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Abstract: Progress in the study of molecular mechanisms including water stress responses in
plants such as drought, high salt and low temperature is reviewed. The variety and
functions of the products of waterstress-induced genes and their genetic engineering are
discussed. Areas requiring further research are highlighted.
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FEHERANE: B—, BTKSHBTEROHAYERRERL, BEEEEST. BT
EHERGHEES; 52, EEKMUABEIHERFRRA, S, g%, EXTE
BB TRENME, —SEBNERASEEE. HE. [ sH s S b0 o 3 6 7 T 4 T 4 — R
BRGR, BEd— BB R, REEHFN-LERL.

1 R REK S B e R B E R AR A

K AT B R R B R R R R, KRR 4R PR AL H—FREFRHHBAE
(Upregulation) £ 4, 4IRS IFRENRE. 5 B 3 [ = — o Bk AT — B AR I 4E
Fl. SR BN R E # (Downregulation) R 4, MEpBESEAMEAR, EHRKL
Bgama, R EEALhEl; RTIERE AR AT AR RS, HarEREd
FREBWEEOPIR, iR Es s, ExEFRMERFRKARE, WEES
hFHBARREL.

1.1 EPASHENXR RS
PEUGE MM RS EHE K R R AR FERN. H #i 57 i1 0 44 6 T 43
A=K WATER STRESS

s DAL, EWAKATEARELHEYH
B T OE Y b A E SR W (Resurrection
plant) . FhF7ERJE MBI BUBEZ: 90% HIAK, ]
HEA T JLE R A 30 4R BROR S, XA BAKCR
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Fig. 1 Function of water-stress-inducible gene
products in stress tolerance and stress response. The
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gene products are roughly classified into two
groups: functional proteins that are involved in water-
stress tolerance and cellular adaptation, and regulatory
proteins that may function in gene expression and
signal transduction in stress response!?,
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B b th AT A — R R G BT,
B, BIFMY. LWBRAREDZEUER YRGBT R (R ¥) E, 7
PR ESHBAXNER, URENHFRERIIEM.

1.2 ks EMEMmE T REREE

FAULFRINAREL, AMERETHEEWAIWEE XN —RIIBEH, XLH
HAEBD BRI, A —BRRANEN. EXBEREYHE SN BERDEMET
BEAR-S mE 1R, RSEEAERE: KEEEA, SKELEERARX, FARNBE
VRS (nsE. AR, HERS) EYESRALEEE, RPA>TFMENEL R (LEAXE
B, HRHEA, #EEH, mRNAGASEAY), BEMX(FRTKS- Bl BEAYK
LR, WEAEMOGIRMERTELENSE), EERBERNEABR(FEEAN, TREQ
R %, XENAESSHAPER. WEYHEREAER: BAMM (MAPK: HASREMNEFEAR
¥, MAPKK: B$B{bRY MAPK ##, MAPKKK: Bsiibiy MAPKK #(B¥, S6K: HMiik
S6 ELMA, CDPK: #K#i Ca’ WEHMM), ¥HRET (bZIP: A E A KM Leu- hr i
AR (motif) , MYB: HHGEMRBETHHERZETRIKR, MYC: HHEAREE S R IRIEH
FEFRE), 1433FA: - MEUMAYHEEARMEARRAELARXNESED. A
HEE R H—SEEEY A KS TEREERE, XERNTEARHEREER.

1.3 H#H#kSEmEPERREINAT

BEHF KBS EHEIHEET BSMNE ABA BT RE, HIOBERKEREIDA
F ABA WiERIP M, iEHRN ABA-KEIBIRE, FEHRN ABA- M EEE, XWEEH
FHARSEBFNTREREZERHTHETAADSS, 33 F X4 R MR XS 3T
(Cis- or trans-acting element) . TEZK4 8 M Rz o B 4 52 Hh W0 B R A R BT 4 9 ABA Wi
Rt (ABA-responsive element, ABRE), E&F#EXEMWE CACGTG, HH# ACGT
HEBL, TR G- & (Gbox) ¥, ACGT BHHFETHEHREMEEAEINSHEYER
h, SEENREEENNXE. TR DNA-ZEEAZY, TRMNEEK ACGT %LMR
MEERFFAERKES, HHZLFIIRETREREETRE, MURFFNYETEEBHR
RHEPY 5 G-box A *#5 ABREs B1ERE ABA-Ca? KB H v & B,

EAFREBE CEBAYTEARMOBRRANEBRRAREENFSHERE EAR
B WE AT B, BB TR B AR, MW T REMEME T BRRT XMERRE
S, MEFPHRAIHD Ca? - KBEBHEEZIT KO B RSN, E K
RAB17 BELEAS AP B B R, HBERAMNBEARR, EEARTHECERAS—
B, BRABEBNEETES, KNFETHARE ERFTE-MESKSEE HAWTS
DNA £ 4 M HEEANEHY. AP Ca? RS AR AT B EE S ZFHEMER,
ChHHES FREERRREXNIBP. KILXARMY TREENEYPRE. ABA #EH
KW EREZ 6, RTMM PR Ca?t WEE MM, BIEIFRIK ABL ZEH Y12 b 858
FHBREABRREYY B AZEMEHEEBEIEE C, X BELIE 1,4,5- =B R
(IP) &R, BHTEFRERAMEAT IP3, HEENSTEENTENESFESSTHT
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BRI REHET.

HERTR, ASBEmpPHEEZANAYREFE RN, REFELEREAT
. HMILETE, MESTNYRERENERRIEH, WHAGES, BT A%
M.

2 MK BB LR BT R Y T RE MR

ME 1 TTRLE S, ASMEmBFFRENEETY, FSE5ERERNATER, HF
SR RAEELENYREES,. UTHE—HEANDREERTERE—BE.

21 HERELEMHEEEA(LEA)

LEA £ BRI 82 XM bamEEE=Y, RERNTRASBPAEHY, EXRANR
CHEETEMEYNESRRY, BLFHAH LEA WREYWRBL 65 fhz £051044  LEA
B4 AR T PR B 19 LEA MBFFT4RI09-%, LEADI9 J26% 1, LEAD11 JE 2( iR
Bk, Dehydrins), LEAD7 #2651 3, D113 H3% 4, D95 (%8 5. LEA EEEM T4
R HkERE, NERBROMEEARST DT SEBETHARTEALN 4% (Y
0.34 mmol/L).

LEA MEREMARA ELFMHFE, —BEANEERSTER, WRENDIYEBTH
13% W H MM 1% HAERRE, RIERERANCERREY, XEFL5ENNYIER
FYAEL., BEREARRAKERWENRARENETERAN. DI9EATEIER LRSS
TH 70% U EHEERRESTARBEREE. TAKBEHWMTIAS TEHEE. 9%
SBKTTRERBAR, FEIXEEARNEEG DT EREGTITOENRKK, WA THEL
B TETER A G5t L ThhE, TEEMBIK & SBNRAN EBKTISE 5, P B4R & E R
M4 B0, LEA MEETET DOREBX A%, Baker 15N M AR ER KSR, LT
EHEY SR, REMRAS 2, Bit—ERENKER, £ MR R T —, B
kRS 5 E.

BT T ES, LEA hiRA—A5I AL B A, D7 $EF—4H 11 M EBRREE
SR A (motif) (TAQAAKEKAGA) , I b o- ML WA, HBET 13 K. ENTF
ZER AR TR K, BT RERETSIRAGE. FE bty b i & EmRE T Y
MR TR, XANEEAMREUMEREREE, NEBENARBUFEEER
PR ERMRE, XMERERTAFARE, FATEETEAHRERY., #—F
AW ERE S RIEMIEER BAENARERASHFEERARENHTEE TSRS M4R, 3
BB K TR B TS TREM A, AMEhTERAEREPEFRERRERMGEF. H
T F LEA B3R 454 IR T B 75 Ui Bt K ot 75 o 40 B P 4% 7 I 22 TR OF J 4 e PR T RE

R LEA R BKTHZHOEEYR, THREBLOZIATANHXED BN
EHRRY S BEIN lea HEBALESE, HENBPENREHRRES AT, SHERNER
%. Kermode INNxtiiaZ M RAR WHKE, THEESIMRENRERE, BITEFTERE
MugEk, #f LEABAGEHRGRT —EHWE, AHRAEREE. HEWAEHRIIR
. XuZ® A AEFIRBY lea HE—HVAL, #HA30KMFHE, HOEKY EH0EE T XKD
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MrEpgputE. RTINS, I lea BRMEARREZREY R 2UHEE R AT
.

22 BEATERNSY

MMVREH R T YA A R &7 — S B A RKIER /DN FY MR, X
ING T BRRAR A 8 35 1 ) B (Osmolytes) , L8R A % % B (Compatible solutes) . %40
& B (Pro) . #3EW (Betaine) . H #& B (Mannitol) , 11 F¢ # (Sorbitol) . LS BE (Inositol)
&, AR E Y B R kPP,

HEW,  AEEBRERESAEWHY TR (Lycium barbarum) h ZEBHON, BHAF 12
Fp, BEIEEE a1 R B i R SR FH 38 (Glycinebetaine) , fEFRFISEM (Betaine) . EJ
CRETHEHEYNEHE. ETREREENBERTYR. MRS EH SBRTEE 2
WP ALk JH — M~ XM, SHEEBEREARE (CMO) M EHBER AN
(BADH) MfE R T#THEY, MENSREZRESZHA. BARTHIFEIBEHERES T
BREFERHERE AN, PEAVHEBMEREEREY PRI, FHIAT H T Z R0 E NG
H-61, 1997 4E, Hayashi 2518 )\ 1 3B B (Arthrobacter globiformis) * 3 4 T E % £ 1L B§
HIER (codAd) , WRAHEABELITHER, HAURZE LANEHIE. BHBHEEERR
5 Rubisco o WEFKIZKFINHEARREN. REBREKEEMIEHETREF=ET codd B
REA, HEEMYMFFHEBAEEIA 1.0 umol g'FW, FAERIMA L, SEREYR
WEWHK, EREMBESHHAHRAE S EMEERF RN M E., ERBEMEHETEAR
FRAETILFUARE, MHEEEEYIRRE 50% MG, 1998 EPHolmstrom ¥ A 5 #F B (E.
coli) HiXPINFHEE (betd and betB) ¥BBMHE P, {555 H 4 W B 13 7 2 W e (3
M) WRE U RIHEE R KT WKE R, FAERE LSRR, LT 260081
m, TEILT AP EUE T IR G RO,

MEE HERII—FHEENGILBER Jsi7k Dehydration
TR, RSB SRR, ETR g BT e
AT HRMERERRMER, EMMEMAR Ohge o PC <. Pro ——> %’Eaﬁ '
fr 2 B S A I R B A R T S B p ER Induces o
M. RS, WERNAREH S AR Bk Rehydration
(Glu) ﬁﬁ 61- HH:M* -5- 3‘&@ (PSC) 1M }B ﬁjz B/‘J [72]’ Fig. 2 Eefaboﬂl?syri*zfﬁ;}:oﬂigf%fiig;zﬁlydration and
HAERARDMARZHANE AL PSC 4 A rehydration!™ :
(P5CS) f1 PSC ik J5if§ (P5CR) . 7EMMEMBBREMERY £ PSC ERAEAR, XMHETHE
Ead PIANEE 9 A4k B & BRI A 8§ (ProDH) #1 P5C B & 8§ (P5SCDH) , =B /K B i &R
B, MERMAERNELZA TR, EKEEXZRTHE (B 2). 7RI P, Bkt
P5CS #is XI5, 1 ProDH MR EFEBMH, MK, E/K/E ProDH #1 & FH R 5
S, T P5CS M3 EBMEI™, Eit PSCS # ProDH 7E/K 43 A 5 KR 5 B4R M il & AR /K
- f 3 B 7 (Rate-limiting factors) . % P5CS R HHAEETENHATHEAMSERS H
SHERMEY 10— 18 1%, WRMERME, HYEYFETEHM.

HEBEAYYR HeMBEWEYTYRIEN: U BB, Ononitol, B, &%, WL
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AWML RBUEAGHERERRES T, EA)TROFRT, HEFXERERNMR
ERREHAAREENES. HREEREREEYHSKP &R 1-81 umol g'FW, H
EUM GRS ERMBFARMMY, EREEHEESENEREKHRES™, {H7 Ononitol B
B3k 10 umol g'FW WY MBI,

2.3 AEENBRAIEER

A IS BR PR EE—RRINEER, HPRHBENRARSHREHAS
XHRE2S, WA BEH Bk BB (Glutathion reductase) , BEfLYLi{LAE (SOD), WHHALEAM
(CAT) -8, RRANHYETEHRRET, BTFRAOXE., ATAEERATEHBRTR
ERAE, ERBE/AYABE, FMEARNGE. BT R0 k0 RIS RN
m, WEEAEERFREPER. ERxEEREENIR A SOD, CAT %Ak ARE
HEARAR, BREHEARRETELRN, B—REAELUHEHEHRRPON,

3 YRS A m B BT I R

RAE JUER IR A RS FILE MBS T A0 3R, B5HERER—EX
A UKNER. SFLENTHRETESZRIXE.

WATER STRESS
3.1 MEEASHBASHS

Two Component System?

Phosphorylation
(CDPK, MAPK cascade)
Plant hormone ABA

OSMOTIC CHANGE
1997 4F Shinozaki 2?5288 {4 T X 1 <— SENSORS
HRABEBHNESRAGEMAL, RIET Oxidative burst? o Co
%%@9&] By Z A AR SR ( 3. E Physical tension?J l g:jl-lli(kl:a:o(::::semor)
B, KA, HREERE, B—NIUK SIGNAL TRANSDUCTION
D& giw SRR, B 4T R 4800 Env2, e Second messenger Ca®*, IP3
g J —Fh & B 4 W 31 (Osmosensor) B FR K
W ¥ & (Sensorykinase) . 7 — BB I l l
%% Sholp, E&H 4 MHAKMBKE, & GENE EXPRESSION
EHMMEEBLE, HC-WmEH—1 SH3 4t BIOCHEMICAL RESPONSE
B, SREHTESHRMMER. FBRFESH PHY+SIOL+OGI*CAL RESPONSE
R, B MAPK LM, X
B YR AFE SRR TH
BB,

BATEMBRTEAEREREAA
B®, INMEHHERDTANAES (FFREL
B, Oxidative burst) ? B 3 i RS
SRSEHMRBAE.
3.2 BhamEEREFROET

AND STRESS RESPONSE

Fig. 3 Second messengers and factors involved in the
signal perception and the signal transduction in water
stress response. Two-component His Kinase is thought to
function as an osmosensor in plants. Ca’* and IP3 are
the most probable second messengers of the dehydration
signal. The phosphorylation process functions in water
stress and ABA signal transduction pathways. ABA plays
important role in the regulation of gene expression as
well as physiological responses during water stress!®,

REAECEZHTRAZANEHFURATES, BEKRINLATESHE. X&
AEPRARSEFRNAL. RTHRKE, HREEEMRILFEEFSZERL &
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I mMA BT 548, BRYNREHE, BRNAREUERNEREARNEHS N TXE
YWD TREORS, HAMAR R R, IS e B R 2 B 6 3R L
BZIEN.

3.3 BhBmEPERHRNERRMIIE

BB TR R BT AR A R — AR SN, EABSNERTYHNEEESHE
#, EMEEMEBNESR, RERAYR. FANE. RERUREREERNXREEA
HE.

34 EAHL

EAEM YK — B E g, HEEOTRIVERBIRAA, K 8w EE R
WEENES, —FEIRRESBERNIRRBETRARNN TR, FANEIARRABR
EYriid:, REEYHSBMSEIFRT Figik.
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