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Abstract: A full-length cDNA of rice (Oryza sativa L.) glutathione synthetase (GS) gene was obtained by 5°-
RACE (rapid amplification of 5’-complementary DNA ends), and the gene was named as OsGS (GeneBank
accession No.: AY453405). The 1 892 bp cDNA contained an open reading frame (ORF) encoding a polypeptide
of 540 amino acid residues with a predicted signal peptide of chloroplast. The alignment of OsGS cDNA with the
mapped genome sequences of rice indicated that OsGS is located in the short arm of rice chromosome 12, and the
transcript region (6 321 bp) of this gene consists of 12 extrons and 11 introns. The transcriptions of OsGS in rice
under normal and stress conditions were studied by RT-PCR method. The results showed that, under normal condi-
tions, the transcriptions of OsGS could be detected in roots, leaves of one-week old seedlings and roots of heading
rice, but not in leaves, stems and spikes of heading rice. This result indicated that the expression of OsGS conforms
to a spatio-temporal pattern. Under stress conditions, the expression of OsGS in the leaves of heading rice
demonstrated that the transcription of OsGS was strongly induced by heat shock (40°C), cadmium and drought; but
not by salt, low temperature and wound. Further transcription analysis showed that OsGS expression was strongly
induced by mild and medium drought stress for 4 hours. In addition, the exogenous ABA could induce the
transcription of OsGS in the leaves of flowering rice, suggesting that the response of OsGS to drought might be
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mediated by ABA-dependent pathway.
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W AR B REAMEIEN. GSHIEEWIER
B2 HE AT AT LR AR & s 85 g i =4 1Y
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Joirif £ 8 FEHE Y04 1 GSH, GSH %t v-ECS 9 R
TRIN I AR, T GSH & B HE7E Cd frila F 52
FHPH), F 6 GSH & A Eg vl Be A GSH & U2
IR HIEEE, BRI, i BRI GSH & BB K
F) EN & 3% 3E (Brassica juncea) L EF AR L H & 1)
GSH & BB mWHEYE S K(PC)E KRS, &R
WS TN Cd KditE, W B ER A R
MEE LK CdY9, Hik, GSH & B ERE Y P
RN R ZMAEH .

Ullmann %5 7E 1996 4 B X M #l & IF
(Arabidopsis thaliana) "1 50 & T # % GSH &
BEEFEO, WG, MY B K& R B
BT (Pisum sativum) O FKEWRETE (Medicago
truncatula) B K2 (Glycine max) « EAK(Zea mays). />
% (Triticum aestivum) "FIEH H%(Zinnia elegans) ™
ZEYh e E, BESERFE KIS GSH & B
R REAHE. Bk, 7E/KR GSH &R
B TR A AR W IhEE, XT T ## GSH 7E/K R
ARKRBESHEMIEHREAE —SHE . 230RE

T KRG GSH & Bl 5k R 9 7o B A E KRS 3R
FEIFREMTHVILER .
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1.1 ¥ %}

JKF&(Oryza sativa L. cv. Nipponbare)k ¥ T H
AKFE B YE B0 . EST 7B (R3434.S21515
S1893) 3k H HAKREEKFA TR (RGP) .

1.2 /KEE RNA KR

BYHN R fe /K FE - B 200 mg (45 M B 5B
2 cm), KH Qiagen A @] /] RNeasy Plant Mini Kit 32
HKFEH F &S RNA. £ RNase free f] DNase |
(TaKaRa)4b#, LA 22 BR AT AR DNA V54,

1.3 5’-RACE

H F 5’-RACE (rapid amplification of 5’
complementary DNA ends ) FI7KREA bt H K& B
EHMEF 59K :5-TCA CCA CTT TTG TCA
AGT GCA TAT AC-3’ . § 84 ik /¥ &l e ( |k
W ARERE AR HiNGEH BanH]l BV, B ¥
OsGS cDNA ¥ 3°- Fil 5°- uii Be g ok, A1 Bk F8
GSH & B E H i & cDNA, #IEHES L
Clontech 2 7] ) SMART RACE cDNA Amplification
Kit #1EF M

1.4 RT-PCR

¥ 3 0sGS mRNA 15| 4 % : Primer R,5’-
CTG CAT TAG GAT GTA GGC TGC;Primer L, 5’ -
TGG GAA CAC AGC AAT TGC TC.

AT KK 8 0sGS cDNA &R i5, A REE
15 (¥ 7K #& Actin % [ mRNA (GenBank % % S .
AB047313)#E 4 0sGS mRNA £ & & RT-PCR 1K
F5o ¥ 34 Actin mRNA (5| ¥R HE AB047313 #&if
A :Actin L primer:  5’-CCG GAA TTC CGG ATG
TCA TTT TCG;Actin R primer: 5’-GGG TTC GAA
CCC AAT AGT CAC AAA.

— # ¥ RT-PCR X A Promega 4\ i
AccessQuick™ RT-PCR System #£4T. ##3 (RT)
S LAt 2 37°C 4R IR 15 min J& FFAE 42°C R IR
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30 min, 94°C K % ¥ ¥ 3 8§ 2 min ST PCR ¥ 1%
RV, PCR R 4A4 H:94°C 455,60C 455,72°C
1 min, 3£ 29 MEK; BJ5 72°CH & 5 min. HL 20 pl
RNV 2% Mg Lk AR IERER.

1.5 0sGS EE & aH

B K 41 A1 cDNA J¥ 31| Ltk %t 7 NCBI (http: //
www.ncbi.nlm.nih.gov/BLAST/ 1 http://www.ncbi.
nlm.nih.gov/BLAST/Genome/PlantBlast.shtm1?2) |1
1T+ OsGS cDNA JT-5I1E expasy (http://www.expasy.
ch/tools/dna.html) BEATHH ¥, A KHE GSH & BB
FI—REFR KN, 0sCS g2 IREHERIT5
1 http://wolfpsort.seq.cbrc.jp/ I i PSORT # f4 Tl
H A MM E NS . E http//www.cbs.dtu.
dk/services/ChloroP/ |- ff} ChloroP 1.1 34 T 15
SR WA RE . B EET 5 F ¥R 5 47 7 bitp:
//clustalw.genome.jp/ b F| | CLUSTAL W (1.83) &
4347 . FIH Phylip F1 Treeview B34 B H K& B
B AL AR TR 54T

1.6 KB RYIS A 1B

AEAFEEMBLE  BUTREAKEY F (8
MR B E 2 cm) , BT Kb A LR &
P 5 AP Ab B G0 ERFER U B, ¥97E 25°C kAT .
iR T KFEH B FREKF 10CRIE 24 h:
WAL KFE TR AF 40°CEN 2 hy EHip
BAE . KM A F 100 mmol/L NaCl F % i
24 h; T 243 kM /FF 10% PEG (FW=6000,
AR =>99%, Sigma) TR 24 h; {HFEA TR BUE b
— AU 1 em B K F 24 b EEBALE: K
A T 100 pmol/L Z B %% (Cd(CH,CO0),) F % i3
24 h; UL RSB 0.01% Triton-100.

AEREPEG TEMELE  3THITIEW

KEEHH (G FEBFE 2om) , BT 0%, 5%-
10%- 15%- 20%- 25% 1 30% PEG (FW=6000, 4
B =99%, Sigma) /K #E# 24 h (A 0.01% Triton-
100D .

TEMETEMBLE  EFAEPKER
HE 2000 cm? EEF, —HK—%, EFFEAK10d )5
=ik, MEIEBKURFFHENE 3 d N —#K
TR BYEL 200 mg M A FIREUS RNA, —HF4E
B 21 Ko

AEMNEES S TR BYHUIF L Bk B
HE (B B ES 2 cm) , R8T 0.5 mmol/L 7K
¥ ® (SA, salicylic acid ) . 0.5 mmoVL fii % B

(ABA., abscisic acid) 1 1%t &AL (H0,) BHHE
24 h (IO 0.01% Triton-100) .

2 EERMaHT

Q1 AMERARBEERNEGH

) A L/ IF 19 & BE H K & A BE % K] cDNA
(X83411)45 GenBank F /K% EST # 1T FIE T 5
RIR 3 A~ EST sl ] gE2 K FE GSH & B ZEEH 1
EST /el , MHA RGP %8 7 iX 3 I wm &
(S21512. S1393.R3434) . 53k 3 4~ EST 5o
HATIFE, 4REIR3434 il 5 HEHYM
GSH & B EE e/ 5 A F R BN REE, B4
2K M cDNA, /> 5° 5. FREE 5°-RACE )
T iER B 2K KR GSH & BB & F i cDNA
(GenBank & % 5 :AY453405) . % ¢ 5l & K
1 892 bp, HEAES T +28 55 +1 650 bp 2 18], HK
FEEE R A L5, 45 R B /KBS M H ik & B s
xR X 2K 6321bp, ALT/KME 12 SREAEE
F,&F RAMETFRNARET (B D BE6
MAE T AT/AC RIS KL 10MHE T

N 340- 375 3554 /13809, 45334 469549797 5133/ " 5343, . 5608/ - 5879-/

N7 3477 3677/ 409 4603 4897 5067 5230 5467 5685 595/

7 \.k‘ /;/ '\\\ / Y /,f /-“ “\ ;,/ “:\ ;/" \ // "\\ // / \\ ;‘/
1-339 3075- 3478- | 3678-| 4410- | 4604- | 4898- 15063-| 5221- | 5468- 5686- 5956-
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B 17K%E 0scS BER G ER
Fig. 1 The genomic structure of rice glutathione synthetase gene (0sGS)
THEFTRI BT, ZABRTHNEF, HFERTIETRAETRIKAD.

The relative positions and sizes of the exons and introns are indicated by boxes and triangles respectively.


http://www.cqvip.com

454 P W PR

$14%

#HERRT SRS FHINE B GT/AG BYPI 8L .
EX—KBEKE RS RBEEE G LR 0s6S. B
0sGS ¥ [X 3% 2 000 bp DNA FEFIFE http://www.
dna. affrc. go.jp/PLACE/signalscan.html _t 3t 47 )il 2
ERRETHNEER, RILT L 585Me (T
B i REJREENGE) M 5% % (ABA.
ZIEMSA) XA T (R 1D« Hoh, B3
FRIERI— LA F AT LA rRA o (an
GT-1 1 GATA #30) IR EEAMEEFTER N
TATA 1 CAAT &%,

22 KBAMEBHKARBEESRDE KM —REN

A OsGS cDNA %t —AN&F 540 NEHER
BRI, H%E®B A (PD A 601, 47 F& (MW) 4
58 969 Da. TN OsGS kS5 H e SHHE
BEHBK& el T R KR, KI5 H ey a
PEHIKE R RS AU, 5ERRE KRS
BRI AR 2 88% . 1 Bk C K BB bt H
RERBEZRYBRANESHERKNMKE T F5.
KPQREGGGNN (/& 2). F PSORT II A ChloroP 1.1
R4 RIVIE 0sGS G2 BB FH N K i
F 47 NMEERAR M A E M ESKFY, &
IR OsGS BIRIEF=YI0] BEMIE Hr it A\ SR4K

23 KBEAMER AR B HLT S
M NCBI k15 18 & & I bt B Bk & A

SIEBRFH, B A% Phylip 4 BRI . SEALHS
S H 4 R A B H K& Rl KRR T L4 B A
Y1 SRR 3 AN RKEEE (B 3) o KTBABEHE IR
ERES /N EMEKERFHEYRREZ R AR
i, 5 B 5 M3 Ah (Lycopersicon esculentum)®& X ¥
AP ISR 2 R REBOR , SR PSR 2R
REOK . X 5/KREHIBLHATFUKRS 5 e Y
FGRAM .

24 KEAHMHHRARBEENALREAERY
Bt RT-PCR KK 0sGS BIRIE, £ REH:
EIEH A KEMET, 0sGS #8 /K TG40 8 B Fnm- LA
K IFAE AR R RIE, BAE T e Bm 2L /%)
Hrhkis, BERABEE5HALREKE M. NE4
WA LA St RIE KRS Acun ZER B R AR
HAERER R (B 4% Actin 3475 , 18 0sGS
f] RT-PCR ¥ 38 47 KL KR8 %0 v AR Al LA & JF
TEHIKFERIAR AT W0 (B 4 vh 0sGS 187

25 AMEMARBERESERGETHESRE
LIF B K RBIE R B E F LR MM A
RT-PCR & R LT /KR B & b H k& s
AN EMHERAMMESRENER (S . &
B FRENESRE CdES/AKBANH RS s
W 0sGS fEAE I B rh RIE (B3, i K
B OFESEUAGRESFHRE, KXHAKBA

£10sGS LHFNFEEBNFESASERNERTHEAN

Table 1 Predicted cis-elements associated with stress and signal conduction within the upstream of 0sGS

A Posvion o s ot et e
cis-elements within the upstream of OsGS Predicted functions
DRE2COREZMRAB17  -698 ABAFD Rt A i Nz e A
MYBIAT -901, -995 ABAFI i 7K W R TT
MYBCORE -231, -680 ABA RIS 7K A R T4
MYB2CONSENSUSAT -682 ABAFI Fit 7K WA R e
MYCCONSENSUSAT  -1385, -1115, -416, -317, -232, -196 ABAFI 7K i A
MYCATERDI1 -196 F RN
HSE -1382 e Uiy des
LTRECOREATCOR1S  -697 A A% O T A
ERELEE4 -538 LA N T A
ELRECOREPCRP1 -141 R Helici torWi Nyt i
WBOXATNPR1 -141, -1661 SAYE S HIWRKY R BI A7 &5
WBOXNTERF3 -140, -1217 Yo B SR T
WRKY7108 -1827, -1487, -1217, -140

FERET AR IR E FWRKYS S0 A
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—————————————— MGSGCSSLSYSSSSTCSATVFSISSPPSSSSSLKLNPSIFLFQONPK
MAASAFGFGGIRFSKTIPLSKYIPPLOQPHHNNTFFSFFPSSSSISSIIIIIIIINFSTKPL
———————— MSSCVSSSHHHCARRLPAPPPRAHMLAAAD
MAAAAARSGAHPPSFASSLGRCRVLPVVVVRRPGGAARPSPLLA

———————————————————————— MSDPHTID PELIQRLYVHDALVWSSLHGLVVGDRNVE
TLRNQPPLRCG—- - ~RSFKMESQKPIFDLEKLDDEFVQRKLVYDALVWSSLHGLVVGDKTYQ
PMSHHKHLTINGDEQNIIKPSPLFVDDYHNIDQQLLDNIAYDPALVWASLHGLLMGDKSYQ
—————————————————————— MSAAMPPAMD PAAAGEMAREAAMWCSLHGLVVGDRADQ
SCASPYRRRVGS LRAMGAEAPSSVAPAAGRKASAVQAEMVE AAAMWCAMHGLVVGDRGNP
PARCAAAVGTAAPKVEGGGRRSSEQGQLAVAPARLVDELVEEALVWSSQHGLVVGDKNHP
- - - - - W ¢ AW
RSGLVPGVGMVHAPIALLPNSFPEVQWNQACELAPIFMNMELVDRVSLD GKFLODTLSRTKK
KSGNVPGVGLMHAPIALLPTGFPEAYWKQACDVTPLFNELIDRVSLDGKFLODSLIRTKK
KSGCMVYPGVGLMHRAPFSLFP TS FPESKWKQACDLAPIFNELVDPRVSLDGKFLQESLPRTKQ
RSATVPGVGLYHAPFSLLPAHFPESFURQACELAPVFNELVDRVSMDGNFLOQNALSKTRO
RSGTVPGVGLVHAPFSLLPTRFPASFUKQACELAPIFNELVDRVSLDGKFLQOGSLSRTKO
RSGKAPGVGLLHAPFALLPMSFSKVYWDQAVELAPLFNELVDRVSLDGDFLQETLARTKE

PN EEER 2 s KK 2 g ® ” W AT s s Wy AW Wy ARAEE AKX KEW s =W

VDAFISRLLDIHSRMLOIGKKEDIRLGLHRSDYMLDEKITNLLLOQIELNTISCSFSGLGCL
VDVFITSRLLDIHSKMLERNKKED IRLGLHRFDYMLDEETNSLLOQIEMNTISCSFPGLSRL
VDEFTSRLLDIHSKMLOQLNKKEE IRFGLHRSDYMLDEQTKSLLOQIELNTISSSFAGFSTL
VDDFISRLLEIHRKMME INKEENIRLGLHRSDYMLDSETSSLLOQIELNTISASFPGLGSL
VYDDFTARLLEIHAKMMAVNIKEDIRLGLHRSDYMLDSETNSLLOQIELNTISTSFPGLGSL
VDSFIGRLLDIHAKMHKRLNKKEDVRLGLTRSDYMIDGATDQLLOQVELNTISTSSNGLACG
K ‘R‘R_*‘R*:** 2w '*:*: FE S -~ i B ~ . KEK s Wy XTERXKX -

*z

VSDLHRSLLSYVYKKQOQLGLDSQRKVPINASASKFAEVLAKAWTEYSNPSAVVMVYVQPGERN
VSQLHOSLLRSYGDOQIGIDSERVPINTSTIQFADALAKAWLEYSNPRAVVMVIVQPEERN
VTQLHRYILTCHGKLLGLDSERKVPANNAVSONAEALARAWSEYNNPRAVIMTVYVQAEERN
VSDLHRSLIRKQYGTSLSLEHKRVPANAASTOQFSEALAQAWSEFNIDSAVIMMIVQPEERN
VSELHRTLLNQYGEVLGLDSERIPRNWAATQFAEALGRKAWVEYNNGSAVVMMIVQAEERN
VCELHRNLIRQHERELGLDPESVVGNTAIAQHAEALAGAUAEFNNQSSVVLVVVQPEERY
* sE*Kxs s .z = = = T T .®, *E Ky t® 2z TEK, T

MYDQHULTATLKERHNVISIRKILAEIDAQGRILADGTLQVDGETVAVIVFRAGYAPTDY
MYDQHLLSSILREKHNIVVIRKILAEVEKEGSVQEDETLIVGGQAVAVVYFRSGYTPNDH
MYDQHFLSAVLRODKHGITIVRKITMAEVDOQEGEILPDGTLSVNGQAVAVIVFRAGYTPVDY
MYDQYWLSKHLOQDSHGITTIRKILSQVEAEGQVLPDGTLLVGGQKVAVVYFRAGYAPNDY
MYDQYWLINIHLKE SIIGVMTIRKILAQVEAEGLVLPDGTLVVDGRPVAVVYIFRAGYAPTDY
HYDQYUITVALREMYGVTTIRKTMAAIDAEGELRPDGTLTIDGLPVAVVYFRAGYTPNDY

TN = Y *z 2 P R ) = = w* ww 3 ” AEH s AW w2 W

PSESEWKARLLMEESSAIKCPSISYHLTGTKKVQQELAKPNVLESFLENKDDIAKVRECEF
PSESEWNARLLIEESSAVRKCPSIAYHLTGSKKIQQELAKPGVLERFLDNKED IARLRKRCEF
PSESEWVRARLLMEQSSAVRKCPSISYHLVGTKKIQQELAKPGVLERFLENKDD ITAKMRECEF
POSEAFRVUSARLMMEQSSAVRCPSISYVHLVGTKKIQQELAKPNVLERFLRSEE - IDKVRKEKCKF
PSEVEWSARLLIEQSSAIKCPSISYHLVGTKKIQQELAKPSVLERFLDNEEDIAKLCRKCEF
PSEAEURARLLIECSSAIKCPSIAHHLVGTKKIQQELAKENVLERFLDNKADIEKVRKCF
™ w - w TEW . 2N EEH 2 REBTEE s 2 K e WA AN _*** w-n - wz P

AGLWSLDDLDAVKSAIQKPEA
AGLWSLDDSEIVKQAIERPGL

AGLWSLDDSDIVKKAIERPEL POQREGGGNNIYGDAVRDTLIKLOKTGSQEDAAYIL
AGLWSLDDEYIIKTAVEKPELFVLHRKPQREGGGNNEKYGLD LRETLVRLQKEGGDALAAYIL
AGLWSLDNEEIVKSAIEKPDLFVLUKPQREGGGNNLYGHD LRETLIRLRKNKQGEALAAYIL
AGLUSLENDSIVKSAIESPELFV KPQREGGGNNIYGDNLRETLISLKKDGSNELAAYIL
XX WN s - * e o2 z ™3 **********‘ "w 222 "3 *-a WEREEN

MOQRIFPAVFPIVLVRDGICYREHAVSELGIFSAYLRNKETVISNEQCGYLMRTEVSSSNE
MOQRIFPKVSNMFLVREGVYHKHQAISELGVYGAYLRSKDKVIVNEQSGYLMRTKIASSDE
MOQRIFPNISAAVLMRNGGCHKDHAISELGIFGTYLRNKDRVVMNNQSGY LMRTKISSSDE
MORIFPKASPAYLVRGGVCHEGLAISELGIVGAYLRNKDKVYVINEQCGYLMRTRKVSSSDE
MORIFPRASLTQLVQGGVCFEELSISELGIFGSYLRNKDKVVINNQCGYLMRTRKVSSSNE
MORIFPPASLCYLVRDGTCIRENAVSEFGIFGAYLRNKDRVIINDQCGY LMRTKAASLNE
TR =z - - ::**:*::_:***.*= * gz e BERTETRAEN :* i
GGVAAGFAVLDSLYLIX ~—

GGVAAGFGVLDSIYLN -~ —

GGVAAGFAVIDSVYLT——

GGVAAGFAVLDSLYLTGK

GGVAAGFAVLDSILLTDE

GGVVAGYAFLNSVFLT——

AEH HW Y ”

B2 KEBMHKEREE (GS) BOMILTHY GS AR ERIFF M FEM

Fig.2 Amino acid alignment of glutathione synthetase in various plants

0.S.: K¥E Oryza sativa; ZE.: © B3 Zinnia elegans; AT B3 Arabidopsis thaliana; M.T.: EEERE TE Medicago truncatula;

ZM.: EXK Zea mays; T.A.: /NFE Triticum aestivum. GS FKEE & HEMNYEFRBATERIS: ... FRELREFHRLERE.

Conserved glycine-rich domain of glutathione synthetase family are boxed; *, :and . indicate the similarity of amino acid.
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Fscherickia coli | PO04425
Synechococcus elongates| Q8K

Baker's yeast | Q08220

Fission yeast|AAA3IS5307

Nomvay rac|NP 037004

House mouse | NP 032206

Hrerrzcxrn | P4E86G37

African clawed frog|P25668
Oryza satival|AAS5I0537

Zea mays|CAEI 870

Bread wheat |CAEIEI76

Medicago trurncatula|AAKO3046

Pistern sarivi | AAFO81 27

Lotus japoricis|A4P69 500

Arabidopsis thaliana|CABSI 027

Brassica jurncea|CAATIE7E

Zinrnia elegans|BAD27307

Lycopersicon escuilorticn |AAB7Ti2

B3
Fig.3  Phylogenetic tree of glutathione synthetase based on the amino sequences
Bh IR %5 (175 GenBank 1 ¢

45 The proteins GenBank accession numbers are listed after the species names.

E Ses FFAERE Heading

Pl 4 KRR H AR A | FAGERE L) RT-PCR 47 47
Fig.4 RT-PCR analysis of (2sGS mRNA franscription in rice under normal condition
T RT-PCR 18 RNA SEHCE B0 7 d 004K R 40 7 14 85RI0F 50 78 7 00K

TR, £ P FISHRE. Total RNAS for RT-PCR were
extracted from roots and leaves of 7-day-old rice or roats, stems. leaves and spikes of heading rice, which were grawn under normal conditions

ES i 18 +F

10C

A S HROEARREIEN D 0568 BB S 4k RT-PCR 4 5

Fig. 5 RT-PCR analysis of 0sGS transeription under various abiofic stresses
HIRELRFRI ) b 0568 B (40°C, 2 h) T E(10% PEG, 24 WFITE & (100 pmoliL CdCH,COOY, 24 )t
- {E14E £E(100 mmol/L NaCl, 24 h) {GH#(10°C, 24 hyRIHY 3 25 385 41 | 7 ki i 5 AN E) 2 M 9 RT-PCR 4y
25 BT, 85 4 Actin, 0568 4 RT-PCR /-84 % 05GS. Os6S transcription pattern in the leaves of heading rice showed that

the expression of (s :S could be induced by high temperature (40°C for 2 h), draught {109 PEG for 24 h) and heavy metal {100 pmol/L
Cd{CH,COO). for 24 h) treatment, but not by salt (100 mmol/L. NaCl for 24 h), low temperature (10°C for 24 h} and wound treatment
for 24 h. RT-PCR for (5GTI and Actin was carried out in a same PCR reaction and their primers were showed in the text. The

constitutive expression of A ctin gene was used as an internal control.
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Fig. 6 The inducible expression of (s
(a) A5 [l 1 PEG JE K 4b 5 5
(623

transcription in ri aves after dehvdration t

G 2 Al LR
in the leaves of heading rice under different strength of drought

DML IR RT-PCR 4347 () 75 15 4052 ) A il 107 390
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