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Advances in functional study of transcription factors regulating plant responses to drought stress and its
application in genetic improvement for drought tolerance in rapeseed
ZHANG Shu-fang, WANG Yan—xi, GAO Jin—qin, YANG Cui-ling, ZHAI Yun—gu*
(State Key Laboratory of Crop Stress Adaptation and Improvement, School of Agriculture, Henan University, Zheng-
zhou 450046, China)

Abstract: Drought stress severely restricts the growth, development, yield formation, and quality stability of
rapeseed. Transcription factors play a crucial role in drought resistance by recognizing cis—acting elements in target
gene promoters and regulating downstream gene expression—either activating or repressing them. They are widely
involved in processes such as abscisic acid (ABA) signaling, stomatal movement, reactive oxygen species homeosta-
sis, osmotic adjustment, and epidermal barrier formation, making them key entry points for elucidating the genetic
basis of rapeseed drought tolerance and identifying breeding targets. This review focuses on rapeseed, summarizing
plant morphological, physiological, and molecular responses to drought stress, and clarifying the cross—regulatory
framework between ABA-dependent and ABA-independent signaling pathways. It then systematically reviews the
application of techniques—including QTL mapping, genome—wide association studies (GWAS), whole—genome fam-
ily identification, multi—omics integration, and proteomics—in discovering candidate transcription factors for

drought resistance, comparing the strength of evidence from genetic associations, omics—based associations, and
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functional validation according to their evidential hierarchy. Based on this foundation, the review summarizes recent
advances in functional research on transcription factor families such as MYB, WRKY, bZIP, NAC, AP2/ERF,
bHLH, and zinc finger proteins, with particular emphasis on their convergent functions and regulatory diversifica-
tion in ABA signaling, stomatal regulation, cuticle and cell wall formation, and metabolic homeostasis. Current stud-
ies have provided endogenous genetic evidence for several rapeseed genes, including BnaC9.MYB46, BnaMYB52,
BnMYB96, BnWRKY255, BnaABI5, BnaABF2, BnaNAC038, BnaNAC069, BnaA6. TINY, BnMYC2, and
BnaTZF1. However, most candidate genes remain at the level of expression correlation, lacking direct target identifi-
cation, functional characterization of homologous copies, and field yield validation. Given the complexity of subge-
nomic redundancy and functional divergence among homologous copies in the allopolyploid rapeseed A/C subge-
nomes, this review advocates prioritizing endogenous functional validation and comprehensive analysis of multiple
paralogs, systematically constructing inter—family regulatory networks, intensifying research on post—translational
modification mechanisms, and evaluating the synergistic effects of drought resistance, yield, and quality under con-
trolled drought conditions and across multiple years and locations. These efforts will provide theoretical support for
improving drought tolerance, stable yield, and high—quality traits in rapeseed through genetic enhancement.
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Table 1 Recent advances in the study of MYB family transcription factors regulating drought stress
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H T, WRKY %% 5% K+ 138 43 b 5 D e ik 4 %
H 5 RIKEIKR . 2K BaWRKY49™ /N %
TaWRKY24—1D"" }; K ZmWRKY30°8 %5 3L [H £ 7F
PR I+ 45 S IR AR R R T R BT D R RUE , AT A
& WRKY 1 e e Bt T 2% (HRRE B %
5 A T FL S R VR S R A D RE . e A, B
AR LA O N ZE O R B AE S A B AR R
WY, N [A] WRKY 8 5% 78 T 52 JpihA6 o Ji Hh mT & 4% 1 1]
ol B AR, BB —E T RE 1k o

TEVHEE PG 7, WRKY #4 55 DK ] 3 o 9% 15

ABA {5 555 ROSHZ R A il L S fLizs
SEN RS 5EY) T 2N, JF AT 5 MYB . bZIP,
ERF 2555 5% I8 iU b IR 5 AR R4 4510 Rk
M5, A TR B RARBHMEY) , =%
WRKY Z &bt R RERF AT A R, R
A BT AR AT R AL A B E , {H 2 5 e L [
ik Z R SR D) RE S A8 , LT Ve A0 3k PR R o 4 0o 4%
WA Ryt — T
4.3 bZIPXik

hZIP SR 15 2 AT 40 390 5% Wi 7 8 4% ) 6% v 1) T 22
5N , Hoh 384> ABF/AREB 1 ABIS 28 i (74
1B ABA 5 538 [ 1 B 22 T IR K 5, o] i a8
S ABRE . G-box S5 M =X AE FH 70 4l 472 Jily 262 i) 1y 35 P
F IR AE S N TR D) BE BF 5K, BnaABIS I
BnaABF2“'S 4 iE 52 2 5 T S A m hy , I & #5 1E
W EE M . Hoh,BnaABIS il 2 5 T RiESH
ABA {5 5w i i 2, I 5 Z R BAE R PP s
2 BnaABF2/E ABF 2K bZIP 4 N TR 51, 2 5
ABAAN 0T 55 55 5, VAT T el g i 3 R
Fikl,

E A B, AT CaADBZ1" K G 1Y
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Table 2 Research progress on regulation of drought stress by WRKY family transcription factors
WFh FEH it 4R B e Rl B UESR RS
Species Gene Function Result Verify the species  Validation strategy
X . BnWRKY255 {5 U5 R 12 S im s T 5 -
. ATl R S A . NI RE SR TIE
s . o amy biiE o
BnWRKY255  Negative regulation of Endogenous function
B. napus BnWRKY255 acts as a negative regulator in the B. napus [s4]
drought stress validation"™
drought stress response of Brassica napus
T AL AL E SO RIA T S N T ST R K (ABA B
_— TR RARE R BRI R R A JEIES3HT)
W BnWRKY149,
Drought-responsive  Identified as candidate genes for drought response \ Heterologous overex-
B. napus  BnWRKY217
candidate genes based on whole—genome screening and stress—in- pression (ABA sensi-
duced expression analysis Livity analysis ) 551
RrWRKYS56 i 3L # i) ReUSP () #3618 15 2
B T TR E AR R e P IE
Rosa ru-  RrWRKY56  Negative regulation of ~ RrWRKY56 negatively regulates salt and drought Endogenous valida-
Rosa chinensts .
gosa drought stress stress tolerance by suppressing RrUSPs expression tion"**’
in Rosa rugosa
CrWRKYS7 Fl CrABF3 D RIBIT CreYCD6 ;1 5
IEmPEE TR ARSI
ik » : LR ik )
CrWRKYS57 Positive regulation of Endogenous valida-
Citrus CrWRKYS57 and CrABF3 cooperatively activate Citrus 0]
drought stress tion"”
CrCYCDG6; 1 to enhance drought tolerance
% LeWRKY 14-LeDPB JEIN ) FRARAE b 12 25 12
T ERPEETREPND & TS TR . BRI AL
LcWRKY14/ IS
Litsea cu- Positive regulation of ~ Transgenic hairy root plants expressing LeWRKY 14 Hair-like root transfor-
LeDPB L. cubeba
beba drought stress -LcDPB significantly enhanced the drought toler- mation'®)
ance of L. cubeba
s G R TaWRKYSS G4+ Rl 5 s N IE
N N
i TaWRKY58  Negative regulation of ~ TaWRKY58 negatively regulates drought stress re- Endogenous valida-
Wheat Wheat o
drought stress sponses tion"”
s X  MYWRKY403li i 4% 5 ROS 75 BRBE J1 48 i Ul ma o+
By A WEREEET RS N S ik
] - ) ISE7ReEY s ENEaprs
Medicago ~ MfWRKY40  Positive regulation of Heterologous overex-
) MfWRKY40 enhances drought tolerance in Arabi- Arabidopsis (3]
falcata drought stress pression'

dopsis by improving ROS scavenging capacity

GmTRAB1"%E bZIP 1% 53 4 56 o A+ 52 1F ) P 4 1A
+, MHEAR BpbZIP6 1" KB 1 171 (] P FEAE . it
A, FRTT AR SR TARK RIS Py R i bZIP
FWGER RO YRIES S T bR (£3), H
H, ¥ ProbZIP18 AT A S AE MR AR K 58T 51 Z 1)
P AAE 75, A BT 2 Sk DR R A P Rl v 5 AR K
PR T EE S,

hZ1P 8 1% M ] 32 20 0l R 1k 55 B0 35 J5 18 1 A
W, I A SRR R R A R R 4, S
[ 251 Rt #20 AR AR ) B AR
Y, 3 bZIP KR P R 54T = B ABIS
S5 DRON AT, 2B G R I B  ik Z IR Y D RE
TIE 8478 I 4 i A, M SRR 5 245 BE T e 1k i 1 J%
A 58 e PR 7 3 B Bt

4.4 NACXKI&

NAC KR 1z Z Syt N M ERKEE
P . NACH M N IR ~F i NAM Z5 #4932 5 DNA
454G, C o sp a5 XU A B s 728 S 1k T NAC
F G 2 M AL B 0 48 T RRTY . AE T 3R
BnaNACO038 12 PR Bt 57 Ty e 2k PR g UE 52 o T 5
PR R, L R A Ak 2 B B 5 i T R, B
EIEFAERFMN T ARREZW ™5, T2 TOLEM
WERR B GE | AR i FOokeRL ™ SO0 TP AR A, WoR
R AR Y RPN FHEE 1 Ak, BnaNACO69 £ i
S N R DI RE 50 TIE , B TE S [ 8 42 7 =5 1 SR iR A e
I AR H A b K R OsNAC297Y 8 1
CaNAC6™ & T 2K ZmSNACO6"*'4F NAC iY, b1 i it 7
IR RN R I UE I IE i Pr RIREE R . R,
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Table 3 Research progress on regulation of drought stress by BZIP family transcription factors

Yy HN Jite RS

Species Gene

Function Result

BnaABI5 2 59l 508 m N, £A47F 24 HAE

Mg IE T AR T R A B
B. na-  BnaABI5

Positive regulation

I EY R B R S
Verify the species Validation strategy
R TSR AK (Y
MR Analysis of endogenous ex-

BnaABIS is involved in the drought stress response of B. napus pression and identification of
pus of drought stress
Brassica napus and interacts with multiple proteins interactions™’
BnaABF2 73 bZIP FIFINGL , 25 ABA - FHYF
e TR . Rk
. , LA RIT
B. na- BnaABF2  Positive regulation Heterologous overexpres-
. BnaABF2 is a member of the bZIP family and is in- Arabidopsts 6]
pus of drought stress sion"%
volved in ABA-mediated drought signaling pathway
EFEE T8 ZmbZIP38 i Feik il m T TR ;
ok ! , T _ Tk Pt ik
ZmbZIP38 Positive regulation  Overexpression of ZmbZIP38 enhances maize (70]
Maize Maize Endogenous overexpression"”’
of drought stress  drought stress tolerance
PuobZIP18 1] FIARE SEAER A T/ I A 0k
_— DA CIRL kil sy S R 111 75 e - PIREEA + D RESIE
PtobZIP18 Negative regulation  Natural variation in PtobZIP18 confers the trade— Endogenous cohort + function-
Populus Populus
of drought stress  off between stem growth and drought tolerance in al validation'”"!
Populus
X . JHE A IR IE S S 54
T T R MhbZIP62 R MhbZIP23 I H ARSI [ARYIXI MRS Std -~
s N CIR/CESin REsy /ST . . EA
AR . _ S pra st e )
MhbZIP62  Positive regulation Tobacco exogenous valida-
Apple The interaction between MhbZIP62 and MhbZIP23  Tobacco, apple
of drought stress tion, apple callus transforma-
further enhanced plant resistance to drought stress callus tissue .
tion
. OsbZIP35 40 3AH5 ABA B /K R T A1 1E o] 37
§ R o i _—
IKAE N i KR IKAE P e ik
OsbZIP35  Positive regulation (73]
Rice 0sbZIP35 mediates ABA—dependent drought toler- Rice Endogenous overexpression' "

of drought stress

ance and positively regulates rice yield

KRS8 SR LI AR S Y R P s th 2 S
5 87 A DG ) NAC 4 536 7 (36 4) o FETRHEHILI
J5 1, NAC ] 18 1 445 ROS ka4 18 3 71 B2 <AL
B8RS 5 T R ), I 7] 5 MYB . bZIP .[ERF
LI S IR AR 4 X 45, AN TR) AR 6 ] 2R 80 H 1 ]
Lt m R e sk, BRI S, 1038 NAC Kk
2L 58 BT BE IR A B R G R B AT A A PR, R o
B B ATy 5% B3 T 2% K i 7 A 1 PR e By B B =
TRA BT REFET -
4.5 AP2/ERF ik

AP2/ERF #8 Z i IR 57 1) AP2 DNA 25 & 45y
Bk T EERE 38 % 3N AP2 (ERF \DRE %537 %% .
ot DREB 2% 55 PR 1 3 o iU 48 35 (5 3+
H Y DRE/CRT I =CAE FHOC 4 , 25 DL ABA FEK 6
B R e i1 R Y ) S SN IR i E AN €1 B A
IR RERT 5T 2], BnaA6. TINY J& T DREB 2444 %
PR, A I ) ] 4 90 5% 1 52 38 i 977 s BnaC9. DE-
WAX1JE F ERF Z8 4% SR -, 38 2k 4 Sge 4 il s o

A A S 5L H BnCERI-2 , 7 1) i 45 35 Jiz & I A= Wy
A, HET S SR BT R RS, R T A DU R
FRAF IR DI RESRAIE , HIH =% AP2/ERF #8 5% 1 AH 2%
AT AT BIR | 7 s 21 23 B i 208 1 %) 224> 1 5 i
i e PR 32 B HAT Fe 3R SCHRUE M , LA T e v 1+
AT S

e HAMY R, Qn/NEE B TaRAP2-13"1 2R AY
SiERF054°" 2 3¢ 5 i) MhERF113-like"" 4% AP2/ERF
ek E IR IR RSN UE . LAk, AR E AE
A F SRR R RIISE Y R L S 1 22
55 B30 0 N B9 AP2/ERF B 5 (36 5) , ASTR] R G
I IE B IR AR AR . ST, AP2/ERF
BB R T S AR T 0 M ) 45 ) 245 1) 7 2 24 iR 4
ANTR)E G 05 S FL Rl 01 T 38 3 A RS S ik 2 5 it
B, HOae A — M IR sr e S R Rt M
BT KFG INFE SO AE YR, ISR AP2/ERF 8 5K
BB PRI REREFEAT A FRR A, Z 8O 51 i k=
Heant G 2E gk, L E R D EH A BEAE R R K
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Table 4 Research progress on regulation of drought stress by NAC family transcription factors
. WA S
WiFh A il EEE S . _
Verify the  Validation strat-
Species Gene Function Result .
species egy
. B PET 20 BnaNACO3S MRS It SR ER T ], 73 T 1 2 42k - AT 5 PR i
N I
BnaNAC038 Negative regulation of ~ Knocking out BnaNAC038 enhances drought tolerance in rapeseed Endogenous
B. napus B. napus (5]
drought stress without significant yield loss gene editing’
. . . IR DI RESGIE
- QR TS BraNAC069 2 5 l3E T SUMh 51 -
e d e Endogenous
BnaNAC069 Negative regulation of ~ BnaNACO069 is involved in the negative regulation of drought stress
B. napus B. napus  function valida-
drought stress in Brassica napus .
tion
. R R S ] . . _ P IR
KA  OsNAC 120 Gl 3 35 7R A4 1 5 S 1 KA
OsNAC120  Negative regulation of Endogenous val-
Rice OsNAC120 negatively regulates drought response in rice Rice
drought stress idation®"
CsNAC28TEAURI ST AL R IR 4 5 10 ABA b BE A BN, Uik B ek
e N N y - . N TR AT
ER ) IEm A TR D TR AT R 1A 4 K W
NP Heterologous
Camellia  CsNAC28  Positive regulation of ~ The results showed that overexpression of CsNAC28 in Arabidopsis
Arabidopsis ~ overexpres-
sinensis drought stress conferred hypersensitivity to ABA treatment and decreased the ac- . r83]
sion
cumulation of reactive oxygen species (ROS)
T 5RA T, i3 A OsNAC25 /KRS F- R T Rk
K IEBTEZET R0 SRR, SO , T R R & IKAE PN 5B
2] (5}
Ri OsNAC25  Positive regulation of ~ Under severe drought stress, the overexpression of OsNAC25 rice Ri Endogenous val-
ice ice .
drought stress exhibited decreased malondialdehyde levels, attenuated oxidative idation"®*
damage, and improved survival rate during the vegetative growth stage
e L S A
IEREE T RPE 2046 NACHE SR T CINACTS 1 5 IR A48 i R I+ (1 i Rk S
EAwiZ 2P Heterologous
CtNAC78  Positive regulation of  Ectopic expression of safflower NAC transcription factor CGINAC78
Safflower Arabidopsis overexpres-
drought stress enhances drought tolerance in Arabidopsts thaliana . raa)
sion

PEPEE 45 i AR AR B TR AT, W2 T OGS B R
BRI HE— A S R
4.6 bHLH FK¥&

bHLH (basic helix—loop—helix ) %% 53 [F T % jit L
TR ST B BB E — R — BB E 45 M R R AIE , R B
RN F25 A H R K S 37 T E-box B8 G—box Il 2
YER T I H L 5% 2 S 5K EE K&
0BT I 6 e RO, AR T, N R T RE 56 TE R B
BnMYC2 38 33 it ¥E L OCH 2 5 T R W e by, 1F
] PP A AR 1 T R 2 M7 A, SR TR R
D7 85 (QTL) 58 17 5 55 S 2B A 43T, bBHLH105 9 58
TE AT ST A S A e S R (R LR T e v e =
P TR A 2 UE Y, 7R KRG H, OsbHLHS9 3 32 1]
A B A PRI SRS, 3 ) 26 R OR TR R A iR AR
EM 5T 2w M2, 0sDTS fE AT
N DA A E el e ] [ d o e 7 STE R N2 A G U
W i A A, AT g o3 o T 57 A S e 2 A 9 71
VeI, FE/NAE v, TabHLH27-A1 REf% WhJE ki Ak AR
K5 5 22 M 22 8] A A, oty ik

T A IO KRR 5 bHLH e 5% AT Bl A
B2 5T 530 e N, A 5C T g K 45 B
W6,

{ELAS-TE 72 , bHLH 56 5% T AE A ) T 5
T8 7 AR AN R BR T 38 4 3R 51 E-box JT A
PN R SR IA  HORE AL W M Z R0 5 5 it
F A2 HAE B e s m A . 1 S, 410 bHLH ik
M2 OLH R BAE P+ (phytochrome—inter-
acting factors, PIFs) 2 5615 5% S | #£ /R &8 4
bHLH % 5 K 7 n RETEDGIR 5 5 T 5 a 5 5 122
PP AR AR, U AR e AR Ot S
TREGHA T RIIRE . HW, KA 0sDTS HHFFE
R, B A 5 0 EE 11 R A 2 81 bHLH % 5% [
T RE B AR Y T 5w 7 %) EEE ML, B B oK
VARG , A BRI [ R AT R S A 1Y
PURAE Ty . SR, H AT M B = R GEVE R B TS L
5, ME LAV IR 2 1 5 R M TR 4R e SRR R AE
£/ ) IV RN E D N N N i B e O S
SEHORIY R, DA 0 26 B R S 1 £ B2 A A bHLH
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Table 5 Research progress on regulation of drought stress by AP2 family transcription factors

S UEY B UE SR M
Wyl M Jine RS , .
Verify the Validation
Species Gene Function Result )
species strategy
- E [ TR BraA6. TINY J&F DREB IF S , 15 [ P 022 S 0 2% - WIS RE S IE
=R 1%
- BnaA6.TINY Positive regulation of  BnaA6.TINY belongs to DREB subfamily and positively regulates - Endogenous func-
B. napus B. napus

drought stress

drought stress response in B. napus

. S (87
tion validation'®”’

BnaC9.DEWAX I 38 33 5 S il 55 5 & i3 R BnCER1-2 T

PRLEAL oy

Negative regulation

i BnaC9.DE-
B. napus WAX1

FERE TS R

of wax synthesis

BnaC9.DEWAXI negatively regulates wax synthesis by repressing  Arabidopsis

Seiliid ik
Heterologous
[88]

AR

()Verexpressi()n

the transcription of wax synthesis genes BnCER1-2

EWEHTE SRITAET R M0 ERFO26-RNA FEIE ALY B 2 41w T 454 H 78 it vk SAEETE RNAL HIRDUER
Medicago  MfERF026  Negative regulation ~ ERF026—RNAI plants significantly enhanced drought tolerance in ~ Medicago Endogenous
sativa of drought stress M. sativa sativa RNAI silencing"®*
R . TAF10~ERF109 ¥ RAHR G457 Rl N i T2 MRS ) o . s
Gk E ) R T e st i e =k A IR
, " S s Fs , ,
Foxtail ERF109  Positive regulation of Foxtail Endogenous vali-
TAF10-ERF109 transcriptional module directs flavonoid—based
millet drought stress millet dation"**
stress resilience and yield enhancement in foxtail millet and wheat
TE [ A 5L aa . ) P E
R MhSHINE2- - MhSHINE2like R4 1E 0] I 75 3 AR (6 558 ) AR
Positive regulation of Endogenous vali-
Apple like MRSHINE? positively regulates drought tolerance in apple plants Apple -
drought stress dation"**
- IERPAEE TR MaERF23 FEA (430 SR BESE T4 B AR 14 i 57 e — IR PUE SN
;é 0
MnERF23  Positive regulation of ~ Overexpression of MnERF23 enhances drought tolerance in trans- Heterologous
Mulberry Arabidopsis [05]
drought stress genic plants overexpression

i SR IR P 1 2 SR R AIE S TR T, A 8 /s AR AR AN []
20 i 2 7 v AR K 5 T S ) P R AL R A TR
(RIS SR, AR I 45 A PR A i % 4l R
20 e PSS AB M 43 BT S5 BOR | RGE# AT bHLH %% 5%
P77 T R Wl R i 2s 2k sh 3 R B i
20 it 28 R SR TR AR N 45 A VE B R R A s AL
R AR TE (1 4 TR AR
4.7 HEEAFREK

BE45 5 H (zinc finger proteins, ZFPs) & — 28 &
A PRST 21 o 2 R 2 2 T A R A7 245 ) 3 1) B i
PEA IR AR R LA 5 4 S LR HES O 3T
4y C2H2 .C4 .CCCH %5 2 Fh 26 A TEAE W) AE A= W38
W N R (G TS Ok E R R R A
FHU0 3SR R T BEBF9Y K B, CCCH AL 445 B
BnaTZF1 A 38 i 5 5 # AR mRNA I 5 HAR e v
2 550 S S T R, DTG I i) B4 SR AR R A T SR it
ZAEN AN, ZATI0 38 1 T 5L AL B R B %G Sk 2H T
BT AT Bk 25 2 Sk 5 9 S U R e A O ) 46 3k
SR ARSEE Ry A T D BE SR, e A AED)
W, /N C2H2 RUEEHE B H TaZFP21 Z T RiE 38
Ik R ZRIh f ] LR K G CCCH RS
T GmZF351 BE % 1E 7] I8 22 A Ak 1 52 0105 K A

CCCH BUBHFE T 1 0sC3H10 52 T 5 R /38 & ABA
W aRIN At Rk TR Fa8 01, IF 2 i
LEA & FUFR F2 A G2 1 (PR) ZE A By R 381S it
Ah RRAEN ARRFN T REEE IR SRR ) A,
RIMZHAEHEEN S5 TR HE (R T,

5 R IE MR R MR BE S A AE L, fR
32 Rl 1 (R B S8R AN 2 (H AT REAE 240 4 ) 1
SEN PN YRS R R N e R O Tl T e (A
4N, TaZFP21 HARTEM AR A Bm Rk A J1 %
PR Y Ee, R AT ie S SR AR E
1 CHEUE o e SR B2 o 07 AR R I £ 0 T AR
RERNE, TRARRA SR AREIA—E
& , H] fig B WA 438 1o 35 T 1 R TR TR R
AR AT AL, DA B A B T A B s 0, AT Sk
G A B0 A5 14 2 s A A A B AR R R
SR ZB AN T 45 A AR R A /A T AR
Je 78 Fe kBT i — 25 I
4.8 BXRKERAZENHNEE.ZREREFTMER

T 1 5 202 2 S 5 s R U I R 45 00 52
Zeid #E. MYB.NAC .bZIP WRKY AP2 % F il 1E 4%
55 80 RO AR 22 5 (H D e B AR T
ABA {55 ALY (3R K B e 5 A AR A
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Table 6 Researches on regulation of drought stress by transcription factors of BHLH family
BAEY R
WFh HEH Tt RS , U R S
Verify the
Species Gene Function Result ) Validation strategy
species
. BnMYC2 388 33 W S LI A 1 [ PR i =g T . . .
- TS o ERNAIURRIE
e ! PR sk o -
BnMYC2  Positive regulation Validation of endogenous RNAi si-
B. napus BnMYC2 positively regulates drought tolerance in B. napus (071
of drought stress lencing™”’
Brassica napus by modulating stomatal closure
BT QTL I SR ZH IG5 43 7 10645 2 o 4k ik
. FE B TN IR RE S IE
_— T P A A L R LA . R . .
N2 Drought—tolerance candidate genes were identified Mg QTL + % S 2 i vk
bHLHIO5  Drought tolerance .
B. napus through a combined QTL and transcriptomic analy- B.napus  QTL + transcriptome screening '®
candidate gene
sis; however, no endogenous functional validation
has been conducted to date
N SIbHLHI6 5 K 157 i )5 Fe bk fd iy 1 3 i
N EE TR L
i . i iRk i P Ik
SIbHLH96  Positive regulation (o1
Tomato Overexpression of SIbBHLH96 in tomato improves Tomato Endogenous overexpression''"!
of drought stress
drought tolerance
IE T R ME SmMYC2 1 3Rk 4 v e B 1 i bt 540 .
T y , o _ T AR
SmMYC2  Positive regulation  SmMYC2 overexpression enhances drought resil- (102]
Eggplant Eggplant  Endogenous overexpression' '
of drought stress  ience in transgenic eggplant
A7 bHLH §% 34 T SiLRLI 26818 b 3%
BT IE R TR0 FREAR SR - SRR IE
Foxtail SiLRL1 Positive regulation  SiLRLI, a bHLH transcription factor from foxtail Arabidonsi Heterologous expression valida-
rabidopsis
millet of drought stress  millet, promotes carotenoid accumulation and im- & tion" 1%
proves drought tolerance
MR PR T 5 P Fe b TR P 5
N N N N e o I =
Tk TE 5T 8 ZmbHLHS ] TE 4l p I 14t Sk * R ES
’ ZmbHLHS81 Positive regulation ~ ZmbHLHS81 positively regulates drought resistance Overexpression of heterologous
Maize Arabidopsis
of drought stress  of Arabidopsis thaliana ) genes in A. thaliana and endoge-
maize

e . - [104
nous gene E‘,dlllng 1n maize- 04]

TSN R % S5 R 7 B o] S %05 51 s s K
A3 FUR A RT3 A 2 N7 3 S BT BE B AR, PR
FIGHE T 75 T AT AR 2 9 43 T Bk SO Al
BRA KSR LR AR

ABA {55 57K 43 8l P45 2 22 R sk X 7
B A% 0 AV B o 3K BnaA9. NF-YA7 il it ABA
R S ALE s 5P BaNACO3S8 il i T
I BnSnRK2. 6, NAC % st i 45 5 ABA {5 % KoK
A3 B RIS BnaMYBS2 1] [ 25 J6 #5 ABA )
N RAL R B S RA B FEY; BnaC9. MYB46 N
I R 9 A 2 I IR A L RE A B, B AR R
FRARKBEFM, LRI e b R AR K R fLiE
3 RALK T SR ALGE I E PR S, R [ 5
SRR ATl 2ot 22 S AR IR P ML A AR B R R A

WEL X HAE S 5Bt — 5w T2
PEAE R 4 . TH3E GA {55 4153 RGA AJ 5 ABA 3 %

¥.05 A F BnaA10. ABF2 & A= 86 1 BAE , JESE T 520
N 5% Z2 Vi 2R B U R R 451 s miR 169n AT 4[] T 8K
NF-YAS, /1555 5% I F 1Y 5% 5 5 K R s, 5%
S F T R DI REAAIR YT [ & 2K KF, 832
A EAE B 5B SR SRS L R R
H ,RGA 5 miR169n & A& T4 K T %%, 5
RIS SR AR 0 45 0 B 2E R T

AR S A W E D Re ik SR -
KA 25 . BaMYBI6 1] [R5 Ji fas kg bkt bk Ok
AR SMIE TR R AT ST RN A S R
I R AL T B K HE Y BnaCO. MYB46 £ 2 5
7 55 An i RE LA A A, 1 BnNACO38 . BnaA9. NF—
YA7 S AT ABA MY 7K 43 V8 9 38 T TR
— I S R T SRR [R) B A7 78 I B R 1 B, W BH AR ST
SERIRIC T e e T R D RE Ty 1), HLAARSON B T Ui
HOBE R R 0K B 28 5 R s AR 75 S AR Rl e o
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Table 7 Research progress on regulation of drought stress by zinc finger protein family

WFh HEH Tine 458 B el B ESRRE
Species Gene Function Result Verify the species Validation strategy
IEIEEE T BnaTZF1 2y CCCH BYEHE 1, il i #0 AR AR Ty RE Ik (R P 4 5 +BIL
- 30 mRNA B S5 5 PR e Tl e P4 - AT )
=R =R
BnaTZF1  Positive regula- BnaTZF1 is a CCCH-type zinc finger protein Endogenous function validation
B. napus B. napus
tion of drought  that enhances rapeseed drought tolerance by reg- (target gene identification + mech-
stress ulating mRNA post—transcriptionally anism analysis ) 1"/
TR N R S 2 AT S DA BT W A 1 A
o Tk L A e B SR 2H LB Y
ViR THR
ZATI0 Drought early  Candidate genes for early drought responses Transcriptome comparative analy-
B napus B. napus [108]
response can- identified through comparative transcriptomic sis'!
didate gene  analysis
IER AR T R ML PLATZ$ A GhPLATZO1 il Gh-
JHria PLATZ15 f{id FB RS ST+ ik 0 7 fE -
Ktk GhPLATZO01/ i SR SRS
Positive regula- Overexpression of cotton PLATZ transcription
Cotton GhPLATZ15 Tomato Heterologous ovelrexpressionL 12l
tion of drought  factors GhPLATZO01 and GhPLATZI1S5 improves
stress drought resistance of tomato
TE T 5 .
B 0sZFP252 3853 3] 0sGA200x5 F35, 77K
— e = . = oz \
KA - R R KA P ik
O0sZFP252  Positive regula-
Rice 0sZFP252 enhances rice drought tolerance by Rice Endogenous overexpression! !
tion of drought
suppressing expression of OsGA200x5
stress
IE [ P42 5
_ Jiiritr OsDi19-3 %+ 58 1E [ 5 4E H _ o
KA ) » . i -~ KA A6 UE
OsDi19-3  Positive regula- OsDil9-3 functions as a positive regulator of |
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