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Research advances on plant BZR family genes in regulating abiotic stress response and development
ZHOU Ye, ZHAO Xuan, WANG Lu, FENG Shan—shan, FANG Yu-jie, WANG You—ping’
(College of Bioscience and Biotechnology, Yangzhou University, Yangzhou 225009, China )

Abstract: Plants are often affected by various adverse environments during growth and development as a result

of being sessile. Therefore, plants have developed sophisticated regulatory mechanisms to cope with the stresses.

Brassinosteroid (BR) is a type of endogenous steroidal phytohormones, which regulate various biological processes

throughout plant’s life—cycle. Brassinazole resistant (BZR) family is a plant—specific transcription factor family and

plays essential roles in BR signaling pathway. In this paper, we summarized structure of BZR family proteins and

their biological functions in BR signaling pathway especially in oil crops. The unsettled issues in BZR-associated

research are discussed and prospected. It was to provide an overview of BR—mediated molecular regulatory net-

works, and facilitate genetic improvement of oil crop stress resistance and yield.

Key words: brassinosteroid (BR); brassinazole resistant (BZR); stress response; growth and development
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1332 f& BAK1 (BRI associated receptor kinase 1)
J H 5% B SERK (somatic embryogenesis receptor ki-
nase ) 37 B EEF . BR i i 5 BRI1 45 & MM 34 06
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M 30 ] BR A5 5 3& 48, 11 9% BR 3% & (% BRI1 5
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Fig.1 Brassinosteroid (BR) signaling pathway in plants
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BES1 & AEM EAEA, I T Hz R ACRFEAE , DI
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precipitation microarray , ChIP—chip) #H4%5 & B9 J5 ¥4 7E
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AR ST Th = 5 R A W W38 25 19 BZR e 5 R
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PR 1G5, T TaBZR2-RNAi /N2 8 0k ) 26 38 4 % 1
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T 2 A haE N 25 M SC FE R Y e 3k, ELRE WS 1 B 4
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FHRE, % BLid 223k BEST Flid 21K mOsBZR1 K: X 1y
5 43 Tt L PRURELAR T 6 P 35 AR5 3 A1 DX s b A
BZR 3 HAE PEG-6000 ., £k AIGIR A s i AL FRAS TR
1) R IBE OLHEAT T 85T, & B GhBZRI . GhBZR6 Fil
GhBZR71EFH AL PRI 1 h 3 h Al 6 h ) Bk, %
HIEATRT e S SR AR BRI i R 225

XF B K BZR FKJGH 114 ZmBZR WA AT 25
IR o3 B RN 3 BT 38 S50 R 1Y SR8 T, 45 R 1
7N 64 ZmBZR AEEEA A R H 2H B R 1
EATRES ERNAERK LT LR ZmBZR EHFTEAR
] Jpip a0 5 R R 22 7 R IR, b 6 1> Zm-
BZR AEAR A ARECFNER 38 540 F ik b, Horp
ZmBZR9 F ZmBZR 11 %k JHih3 19 0] 13 55 Ay dob 35, U
W BZR 7E E KR T BRAE A ) A= BRFE AR | i
AT RETEACHU G 1Y AR b R FR EE T RERY ., X E AR
T EgrBZR F 5% JE I HEAT % 08 FR K 0 it R B, %
FIEAEE A 6 A, JLF- i3 EgrBZR JEH Xf
HNEAE BR  MeJA . SA &b R FNEL DL K2 v a8 2 3 31
AR [) R BE B 0 1, 5 R KR 3 R B RIS AR AL
TE 61> EgrBZR ZEH (W5 8 7 Fp 5 th 8 & A 5 AR A:
WA A= W 3 ) SO A S I A FH e, ax 2 2k
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Table 1 BZR transcription factors involved in plant abiotic stress responses
%
FEA YrFh Wik i3 e A GR7/ il Sk
Genes Species Methods Stress type Biological function Ref
ef.
i IIRERRATIEALNE , besI =D rd26 XL ABES1 5 RD26 #H 51 T, BES T id il ] RD26 1) %15 61
T ik FRENE R R
AtBES1  Arabidopsis . . . . . [31]
; Gain—of—function mutants (bes/~  Drought AtBES]1 interacted with RD26, and negatively regulated
thaliana D), besI-D rd26 double mutant drought tolerance through repressing the expression of RD26
i . - os =) 557 1 h
o SIREA I ik barl uﬁllbm D RARAE KR EEE (<100 mmol/L.
BESI. ST . , #h NaCD)Ti 32 #2545 (=150 mmol/L NaCl) iU
Gain—of—function mutants (bzrl/— [32]
BZR1  A. thaliana ) Salt bzrI—-1D and besI—D mutants showed low—salt tolerance (<100
ID, besI-D), overexpression mmol/L NaCl) and high—salt sensitivity (=150 mmol/L NaCl)
RATRAL, Qe (T S et
BRI URIT ?EMFUU 5 BZR 1 AL R T R [30]
A. thaliana ~ Gain—of—function mutants (bzr/-  Freezing BZR1 positively regulated freezing tolerance
1D, bes1-D), ChIP-on—chip
. IHRESAG ALK ; . ,
BZRI. M7t s} BZR 1 BES1 1E AR BT
Gain—of—function mutants (bzrl- [33]
BESI1  A. thaliana Cold BZR1 and BESI positively regulated freezing tolerance
1D, besl-D)
- ADWF4 TEJHEAEPD X T R 8 BB, 38 K18 AD-
AL A WFA(ADWF4-OE) 0 1 #8038 h BZRIBES] 3635 17,
BRI A BT RIE E_— BZR1/BES 1 W] RES: 5 R0 5 N 25
N =, N
A. thaliana,  Genetic analysis and gene expres- AtDWF4 positively regulated drought and heat tolerance. [34]
BES1 Drought, heat : ) . ; )
Brassica na-  sion analysis BZR1 and BESI were up-regulated in the AtDWF4-0E trans-
pus genic rapeseed plants, revealing that they were involved in
stress response
o Bilhia ki b TR R AT BrBZR BERTERL T RRR IR0 N 38 kA2
BrBZR 2 - Expression profiling under abiotic ~ Salt, drought, Several BrBZRs were responsive to salt, drought, and cold [26]
. rapa
! stresses cold stress
i . . NN . N
CRISPR it 3k fe ik 1 FIE BZR BRI M0 N
BZR1  Solanum ly- [35]
) CRISPR-bzrl, overexpression Heat Overexpression of BZR1 enhanced heat stress responses
copersicum
- " SEAEETHE BZR BRI 5 BZR BE D% S RIER i A7 1]
GRHMEY) SR EEFGA T E
TR BTG
GmBZR Seven le- PCR 43#7 [36]
Salt, drought ~ Medicago and soybean BZR genes were responsive to drought
gume species  RNA-Seq, qPCR
and salt stress.
INFZ . TaBZR2 i3 #15] TaGSTI IE I T 502
B ik, T 5 . .
TaBZR2 Triticum aes- TaBZR2 positively regulated drought responses by targeting [37]
Overexpression, RNAi Drought
tivum TaGSTI
e S . .
R i%ﬁﬁ%&! ZmBZRAEEFe ATE AR T 35 18, T bhin T
ik N LR ok
ZmBZR Expression proﬁlmg under abiotic ~ Nutritional , [38]
Zea mays . ZmBZRs were up—regulated by N starvation, hypoxia, and
stresses hypoxic, salt,
heat salt stress, whereas they were down-regulated by heat stress
4 i o PEG-6000. ¢} p7R1 GhBZR6 Fl GhBZR71E PEG J ERAbFRIS 7 I 4
M CRREMRE RS G,
praY
GhBZR  Gossypium Expression profiling under abiotic ~ PEG-6000, [39]
GhBZR1, GhBZR6, and GhBZR7 were up—regulated by salt
hirsutum stresses salt, cold,
heat stress
it FEMARERET L bR R
EgrBZR  Eucalyptus Expression profiling under abiotic JSml’ ) m;l Expression of several EgrBZRs were induced by abiotic stress-  [40]
alt, colc

grandis

stresses

es
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WEFE &I, BR AR Y T 46 1 v HA SCEAEH
TE Y H5E BR {55 A A TR A M aa | i ik Ok
s ) BE 3G 9 BR S 5 WX A7 3 R R T AR K
TVER A5 bzr 1D S 5875 25 T 80/F 240001 BR 11
I RSO AR ER A AR bar1-D RAEAE
TEVR I BERE 0% LT A 78 TP R S AR 9 2R K, 5
AW A R HOR XF SR IF besI-D Ml barl -
1D ZE7RRPEA T FR AL S R, 5 B A R0 e T A
A LG, barl-1D 58 A2 AR FE K H B 25 14 R XF 150
mmol/L NaCl P R0 558, 3 AR A A & 3
EE R A RARDS 1M bes1-D RASMRAE I 38 2510 F
(A e EC B A RO AR A P e T fe BB
3.1.3 #FZ KW F BZR A LA 4 A id B &
Saha 55 M\ I3 T 48 31 154> BZR HE D X S BL R 7
KEFAR T X REAG I B 3%, 43 73 4G I 5k 2 i 1]
FEER T 5 ARG e DL AN ABA AL B A F TR Y
F 51 W, & B BrBZR-1. BrBESI-3. BrBEH4.
BrBEH-6 . BrBEH7 F| BrBEH-8 % V3 2 L H1 1 5 114 iy
N, Hort BrBEHA TE ¥ 5SS T A Kenshin Fl ¥ i A
Chiifu 71 25 5 33K , IX 26 BrBZR # 5 A TRk &
S CBF ¥ N 225 3 12 1) S 306 PR F 5 % BrBZR ¢
WEEEH R 37 80 e i e R 2R AT o b &
PR, 3 26 3 Y B X8R f A B A 4 o MBS
(MYB &5 & 17 545,) B E-box 25 4 J0 4 (CANNTG) , #E
I BrBZR #% 5% H -l 8 i i 5 CBF 9 #% 0 ot 14
(CANNTG) M1 45 &, I TR 22 5L H COR,
BrBZR W] REAE by e S 0T PR~ 91 745 CBF 8 N 227 3%
2, AT HE 1R SR A T v 1P, Sun S5 FH A S 41
J¥ Fl ChIP—chip #H %5 G 19 J7 1 48 22 ) BZR1 19 953 4>
BOILDR ) A AHOC L R CBF2, 6B BZR1 AJ
AE 1 1 A2 CBF2 Z 5 Y %4 W af (9 5 2450 481
BT B9 R R S I I A B 8 08 il 2 W R b
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1 CKI1 1) 3235 5% BR & 42 T 1) BZR1 % 5% K+ 9
F, 54 Lee % N & BLAERLRE ST, BZR1 1 BES1
I3 BRIG F i8R, A 2200 2RIR A AL BOE ™ . I
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1 : Musa acuminate L.: 5 #E ; Arabidopsis thaliana L.: 1§ 3T ; Oryza sativa L.: JKFG s SHBI « ¥5 6 R 48 F IRl 15 MINI3 . /NFfF 35 FLC: FF AR 45, C;5
GLK2: B8 88 2; GLKI : G 8 15,AC0 13 : 1- B HER N e~ 1 - R AALTE 13;AC014: 1 - FIEIR N bt~ 1 - FRIR S AL 145ACS - TR A 5 I 5
D53 JERF 53 FCI: 40FF 15 IBHI : TLIL 454 bHLH; ILIT - W& MK 1 DLTJEFF D40 BE s GATAZ : GATA 55t N 2 PIF4 S R TARE N T 4
Seed size : K/ ; Flowering : JFAE ; Chloroplast development : M-8R % B Fruit ripening:%"iﬁi%& ; Tillering : I3 BE ; Leaf angle: -3¢ ff1 ; Plant ar-
chitecture : #f 7 HE B ; Photomorphogenesis : YGTE 45 & 4 ; Hypocotyl elongation: T IRl
Note: Musa acuminate L.: banana; Arabidopsis thaliana L.: Arabidopsis; Oryza sativa L.: rice; SHBI1: SHORT HYPOCOTYL UNDER BLUE1; IKU2: HAI-
KU2; MINI3: MINISEED3; FLC: FLOWERING LOCUS C; GLK2: GOLDEN2-LIKE2; GLKI: GOLDEN2-LIKE1; ACO13: I1-aminocyclopropane—I—car-
boxylate oxidase 13; ACO14: 1-aminocyclopropane—I1—carboxylate oxidase 14; ACS: acetyl-CoA synthetase; D53: DWARF53; FCI1: FINE CULMI; IBHI:
IL11 binding bHLH; ILI1: INCREASED LEAF INCLINATIONI; DLT: DWARF AND LOW-TILLERING; GATA2: GATA transcription factor 2; PIF4: PHY-
TOCHROME-INTERACTING FACTOR 4

E2 BZRERBETFEEMEKEZTHHEEINGE

Fig. 2 Regulatory functions of BZR transcription factors in plant growth and development
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