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Physiological responses and regulatory pathways of transcription factors in
plants under drought, high-salt, and low temperature stresses

WANG Bing, CHENG Xian-guo®
( Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Key Laboratory of Plant
Nutrition and Fertilizer, Ministry of Agriculture, Beijing 100081, China )

Abstract: Drought, high-salinity and low-temperature, three major environmental stresses, are important adverse
factors limiting plant growth and development. These environment stressful factors usually trigger the
physiological changes and the differential expressions of the transcription factors, which are involved in the
biological regulations in the plants under abiotic stresses. While the functional gene expression are closely
associated with these transcription factors, and are essential for an enhanced tolerance ability of plants to the
environmental stresses. In recent years, most studies were mainly focused on discovering functional genes and the
regulatory mechanisms of the transcription factors in plants in response to the environmental stresses. Therefore,
uncovering on the physiological responses and the regulatory mechanisms of the transcription factors in plants
under these environmental stresses has an important scientific significance in establishing molecular acclimation
pathways of plants. This paper systemically characterized the physiological-biochemical changes in plants under
environmental stresses including drought, high salinity, and low temperature, and profiled the structural and
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functional characteristics of MYB, bZIP, AP2/EREBP, WRKY and NAC, which commonly were related to plant
stress resistance. Meanwhile, we separately characterized the responsive models and molecular regulatory
mechanism of these transcription factors in response to these three environmental stresses. Under these
environmental stresses, the growth rate, leaf area, leaf number, transpiration rate, and photosynthesis of plants
were usually reduced, and the accumulation of reactive oxygen in plants led to the enhancement of membrane
lipid peroxidation, thus resulting in severe damages of the plant cells. When the plants were exposed to these
adverse environmental stresses, the antioxidant enzymatic activity and the contents of osmolytes in plants were
naturally increased to establish adaptive acclimation mechanisms, which were usually exhibited at the
physiological and molecular levels. The enhancement magnitude of the plant adaptability to the abiotic stresses are
mainly regulated through the pathways of the interactions between the transcription factors and the specific
recognition elements in the promoters of the stress-resistant genes or in the target proteins. This review provides a
complete insight into the physiological-biochemical responses and molecular regulatory mechanisms of the

transcription factors in plants under drought, high salinity, and low temperature stresses.

Key words: drought stress; salt stress; low temperature stress; physiological response; transcription factors

TR ARIR SRR AR Yy ehan v SRR TR
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Ui K i % S $ (transcription regulation) XJAH 4
HRAR R B o ae e ¥4 B TR o B skR s
BT R B 5% R S AE AR FH T (cis-
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55 KU 37 DR AR FH e A A 4 S VAR B
fEHIR DNA 2568 M, il efzisSHEEn
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By, BEALEEH Na* Il Cl AN, Ca . KM
Mg> & 2RO, H & Na i)™ & G
TR K ORIz s, R, S b Re s A
BWERAFI AT, WRIERR (ABA) BETEZ EMHE T
R, IS 5EMmER R A TR HE R ) 2Rk,
1.3 REMETEDEEBEXHERMEETK
TR X HE P 105535 73 Ve 3 (0~ 15°C) PR (<
0°C). fIRIRMMATT, FEHYIN: s 5 R 240 . ek
R, BMYERKETZIEmY, 515
Kok e 2oL, AR W 360 i k2D A 4 X6F K 3 1 R
We, BRI E R, Ak X E A, I
AP HIREAEH] . SCEESE SR . G VEHD
R U, XA VR T B3 ] S SR IR AE 5 7
M. —J&, HHEm g G M SRR G5, ik
W, rhagE e, b KIS MRS, ot
LRARIETT . SR RN, USRS S A I e
T, Ea s R o, I BHARE A PR
sk, BIEK e SR B R, PRGBS R
FAh, AR A S YRR HREL, 280
AAEC T A T 4 o ROS, B2, FEY ] i
9 il 2 7 A A R ke BR W T IE BR AR i 2 19 ROS,
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RZSMH K. MU R G EH MO E, vk
MYB Z545r R 4 N WKEFBE: 1D4R-MYB(HL 5 4 4
FEM RI/R2), EHE/DEMYB KK, HHEXZ
WA T BE T fifE /b, BT R IR 4R-MYB 1
{RETEN D BUEY) (AR TT . A4 ARG it AT 4
., 2)3R-MYB(RIR2R3-MYB), 7Y 5w
TR o PRI KRS A 5 AN A2 A T G i 3R-
MYB &, 3)2R-MYB(R2R3-MYB), i) hi Kk
H—2E MYB W55, KFEHA T 90 4~ 2R-MYB I
FWEW G, MRIFHwA 120~ L. 2R-MYB &
HEES S re . R . BENA DAY
X 35 85 Jp 0 g W 7 533 FE . 4)R-MYB(MY B-related),
YT R MYB W, BATERRE A
AR R B S SR X 0 P 1 i g 22
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K)o T EZAEY LB B S5 I A 24 10 5k
PF o DZIP 45 ka3l ph B 2 356 1 A 5 S PR o e 3
FIRE . FHY bZIP & 20 60~80 MR IR, H
N i & H 20 A28 A7 S S TR 4% S 4 s 1) B 1k 45 4
B, 3% X 0 I [ 2 B N-x,-R/K-x, G548 B 4SS
DNA, FR¥CE DNA 456 MRS IEAL, R B 0
B RAERE, ShA, N K ik B R R HOS
X, fELL T RIRAIE LSS DNAL bZIP #4555 H 1Y
BRCPE 25 AR ek 5 s R P B S A, AR BB
XN T bZIP Z5H3% C o, th 7 ek 9 AR
B — A A, R AL 79) ML —
SRR, A7 Y 5 S R AR T i K P 2 R AR
Bro KPS AT REIE LR YE o IRBELEH , %I
THE B 7 A Py 272 0 R ke 5 3 3 i A A 0 AH AR FH &
WG L, Bl E bty o BRGNS
bZIP FE 15 DNA 2551 Rk, AR i A
TR BRARIIE L, A bZIP 255 5t T a4 4 5
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BA ACGT .03 91 i = AF oo, 1 G-box
(CACGTG). C-box(GACGTC). A-box(ACGTA) 2524,
2.1.3 AP2/EREBP & 5% K1 1 4544 5 D) RE4F1E
AP2/EREBP & 54 55 [N T2 AH YR A IS SR N TR
o ZEF R B 2 60 AR FEBREE R B RS
AP2/ERF 4538, 45 Mg = 1455 DRE
(dehydration-responsive element)/C-repeat JIii 2 T {4 5%,
GCC-box M TTHF o X P TTA 1y [ B 0 7
5 CCGNC, J3FAE T3 SR K A i35 3 %
B HAREED IS 3 7 81l 9. AP2/EREBP 5
Wn] 4> A AP2, ERF(ethylene-responsive factor) Fl
DREB(dehydration-responsive element-binding protein)
5%, ERF il DREB X [ 4i#k A EREBP K% .
AP2 WHEEA 24~ AP2 45Hg, nl sttt . ik
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B, FES5MEYEY AR YIIE N ROV,
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4560 WRKY S5t Imiig 44, z45itiilih 60 72
A e FEAR Y W S R R Y 9 2, 7R N i B
WRKYGQK #0741, C sl & — A48 4544 5
C,H,(Cx, sCXy,,HxH) Fll C,HC(Cx,Cx,,HxC)?21, AR HfE
WRKY Z5 A6 385 (0 B0 AR AR 25 A B 2R AL, WRKY
SRR R A0a 3 ANEGEHE : W5 1 HATHAS WRKY
SRR —A CH, BUPEE S M W% I BA—4
WRKY Z5H5URI—4> CH, BIBEFE25H s W50 TE.
A —1> WRKY A —4> C,HC BUIFHE L5, 3%
WRKY R SE RS 857 X P ) TTGACT/C {4
SFH BN W-box, W-box J& HinEL[H 5 WRKY #%5%
HFFE L G R, HERER S WRKY #5g A
T WRKY 25 14 58 VR 48 45 4 1l 52 IR S PR 445
G, Bfdt WRKY F 55 K -7 AE Py e 1 A 4 ikl 110
TR R SR R,
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NAC i 55 I F e A P 0 2 A A W T i A vl 30 o
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RIHFGATET 250 0.5 h JFEIR N B3 EiH,
H 48 h WL & RIBKE, W6 GhRAX3 3R
K, T AR AE R AR A K A T B AR A
M7 B AR, BREAR TR AR X T 5 B 2 M
HAT R IA R Z MYB 25 5 R T 5L R B R IR $2 5
HWPPTFERE S, (HIRA FISN, W Zhou S5 BIFFE 45
K JeMYBO0T 5 AT, Hoad Fe3k Mg
T ARG I R AU, KRR AT A AA B T ek
B AtbZIP60 F PR T LLAE 3 98 15 A G Ca> A 26 1
P R DR R B AR N T SR A8 T AZ M CT . oK
ZmbZIP72 PRI ST H I ik Feak $i i TG S Rk R K
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PR E 480 B T v ) 2k 2R3k BE U T R 38 T 1 40 B i
PikoK o sk, EHAER TR & . S0 RSB B
AR5 H AR (R I A, R A R DREB FE A
1) sk TR A A5 2 I DKL /IN 22 AT (R 40 € T R A
MR JRsk, MREBEK 10 KRG, FEIEIE ARG R W
FEwm, ULEH DREB #% 5% K7 681 2UHe R /N 22 it 2
PE#I Chen Z#4i6 GmDREB2 % T 2 WA kS,
PO L L R T R RS R R e, PR I
PR 2T AT AZPEED . Tiang %5 % BTGl SIDREBI
FEHTZ T RmEINAES, B ARG, %
FEP UG T SR RE 7 B SR Y. Yang 4545 TR
W30 AT FEEEE SRE CitERF () 2838 308 1 1 fin Hp 5
fE S, Wang Z4R3E T 10 4 WRKY JE[R, K B0K
TaWRKY44 % NG ol iR & it . rIis S
. PrAEALEE Y TR AERL, H MDA Al H,0,
S B ERL, UL TaWRKY44 W2k 1658 T 5 5k
PR 6 SR (0 52 ), Niu 254K /N TaWRKY?2
R TaWRKY 19 8 1] 58 18 5 5L S 8+ 19 1 4
e A 1 BN iR I N2 S S N L 1 7o = AN 710
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586, H%% TaWRKY2 Fl TaWRKY19 £ 40l I+
FIH BRI R, FOKIY ZmNACSS M Z+
EaiES, H ZmNACII] FEFTE K il ik
REH o i FE DR R AR I K 2 R T, ol T 52 1 25 B T
ek L, T2 AR P A4, Zhao SRR
BT MINACY 33 3235 19 % B U e 77 rh e e AL il T
PEFR R . MDA & B F AL, H T 5 e i 2 A
) FRIBAE MINACY i KIkHR R R E X, wiH
MINACY 33 ek 4 7 g I %+ T A 52 107,
2.2.2 BT XL A N W E L, AtMYB-
41, AtMYB20. GmMYB76. GmMYB92. GmMYB177
5 MYB 2GS 7R B 2 3h i i J:e o9, A%
A GmMYB76 F1 GmMYB177 %5 5 D40 /G 778 = 31
Ab PR B AE T R R 2 T EF A ALY, Chen S54RRA
Eh i FAEE T 4 4> R2R3-MYB % [H, AhMYBI .
AhRMYB2 . AhRMYBG6 Ml ARMYB7 {33k % Tt
4 /> MYB-related 3£ [N, AhMYBI12., ARMYBIS .
AhMYB28 F1 AhMYB30 1) mRNA “FREHGHIES 315
HIAEA TR 20 8 > MYB KEPH A7 3 Eh ik i 5 .
Liu %545 th, FAIT AtbZIP17 TER 38 T 5% K
e, i KB E A N S ifE A% N 4%
FESRBOEAE T, 5 TR B N L AtRD29A I
AtRD20 3Rk, MM $2 mfEARBTER PE . Xiang %
(IRFGE 220, TKFE OsbZIP23 it 33k (76 e P K F it
ERVE IR, RRISR I R 114 5% A AT iR o R it A2
PER RIS, T OsbZIP23 54k B8k f5 , Hibit
EVERRBR L, UL OsbZIP23 FEAR Y I £h e vh
RIEEEAEHS, K& GmDREB2 JE N AE#E 3 D 1 e
I A F R B T R DR R R X v R a1 G
e 1, H A w8l Ir i B K R e KA
OsDREBIF $:[H . OsDREB2A 3N Y52 i H e 75
T, E MR B R AR I BRI RE S,
HIK#H OsDREBIA TE ST i Y i Kb T 17 UM
J¥ DREBIA LR Feik, MITHE 5 T A Bk R 1
Yao SR MG ERF76 FEF7EEL a5 L,
% ERF76 SEPURE IR 7R 2R | b, RIC . &F
LA R & . SOD 1625 A4 B AR AL bn w5
THFAER YL ERF76 T8 5 D 0 5 it 5 vk
HOR G IRV E RS, ERIMA R, /NFZ TaWRKY44
P RIRK B35 B, Hie TaWRKY44HE K 1Y 4 %L
P& 7O ER B 38 R AZ PR . Qin ARIN /N
TaWRKY93 R#hifs S sk N3N, TaWRKY93
o PR I S DA e O AR AR R
WLOMXTE KL . AN R AR SR I AT R U 4R

=, Zhou FE45 L, HEFAERIA L, TEERMA TR
S GRWRKY34 FE4D R 71 Hh Y ik 2 a8l A s 1Y
KR MK R &5, IEWE GhWRKY34 1
FASFROTRHER PSSR, 177 Jia ZEMHGE L HIAR GRIWRKY6S
FEPRREAIR T 3% BE D R pg B aE 10T, X 1 W
WRKY % 55 R - 2E AT P o %) 3 Wy 38 v R A & #4 1E 14
EURe e R AR IRE . Mohammed S RFFY &
B, WA RN B TINAC-B60. TINAC-A7 .
TINAC-B35. TtNAC-B27 Fll TINAC-A51 ¥ L i i
FIFRIME BT, T TaNAC29 HH W2
5T AR 0 e N 5 AE A B, I RE A R A
FRPT A L PTG T . 98D H,0, B BRI R 4500
Zhao S5 R IN MINACY 33 3235 19 3 R 401 B O g i
it ABA MO & 12 B2 S HRA R W a A RE o T Weid
S OTRITIN NAC % 53¢ N 20 4 JE R A A ko ) 3=
B, EARERIA T Y 12h N CmNACI48)FikF54L38
I, AR CmNAC14 535 3235 (46 B DU T 2035 1%
EINSTERIDEE Uy
2.2.3 B IRIEEE A N2 Gopal S5 E T
KT 475 4~ MYB 2 H, &I 51E% &ML,
IR W38 F R2R3-MYB W K 61 . BrMYB2 .
BrMYBI13. BrMYB77. BrMYBS81. BrMYBS8S .
BrMYBI21. BrMYBI166. BrMYB169 Fl BrMYB217 It
FHE WL, MYB-related W% % % 5t .
BrMYBIR25., BrMYBIR44. BrMYBIR70 .
BrMYBIR77. BrMYBIRI171 Fl BrMYBIR178 33
e RS R I, KFER OsMYB30 A2 AR
HES, 0 OsMYB30 FE/KAE T 0 F IR BEAR T /KA
WAL 320, T OsMYB30 R 275 (A K e i B
A W AR R W38 () . 1. Hwang 5538 52 %)
JET bZIP Sk F 545 i, Bra000256.
Bra003320. Bra004689. Bra011648. Bra020735 Fl
Bra023540 TEfRIRMHA TRk B3 B, ©01%
5 9 2 11 5 1T B S 5 A AR VA 38 B o 7 H
bZIP ¥ 5% A FHH Bol008071. Bol033132 Fl
Bol042729 Z AR A S S M s, FWIH AT RE7EAE
Py e ARG IR B B A HE L EAE ™, Lee S04 T 5
BEROmNETTAGER, RABRIESH
StEREBPI 3£ 2k S & GCC-box M= 7T
PR R, 2 5iEEm N, Ui StEREBPI il
X GCC-box M TCHF 1 S d Yy, FEi S5 ihia
RIEVE .

Niu %5 & PLE AL B %% MfDREBI F! MfDREBIs &
RIFEARIRALEE 1 h J5 0933A7K- 3% LR H 6 h BHLF|
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WA S R AL AR AT IR 1 s e P
Fo /NE TaWRKY19 BEII% Cor6.6 (cold-regulated
gene) MFRIBIFRELE GG 8+, (5% TaWRKY19 11y
PR IT 2 I B IR 3Z 149, KRS OsWRKY71
AL LA S 3R S 9 S R 49 i 2 I DR A R ) T 9
PR, Wang SEHF5E T HI A BER 4 59 4> VwWRKYs,
KIA 22 A2V A iE T LR E YWWRKYSS (1K
RO, BRNH CsWRKY46 FE R AEFEA 0 F 3R
ik L, HOHGS SRk i 5L s ST AR IR aa
AT AETE R AL Y, ol SINACT 33k m LA
/> ROS FLZIFH CBFI Rk LR, Mini2 Al
BRI A0 & B RE 10, H Li 45 & B3 i vhopn 5
SR PR SINAM T 338 3238 1) 35k R R R e D e 200 i
HRAEFEV IR EE N A AR5 . Zhao 5544 MINACY
e NBURE T IR, R INHG L R bR 22 v AL T ol 26 i 27 ik
2351 ROS Y5 R BE 1385807,

T S FAET 52 L s AR a R Y
BREILER 1,

3 % Y A R T
F R

R0 RE ) B 32 i 5 5 s D 1 I 4 il B A O
DI REHE N SRR B A W] o JE DD A [R5 5 @A
PEAT IS S PR 2R R AN [R) R IR 35 v =G4 ok
FAEZEFBIAER, X SETT S M A e 14855
T B AR e SR R . R B — R A
HIJCHH43 4% : GCC-box. G-box. C-box. W-box,
DRE. MRE. ABRE. ERE %, A[F#FH T P44
SFHY DNA 255 BRE S T AL i AR T4 &
FFAHEAE, DASEBIN R R SRk py 4, G SR
FEBR AT [) HA e S PRl DNA AR T LA 2 sl 4o i)
DR IR 2 A S8R R R T

ABA FE g 380 55 o e 7 1) N IRIECR L FEAR I
XL EhARMNE A AR Y AR R
[ 38 15 5 5 iR AR A0 4E ABA RIS R FIIE ABA
WHiEAE . ABA (KRR, 72 ABA TN
(1 Ja 8 X &R # ABRE(ABA-responsive cis-acting
elements) W=CAEHITH:, W/hEE Em, R IT RD29B
a3l F X A0 bZIP ¥ 57 i) ABF(ABA-
responsive element binding factors)/AREB(ABA
responsive element binding protein) K%, BEH
ABA i A K 1) ABRE JTi45 5 I B0 X LEHE P 1Y
Kiko 54b, MYB SR SA TR, WHERZ
ABA T3R5k, dE ABA fRHEURE T, fEIRHIY)S

B+ IX &4 DRE S HAWAZ L oo, HAE R E =R
1 s Z BN F#Y91%55: . 4 AP2/EREBP 2% 55 [A]
FHE—AE RGeS DRE FHLE G, dEmis
AR CIE N B 3k o AW ER W3 0 o o7 AL ) 3
i Ca* {55555 Fl1 SOS(salt overly sensitive) {5 5%
Bo MY HEZEE B, & Cat 55 T4l
SOS & B KA, S G 40 B i 21
Ca*, Jfil it & i TR 7 FR i Na ik A 40 i i [
B, fEUEM P 2 0 NahHET . AR RHIGIR N 1
PR = TR EEAS 5 1 R 1 ok SR IR 75 = 5L A
MBI . ALY Z AR M A N, ICE-CBF-
COR % s{ G000 5 W AE 8 L Wi IR AR = R4 T Ui
R AL R A Th L B AR Y, MR YE CBF &7
Z 5k, WA HLEI AT 43 CBF % 12 AR
CBF {fifiix12 . CBF Rzt , RG-S 5T
fif{# ICE(inducer of CBF expression) BifRfk, H5
CBF(C-repeat Binding Factor) )& a1 W =C4E FH o445
G, WG CBF BNk . AIETER CBF 7R X
YEH T #E11 5 COR(cold responsive) I AE T
255755 COR BRI FRIE, 39 AF ) R IR (14) Tif
A, — SO R B DA, AU RS ST R I 4 R Bl
ST HEE HOS9" | KA OsMYB3R-2UIE KA %
CBF ¥ 5 H ¥ a4, il it 4k CBF MOk ik 4
AR BRI RE T -

SRUL, Y2 BAMRIREE (TR &, K
A G, 23l — RN PT a5 5 e S
TGS R, T H 5 T Ui 0 5 LA S 3l DX g It
KAEHTHES G, PN R, I P ™
PR E XN . AN S AR Y, SR A G
DR HE P A e Rk, T8 BURH N A 2 R 7 4 L g 25 iy
BES.

4 JEHY

T g R AR e R e AR
AR, AP TR L R R A T AZ 1 5 55 38
WZVFZ N TR o B S DA 1R s BRI 3Rk 1Y
R PR R AEAE Y HCHT AR A= W) 30 455 JPhh 3 7y T e 47 o
YEH o — A5k FRES R 21~ 5 R 28R A ¢
B 3 PR R A, HE 3 o 1 i i 2 OC B A Y R 1A
I, ARG D SR R FE T RE, MRS - Al
Py e B R . BARBA MR O A TiF 2
SH0EA AN [R5 s D K51, BT A K
i S R GO B A DG T ek 1S B gk, B H
X 2 S5 PR - ) AF 5 0 T B — 3 B AR R A R
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Table 1 Response of some transcription factors in drought, high-salt and low temperature stresses

JEE Y E SEH B3l e SR DR X AR I Y 1 2 ik
Abiotic stress Gene Source organism Response of some transcription factors in abiotic stress References
TH GmMYB177 K& e AR ST I B T LRI BT T RE [34]
Drought Soybean GmMYB177 genes confer drought stress tolerance in transgenic Arabidopsis
AtbZIP60 WARIT T Ca? MO B 1 O RE R S i AR A R [37]
Arabidopsis Overexpression of the AtbZIP60 gene in transgenic cells lines improved

drought stress tolerances by regulating expression of Ca?*-dependent protein

kinase genes

SIDREB! i TS A 1V R G 7 A IR 4R 125 e R AU O T S [26]
Tomato Overexpression of the SIDREBI gene in the transgenic Arabidopsis plays

regulatory roles in maintaining the balance of osmotic potentials and
alleviating physiological damage in response to drought stress.
TaWRKY44 — /NE Fie e e R PR BT SR A DGR BB AR K [43]
Wheat Transgenic tobacco overexpression of the Ta WRKY44 gene improved the level

of drought stress-related physiological indicators

ZmNACIII  EK FRE AR F R AR [46]
Maize Overexpression of the ZmNAC!111 gene in maize improved drought stress

tolerances by increasing relative water content

R GmMYB76., K& BRI R e R BRI A R s [34]
High-salinity GmMYBI77  Soybean Transgenic Arabidopsis overexpression the GmMYB76 and GmMYB177
exhibited a higher survival rate under high-salinity stress
AthZIP17 WARIIT ERIE T SRR, 7S T e N RE A 3k [49]
Arabidopsis Under the salt stress, the transcript abundance of the AtbZIP17 gene was

increased, and the At6ZIP17 induced the expression of downstream stress-
responsive genes
OsDREBIA IKFE PR RN R 37 DREBIA FEN 36k [53]
Rice Overexpression of the OsDREBIA in transgenic Arabidopsis induced
overexpression of target stress-inducible genes of Arabidopsis DREB1A

resulting in plants with higher tolerance to high-salt stress

TaWRKY93 /N B I R T AT R [55]
Wheat Transgenic Arabidopsis overexpression the TaWRKY93 gene exhibited a
higher survival rate under high-salinity stress
MINACY TR B AU R T AT AB A R AR 3 i T R [47]
Miscanthus Overexpression of the MINACY gene in transgenic Arabidopsis improved the

tolerance to high-salinity stress via an ABA-dependent pathway

IR OsMYB30 KFE TER R FR R T HARIR T 52 4 [62]
Low-temperature Rice Overexpression of the OsMYB30 in rice resulted in increased cold sensitivity
Bol008071.  Hi (ST STy & S § [64]
Bol033132, Brassica oleracea The expression level of the Bol008071. Bol033132 and Bol042729 was
Bol042729 significantly increased under cold stress
StEREBPI e 7535 GCC-box W TL ¥ 2 R 2 1K 2 5 90 5 [25]
Potato Overexpression of the StEREBP] in transgenic potato induced expression of

several GCC box-containing stress response genes
TaWRKYI9 /N T Cor6.6 WL, FEREEAE MR IF I G AE [44]
Wheat TaWRKY19 can activate the expression of Cor6.6 and overexpression of

TaWRKY19 conferred tolerance to freezing stress in transgenic Arabidopsis

MINACY TEHL A SE R R T ROS F T B AE 3858 [47]
Miscanthus Overexpression of the MINAC9 gene in transgenic Arabidopsis enhanced

scavenging capability of ROS
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FAE TP E A S AHOCIE R G Y . W Duan 5%
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B HE A (NRT) &K TaNRT2.1. TaNRT2.2 .
TaNRT2.3, TaNRTI.I Fl TaNRTI.2 M& iz & A
(AMT) 3K TaAMTI1.1, TaAMT1.2. TaAMT2.1 %+
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TaNRTI.1 F1 TaNRT1.2 FEH KK Z T 2B 755,
M EATE R BN LR g R as sz, B+
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TR AZ TR, Shen EHE Y, m R
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H KM 0 35 A, T Nat v I S 318 o
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ik, FHATHAEN BB 2 DR,
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