2 WEAER

RS - BIOTECHNOLOGY BULLETIN 201348 5 1057

EYEREERNTIRE X EEEYSE TR A

2 o] -2 2
BAE KF XeE
(1 2ZHIRZEFE O R 2B, 22 730070 5 2. vh OV RF A B R BFFE P, JE5T 100081 )

B E. EMHA (reactive oxygen species, ROS ) A M A BAM 69 &) = 4, Bl IS IRF 8 b2 AE L) ta P AR R K B a9 B LA
R ERBT IO AT T AL, F5UA AR A el st RS E LR N, %3 5 hia g M i = A K& &
HAN, HAFEMENG KT HWRBE ALY TR, IS EFRiftfe Ak, L2501, HWIRAGESEEFHRIN,
T — B N R E R T, FFRAY, ARG EN A G ERRE R TR AR S, TS AT E
BT R BATHEL , R B At LA 0 BUR BR AL AR B AL AR M O 6 R AT .

KEEF . HHA MY RN

Research of Reactive Oxygen Species in Plants and Its Application on

Stress Tolerance

Xue Xin'  Zhang Qian”  Wu Jinxia’
(1. College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730070 ; 2. Biotechnology Research Institute,
Chinese Academy of Agricultural Sciences, Beijing 100081 )

Abstract: The ROS ( Reactive oxygen species ) is a plant byproduct of aerobic metabolism, environmental stress also makes a large
amount of a ROS accumulate in plant cells. Low concentrations of ROS can exist as a signaling molecule to induce the expression of defense
genes and plant adaptation to the environment reaction. When the stress force in plant cells produce large amounts of reactive oxygen species, it
will cause damage to intracellular macromolecules and other components, to impede normal plant metabolism and growth, and even death. Plants
existence of active oxygen scavenging mechanism, the balance can be maintained within a certain range of reactive oxygen species. Studies have
shown that the plants active oxygen scavenging mechanism can improve the resistance of plants. In this paper, an overview of the current dynamic
of Reactive Oxygen Species, at the same time explore the application of plant active oxygen scavenging mechanism in improving plant stress
resistance.

Key words: ROS Plant Siress tolerance

HR(0,) DI A LERR A i T AL T Y
WRAET F YA 0, B 0, RPE 2L,
Lo R S S A P ) AT R BT E A
AT, HEN 0, BTSRRI AR, SN
WS (reactive oxygen species, ROS), ROS a5
AT (0,), BEAMEE (- O0H), AR
(H0,). LA ('0,) %,

ROS MU YA S B9, i HAL2
HERNE 0T, SHEEEYRERET RS
FiA SN, 4 ROS £ Ml A9 40 i B R P P T

ek H A : 2013-04-26

VA YR SZ B R FE AT, AN NADPH 4 £k i
Hafn, A0BREE b 43t As ROS, SAERLAE " A
1) H,0,, ‘EREY BIE AN, JE s FE AR i By
RN o PRI 22405 i P ZE AR ) R 9 B3 0, ROS T
VBN A0 B RE P SR TR T 2 RS A5, HAER
ZAH R SO R E ] . H,0, B REE N
— B S0 TAEN ALY R AR TR 8 i v . MR
M4 K. Bi7& R (abscisic acid, ABA ). Ca®™ i iH
AL A 255 T e VA T A VR A
ARk, LR ST R A A o PR A A A

VEH I - W8, @, Wid, W07 M BP0 TP 5 E-mail : xl2f123@163.com
WINVER « 4, 2o, @IFsE5, BT . M IEREEI41% ; E-mail : jinxia@caas.net.cn



2013421088

FEEESE - AHYIIR NS PR RIS B AR 030 T A 7

M ROS W58, AHMIERW, TERIRIT M2 K
etrl-7 BRI RE S AR A4 R HL0, X AL H By 15 4
23 7T 5 MHURIIT atrhohD/atrbohF 58 72 K 11
SRR T ROS XAF ) 575 18 248 5 -5 A <AL DG AT 7
FEEAEA D T O DA R 1,0, J ABA 15
SRR NIRRT, 38 A 5T R S T O
AL L I, 4 ROS 15 S 8 45 40
N ROS Ff i H AL FRAAS . AW B 38 it 70 4 g 1T
(NADPH ) 4k == 2V FH T A8 90 R S AR AR B A
T S 20 A3 & rp . NADPH 484k [l RE £ 200
L ROS AP Ty, A 5 DA i J5 Jphe ik
AN W F NADPH ALl HAT BOE B R0
MR AR s, BT A 1% ROS AT BEAE M5 401,
TEVA T AN AR S 015 S 1 St A E AR

1 #EYERN ROS HIF=E RS FHLE

BRIV Z T, M ARG KA RO,
E Y AR A FEARET 25 5580 ROS TE AR .

0, SENADPH & Ak Mg WP W B B B — 4> 1 7= ).
0, LI — & R AL B 7% (Tron-sulfur cluster,
Fe-S %), HIFBIRERER (Fe ). O, AT ATEMRSN SR
PR SO, HR S R AR AR, BEATR MELE RS K
RN . FERIAFFIR, Oy MR K Hk AR LA
K, B 0, dEHATE, BT Fe-S A E I
N, WAL E & Y B R (SOD) KA
FSFIEAL Hy0,0 BT O, AEAE , Tl ad s,
HFr i geE T e & — MR 5501

- OH ZHE b iy ROS A M3, 7EC A
Adbslrh, A 2.80 V, ALK TR 2.87 VT
< OH I R RETGPER . Frfim il (/T 107%), fRAE
WePEAR S 0L, Rl R A AL, REA S
FALS TR DL RIS, FARRCR S, SOy
Peo TEADIRPY, 75 A A Ak IR i S B 7= A=
M2 HEREE, AT LS| A AN R iR 2 A R ol 4
b, IR . HE 2O, RREs I RiAh M
IfEResR O R, AEFREERLE A Rl A
BHIF TAEZHE T 4X - OH BT 1) IZ 5t - OH
ARG PEFIEENE, X T B A RETCIATER E
HIOL TR E SO . SR I, EAR e &
H,0, 9774z, WA T E Ut HL,0, 1Y 8 1 2 A Ak 72

TR A AL A5 R .

H,0, fE ) ROS I i — B, fEEPmA K
K H AP AR P I E A, B
ANEA M, HREESETREF (Fe™) {778
e HA B RGN )y . REFIE 4L,
TERLYIRE Z i B2 0, HL0, 2% 4 N i K43
TW xR IR, [ Bt m] L3R R A A T B B
PR, 5 H,0, MlEL, 0, fl - OH AKFaE, L%
AP, FEmESEIAE S UIMES S e
fifE, EWHENT, HO0, BEEWE 1 ms, M0,
'O, FEUME (ps) Kt - OH TFELUMNFS (ns)
Jeit. 4R, 0,7, '0, fil - OH [ H,0, B HAT &1,
PORIEL7 I NIOELFIEAL Iy N

H1 F ROS WAEAL 24 R I AN TR], B —Fl ROS
A AAF B E R A H AR, — Bk,
ROS 2 h R Z0, R Mmook, Haprkgiiiok,
EREA DAL LR
2 R ROS BIFBRLE

ROS X H 414 5 A% 114 52 i B ke 12 7= A 1 o7 8
FIRLAI R G BT Ak i TR B BE 12 A AN Y
H,0, FEORIEFIFERIR, M2t {AB 2R ROS B, H
HeE B TFAEE RGE T RES TR TRIR, 1 B0A IR T %
%, BB O, [A[F ROS fy%EAE 1

YILEZ B MHA R, ROS W= A sl R it 115,
FEALFESCITP IR AE N A LA B R g, 3 4 fk
YIBHA L AL A 1,0, P2 AR 3 — N, et
PR L0, MAN R E . E AT, 2R
LA T AL R HLO, Y — A SRR
ROS RE7E Ji 745 f  2 40 ia A0 2B B, 40 NADPH
AL — AT LR 5 A I, e T 4T
JiT () NADPH %45 0, JE i 0, , BlJG XA i H,0,
Fl-OH'7 "L BT NADPH %4k, pH M5t
FAWIE (peroxidase, POD ), 2RI & R AR A
et M E AR IR T AMA H,0, ket

ANERIEF O TR R aE T, fyik
HR B 22 822 2 AT AR AR A ROS F B, A
PR IY ROS SEHrpd T8, MY B SR A
ML B2 AWAR L, 3 B AR L b A Ak
ZA R ROS, X2 ROS i[5 R GE i ME A& it



8 4 % ¥ A @ 48 Biotechnology Bulletin

2013455 1088

HARR— AN, BRI AAEE AR A 1k,
W EHYIRN ROS LRI EA &, HMYREL4RA
B 15 A PRI DA 20 F I A N 22 49 ROS.
2.1 EAETR A%

Tt 175 ok 22 45 = ZEA 0 A AL B AR ( SOD ),
LI MR B AL W ( APX ) Rt 4 Ak S CAT )4,

1938 4E, Keilis ' 55— 4r 753 SOD, {H2Y4
e 24 (Cu) W fEE M, — H #1969 4F
McCord 45 ' L BT fEfEAL 0, Bk, ABIER A4
M SOD ( superoxide dismutase ), SOD i 0, F1H J2
NIE AL H,0, F1 O, TESAE H,0, M55 —EBERE, 1
HAFEF B AN E v 2 S F 4@ N 1
T2, SOD By hy 3 25« B ALY (LB ( Fe-
SOD ). AP ALEE (Mn-SOD ) FlHH -5k A
AL ( Cu/Zn-SOD ). Fe-SOD i T4k
Mn-SOD 3 TR AR TN L E AP BEHA 5 Cu/Zn-SOD
PEFER A MR AR AMAZS R, RS, fE CAT,
APX FIA e H B S8 b P ( glutathione peroxidase,
GPX) S5 1FEF T # H,0, FAb K& 03+ AR
ik ROS WFEFEAEM . CAT A LLEHAEH T H,0,, 1
J T BT R AR JE R A e R, 4B R A
T i A ALY B ) CAT X H,0, BeAg 26/,
WK 4 H,0, #BERTEBR. 59— J71hi, APX X} H,0,
BIRGREER ST, FHRBUFAE TG . 2Rtk
1o S AL W A RN B R . APX 8 e L T A A R
ROS HIFLE, REARIFHOTEHE AN A ROS A 122
22 EEMIARARA

R T bR R 40 B R BUIR MR R FNid 5 7Y
ZWEHRK (glutathiose, GSH), PANZAEAER E, HiE
Wi, KW DR KWL LA LY R, Xt
VIR AT LA A4S ROS JO, n] AR R A H
BLE ROS M ERAILI

W IFERIZSBEH K (GSH ) J& 40 i PN 5 5 () Bt
A, Hahsa — sk SR (SH), 5
PR A, X — 4 S A5 A (ol A R P 22 A
TGRS AN AR D B H,0, B, GSH 7E
GPX WIEFF, 48 H,0, iR AL H,0, HH Bk
H GSSG (AT AR A AR AY ), GSSG 74 bk T Ak
WIEEHER T, 3% HiRJFAL GSH, ffitAkpy [ i3

FROY BR S RE RS 22 04T, IR E 454 . GSH
JIF b 1 R 5% pH>7 Al GSH ¥ K F 1 mmol/L 4~
ZRAFIRNINE AL, GSH L REIE 5Bl S BT IR MR 5 it
JEAEE T 0 pH (EZ20 8, FF H GSH MRk JE K2 )2
5 mmol/L, PIMARZR S &k bk ARmEAe s g >, Bp
fEG, JEAESAEEE 5 id )RR e H IRAEAE 1A
(& Bt RESR R HEPT ROS MURE Ty REGIER], e
o -2 e e 22 R 5 B I 25 15 3] ) e Bk R4
T, A G R RO B AR R R AT, (R
DRI R -05 A 22 B B 0 o i T 24 2,
Y4 K E (Evitamin E ) 2&—Fp2R PRI AL
Y, hadk, 2 RIFMIREIESTEAR, SRR
A2, RAPA AR TR A Ko7, 4ERE
WIESELT, SESAEYI TR . Bishop ™ KL T —Fhge
R, HARNGRZ 44 R E, AR RER f i 2 4=
R E BB AL, 35 0 - R R SRR 1A A
Wi rE I pdsl i pds2 ( phytoene desaturation ) EARK
BHIT 744 3 B FIBR-& oy S mls ez, Sk sk
ZHERE ML WL, 4 EERYIR A
H L 8 3 8 O T A AT 5 BE IR 2R R R o Al
N ROS 7 A= FTH B 1Y 1 187 2 A ] 20 i DA 250
P S BEAERR A0, IR T AR I A Y S A
B, X R 2 A R IR e AT, IR IR
i Ko Ia S (HAEY)RE RS YEF Bl B AL ik
JEOP Y, FATTARZ a0 B T AR A
MR RAB B ), R R AR
AR T SR A AR RE T, PR Rl T R
e 0 IR R RIS AR
Ik CAT F1 SOD AT D)t 8 A= B bk 19 T 306 14 A1 4801k
SRS RE T AT PR3 20 CAT R APX %) ROS 3
BB AN RN T BAS ] St BT 6 ROS AN AT B
AEJ]. TE/E T 2WrHAT CAT n] LATEBR L &A= s
ROS, [k ROS K-, BlJG# APX M MR A BE
T IKBEIGER IR -
3 FIAEWER ROS HHRSEYMEE
Bl LA AR AT, L HOR E A
A SRR — S E S, R TSRS
LG A B e A N AR RIS 2, 2
SRV BT VR — SRt . B EERE AR SOD



2013421088

FEEESE - AHYIIR NS PR RIS B AR 030 T A 9

APX Il CAT ()3 1 3 35 1T LAAT 2303 B AR MR AR 9 Y
ROS, & m o A b iaa it

R ZE 4 T DL K cAT B B F b
1) ABA W22 JC1F ABRE SHiE1H, F I BE 528 58
R G0 £ K cDNA SCETLE T R 91154 55 1 3%
I, fir4 4 ABP9 ' % ABP9 JE [ (1 73 Hr 26
B, ABP9 £ 1) REMEFE 45 & ABRE STl JF fE7E
L0 4 v 35 4 A R R 3R 5K A ) e 1 B S TR
Fo 1EE K ABPY L [H ) 3 ik 52 ABA Fl3¥i 5% 175
T ABPY SERTERIR IF il 2Rk il 5 AU FE L AL
il K R AE N I — R AN PLasi AH G SE R 0 3Rk, 1B
IR ROS &3, R B2 3 i e SL DR A %o 2
AP SR LR AT Z . FUHARAT A Tk &
K ABPY JENFE NSEACETE T, kA1 ABP9 7614
5 ABA M L 1 15 41 PN ROS /K45 T R 44 5
SRR, SRR R, HyU R R E RS 2004
4, Wang 5 LN IF Mn-SOD 3% HEE AR
I¥ Columbia i FIVRE PR, 285 S B 56 DR A PR A 320 Wy
3B 45 F F B9 Mn-SOD . Cu/Zn-SOD ., Fe-SOD. CAT,
POD & ¥ A BT, I FR ROS MRE J1 1S54 5 Xu
2 AR 2008 4K K FZ I APX T DB AR T
o, g5 AT BN L B R AR TE EL A R APX. SOD .
CAT F1 GR &t A P4, H,0, f1 MDA & & A
FIT R R, RARAPUEACRE ISR R, Ui PEdgss ;
Chen 25 ') £ 2005 4% /K 75 5 K] DHAR % A 0 5
I Wassilewskija i Fft i, 2h AL L R #R P DHAR
WM ALRPUIN R & BRI T, MRS RE T3
S, HUSVEREZ IR 5 Ezaki 7 ) BIE 2000 4 A0
2001 4=8F NtPox parB AtPox 1 NtPox parB %4 A ARG ST,
15 20 FE DU AR 0T AR 1SR A fE a5 2006 4,
Gaber 25 844 GPX-2 JERIE AIFIY, 15546 5K
FERE AT DAL 1,0, FIERE 7 (Fe™) W%, GETE
EREEER A | IRIE AT R A T AAE 5 2008 A,
Ma % "0 PSCR LIRS AT, F55PTEbmibk .

2 BB B 3 A o 38 25 3 BOK RS EME A
. Sato &5 OV APX KeIH it Feik, $E KA
MR8 BP0 25 R R FE 12°CALFE 6 h
J B A A AR 9 9 H,0, FI MDA 5 #2051 Fe b 2
RSN T 1.5 5N 2 f, T 2 366 DR R ket 35 Pl 38 iy
J& H,0, 1 MDA & 5280 A K, [R] Bsf 2 5 PR A ke v

APX il 6 M BH S 3o . DRt e B AR R APX g 4
AT DASE SRR ROS (3G BRAEST, AT/ ROS Xf
WIRERE, SRR IR MNE N R

2002 4, Matsumura 5§ [41] Br/NEE CAT HE TR 4%
AIKFE, H e SRR R A IR BE 77 5 2008 4,
Prashanth 2 21 4% (T84 Cu/Zn SOD 3[R Ak K
rn FREDREAR K, 19 21 4% S N A ki 57 o S8 HL R A 2
ARG | SRA 1T 5250 52006 4F, Zhao 4 14
FERHAIGE GST FENEE AOKFEH4E 115, Tk
RN GST. CAT F1 SOD JEPE 4R, AEARXT £R Whie
FIVE FORG AT SZ 0G50 . A S256 % ] T-DNA i A
FORTFAG TIKFE OsAPX2 SR TEABR . OsAPX2 7%
MR RBUEAL . MR BUREE R IEYEAR T . 0sAPX2
AN APX TE VR BB R R, R AR B & i
B U, RN 0sAPX2 1R kiR R %,
RPN APX 5B 3G, AR RRXTER . SRR e
Fovksahn L Hah, BKRE OsAPX2 B AL E TE
WP A TR R R T AR R AR APX TS, L
MLILIRSRAE B 18 R0 A P TER R

McKersie &5 [45] Bt 00 B Y Mn-SOD ¢cDNA %%
N H A LR U v o HL o ik, 4G i I 6 DR A R A
N SOD (& YE, Zead KB, 45 RIS JE D
T b B B R RIR IR R, Xt
WOEE B AR R AR AL T AR SRR
Samis FIEF) 55745 [46, 47] S5 Mn-SOD 3R B4 [H]
nn PRI T AE T, SRR R D 1S PSR A
P& 5. 2000 4, Aquilante 25 4 BULETE T 50
AP H ) Fe-SOD LR A E TG+, Zad Wide K H
TG 4 07 30 S 2, e B DR AR P R A o6 I S5 1 i
Rubio 2 " 1£ 2002 4FH4 0 5 AL RISF HH K Mn-SOD
LR Fe-SOD FER G NSEALE 45, M TOLGTE
PR, (5 SE DA PR S 32 52 BE 7K 43 Wi . LEA SE 5T
VE ABA LR — R, EBESE O R PR M
iR TR LEA3 JER S A 15 “h
BH—5" o, AR R MR AL R R e T
HABEAAER, WEERE A MR R 4 5, &
Bl LEA3 JEH AT iz B E S LR m s E Fhrh &
4 Z5iE

TR Y AN A R =, R A Rl



10 4 % ¥ A @ 48 Biotechnology Bulletin

2013455 1088

JofaE R s 5 R G PE A R 7 A, R ECEARINA S
o AR A0 LA R 2 B BT AR B BV TL AR T BR T
PESEIAFIVER, AL HE IR B AL T B AL 3 R 02 35 bR
BL . (RBP4 AT AR S 8 4R 5 0 2,
AT UAH BLAE 5T BB A& 2R b o 45
HESRA IET Y, WA R, 5P A R X AP OSUR
PN SAIE AR AL AR 2ERT . BHATC e
FUAEA Y IE rRAF BINESE . RIIL, W& PE A A4 )
TG BRAILE o 25 B0 2H 43 () D e 0K A Bl T 47 4%
il B 0 PR AR R R B . R AR R, S
A N T AR AL AT LS A P e T v e .
SOD. APX. CAT. GR. DHAR. GST 1 GPX 1 i
HRIB ] LUA BOE B PR IR N B ROS,  $255 2 FhiE
YIxtAEA e e, Rk, AR IS PR A
KPR AR HLR T4 A P v B R 4F Y
IO I o

5 & 3 #k

(1] rferd, 25308 . ARG - JERE M AR R o R e 2
RN (M ] L dbst s Bl | 1989 ¢ 147,

[ 2] Rizhsky L, Liang H, Mittler R. The combined effect of drought
stress and heat shock on gene expression in tobacco [ J ] . Plant
Physiology, 2002, 130 (3 ) : 1143-1151.

[ 3] Leung J, Giraudat J. Abscisic acid signal transduction [ J ] . Annual
Review of Plant Biology, 1998,49 (1) : 199-222.

[ 4] Pei ZM, Murata Y, Benning G, et al. Calcium channels activated by
hydrogen peroxide mediate abscisic acid signaling in guard cells
[J] . Nature, 2000, 406 (6797 ) : 731-734.

[ 5] Bowler C, Montagu M, Inze D. Superoxide dismutase and stress
tolerance [ J ] . Annu Rev Plant Biol, 1992, 43 (1) : 83-116.

[6] BRI, FRACHE | TH LR S SAE MR [1] . it
S5 Y ELIEE | 2001, 28 (3) : 287-288.

(7] 8  ARUSURL RIME R A DL R P S P B R Tt M.
et : P ESRERRA I AREE | 2000 - 6.

[8 ] JRHKIE , S, 4% . Fenton 127V 2b BN A: W e it AT HLIE
KB (1] . REIHOAR S RE 2006 (2) : 59-62.

(9] 254, kW, ERERIE . Fenton a5 7E /K b B v (% 137 FH AIF
7% [1] AL TRHET . 2006,29 (6) : 28-33.

[10 ] B3k, #EBE, TR . UV/HL0, Sobei S8 b A s R B Ak

Mgl Ji2E (1] BREER: | 2003,24 (5) @ 106-109.

[ 11 ] Liszkay A, van der Zalm E, Schopfer P. Production of reactive
oxygen intermediates ( 0,, H,0, and + OH ) by maize roots and
their role in wall loosening and elongation growth [ J ] . Plant
Physiol, 2004, 136 : 3114-3123.

[ 12 ] Cruz de Carvalho MH. Drought stress and reactive oxygen species :
production, scavenging and signaling [ J ] . Plant Signal Behav,
2008, 3 : 156-165.

[ 13 ] Foyer CH, Descourviéres P, Kunert KJ. Protection against oxygen
radicals : An important defence mechanism studied in transgenic
plants [ J ] . Plant Cell Environ, 1994, 17 : 507-523.

[ 14 ] Foyer CH, Noctor G. Redox sensing and signaling associated with
reactive oxygen in chloroplasts, peroxisomes and mitochondria[ J ].
Physiol Plant, 2003, 119 : 355-364.

[ 15 ] Dat J, et al. Dual action of the active oxygen species during plant
stress responses [ J | . Cell Mol Life Sci, 2000, 57 : 779-795.

[ 16 ] Elstner EF. Mechanisms of oxygen activation in different compart-
ments of plant cells [ J ] . Current Topics in Plant Physiology, 1991,
6 : 13-25.

[ 17 ] Torres MA, Dangl JL. Functions of the respiratory burst oxidase in
biotic interactions, abiotic stress and development [ J ] . Current
Opinion in Plant Biology, 2005, 8 (4 ) : 397-403.

[ 18 ] Carol RJ, Dolan L. The role of reactive oxygen species in cell gro-
wth : lessons from root hairs [ J ] .J Exp Bot, 2006, 57 : 1829-
1834.

[ 19 ] Bolwell GP, Wojtaszek P. Mechanisms for the generation of reactive
oxygen species in plant defense broad perspective [ J | . Physiol
Mol Plant Pathol, 1997, 51 : 347-366.

[ 20 ] Keilis-Borok VI, Knopoff L, Rotwain IM, et al. Intermediate-term
prediction of occurrence times of strong earthquakes [ J ] . Nature,
1988, 335 (6192 ) : 690-694.

[ 21 ] McCord JM, Fridovich 1. Superoxide dismutase an enzymic function
for erythrocuprein ( hemocuprein ) [ J ] . J Biol Chem, 1969, 244
(22) : 6049-6055.

[ 22 ] Alscher RG, Erturk N, Heath LS. Role of superoxide dismutases
(SODs ) in controlling oxidative stress in plants [ J ] . J Exp Bot,
2002, 53 : 1331-1341.

(23 ] MEFFE, BOCE , UM 55 . A PTG PSRy AR s R L
W LI] . AR TR, 2001, 17 (2) : 121-125.

[24] Joo JH, Bae YS, Lee JS. Role of auxin-induced reactive oxygen

species in root gravitropism [ J | . Plant Physiol, 2001, 126 : 1055-



2013421088

FEEESE - AHYIIR NS PR RIS B AR 030 T A 1

1060.
[25] Yu H, Chen X, Hong YY, et al. Activated expression of an
Arabidopsis HD-START protein confers drought tolerance with

improved root system and reduced stomatal density [ J ] . The Plant

Cell, 2008,20 (4): 1134-1151.

—
(]
=)}

[

Bishop NI, Urhig T, Senger H. Complete separation of the B, e-and
B, B-carotenoid biosynthetic pathways by a unique mutation of the
lycopene cyclase in the green alga, Scenedesmus obliquus [J ] .
FEBS Letters, 1995,367 (2 ) : 158-162.

[27

[

Norris SR, Shen X, Della PD. Complementation of the Arabidopsis

pds1 mutation with the gene encoding p-hydroxyphenylpyruvate

dioxygenase [ J ] . Plant Physiology, 1998, 117 (4 ) : 1317-1323.

[ 28 ] Quan LJ, Zhang B, Shi WW, et al. Hydrogen peroxide in plants : a
versatile molecule of the reactive oxygen species network [ J ] . J
Integr Plant Biol, 2008, 50 : 2-18.

[ 29 | Sinhababu A, Kar RK. Response of four fuel-wood yielding
seedlings to water stress [ J | . Plant Physiol, 2002, 7 : 88-91.

[ 30 ] Sinhababu A, Kar RK. Comparative responses of three fuel-wood
yielding plants to PEG-induced water stress at seedling stage [ J ] .
Acta Physiol Plant, 2003, 25 : 403-409.

[ 31 ] Sinhababu A, Banerjee A, Kar RK. Assessment of tolerance to water
stress at seedling stage of four fuel wood yielding legumes [J ] .
Theoret Exp Biol, 2004, 1 : 10-16.

[32] wk, ok, & . $E5kRF ABPY BRI RIAXHEMERKEF
MRS ()] R EAREE R, 2007,23 (6) : 94-98.

[ 33 ] Wang X. Regulatory functions of phospholipase D and phosphatidic
acid in plant growth, development, and stress responses [ J ] . Plant
Physiology, 2005, 139 (2 ) : 566-573.

[ 34 ] Pérez-Torres E, Paredes M, Polanco V, et al. Gene expression
analysis : a way to study tolerance to abiotic stresses in crops
species [ J ] . Chilean J Agric Res, 2009, 69 : 260-269.

[ 35 ] Wang BC, et al. Identification and quantitative analysis of signific-
antly accumulated proteins during the Arabidopsts seedling Deetiol-
ation process [ J | . J Integrative Plant Biol, 2006, 48 : 104-113.

[36] Tsuboyama-Kasaoka N, Takahashi M, Tanemura K, et al.
Conjugated linoleic acid supplementation reduces adipose tissue
by apoptosis and develops lipodystrophy in mice [ J ] . Diabetes,
2000, 49 (9) , 1534-1542.

[37] Yamauchi T, Kamon J, Waki H,et al. The fat-derived hormone

adiponectin reverses insulin resistance associated with both

lipoatrophy and obesity [ J | . Nat Med, 2001, 7 (8) : 941-946.

[38 ] Abdel-Gaber AM, Abd-El-Nabey BA, Sidahmed IM, et al.
Inhibitive action of some plant extracts on the corrosion of steel in
acidic media [ J ] . Corrosion Science, 2006, 48 (9) : 2765-2779.

[ 39 | Solimando DA, Jr BS, Pharm MA. Drug information handbook for
oncology [ M ] . 7th edition.Canada : Lexi-Comp, Inc., 2008.

[ 40 ] Sato Y, Murakami T, Funatsuki H, et al. Heat shock-mediated
APX gene expression and protection against chilling injury in rice
seedlings [ J ] .J Exp Bot, 2001, 52 (354) : 145-151.

[ 41 ] Matsumura T, Tabayashi N, Kamagata Y, et al. Wheat catalase exp-
ressed in transgenic rice can improve tolerance against low tempe-
rature stress [ ] | . Physiolo Plant, 2002, 116 (3) : 317-327.

[ 42 ] Prashanth SR, Sadhasivam V, Parida A. Over expression of
cytosolic copper/zine superoxide dismutase from a mangrove plant
Avicennia marina in indica rice var Pusa Basmati-1 confers abiotic
stress tolerance [ ] | . Transgenic Res, 2008, 17 (2 ) : 281-291.

[ 43 ] Zhao F, Zhang H. Salt and paraquat stress tolerance results from
co-expression of the Suaeda salsa glutathione S-transferase and
catalase in transgenic rice [ ] | . Plant Cell, 2006, 86 : 349-358.

[ 44 ] Zhang Z, Zhang Q, Wu J, et al. Gene knockout study reveals that
eytosolic ascorbate peroxidase 2 ( OsAPX2) plays a critical role
in growth and reproduction in rice under drought, salt and cold
stresses [ J | . PloS One, 2013,8 (2): e57472.

[45] McKersie BD, Chen Y, De BM, et al. Superoxide dismutase
enhances tolerance of freezing stress in transgenic alfalfa( Medicago
sativa L. ) [ ] ] . Plant Physiology, 1993, 103 (4 ) : 1155-1163.

[ 46 | Samis K, Bowley S, McKersie B. Pyramiding Mn-superoxide dis-
mutase transgenes to improve persistence and biomass production
inalfalfa [ J ] .J Exp Bot, 2002, 53 (372 ) : 1343-1350.

[47 ] ®hAT7 , sk B A . R Mn SOD FERLEGRE B 15 ik (1],
FEPIHARTEAR L 2004 (1) : 39-46.

[ 48 ] Aquilante C, Leternt SP, et al. Increased brain P-glycoprotein in
morphine tolerant rats [J ] . Pharmacol Let, 2000, 66 : 47-51.

[ 49 | Rubio MC, Gonzalez EM, Minchin FR, et al. Effects of water
stress on antioxidant enzymes of leaves and nodules of transgenic
alfalfa overexpressing superoxide dismutases [ J ] . Physiologia
Plantarum, 2002, 115 (4 ) : 531-540.

[50 ] FEBE, REM, IR, &5 . SN Tea3 JE R ELALEEAEH 15 BOWF
5 [T BARFAR 2007, 21 (3) : 249-252.

(A IkFeir)





