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Progress of crop drought tolerant gene mining and the potential application of
developing drought-tolerant potato breeding
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Abstract: This paper reviewed the function of 68 drought-tolerant genes reported that could enhance the osmotic ac-
cumulation, detoxification and antioxidant, bio-molecule. The results showed that the function of transcription factor
mainly by activating or inhibiting the expression of downstream drought genes; osmotic genes mainly maintained cell in-
side and outside osmotic balance; detoxification and antioxidant genes mainly eliminated the accumulation of reactive oxy-
gen species; the genes involved in biological macromolecular synthesis can produce some adversity protein and enhanced
crop resistance. In addition, existing problems are listed in order to provide a theoretical basis for the future in arid and
semi-arid areas autopolyploid potato breeding drought-resistant crops.
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Table 1  The drought tolerant gene in Arabidopsis thaliana and crops
PR TR e
Gene types Plant types Genes
PP MYB44"" | MyB4'1)|
MYB/ Arabidopsis thaliana myB21!
MYC 3
IKAE Oryza sativa MYB3R - 2112
PIHGIF Arabidopsis thaliana  DREBIAM), DREB2A1*)
IKFE Oryza sativa DREBIA'!
INFE Triticum aestivum DREB2 . 3116
K7 Hordeum wulgare CBF3¢]
DEEE/ FoK Zea mays DREB2A'8!
K= Glycine max DREB2V'7) | DREB3''S!
HAE Gossypium hirsutum DREB™)
=g Sorghum bicolor DREB2'™!
TR Solanum tuberosum  DREB2
ERF IR Solanum tuberosum  ERF'%
UREIT Arabidopsis thaliana WRKY20"%)
K5 Glycine max WRKY20"%!
WRKY -
IKFG Oryza sativa WRKY11")
LA Solanum tuberosum  WRKY1 [2s]
bZIP UHGIT Arabidopsis thaliana  AREBI . 2"
(AREB, IKFE Oryza sativa bZIP2377]
ABE) K Zea mays bz1p72'7)
IKFE Oryza sativa NAC5'8)
INFZ Triticum aestivum NAC6™7, NAC69™
NAC
S ; [31]
(SNAC) FoK Zea mays SNACI
K5 Glycine max NACS . 613
AL Gossypium hirsutum NACS .63
cPLs™, RIKPS)
e oo MPK2, 35 gARDY™T),
ARG Arabidopsis thaliana ATHB™ , pscst®)
SnRK2'4"
SIKI™, zFpP252151,
o ) TLDI [42] ., DSGI [43] R
IKAE Oryza sativa DROI™, 1 ]
TR DST™SY, MPK3™, cIPK™T
Function SnRK2. 481, SuRK2. 10,

genes

INFE Triticum aestivum

AQP7:5“] , .s‘rg6[5]: , RLK[sz]
ABP9!53] , pp2ct ,

FHA Zea mays SnRK2'55" | MPK3'5)
K. Glycine max GSTY!

» MPK21 MPKI6'™),
HiAE Gossypium hirsutum SuRK2 ]
LA Solanum, tuberosum  SnRK2'°!
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Fig.1 Cluster analysis of plant drought-tolerant related regulatory genes
¥ Note: At— Arabidopsis thaliana AFGFT; Gm— Glycine max K75
Gh—CGossypium hirsutum Fii W0 8 ;  Hv— Hordeum wulgare K 3%; SI—
Solanum lycopersicum Fehhs; Os— Oryza sativa IKFE 5 Sb— Sorghum bicolor
i % s St— Solanum tuberosum =% ¥ ;5 Ta— Triticum aestivum /N7 ;
Zm— Zea mays EAK. T [A] The same below.
bZIP—basic leucine zipper; AREB—ABA responsive element binding
protein; ABF—ABRE binding factor; AP2/EREBP—DRE binding protein/
CRT binding factor; NAC—cup-shaped cotyledon; SNAC—stress-responsive
NAC; ZFP—zine finger protein.
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Fig.2  Cluster analysis of plant drought-tolerant function gene

RARZER (B 1) R, X Lo AT LU R
PR Ot 71 ) o — RS4RI 2 =
KB T [N T 5 NAC,AP2/ERF Fl TFIIIA - type zinc
finger Fl bZIP K% , H:Hh AP2/ERF (548 K%, X A]
P2yl 4 A/, B AINAC6 5] TaNAC6 ; TaDREB3
#| ZmCBF3 ; GmDREB2 %|| TaDREB3C ; GhDREB3 %)
StCBF3 ; LA M OsNAC69 . ZmbZIP72 . OsWRKY11 | Os-
ZFP252 . TaDREB2 F1 AiDREB3 . H:vf, NAC K %)@
T ABA MR AY, 32 B4R AL OCHT , TR AR
HNBF AR DL s S AR K B A G
AP2/ERF X5 32 2L 45 S AL 1Y OC P RO I 20 R 5 &=
YR 25 TFIIA - type zinc finger R EERE £
BRI AR AL RN S R B bZIP KR
J& T ABAARHGIY , SR1T bZIP72 TN ZFP252 J& T bZIP
FWER WA T, ZFP252 32 502 10 1o I 5 il A R
GICIREE R A= S iV e 7 TR N ) P N
& FEALFE AREB,WRKY F1 MYB S5 i #3614
HIge F 2l M 7 I ZE B AR AR,
DA 3 AL B4 2 R AR S ASCFL I T T 3 s A 1)
i 321 o

Kl 2 R A P S RE 1 0 D RE SRR AT LR
RARIECEES £ T 10 ), RIS —28 StSnRK2. 2
#| TaRLK ; %5 —2% AtCKII 3 Tasrg6 ; 5 =25 ZmCKIl
2] ZmABP9; %5 DU 28 GsGST | GbRLK; %5 1 2%
GhMPKI6 3| GhMPK3 . 55— F 22T 5%
SERARAE T B SnRK2 FKRBER 1% 05 1) S R = 22
TE L i R K AR G R AR KR, DA
M A ) 240 JE 0T 386 55 1Y) 22 32 Be Jg 5 il iz 2
CDPK R Y PR 32 8 2 o 1 i i 8 1 i 1, 1



5 13

FE R AT RO i S AE S B S PRk B BT (1 18 251

PEYIN Ve T R ZRE ) 5 R R
I KR NZEFIRRAE A AT L3R = S RE ) YT RE
B, AT LA ABA AT T G o SR FH R
ABP Fl ABIS 2K 5L 1K, 5 bZIP P8 1 T4 & % V) Bk
Z . ABP (abscisic acid (ABA) — responsive element
binding protein ) 3£ % j2& i 4+ A F i R AAL G A e
AP IR K BE T 19421 , ABIS (ABA - insensitive 5)
J& T ABA ARSI SE DA, FE 0045 3 v RS B £ 0
YERT; 565 PU2E 3222 RLK (receptor — like protein kinas-
es) 1 GST( glutathione S — transferase ) TR, RIK
FEIEE L ABA BRI YA N K 5 Z %, AT
HESRAE Y BT AR T, GST i@ i s A e H K S -
SRS BERIE T, S SR AL 2R ) A R E 22 A K
B REE S A BT 321 5 B fm — 28 202 MPK (mi-
togen — activated protein kinase) &K, 3 2 3 i A 4k
it 9 1, DR/ D BT AR T T AR AR 2R I il 2R
AN TR O 8 2 RS S AR ) i S
2.2 EYREERNERNESHR

Y= 2 T2 Pha i3 A 2 A RO,

WB3 HE (A B8, T PR S R R DR A ) (AR 20 L
T Bl X AN R 1 I B A REAE TG T oK. AR
PR, Yang 2 45 B B 5E , M B0 X 5 ikl 1oz 25
B AT B BT T EIE R EY K TR
B LA BT BRI O ke S (18] 3) o BB Yy
LT I AN A R FRARS iE R PR
., A 200 B v 14 7K S R 240 5 o 26 3 Bl
IEH AT TR b 2 5 | RS 0 200 i B K PN e R 4
TELEA RN RE I & AR 3 o Ar , T 80U ) 1k N R R
TR G PR A 7E A B O] i mT DAY
B P SRR SR I /IN o3 00 B 5 ) A K AE K G T
EOEZS T LN NN FAER 7/ N s e 0 W S 2 8
D IR EA ) — L8 A Rz B )
B A 25 5 i — 20 B 1 o (RIS 5 R 3R )
MEs R BB & JKEEEA B IREA,
W SR O T B v R R AR R, T
DA R A P 30 58 1) 6B 7 5 T 52 0k 3 X AR R
TP 52 M) 3 2 52 M A R 1) o' B A F AL T A
L

’ + 5 il Drought |

N

{5 %7 1% %0 Signal sensing

| {5 %5 4% 7 Signal transduction

N/

# 3% Al Transcription factor

e PR YOG 5
Gene activation and stress response

\ 4

v

T~

BB,
W HGB. il
TR AT R
R wE

Osmotica mediators
such as GB, proline,|
soluble, sugar,
mannitol.

=2 N e
A AL ) A
HEAEE. dR
L .
Detoxifications
such as SOD,POD,
CAT.

K ¥ etk
HA, WKRRE
MWl E A, K
JE A B
He

Function protein
suchas LEA.

AQP . OSM.

— BB R AR 1 X
A8, <AL 5% B
6 1 H R A
The changes of
metabolism such

as stomatal closure,
photosynthesis.

T

| - 541 5% Drought tolerance |

B3 TEMETHsEna

|

Fig.3 A genetic pathway under drought stress

2.2.1 AEAR ST X R AR T
(Trans — acting factor) 248 7] LA & 7E R HE A L i e
FRHBRIT Y L E B, TR 5L R o B
SR PRl AR HAR R AU AN [R] AT LA 43 Ry i e, — e

JE L R SR IR AEAT Il al AR IR 5 55— Fol
JEVE I SR N T, A B AR T S AR K,
PETTTE I NI RE SR A 1k . A AT L
AR A PO 2L SR A S TR 1 4 A TR 1 P 8,



252 T2 X AR AT

o535 &

I A% T DA SR 1 P I A R 2 T Ak 1) 05k
J S HE IS5 T IS R 3k, 45 s A e i b
SRR MY T 28 b B AR L E AR, A
PR N & K SR 7 B RTIFSE &2 BT LA
NI = A P R A SRR T MYC/
MYB.DREB, WRKY ,bZIP il NAC,

(1) MYB/MYC 2855 5[5 1

MYB/MYC &% 53 K - S Al W) e s R dse R
—ANFW SR BB T ABA IR RGN %
) BT H3E MYB/MYC REfs )12 2 54
2 R0 SO, WA ) i U AR AR AR R R B AE
BERA MYVERKES S YRR b8 b
2 H MYB/MYC 28 5 5% 5 A8 B a6+ 6 1 A
FEEE D, JKFE MYB3R — 2 FE R &3k ] L) 4 5 48
BT T SR L T IR Y AMYB60
I AMYB44 AT DL 3 B0 52 26 DR A 2 3, BB 2L
P ALIIE 3l B INVLTFIORUK Sk

(2) DREB 28465 H -+

DREB( dehydration response element block ) 2S%% 5%
K& AP2/ERF LR G A — 01, J&— X1
R VR Sl VA O e s s = I o e 1) 81 B S D
ARG IR EL, 4T DREB 285 £ A+
W5 e 1 2 S‘[ockinger[65 VAl AT ANABL G IF 9 cDNA
SCHE vy 2 45 2 AT L4 S DREB 4K (A f9 CBFI Al
DREBIA . #|HHJ M 1L X] T DREB WF5¢ & TR A Z/)N
& KRS K SR EE R EY T R R T
DREBI T£7K A5 8 5 2235 1T LR K /5 19 91 7 fig
15 KGN GmDREB2 AE U R 57 rp n] LA 31 %
ik, FEE AT DL 3G e e il R iR b R AR
Yyt BT R IE . BRI IT Y DREB2A (FRAE M)
GRhDREB" " ] LAAEFEIE N /NAE v 3 5k I il 38 /N 2
T30 55 )38 I 5 /N P TaDREB2 1 TaDREB3'M)
T LGHE G50 55 X A B A 8 5 ORI ZmDREB2A]
P R S LEA & A 6k R 4R
YL

(3) WRKY 2% 7[R 7

WRKY 285 5% [H 72 H AT e 2 10— 285 5%
R F, 3258 5 5 WRKY & 11 53 81 F W - Box
DX IR e SR 45 A ok A 45 L R 2 5k, AR 3 A
AW iE T LAE S WRKY 2858 5% [ 1Ay s T84,
HAETX T WRKY J8 5 5% 7 1 F 5% 3 2248 v 76 %
WA K& B R R DL e AR Y 53R A Y iia
TR R, B RS 2 WRKY 265% 5[
T2 5 T RYIPLR R, 76 KR H #4b B 0T DL
T OsWRKY11 £ i b (i K R ZE B it

Mg AR Lk, W LI A Rk o B S b R, A7
TR 2 Luo 5L B K P Y GsWRKY20
FE S ARG T, H 2 B0 0 o s i AL i A
B AR AL 8 B ok 46 s AR R X T 5 A T A2 1 5 Okay
LSR5 % A /N HAFAE R 221 WRKY FYFEIA
£ 45 TaWRKY16 . Ta — WRKYI7 . TaWRKY19 - C.
TaWRKY24 . TaWRKY59 . TaWRKY61 1 TaWRKYS2 , iX
S SLRAR S/ N LR G S A A VIR

(4) bZIP 5 % H+

Bk 2 R 5% (basic region/leucine zipper mo-
tif, bZIP) 2% 5 N 12 H AT IT i 2 (10 S 7 3
Wz —  FEMPIPUR DL PUFE BT 55 & R 4%
HEBEVEM . Ying 25OV R BT KA ZmbZIP72 HE
FEURE A R K R BN R R
WA BB ) ST ANE LA SE AR Y e 58T A A7 %
e = e T e R e, R B AR KRS b & B
bZIP72 O T KRS TR MG 52 17 5 Gao 25T BIR ST
RIKE GmbzIP1 FEF AT LIS K G Pt 20, &
B ] ABA L BT PR S PE

(5) NAC 27N+

NAC 2% 5% 1 =AY P s 1 — 255 Sk I
T AR LT AR 53 A LU0 5, TR R
ARSI e 45y 1 R IEE EEEM . e AT
FRM NAC K RH T2 5T 8w A SR
TR PP SRR Y an Hh R AR
M7, HETCREE KRR &A 3 A SR
FBLIH OsNACG / SNAC2P I ONACO457) 5 Xue 25031
UESE TaNAC69 KPR AT LIYE /22 )4 54k
2.2.2 FhAeAR  AHYAESZ B0 B A B
F—LER] DISUIE A R SNE I s T BRI A R
DA A B — 2] DU S AP R R S AR Ko
D RESEPA (12238 DL S s A I 2 A A Rk o

(1) BB N

R ATE 32 2 T S0 i, AT i 535 15 3k
KEHF ML, S 5EY) EZB VAT R
ATV PR RN H i R AR

O M BR A B AR S LA

TP IHALF T R 38 R B v, 25| B 1A N I
SR F RN, 2R A i A SRR )
R ) R4 A P T L 2 1) A A 2 T DA A
TR A 2540 1) SE 2, TS DRI IR N K o 2% o
A Y AT & PLRE % 1 A 2 R A 0 3k I AL S
P5CST  hef1™ LI MieCaMPIV AT EA AR AR
MTIRE , ABREAE A2 T R it TR dE Il s B, A
Mk EHRE H .



5 13

FE R AT RO i S AE S B S PRk B BT (1 18 253

@ Al A B O FE R

GELZ G e RN SN BN R R C i 3l e
TR RV TERE A AR BT LR AR A0 9B B
Xt 200 PR il O P A B — S SR P E . AiCBF4 S fiE
PR AV Y AT P A B AR A SR A P TR
FEEEH . ACBF4 JE e R I R B, R R
W ABI RS, KBRS AR TE 52 21 52 i 30 i
20 P AT A T Y 5 iy S A LT 7
FELE T IRSE 2 B AhSuSy CHEWE A 1) 7T ARG AR Hh
PR RN B ik, DA T RE A5 1 s A ) e APk

© FHSEO A BAH I

FEERIE N —F/ N F BB Y i, AT+
St B R R PN B AR 2 R A R R
FBA B T AR5 A A P9 S5 155 51 i, [) A R S il
KA RS BT R U RS AR E o i
A ) B 152 S BRSPS e R SR e e S e
PRI, R HGT A 0 A% DA 4 35 32 400 SRl S 5
SR 4 B R, — B e 3 ek 45 74 5k A o e 1) T e ok s
FISEORL B BLE W 2 I, 42 il 3k 79 i it 0 14 1)
S CMO KA BADH P, Luo D 25178 % B
IKFEH &4 CMO F BADH J:R . B it T 5 2 6
TS SR PO P 9 8 A SR T, (H 32 B2 4 v T %o i
ERVERAESE BT R AL B AR X D

@ HEEEs A A

S @EEEY A IR 1 - BERR H S EEA
20 (mtl D) V5 FHIE . Abebe 25058 & B A
mitl D FEPR /N AR A 5 B A A 1 /N2 R B A A T
TR0 S S, 3 LR SR AR M 1 52
77 W S A5

(2) BA i ag A E AL s g 3L R

R e X 4 R R 22 T T A, R A AL A
YRR EE RN — A, W5 R I, FE Y% E
T2 38 BRI P 35 PE 4R (reactive oxygen species,
ROS) 2t BLFR B 01 B, L an 4R Ak 4 5 Ak il
(SOD) i S AL W g (POD) 1 484k S ( CAT) 55 K
HRBLR, BB A SR BT A AL BT 51 A 15 %
UL UE S AT AT R 1 4 D sl s sl o A 4 461
HIFEE AL HE ABP9'™ | GbMPK3' ™ DL J ZFP245 (%E
S 245) %0, ABPY JAE B K L BUAEI R AT AR
1RRNRIK, ABP9 W] LI PR A R Bl B — o Wi
FRAERT , PR 16 14 S B R 3R 5 GBMPK3 2 Ml
& BRI 5 24 B 1 B, T LA It SR Ak i
TR, T AT A0 6 M S B BB 5 ZFP245 (FE1E R
1 245) AT DATE BRTG T S A LR T3S s A5 ) X) T

B ZEET]

(3) MR T3 U R EE N

iR 7/pS Ry ) B L AR S>3 GBS D1 D ey
SRR IE N, ik 26 8 5 3 BRI i K

& H 1 (Late embryogenesis abundant protein, LEA) |

7K 18 25 [ (Aquaporin, AQP) FI¥& I8 2 1 (0SM) , iX
SO SRR )P A PR R R L AR

SR A BRI 3 B 8 B (LEA) SHEPIPTFC R
Y], EEACAYING & T a7 A, I i
TS BB, YT RS ENNE &
PER R A T I 4 & S A LR E Rk, i R
SEAEP) T

KBIEE H (AQP) EMYIAN—FR I 7> 15
26 ~ 34 kD BAT SR EPEVE R BERS m e iz K 7 1
AR AR 1, 2 — Mo e R ORI VR TR R 1 o

BIEA(OSM)J& TR BHE T& 1, R F 2
TEME G TR AR R 3R AT, B 70 7 i A B 4% 25 S il
PR b R B, AR AR W aa AR A= iy 3e T 4R
RIS 5B R E AR I B3k

(4) EEWM

VB S 0 R 3 E0E AN R R e
BARA FHNFIRFAT 5 AL 32, PR 95T e AR
TR SR SR A AR A i ARk B A i A2
R H T, 2 5 A8 ) 300 58 30 R G /Y 2 O 32
A GUDK(Growth under drought kinase) .MAPK( Mitogen
— activated protein kinase ) ., RLK ( Receptor — like ki-
nase) . CDPK ( Calcium and calmodulin — dependent pro-
tein kinase dependent I SnRK(Sucrose non — fermenting
— 1 — related protein kinase) 1125,

O AR S5

SR BT R — KX T RAE SR EA
i, Niu 2B BF% & I GUDK = 23 1o W AR AL K
i Os — AP37 FEP IR , 32 (R /K R A i P4, S B
THET R KR R .

@ 173 2 RS AL H

MAPK 28 i i — S R0, J& T 22 &
M2/ 8RB 1 W . MAPK R 46 7 24 R AT
P B (MAPK) | o3 2 I 38005 26 1 986 9 g
(MAPK kinase , MAPKK) 173 2503005 2 1 S A
0 (MAPK kinase, MAPKKK) . Xiong 2582 B} 5% %
PR OsMAPKS 3 1 ¥ AE % 1E [ 981 17 05 855 1)
i 521

© ZARE

SR L 2 — 2R B IR R, 7E R AR W)
/B ERER7/ LD N NN = BUR ol S L /@ i X (B
Jilo M4 Chen %5153 R 7 45 SR K R 1Y) OsSIK2 5714



254 TR A AT

o535 &

AR I AT LA S G g A BE P AR RBUFHE T 5 Yang
L 4B BFSYIE 52 K . GsCBRLK % 258 i i 5%
IR 7K - B3 2R 11 T G 1 R B2 1 AL ) 1) T 32
P, Yang 55 P A &2 v i LR 7 199 2 AR 28 11 Sl
GsLRPK B H s Dy b 5 A S48 R St o I UE S 0 e T
AOBT S B B4R 5, Sun X ZES A5 3 [ RE A4

D 54K 58 1777 615 R 2R AN 118 2 11 ity

YR Ko T ) R AN P B U 2 S A AR
A iR 7 S R 4 e R o A R B R A U Bl
TR S, Zou T T 2500 BESY R BT B
HRE L5 T EF IF AiCPKS 1 i i ik, ok ik
AtCPKS 5% 3ERIRR 2 5 1P A BUAH U H A B 5 A T 5
REST s Wei S 25587 B33 % B K A5 v 1k 635 0sCPK9
F2 B i AL OGP 4R KRR B Sk

© T AR 2R 1

HEY) SnRK 2 5 845 T 5 5 5k AR 590
RACISSFE . Umezawa %[“]Eﬁﬂ”iﬁif)@%%w?‘ﬂ%
SnRK 55 57 A= TUAH L 2L W) S 48458 5 Wang 25190 B
FER I TaSnRK2. 10 32 323K AT LA w55 /N 22 19 it 52
P, FEE A K R YN AT
BN B 77 HE ; Babatunde Bello 8 58 & 3 SnRK2
1f IR AT LIS SR AR A6 A e Sk, SR B 8 b K
S IR, B AT S K R SE LAY o] DA
AR TR € 289 Mao 2510V 7E Eh 44 B 5 o
15 PAIESE
3 P I A2 4 5 A H

[ V.Y

R 5%

LA R — R MR (g R A S A PR, H T
S8 R e U T R R R A e
B FEEARIE N T, B 7 T AR
PIB AR P R R, [ N SN 5% 5 0 E 4% S
Rk Z | 2 2R A EAR T B LA
JFI A RS e AR RN S 2 24k 4 3 R L
i,

HRA BUAE O 75 45 5%, AT LA 3 o 5 4% T Rk
JISER B4 Ry SE RN T B SE P K2 26
— PRI AL : (1) MYB 285 5% A+ MYBIR -
1138 IR Northern 2458 M HTilESE SIMYBIR — 1
PR AT AR R A PR R (HE T ek
ZHEREA B W (2) DREB K54 5t [ 1
DREBIA . DREBIB'™®) | 51343k DREBI Wit B E 5
A A LUAR B AP LR B i s, 2
BT R WAES DREBI FEIN i 2k fif 4% AR
FAK A PCR 771 B ML R It Hh e B R4S T

BE St T DREBIA™ SL 5 LA M % S 1 8 3h 1
rd29A ,3E i DNA 41 H A ) i 24 I 30 4 AT 1
AT s E AT AL ek, A R R A
DREBIA F£[H ) T 4% 5 5 Al B 10 57 P 1
A S 3858 5 DUKR B 2 06 75 35S R b 3h 1 i
LA A 3950 D5 ATt A 5 4, 3 Ak 1
DREBI B0 Th 4 5 B 7 1 AR LL g 5470 1k ) 8 404
5, EEOE SN T AR WS VAR T H s
BRN Ko I8 R AR F K A 545 (3) NAC
Kl T NAC2DY | SINAC2 JERIAE Sk i 25
He2s ERAR A F ik, NAC2 AL AT LA A1 15 . 3h
TS5 S, 1M Lt AT DA o 44 28 i 3 5 B30 R
TS,

SRR RS (1) BE T A G A
2R & R PSCS (AL - 5 - RIEW &
it )02 M FAAT B A X AR AR 3037 Hh 44 1 pm
S TIAL AL , 5 B AR R T A% SRR AR LU
IR & WS LR AR RE 1A B B3 & i
WA REEN BADH' =% il i AU A AT B A S0k
W TH SR B 20 I ( BADH ) 35 [R5 A E0 4% B 3
FheHAe® 2 57 Fr, 28 PCR. Southern #1 Northern 4%
SCUEW] BADH FE[R B8 4 31 D44 S I R 4 vh e
FEPRIAR P SR 38, 5 B 4 RUAH L S8 SR B
PP H AR 2 27 M b BADH B IE M 824 5 (2)
T E % MIPSTOULEE - 1 - BERRA ), MIPST J2
LA 900 65 B PR o, 368 3o S I 2 5 PCR R W
FEK M MIPST 25 T 8 588 2 i H R 6E 015 A A
PCR I DNA T R, T ACDPKI™® Hhy 1t 28
A R AKT B T ik b A7 38 1% 5 10 0 4% S ol i
‘T it RT - PCR 2P HTIESE , 1% 5L I AE < 9%
R BOAR R P AL DLIE B 20k IR A
SEIGIESE SnRK2 TEAS [R) (1 AL BFAS [R] B9 5 25 25
P 2k A 22510,

A, B E R S DS E PR AR ) 3k
K AL H7E DREB 28 (55 5% IR F 38 15 IR 5 A ¢
R DRI IR [ R X 6 A ) PN 0 ML B F T L
T T XRS5 i 78 /0, TR R SR &
FITFFFE . AR AR SEAHYIRIOK A3 8 TR B, 3L
KR SN R A B EE MR,
SEIEERAE AR R WS T S AR PR e 1
W E A, RS, D48 IR ZE ok &
BIRAEY) , B HA KRR 2 0 S8 S50 A2 18
D AT . AR I AR 45 R (1)
T5 W38 Al DU A AR R K 5 A
HARDY'™) | ATHB6'*' F1 Dro1'® , #\Fi JF HARDY %:



5 13

FE R AT RO i S AE S B S PRk B BT (1 18 255

PRILE K AR ot 32308 i 38 AR R AR R Y A8 R AR R 4K
G 2 | B i I PR KRR G T 5 A i R i aa B BT
PE (5% 5L AR AR K 43 R FRCE S & DB AR RS
FZE IS D55 ; ATHB6 AR H 5 2 2 3 2 4 i) 32 4R A1
AR 8 41 43 22 B s AE P P B8 ), % A ATHB6
FE D B 40 R I 5 AR AU EU I 32 1 B SR 3 58 5 Drol
PR 23R AT K FEAR 2R TR AR R 25 (B 45 4 A8 K
AR T IKFERMCE Z 1K 53, 5% A Drol JE R /K i
5 EY A RUAH LB e ) B S R

IhE L —Fp EZ LR ZE ) IR,
IR AR 45 R AEH F w7 SR
FhE 1 % 4514, HARDY . ATHB6 il Drol HJfig 5 R 7E
WU R IAR R K B B0 S IS5 R FIAR 2R Ok A
FEJT A B R ME R, A S8 b i D) Re (A5
PG5, i B R BR A PRI S
R AR A SRR . AT LA TRA
F 58RI R IR o S8 B R F A SR BRI
BEB ) S5 MG A AR RS KMt R 5
PRI by 1T 30) 4 S 2 7 S e

£ % X #k:

(1] EER,KWE AEH R R BRI DR R[] AEY 2
i,2014, (2):26-32.

(2] MR, 5% K ALYITC R LRI AT SR ()], ST IIE K 22
(AR NR) ,2014,12(2) : 113-120.

[3] Blum A. Genomics for drought resistance — getting down to earth[ J].
Functional Plant Biology, 2014,41(10):1191-1198.

[4] Kitomi Y, Kanno. N QTLs underlying natural variation of oot growth
angle among rice cultivars with the same functional allele of DEEPER
ROOTING 1[]]. Rice, 2015,8(1):8-16.

[5] Xu D Q, Huang J. Overexpression of a TFIIIA - type zinc finger pro-
tein gene ZFP252 enhances drought and salt tolerance in rice ( Oryza
sativa L. )[J]. FEBS Letters,2008,582(7) : 1037-1043.

[6] Louren T, Saibo N, Oliveira M M, et al. Inducible and constitutive
expression of HyCBF4 in rice leads to differential gene expression and
drought tolerance[ J ] . Biologia Plantarum, 2011,55(4) :653-663.

[7] Ying S, Zhang D F, Li Y, et al. Cloning and characterization of a
maize bZIP transcription factor, ZmbZIP72, confers drought and salt
tolerance in transgenic [Jl. Arabidopsis Planta, 2012,235(2):253-
266.

[8] Qin F, Kakimoto M, Kazuko Y S, et al. Regulation and functional
analysis of ZmDREB2A in response to drought and heat stresses in Zea
mays[]] . The Plant Journal, 2007,50(1) :54-69.

[9] Jung C, Shim J S. Non-specific phytohormonal induction of AtMYB44
and suppression of jasmonate-responsive gene activation in arabidopsis
thaliana[ J]. Mol. Cells, 2010,29(1):71-76.

[10] Hemm M R, Herrmann K, Chapple C, et al. AtMYB4: a transcrip-

tion factor general in the battle against UV[J]. Plant Science, 6(4) :
135-136.

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Yul, HX, Li L, et al. AtMYB2 transcription factor can interact
with the CMO promoter and regulate its downstream gene expression
[1]. Biotechnology Letters, 2012,34(9) :1749-1755.
Dai X Y, Xu Y Y, Chong K, et al. Overexpression of an RIR2R3
MYB gene, OsMYB3R — 2, increases tolerance to freezing, drought,
and salt stress in transgenic arabidopsis[ J]. Plant Physiology, 2007,
143(4) : 1739-1751.
Amanda P R, Jositley F C, Alexandre L N, et al. Phenotyping soy-
bean plants transformed with rd29A : AtDREBIA for drought tolerance
in the greenhouse and field[ J]. Transgenic Res, 2014,23(1):75-
87.
Yoshida T, Sakuma Y, Yamaguchi-Shinozaki K, et al. Functional
analysis of an Arabidopsis heat-shock transcription factor HsfA3 in the
transcriptional cascade downstream of the REB2A stress-regulatory
system[ J . Biochemical and Biophysical Research Communications,
2008,368:515-521.
Joseph G, Dubouzet, Sakuma Y. OsDREB genes in rice, Oryza saii-
va L., encode transcription activators that function in drought — ,
high — salt — and cold — responsive gene expression|J]. The Plant
Journal , 2003,33(4):751-763.

Morran S, OmidEini. Improvement of stress tolerance of wheat and
barley by modulation of expression of DREB/CBF factors[J]. Plant
Biotechnology Journal,2011,9(2) :230-249.

Chen M, Wang Q Y, Cheng X G, et al. GmDREB2, a soybean
DRE - binding transcription factor, conferred drought and high-salt
tolerance in transgenic plants[ J]. Biochemical and Biophysical Re-
search Communications, 2007,353(2) :299-305.

Chen M, Xu Z, Ma Y J, et al. Cold-induced modulation and func-
tional analyses of the DRE-binding transcription factor gene, Gm-
DREB3, in soybean ( Glycine max 1.)[J]. Journal of Experimental
Botany, 2009,60(1):121-135.

Gao S Q, Chen M, Xia L Q, et al. A cotton ( Gossypium hirsutum )
DRE - binding transcription factor gene, GhDREB, confers enhanced
tolerance to drought, high salt, and freezing stresses in transgenic
wheat[J]. Plant Cell Rep, 2009,28(2):301-311.

Bihani P, Char B, Bhargava S. et al. Transgenic expression of
sorghum DREB2 in rice improves tolerance and yield under water lim-
itation[ J . The Journal of Agricultural Science, 2011, 149(1):95-
101.

Kim Y, Yang K'S, Sun H R, et al. Molecular characterization of a
¢DNA encoding DR EB-binding transcription factor from dehydration
treated fibrous root s of sweet potato[ J]. Plant Physiology and Bio-
chemistry, 2007,46:196-204.

Tian Z, He Q, Xie C, et al. The potato ERF transcription factor
StERF3 negatively regulates resistance to phytophthora infestans and
salt tolerance in potato[] 1. Plant and Cell Physiology, 2015,56(5):
992-1005.

Luo X, Bai X. Expression of wild soybean WRKY20 in Arabidopsis
enhances drought tolerance and regulates ABA signaling[ J]. Journal
of Experimental Botany, 2013,66(8) :2155-2169.

JnHX, XuGL, Deyue, et al. GmNACS, a NAC transcription fac-
tor, is a transient response regulator induced by abiotic stress in soy-
bean[ J]. Scientific World Journal, 2013,2013:768972.

Moon S J, Han S Y, Byun M O, et al. Ectopic expression of



256

TR XAV BT

o535 &

[26]

[27]

[30]

[31]

[33]

[34]

[36]

[37]

[38]

CaWRKY] , a pepper transcription factor, enhances drought tolerance
in transgenic potato plants[ J]. Journal of Plant Biology, 2014, 57
(3):198-207.

Yoshida T, Fujita Y. AREBI, AREB2, and ABF3 are master tran-
scription factors that cooperatively regulate ABRE — dependent ABA
signaling involved in drought stress tolerance and require ABA for full
activation[ J|. The Plant Journal, 2010,61(4) :672-685.

Xiang Y, Tang N. Characterization of OsbZIP23 as a key player of
the basic leucine zipper transcription factor family for conferring ab-
scisic acid sensitivity and salinity and drought tolerance in rice[ J].
Plant Physiology, 2008, 148(4) : 1938-1952.

Song S H, Chen Y, Chen J, et al. Physiological mechanisms under-
lying OsNAC5 — dependent tolerance of rice plants to abiotic stress
[J]. Planta, 2011,234:331-345.

Tang Y M, Liu MY, Chen X P, et al. Molecular characterization of
novel TaNAC genes in wheat and overexpression of TaNAC2a confers
drought tolerance in tobacco[ J]. Physiologia Plantarum, 2012, 144
(2):210-224.

Xuea G P, Heather M, Wa ya, et al. Overexpression of TaNAC69
leads to enhanced transcript levels of stress up-regulated genes and
dehydration tolerance in bread wheat[]]. Molecular Plant, 2011, 4
(4):1-16.

LuM, Ying S, Li Y, et al. A maize stress — responsive NAC tran-
scription factor, ZmSNACI, confers enhanced tolerance to dehydra-
tion in transgenic Ambidopsis[] 1. Plant Cell Reports, 2012,31(9):
1701-1711.

Reis P A, Fontes E P. N-rich protein ( NRP)-mediated cell death
signaling: a new branch of the ER stress response with implications
for plant biotechnology [ J]. Plant Signaling and Behavior, 2012, 7
(6):628-632.

Meng C M, Cai C P, Wang Z, et al. Characterization of six novel
NAC genes and their responses to abiotic stresses in Gossypium hirsu-
wm L[J]. Plant Science, 2009,176(3):352-359.

Jn Y M, Jung J] W. AtCPLS, a novel Ser — 2 — specific RNA poly-
merase Il C — terminal domain phosphatase, positively regulates ABA
and drought responses in Arabidopsis[ J]. New Phytologist, 2011,
190:57-74.

Zhou B, Zhao X, L' 'Y H, et al. Transient expression of a foreign
gene by direct incorporation of DNA into intact plant tissue through
vacuum infiltration[ J ] . Biotechnology Letters, 2009,31(11):1811-
1815.

Umezawa T, Sugiyama N, Shinozaki K, et al. Genetics and phospho-
proteomics reveal a protein phosphorylation network in the abscisic
acid signaling pathway in Arabidopsis thaliana [ J]. Science Signal-
ing, 2013,6(270) : 1-8.

Karaba A, Dixit S. Improvement of water use efficiency in rice by ex-
pression of HARDY, an Arabidopsis drought and salt tolerance gene
[J]. PNAS, 2007,104(39) : 15270-15275.

Soderman E, Hjellstrom M, Engstrém P, et al. The HD — Zip gene
ATHB6 in Arabidopsis is expressed in developing leaves, roots and
carpels and up-regulated by water deficit conditions[ J]. Plant Molec-
ular Biology, 1999,40(6):1073-1083.

Szekely G, Abraham E, Szabados L, et al. Duplicated P5CS genes

of Arabidopsis play distinct roles in stress regulation and developmen-

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

tal control of proline biosymhcsis[.]]. The Plant Journal, 2008, 53
(1):1-28.

Umezawa A, Yoshida R, Shinozaki K, et al. SRK2C, a SNF1 - re-
lated protein kinase2, improves drought tolerance by controlling
stress-responsive gene expression in Arabidopsis thaliana[ J]. PNAS,
101(49) : 17306-17311.

Ouyang S Q, Liu Y F, Liu P, et al. Receptor-like kinase OsSIK1
improves drought and salt stress tolerance in rice ( Oryza sativa )
plants[J]. The Plant Journal, 2010,62(2):316-329.

Zhang S W, Li C H. Altered architecture and enhanced drought tol-
erance in rice via the down-regulation of Indole — 3 — Acetic Acid by
TLD1/0sGH3. 13 Activation[ J]. Plant Physiology, 2009, (151):
1889-1901 .

Park G, Park J J. A RING finger E3 ligase gene, Oryza sativa de-
layed seed germination 1 ( OsDSGI ), controls seed germination and
stress responses in rice[ J]. Plant MolBiol, 2010,74(4) :467-478.
Zhang L, Xiao S S. Overexpression of a Harpin-encoding gene hrfl
in rice enhances drought tolerance [ J]. Journal of Experimental
Botany, 2011,62(12):1-10.

Huang X Y, Chao D Y. A previously unknown zinc finger protein,
DST, regulates drought and salt tolerance in rice via stomatal aperture
control[ J]. Genes Dev, 2009,23(15):1805-1817.

Shen H'S, Liu C T, Wang X P, et al. OsWRKY30 is activated by
MAP kinases to confer drought tolerance in rice[ J]. Plant Molecular
Biology, 2012,80(3) :241-253.

Xiang Y, Huang Y M. Characterization of stress-responsive CIPK
genes in rice for stress tolerance improvement[ J]. Plant Physiology,
2007,144(3) : 1416-1428.

Mao X G, Zhang H Y. TaSnRK2.4, an SNF1 - type serine/threo-
nine protein kinase of wheat ( Triticumaestioum 1..), confers en-
hanced multistress tolerance in Arabidopsis[J]. Journal of Experimen-
tal Botany, 2010,61(3) :683-696.

£ fE,BHE, B/, NE TaSiRK2. 10 2 BT RS
AEMERI SR ] . A E AR B ,2014,47(10) : 1865-1877.
Zhou SY, Hu W, He G Y, et al. Overexpression of the wheat aqua-
porin gene, TaAQP7, enhances drought tolerance in transgenic to-
bacco[ J]. PlosOne, 2012,7(12) :e52439,

Tong S M, Ni Z F. Ectopic overexpression of wheat TaSrg6 gene
confers water stress tolerance in Arabidopsis[] 1. Plant Science,
2007, 172(6) : 1079-1086 .

Zhou H B, Li S F, Zhang X Q, et al. Molecular analysis of three
new receptor-like kinase genes from hexaploid wheat and evidence for
their participation in the wheat hypersensitive response to stripe rust
fungus infection[ J]. The Plant Journal, 2007,52(3) :420-434.
Zhang X, Wang L, Zhao J, et al. Maize ABP9 enhances tolerance to
multiple stresses in transgenic arabidopsis by modulating ABA signal-
ing and cellular levels of reactive oxygen species[ J]. Plant Mol Biol,
2011,75(5) : 365-378.

Liu L X, Hu XL, LiD Q, et al. Over-expression of a Zea mays L.
protein phosphatase 2C gene ( ZmPP2C) in Arabidopsis thaliana de-
creases tolerance to salt and drought[J]. Journal of Plant Physiology,
2009, 166(5) :531-542.

Huai J L, Wang M, Wang G Y, et al. Cloning and characterization
of the SnRK2 gene family from Zea mays[J]. Plant Cell Rep, 2008,



5 13

GO AT « MR YT RS ok

R I A B DU PR

BN A 257

[56]

[59]

[60]

[61]

[62]

[63]

[64]

[66]

[67]

[68]

[69]

27(12) :1861-1868.

Wang J] X, Ding H D, Jiang M Y, et al. A novel mitogen-activated
protein kinase gene in maize ( Zea mays), ZmMPK3, is involved in
response to diverse environmental cues [J].
Plant Biology, 2010,52(5) :442-452.

JiW, Zhu Y M, Li Y, et al. Over-expression of a glutathione S-

Journal of Integrative

transferase gene, GsGST, from wild soybean ( Glycine soja) enhances
drought and salt tolerance in transgenic tobacco[ J]. Biotechnol Lett,
2010,32(8) :1173-1179.

Zhang L, Xi D M, Li S W, et al. A cotton group C MAP kinase
gene, GhMPK2, positively regulates salt and drought tolerance in to-
baccol[ J]. Plant Mol Biol, 2011,77(2):17-31.

Shi J, Zhang L, An H L, et al. GhMPKI6, a novel stress-respon-
sive group DMAPK gene from cotton, is involved in disease resistance
and drought sensitivity[.” . BMC Molecular Biology, 2011,12(22):
22-28.

Bello B, Zhang X Y, Li F G, et al. Cloning of gossypium hirsutum
sucrose non — fermenting 1 — related protein kinase 2 Gene

( GhSnRK2) and its overexpression in transgenic Arabidopsis escalates

drought and low temperature toleranc| J]. PLoSONE, 2014,9(11):
el12269.
T I8, BT, RARE, KA T B SnRK2 £ N

IR A B ()] P R ,2014,34(2) :481-487.
Yang S J, Barbara, Huang Y F, et al. Norrowing down the targets:
towards successful genetic engineering of drought-tolerant crops[ J].
Molecular Plant,2010,3(2) : 469-490.

FEgRET, B, m IR, 45 AR SCTE P 5 0k
AR, 2009,29(1) : 166-173.

Dai XY, Xu Y Y, Chong K, et al. Overexpression of an RIR2R3
MYB gene, OsMYB3R — 2, increases tolerance to freezing, drought,

(]

and salt stress in transgenic Arabidopsis[J] . Plant Physiology, 2007,
143(2): 1739-1751.
Stockinger E J, Gilmour S J, Thomashow M F, et al. Arabidopsis
thaliana CBF1 encodes an AP2 domain-containing transcriptional acti-
vator that binds to the C - repeat/DRE, a cis acting temperature : dif-
ferences and cross talk between two tress signaling pathways[ J]. Cur-
rent Opinion Plant Biology,3(3):217-223.

ZE W, AR MY WRKY % 5 N ATt (1)
HHA%AR,2014,50(9) : 1329-1335.

Luo X, Bai X, Hu M, et al. Expression of wild soybean WRKY20 in

YA

Arabidopsis enhances drought tolerance and regulates ABA signaling
[J]. J Exp Bot, 2013,64(8):2155-2169.

Okay S, Derelli E, Unver T, et al. Transcriptome-wide identification
of bread wheat WRKY transcription factors in response to drought
stress J . Molecular genetics and genomics, 2014, 5 (289): 765-
781.

Ying H, Zhang D F, Li Y, et al. Cloning and characterization of a
maize bZIP transcription factor, ZmbZIP72, confers drought and salt
tolerance in transgenic Arabi(bpsis[.] 1. Planta, 2012,235(2) :253-266.
Lu G J, Gao C X, Han B, et al. Identification of OsbZIP72 as a
positive regulator of ABA response and drought tolerance in rice[ J].
Planta, 2009,229(3):605-615.

Gao S Q, Chen M, Ma Y Z, et al. The soybean GmbZIPI transcrip-

tion factor enhances multiple abiotic stress tolerances in transgenic

[72]

(73]

[74]

[75]

(78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

plants[ J]. PlantMolBiol, 2011,75(6) :537-553.

IMVRIZE, ZE K55, AR, 45 NAC 5 S F L bk Fbi e
A=W aa SR ALY 8%, 2012, 34(8) :993-1002.

Zheng X N, Chen B, Han B, et al. Overexpression of a NAC tran-
scription factor enhances rice drought and salt tolerance [J]. Bio-
chemical and Biophysical Research Communications, 2009, 379(4):
985-989.

Gyongyi Szekely, Edit Abraham, Agnes Cseplo, et al. Duplicated
P5CS genes of arabidopsis play distinct roles in stress regulation and
developmental control of proline biosynthesis[J]. The Plant Journal ,
2008,53(1):11-28.

Wang T Z, Zhang J L, Zhang W H, et al. A medicago truncatula EF
— hand family gene, MiCaMPI , is involved in drought and salt stress
tolerance[ J]. PLOSONE, 2013,8(5):1-9.

EXTL bk, FAR B ACBRY SRR AR R IO
PEVEA[T]. R SR ,2014,33(3) :365-370.

TS, XS 0, BB AR, 45 ?EET‘LF‘#FAM% AhSuSy 95T
WA 5 ol ek e L] A 52 4R, 2012, 38 (12) : 2139-
2146.

Luo D, Niu X, Yu J, et al. Rice choline monooxygenase( OsCMO )
protein functions in enhancing glycine betaine biosynthesis in trans-
genic tobacco but does not accumulate in rice ( Oryza sativa L. ssp.
japonica) [J]. Plant Cell Rep, 2012,31(9) :1625-1635.

Long L, Gao W, Zhu L F, et al. GbMPK3, a mitogen-activated pro-
tein kinase from cotton, enhances drought and oxidative stress toler-
ance in tobacco[ J].Plant Cell Tiss Organ Cult, 2014,116(2):153-
162.

Huang J, Sun S J, Juan H, et al. Tang Increased tolerance of rice to
cold, drought and oxidative stresses mediated by the overexpression of
a gene that encodes the zinc finger protein ZFP245[ J]. Biochemical
and Biophysical Research Communications, 2009,389(3) :556-561 .
Niu N N, Liang X Q, Yang X J, et al. EATI promotes tapetal cell
death by regulating aspartic proteases during male reproductive devel-
opment in rice[ J]. Nat Commun,2012,4:1445.

Xiong L. Z, Yang Y N. Disease resistance and abiotic stress tolerance
in rice are inversely modulated by an abscisic acid-inducible mitogen-
activated protein kinase[ J]. The Plant Cell, 2003,15(3):745-759.
Chen L J, Wu RY, Zhang Y Q, et al. An s-domain receptor-like
kinase, OsSIK2, confers abiotic stress tolerance and delays dark — In-
duced leaf senescence in rice[ J]. Plant Physiology, 2013,163(4):
1752-1765 .

Yang L, Wu K C, Wu Z J, et al. GsLRPK, a novel cold-activated
leucine-rich repeat receptor-like protein kinase from Glycine soja , is a
positive regulator to cold stress tolerance[ J]. Plant Science, 2014,
215/216:19-28.

Sun X, Ang S, Sun M, et al. A novel Glycine soja cysteine pro-
teinase inhibitor GsCPI14, interacting with the calcium/calmodulin-
binding receptor-like kinase GsCBRLK, regulated plant tolerance to
alkali stress[J]. Plant Mol Biol, 2014,85(1/2):33-43.

ZouJJ, Li X D, Wu W H, et al. Arabidopsis calcium-dependent-
protein KINASE8 and CATALASE3 function in abscisic acid-mediated
signaling and H,0, homeostasis in stomatal guard cells under drought

Plant Cell, 2015,27(3) :1445-1460.
(F#% 294 71)

stress[ J].



294 TRH XA AT 535 %
[6] FFEA Bk U, BRI, 45 /N R IRl TR B MR 2 XFBRREFRI 25 AR [ 1] 2 A 241, 2009, 29(2) :324-329.
BrlJ]. 2 3EH°#Hk,2015,35(4) :471-478. [17] INLHE  MRERAY , DRI, 55 AL N Pl B B IR 97 8 S5 9 Ay

(7] & A, 0AE, SWRE % HIEEEE W I W2 il % R )] A7 B A8 Al 2741, 2008, 16(4) :894-899 .

ERELT] AEYIAE ,2015,3: 116-120. (18] Bk 3, SR8 AR, 45 AR MM T /N2 00 T 19 e IR

(8] 7% Hi. ZZHIBRHHZSFISW SO i sE ()] . ] R4k RO S YT IRSE S T L)) i B AR R0l 2 4, 2014, 22(9) -
AL FL,2013,18:66-68. 1069-1073.

[9] Gealy D R, Wailes E J, Estorninos Jr. L E, et al. Ricecultivar differ- [19] FaR7A, 2 5,880, 5. SR T2HmIX 8 Fp 3/
ences in suppression of barnyardgrass ( Echinochloacrusgalli) and eco- SRl A ARIEAE P[] T R X A0l B 5%, 2015,
nomics of reduced propanilrates[ J]. Weed Science, 2013, (3):116-120. 33(1):258-261.

[10] Schulz M, Marocco A, Tabaglio V, et al. Benzoxazinoids in rye al- [20] WHZAS, ZRUE, BRHIES | 45 /N A A I B A AR b A 7 o

lelopathy-from discoveryto application in sustainable weed controland R FHERIR )] BRS04, 2011,17(15) :49-55.
organic farming[ J]. Journal of Chemical Ecology, 2013, 39: 154- [21] Ak da e r . 4 25 | R 2508 g fE ] (=) [M] . dE 5t
174. Hh AR R, 2004

[11] He HB, Wang H B, Fang C X, et al. Separation of allelopathy from [22] William son G, Richardson D. Bioassay for allelopathy: Measuring
resource competition using rice barnyard grass mixed cultures[]J]. treatment response with independent controls[ J]. Journal of Chemical
Plosone, 2012,7(5):1061-1073. Ecology, 1988,14:181-188.

[12] Olofsdotter M, Navarez D, Rebulanan M, et al. Weed-suppressing (23] #k 58, SIANME. Spss GEiT 4P M AT EIRG @ [M] . Jb 5t AR
rice cultivars-does allelopathy play a role? [J]. Weed Research, g H HH R AL, 2011
1999,39:441-454. [24] Gianoli E, Niemeyer H M. Environmental effects on the accumulation

[13] Z 5t %50, B—%, 5 ARKHE MR 2k o m m of hydroxamic acids in wheat seedlings: The importance of plan t
[EFEH (1], o E AR R ,2010,43(5) :965-971. growth rate[ J]. Journal of Chemical Ecology, 1997,23:543-551.

[14]  Wu H, Haig T, Prafley J, et al. Allelochemicals in wheat [25]  ZEJHEmS AR 55 R R /N 22 AR A 9T [ D] . 4 % - PE db A bk
(Triticumaestivum L. ) : Variation of phenolic acids in shoottissues Bl A2, 2011,

[J]. Joumal of Chemical Ecology,2001,27(1):125-135. [26] kWEHT, 2% B, Q002,45 NZ LR T gT ke (7] i

[15]  sKBERT BO0% 2% 55 RN XOR [R) /N2 kB JR 22 B Y A AR, 2004,15(10) £ 1967-1972.

PRAE I ] A A4, 2006, 17(7) : 1191-1195. [27]  ZRE03F XNVEIE, XS A, % F A /NE P R 2R

[16] 3k 7 5/ME, K B8 ARG /N A Rl i o J 22 S I LAV ()] AR, 2011,31(6) : 1967-1972.

(4% 257 W)

[87] Wei S, Hu W, Zhou S, et al. A rice calcium-dependent protein ki- ance[ J]. Acta Physiologiae Plantarum, 2014,36(6):1841-1851.
nase OsCPK9 positively regulates drought stress tolerance and spikelet [92] 23546, i Eoe, o i, 45 % P5SCS 2 8 AR 3037
fertility[J]. BMC Plant Biol, 2014,14(1):133-146. it & BB [T] LI R B2, 2014,42(11) : 131-133.

[88] Shin D J Moon S J, Kim B G, et al. Expression of SIMYBIR - 1, a (93] 3k 7, "%, T i, 5% SERE s S B N A
novel potato single MYB — Like domain transcription factor increases P M (1] /R4, 2006,35(6) : 1146-1150.
drought tolerance[ J]. Plant Physiology, 2011,155(1):421-432. [94] Zhang N, SI HJ, Wang D, et al. Enhanced drought and salinity tol-

[89] BU/NE,B I35, 8080, % . 5k N T DREBIA 3:R I Bar F erance in transgenic potato plants with a BADH gene from spinach
FEUBU A 90 2% 35 2 M O 4 7 B B 4% B ast AR AL 5 (] [J]. Plant Biotechnology Reports, 2011,5(1):71-77.
wl2# 4%, 2015,23(3) : 110-117. [95] Zhai H, Wang F, Liu Q, et al. A myo — inositol — 1 — phosphate

[90] Movahedi S, SayedTabatabaei B E, Khaksar G, et al. Constitutive synthase gene, IbMIPSI, enhances salt and drought tolerance and
expression of Arabidopsis DREBIB in transgenic potato enhances stem nematode resistance in transgenic sweet potato [ J]. Plant
drought and freezing tolerance[ J]. Biologia Plantarum, 2012,56(1) : Biotechnol, 2016,14(2) :592-602.

3742. [96] HEHIZ, T HE,ZE G, 5. WRIT ACDPK71 3L 5E ke 5 4%

[91] Xu Q F, He Q, Tian Z D, et al. Molecular characterization of LT [T PEILAE Y412, 2015,35(3) : 447-450.

StNAC2 in potato and its overexpression confers drought and salt toler-



