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Table 1 The cloned genes and their functions of drought tolerance in rice

HH B FHICTIRE SCHk
OsNAP 050320327800 NACH; SRS R+ [55,56]
OsNAC2 050420460600 NACHEZHF [57,58]
OsNAC6 050120884300 NACH: 3 H T [59]
OsMYB48 05010975300 MYB#; 5 T [40]
OsbZIP71 050920306400 bZIPH S F [41]
OsbZIP2 05020766700 bZIPH; S H T [60,61]
0sAP37 05040448500 AP2/ERF#% F[H T [62]
OsEREBPI 050220782700 EREBP#; 5%+ [63]
OsMsr9 05070561300 22 Ry R ] [64]
OsDil9-1 050520562200 TR RN [65]
AP37 050120797600 i S PR S R - B P [66]
SNACI 050320815100 JHlpifr e 7 YN ACHE S PR 2L [H [67]
DSM?2 050320125100 BEHE IR LRI [68]
OsSROIc 050320230300 SROZ [1,SNAC L H (ROSHHIC) [52]
OsPOX1 050120263300 i E AR (ROSAR ) [69]
OsAPX1 050320285700 BrIp i R i A AL 3L P (ROS A G) [70]
OsAPx8 05020553200 BRI R o S A P B K (ROSAH G [71]
OsCATB 050620727200 i A AL S RF(ROSARZE) [72]
OsCATC 05030131200 i A A E R (ROSHHIC) [72]
OsCATA 050220115700 it A AL S BF(ROSARZE) [72]
OsDHAR1 050520116100 oSG I AR B AR (ROSAHG) [73]
OsGPX1 05040556300 SRR B H IR A B (ROSHIG) [74]
OsAlbal 050320179400 TR A AR [75]
OsSIDP366 05060693700 JHhi83% S A DUF 164476 [76]
OsAREBI 050620211200 ABREZS & EM (771
OsABA8ox3 05090457100 Mt AR AL [78]
OsPYL5 05050213500 ABAZAK [79,80]
GUDK 050320179400 TR 27 SN T [81]
OsSAPKG6 0s02g0551100 IE I A AR [82]

e FIHBCRRAR, FBYGECOLEEZH, FEOUMEE
R R BENS — A% IR BR (nicotinamide adenine dinucleo-
tide phosphate, NADP )L/ i /b, O, 2590 /E J e 132
&, 1E B IEPSIIYIEFEMIE RO, , /" £ErO, BEAT
AR AR RE AL 538 o AR s I AR I Ak S g A
H,0,, XA ZPSIHHG 4% & & & FUR R A PSIF
O, AL NH,0,, 10, FIH,0, XA Z AN A 1 S5 7 (2535
J2 7 A1~ 9T 5 I8 ) A - OHP (18 1). LEAEA IR Y
BHBR . AL 7 RAESRE) P Loh ikt
ROS7AE B CHER IR (1K12). MM L ik vl 1% 1 5
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WP FL (3 R o I ER, NI P2 A2 ROS, ™
PR S BN ADH-# 2 & [ FIUbQ-Cytb” ™. H:
1, NADHMGE L 73 (B2 G b s R H XK RE
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Figure 1 Diagram of ROS generation in plants[87’88]
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Figure 2 Production sites of ROS in plant cells under drought stress™ "’

WA HA R ER R IR, FIRARAE SR it BRI, fEd A A A R L T
SR RO, . HABROSEZRE AN Al ATRMMICIRS, it 2 BRRALAE(GOX)  ARMTHRp-
YITG IR AN CERR A LU S U AMANADPHAE LN ARAE A fbll. HERAME(FOX). B A LM (XOX)5

1769



4% b B 209568 Hoess F17TH

EAL HEH,0, % 0, ZE A o 71 Horh, Ry
HTH, 0, Y4 AT 3 1 ST 2 v i GOXARAL £ ik A Ak
FeAEl Ok, BFSR R, TR AT BRAMAS S A BT
PESE AT OE Ca” 38, RN TP Ca™ FIROSIK i
T+ R}, ROSHEE Ca™ 38l ] i 2 ROSS: 515
S ) AT BRI, YAEERK
I, ROSTE LG S+ M40 rh i 0375 3 A g2 U 07108,
P, T 5B TR AR ROS B 77 A 2 ot SMA 1 41
WAL FROEE SR, — 5T, TS ha 5 MAe A4
FIROSYE RS 43T, Wik Ca” 8 18 S 24 i IROSHER
JiE T 10100 O, TR A ST R
NG =TGR 17 SN S+ 27 XA [ Po K 1 7
figg! )z RO f 7 A FI AR 2.

22 HIWIEHUAIE R G ROSHEER

B 1EROS Y3k B2 B 2R 15 | 4 A0 I 5 S ot A 4 4
Mot B ATy, H= AR AR B A R s, PR,
FE P 20 B . 22 A 2 R AR LI (B 2 R e Ak
B 2 40) A BRROSTEAE s sk i aig 141110 e
5B RGBS A A L i (superoxide  dismu-
tase, SOD). I E LYl (peroxidase, POD). dE A
fiti(catalase, CAT). HidR Il AR A ALY (ascorbate per-
oxidase, APX). i & HTIRIM8LEF(dehydroascorbate re-
ductas, DHAR). Hulii EHTIR 1L FR EF (monodehydr-
oasorbate reductase, MDHAR). 2Bt H ki &L Y
(glutathione peroxidase, GPX). #MtH ML B (glu-
tathione reductase, GR). FAIA M) i3 A AL Yk (guaiacol
peroxidase, GOPX)%. JRMHEHTE ML) I H 2 —uk
FAXS 53 B B N LY, WBHZERR . BT IR (as-
corbic acid, ASA). M H ik(glutataione, GSH). &
My R B2 SRR B R AE

T2, ROSTEA R 40X 2 HhIynl j=A:
SODYEHROSIE BRIV —IBBTZE, TR0, ik O, il
H,0,(13). CATIE—FhZINHERI(CAT1, CAT2HI
CAT3), FE M vi i E A B H,0, M5 BR(K13). B
TR, AT CRERRIEHAR b B CAT RI 35 BROGIE IR
TR MR B- AL RS A A H,0, Y. BRI R e
AR AR R T2 74, BRI Th A AL
I 3E B R A ZH 0 BUbR i R i S A
(APX)LAGLIRIMFR MY,  TEDUIR IR -7 Bt H RRIE 2R
OB H,0, R 5 HL0, 7= A i S BTN AR, 23 H K
T A AR (GPx)TE T B i 2 Fn b S SE Ak 9 i S| AR
7 T BT A

F2Whe T, HEYENBAERY ROEER . ik
MER ABEHK. AT 0. 8. ML EYE)
A A ROS B2 52 0 s R 0 i) H BRAEROSTE Bk
BUkIeh, ndA% b ZE Mg REXTO,™, -OH, 'O, A4
BRAEF,  [R) Bt 68 A 5 30 il g i 480 Ak 1) 3% 8l
R R RS I H R (GSH) AT 5 -OHZ 2 [ ph
HIREAERN, FAPLA RER-EFARH, X Z i
EREME. PSR MARASAE /N4 F— 7 i fig
HEERAFEHO,™, 0, f'0,25R0S, 5 — ) HASAfH
a-"E B AL TR EUR S SRR 0 SR i
PRI E IR AR E, HAT LU 50, - OHEL A el
BROSKHAEYIIGE, tn] LE i # & K PPOD, CAT
T SODZHE Mg mE A, sy 2w, %
WA L 50,7, H,0, OH 5{'0,% & v, Mifi
PEH A AN R BIROS;  F7AE TR 4 40 P 4 {4 i
8 o= 7 I T T 5 P K R O, O, - OHZE s 11
Bt ALY, esh, IR T AR T EROSHY
XA AL Z A8, Wb T 2248 S A it ok
PR sl IR R ROST EXTAE Y1 W 5 5, E 2GR

—— ROOH ———— > ROH

CAT

APX

&
0 &
’ &
/ \ .
hv
o, or SOD
NADPH
=]

B3 (R )RR A ROS TR

Figure 3 (Color online) Diagram of ROS scavenging in plants[m]
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Stress is one of the main issues in agricultural production. Drought stress has a significant impact on plant growth and development,
reduces crop yield, and can result in environmental degradation. Plants have evolved a series of adaptations to natural environmental
stress at morphological, physiological, biochemical, cellular, and molecular levels, such as stress escape, stress tolerance, and stress
resistance. Therefore, it is very important to understand the effects of drought stress on plants, and plant sensing, transduction, and
response to drought signals, for improving crop yields. ROS, as an essential metabolite of aerobic metabolism in all aerobic organisms
on earth, mainly exists in the form of free radicals and non-free radicals, including hydrogen peroxide (H,0,), superoxide anion
radicals (027), hydroxyl radicals (-OH), singlet oxygen (10,), organic oxygen radicals (RO- and ROO-). In plants, ROS is widely
involved in plant growth, development, differentiation, metabolic transport of substances, defense response, programmed cell death
and biological and abiotic stress responses as a byproduct of aerobic energy metabolism and plant exposure to various biological and
abiotic stresses. Under normal environmental conditions, ROS produced can be maintained at a relatively stable level through the
antioxidant enzyme system in vivo in plant cells. When plants are stimulated by drought stress, this balance is destroyed. Plant cells
may be oxidative stress due to the consumption of antioxidant enzymes or excessive accumulation of ROS. Reactive oxygen species
(ROS) play an important dual regulatory role in plant growth and development processes as intracellular by-products of aerobic
metabolism. Under normal conditions, the production and elimination of ROS maintain dynamic homeostasis in plants. However, this
situation can be broken when plants are subjected to drought stresses, leading to ROS production and metabolism disorders. ROS-
mediated oxidative stress can cause many adverse cytological effects such as plasma membrane peroxidation, nucleus impairment,
photosynthesis retardation, and abnormal respiratory. On the other hand, ROS, as an important signal molecule, interacts with other
signal molecules, such as CaM, G protein, MAKP, miRNA, and NO to form a large and complex signal network, which plays a very
important regulatory role in plant growth and development, physiological and biochemical reactions, programmed cell death, hormone
metabolism, and biotic and abiotic stress responses. In addition, plant cells have evolved a variety of antioxidant mechanisms
(enzymatic and non-enzymatic systems) to eliminate toxicity in order to prevent oxidative damage to cells arising from over
accumulation of ROS. Enzymatic scavenging system mainly includes superoxide dismutase (SOD), peroxidase (POD), catalase
(CAT), ascorbate peroxidase (APX), glutathione peroxidase (GPX), guaiacol peroxidase (GOPX), etc. Non-enzymatic antioxidants
are mainly some organic compounds with relatively small molecular weight, such as proline, ascorbic acid (ASA), glutathione (GSH),
tocopherols, flavonoids, phenolic compounds and non-protein amino acids and so on. In this paper, the effects of drought stress on
plant growth and development, morphological structure, and physiological and biochemical characteristics, and the relationships
between plant responses to drought stress are summarized. The possible signaling network between ROS as a second messenger and
other signaling molecules is also discussed. A theoretical basis is provided to further understand the mechanisms of ROS and improve
plant stress resistance.
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