A9 RGA
HHEHFF] (GenBack B3R5 : 135844), ®itT 6
~PCRE|Y (E3 (a), 5% A, B,C, D, E, F),
LRSI A/B, 43 HILL dwarf69 1 TGA-2 FFHYH
DNA MBI Y 1 5 Eif X FFInf, 25R4158—
ASFUHAK/INGIZY 1 650 bp B9 PCR 3 H- B (kK
B7R). HAZI¥IX C/D #H17H HEE, Ll TGA-2 &
K20 DNA AHAR, ¥ 181884 500 bp # F B
(B3, Tk 1); WiV dwarf69 H:E 4 DNA R4,
BB HEL 1600 bp B (3, K 2),
PAZRAE(K dwarf69 3P4 DNA R A B
HABFAE R TGA-2 E 4 DNA AEARY ¥ 5
Bk 1100 bp, X—45REFES, FIEEX LR
PCR Y AR HEMY, AHI=X519 EF. ¢/
F. EDR#HTY ., FREX 3385519
Xt C/ID—#E, AR dwarf69 3H4 DNA FHiR
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(@ (b)
E(-1557/-1532) dwarf69 % (K11 103 bp JT B

_—

C(—1609/-1587) dwarf69 % 1111 973 bp 4 B A(-29/~7) ATG
o \ l ‘ _‘ 2 000
e AESEIEE N
—451 -350 +1
-1609  -1449 -4 F(+149/+171)  B(+1585/+1608)
D(:-7—/:29)

&3 TGA-2 F1 dwarf69 RGA 3£ 5’ ¥ X FF3 PCR 43 ¥
Fig.3 PCR analysis of 5'upstream sequence of RGA gene from dwarf69 and TGA-2
(a) TV RGA 5" LR FEHIMEIM A, B, C, D, E, FRHMUEREE, FHI%H ST GenBank 135844 ;
(b) TGA-2 1 dwarf69 RGA E:[X 5' Li#ifIX PCR 45
M: DNA H8XF 5 F IR
1, 3, 5. 7: LA TGA-2 K40 DNA 8IR, 2538t ¢/D, B/F, O/F, E/D #4TY 1,
2. 4. 6. 8: Ul dwarf59 ZHEH DNA NHEAR, 435ILAGIHI% C/D. E/F. C/F. E/D #1744

P B AR LL LA BF AR F TGA-2 Z 41 DNA
MR Y1 H BAE R R BE 1100 bp (B 3, 3Kl 3 -
8)o IX—EERIH dwarf69 A TG-2 B RGA 1 5/
FHRFIINKERLFEERENER,

H T B IR dwarf69 FI TGA-2 i) RGA 3
SEEXFIIMES, BRI EETHCDY
PR =Y (42518 1529 bp #1453 bp),
WFRFERBR: dwarfb9 ) RCA #EH 5’ X F5
(H GenBank & %54 AY192152) 4+ HI7E - 1449/ -
479 1 - 451/ - 350 Bk (PRS- ARHE RGAL WE
P40 F¥ 5! GenBank 135844™, T [F]) # TGA-2 #
RGA ER 5 L X F %] (H GenBank HF 3R 5 K
AY192153) & 973 bp 1 103 bp, 31t 1 076 bp,
X—EERFE—HAEE T L3R PCR TR .

R dwarfs? KRB BELTRBEY, H
RGA ¥ 5' 37 X 51 tb FLBF 4 ff TGA-2 %9 RGA
HES EHXFIEZHWD B (973 bp #1103
bp), AWRERIBAREMIIEMN. HSARBRH
RAEFSb— B KRB B KT &R IR-36 B
RCA B 5 LR FH FFE S E - KiE
ARBILFR2FRER B (-1449/ - 524) . BR
£ IR-36 i) RGA ZH 5' LXK AE 5% 2 MEHE
AR BRIVRM S, {BLEAHR A B AL A A R BE
ERBFEFIELE (- 451/-350), A4, TCA2 I
dwarf69 B RGA 2R 5" Fif X &R > — N T
IR-36 /7 75 bp B B (- 221/~ 147), XFHEA
RAFRINESR

AFREE KIREKFELREERSH RGA
B 5 R A S I EF A R Y ReA B 57 i
KEIGFERENESR. Bhd TR EH HIE,

GenBank H R A —/N/K#8 RGA A 5’ L X F5
(135844), IRBIA MBFTRIRNTEA BB A X
MERNER, DEAXMESRS RCA EEKRIE
MREFERUERZAIMXR. RIGHF—DRH
HEAEBHH LS BN dwarf69 F1 TCA-2 HFLIE
RGAEH 5 X FF, RSB ELZRE
KRR R B R RN RCGA BEH 5" L X T
5, XK EHTFEERLEETRWFER, 5—75
W, AT HE RGAER S LREXFINERS
RGA BRI RERRERRBMZEINRE, &
B i fe B BFAE AP TGA-2 89 RGA [ 5' LK
3, BadEERAEMRETHRTE dwaf9
B RGA RIZBWKEIEHR, HFERTHEE AEFA
FRA,

2% 30k :

(1] ROSSJJ, MURFET I C, REID J B. Gibberellin mutants
[J]. Physiol Plant, 1997, 100: 550 - S60.

AZPIROZ R, WU Y, LOCASCIO J C, et al. An Arabidopsis
brassinosteroid-dependent mutant is blocked in cell elongation
[J]. Plant Cell, 1998, 10: 219 - 230.

YANG T, DAVIES P J, REID ] B, et al. Genetic dissection

of the relative roles of auxin and gibberellin in the regulation

(2]

[3]

of stem elongation in intact light-grown peas [J]. Plant
Physiol, 1996, 110: 1029 - 1034.

SATO Y, SENTOKU N, MIURA Y, et al. Loss-of-function
mutations in the rice homeobox gene OSH15 affect the

(4]

architecture of internodes resulting in dwarf plants [1].
EMBO J, 1999, 18: 992 -1002.

FUJISAWA Y, KATO T, OHKI S, et al. Suppression of the
heterotrimeric G prolein  causes abnormal morphology,

including dwarfism, in rice[ J]. Proc Natl Acad Sci U S A,

(5]



74

FILRFFER (FRBER)

BEBE

(6]

(7]

(8]

(9]

(10]

1999, 96: 7575 - 7580.

ASHIKARI M, WU J, YANO M, et al. Rice gibberellin-
insensitive dwar{ mutant geneDwarf 1 encodes the-subunit of
GTP-binding protein[ J]. Proc Natl Acad Sci USA, 1999,
99: 10284 - 10289.
kM, TR, FRR,%. KBRUREEERRX
cDNA F BT 51 (1], i RZ%2M(ARB
*#H§),2001,40:59 - 62.
BIHE PO RS TAYFEE (M) BT %% L
2L BHE AR, 1998.
SEOHS, KIMHY, JEONG J Y, et al. Molecular cloning
and characterization of RGA1 encoding a G protein alpha
subunit from rice( Oryza sativa L. IR-36)[J]. Plant Mol
Biol, 1995, 27: 1119-1131.

SAMBROOK J, FRITSCH E F, MANIATIS T. Molecular

(11]

(12]

[13]

cloning: a laboratory manual{ M]. New York: Cold Spring
Harbor Laboratory, 1989.

YIGAL A, SIMCHA L Y, NADYA M, et al. Clausa, a
tomato mutant with a wide range of phenotypic
perturbations, displays a cell type-dependent expression of
the homeobox gene LeT6/TKn2 [J]. Plant Physiology,
2000, 124: 541 - 552.

REECE K S, MCELROY D, WU R. Genomic nucleotide
sequence of four rice( Oryza sativa) actin gemﬁ[.]] . Plant
Mol Biol, 1990, 14: 621 - 624,

ISHIKAWA A, TSUBOUCHI H, IWASAKE Y, ASAHI T.
Molecular cloning and characterization of a ¢cDNA for the
alpha subunit of a G protein from rice [J]. Plant Cell

Physiol, 1995, 36: 353 - 359.

Genetic Analysis and Molecular Characterization of the GTP Binding
Protein Alpha-subunit Gene from Rice Dwarf Mutant dwarf 69

FEI Xiao-wen', DENG Xiao-dong”, WANG Yong-sheng', LIU Liang-shi', XU Zeng-fu'
(1.The Key Laboratory of Gene Engineering of Ministry of Education,
Sun Yat-sen University, Guangzhou 510275, China;
2. Station Key Biotechnology Laboratory for Tropical Crops,
Chinese Agricultural Academy of Tropical Crops, Haikou 571101, China.

Abstract: A dwarf mutant dwarf 69 was obtained from wildtype rice ( Oryza sativa L. var. TGA-2, indica) by gamma-
ray irradiation with a Co” source. dwarf 69 exhibited typic dwarf phenotypes, e. g. short, dark green leaves and low
fertility. Genetic analysis showed that these dwarf phenotypes were conferred by a recessive mutant allele. Although only

one nucleotide difference was found between the coding sequences of GTP binding protein alpha-subunit ( RGA) gene
from dwarf69 and its wildtype TGA-2, the expression level of the RGA gene in dwarf 69 was significantly higher than
that in TGA-2. Further sequence analysis of the 5' upstream of the RGA genes from dwarf69 and TGA-2 revealed that
two exira fragments, 973 bp and 103 bp respectively, were present in the 5’ upstream of the RGA gene of dwarf69 but
not in the RGA gene of TGA-2. These results indicated that the mutation of the 5* upstream of the RGA gene might affect

RGA expression in rice and therefor result in the dwarf phenotypes.

Key words: Oryza sativa; dwarf mutant; G protein alpha-subunit; 5’ upstream region



