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KE bZIP EFEFEE embZIP33 WEIEShEE ST
ko OF L RO E,AWE, EXA,GAE, REE
(1 AbEEL TR A2 B, dbat 100081 ; 2. H E AR RF2EBe VEYRFAFFE T, LT 100081 5 3. Bk Sk A avRlE2Ebe, & itk 999077)

W E.0E e R PIEE (basic leucine zipper, bZIP) & H2EBEBAEY ISR —BERH T, 2258 ER &
BRI R, HIRFE K G bZIP 55 A F I DI, A PP T PCR BR K & el bZIP %% 5% R F G
IR GmbZIP33 ( Glyma. 03G219300. 1) , R FA Y7 182 Jr vk %o 12 5 R I L o e 1) B 1 SR A7 0 A, LRI 2O e it
PCR AR 12235 R ) i 235 e iAo R EL o bl 35 i 7 6 7, 3 3k B 1 GmbZTP33 32 38 3R HUU A I AR AR 43 BT JEL o Al e 9
SIFAEAHSCER MR, 45580 . 6mbZIP33 FEPRNE TR G5 3 S Yk b, 4ufid X 4K 453 bp, GmbZIP33 5 bZIP
BT F A GmbZIP41 FEF [RIJRVERS 1K 91. 4% , )& T S-bZIPs WAL 5t . GmbZIP33 Wi gk 52 il , HiAe it
ARk e, BLFESE H A T 2B I8 A B0 AR X, 10 L 1T RE 2 15 30 % A U1 8 s IR A6 1 B 2% 28 R
WIS PR ST LT 2R3 GmbZIP33 B I,  HE AU p S AE AR R I RAER B A 5 & FT ST IEA G R Rk it 1
T+, VLB GmbZIP33 W 2 5 B G I 10 FF AL PR TS A% Hh A SR HERE Y FFAE , R BFSE SR A BEA# GmbZIP33 #4 5%
R R R 0 Z Rt RE B E T 25

KEEIR B SR N T GmbZIP33 s AR YIS0 T AE ; R I

Cloning and Functional Analysis of GmbZIP33 Encoding bZIP Transcription

Factor from Soybean
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Abstract: Basic leucine zipper ( bZIP) proteins are transcription factors unique to eukaryotes being widely involved in the
regulation of plant growth, development and physiological metabolism. To investigate the function of bZIP transcription
factors, this study cloned GmbZIP33 ( Glyma. 03G219300. 1) gene encoding the bZIP transcription factor from soybean using
PCR. Bioinformatics method was used to analyze the gene and its encoded protein, and qRT-PCR was used to detect the
spatiotemporal expression patterns of the gene and its responsiveness to stress. Arabidopsis thaliana with heterotopic
overexpression of GmbZIP33 was constructed to analyze the effects of GmbZIP33 on plant phenotype and the expression of
flowering-related genes. The results showed that: GmbZIP33 is located on the chromosome 3, with an encoding region of
453 bp, and GmbZIP33 has 91. 4% homology with GmbZIP41 of the S-bZIP transcription factor family, indicating that it
belongs to the S-bZIPs subfamily. It was found that GmbZIP33, which exhibited the highest expression level in leaves, is
responsive to high salt and drought stress. Additionally, GmbZIP33 was demonstrated an obvious circadian rhythm under short
day conditions, suggesting its potential involvement in the photoperiod regulation of the flowering complex network.
A. thaliana with heterotopic overexpression of GmbZIP33 was constructed, and the transgenic plants exhibited an early
flowering phenotype with increased expression of flowering related genes (such as FT, etc. ), indicating that GmbZIP33 is
involved in the flowering regulation pathway of A. thaliana and effectively promotes plant flowering. This study provides a
foundation for further understanding of the multifunctional regulatory role of GmbZIP33 transcription factor in plant growth and
development.
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544 gk FEEE. KT bZIP HE SN PN GmbZIP33 W vilE S5 IhEE T 525

T T R DA B AR A W ok 38 i R S 22 B A BE )
RERYIEEE ) Hop R Z 0 S WRAEAE AW
JMIE R R HUE A B A LA BB S e e B
HEMEHY R REZN A WER R EFES S
ABA FISE BT 8 0 s k1 G RN 5 S
5bESAE ) WE ST AR YE B2
WFFEIER K i, 5 5 20 7K1 19 S8 8 2 R 78R 8 1l
B bZIP B S F I AH A FE W 2B TR A

K5 [ Glycine max (Linn. ) Merr. | J& 8 2192
TeRHRHMEY) e NS R K & 1 A 1
TR, RIEAEWE B2 00, KE P AELE 143
A bZIP FEH (http://planttfdb. cbi. pku. edu. cn/) ,
Liao %" MR35 130 6 27 55 DR A9 4 <1 Bl 45 e s LA
R T MR R o () 131 A4 bZIP 5% 5 K 743
HA-T B S 210 MR, Hoh i H C A S
55T R R 3 T A e 1 R A K R E A, i
W, K& bZIP 5 5% [H 7 GmbZIP132 %4 5 0] L g
EERFIT RS i bZIP % 5% ¥ GmFDLIY i
it 5 GmFT2a, GmFT5a & H B B AE 75 A6 9 7
T Song 45PN K Bt Fe ik GmbZIP123 5 3
DU R I - B 03 7 42 T i IR 6 2 55 TR b 7
Hts R BT 3 i K T 1 A 2 W LB R R S
— B bZIP S AR AR e B
IR TER

AWFFEMKE FERE T 1 FE B bZIP 05 5 ¢
HF w3 N GmbZIP33 i@ i AR A YIMHE T #ik 5
BT 28 ZRIB A AT B AUL R T 5 60 38 A0 BT SRR
ZHEFHAT TG, BRI GmbZIP33 Pl RETE K
AR A B 1 6 e 1 5 AR R A R R
YEH,

1 #R57FE

1.1 ##

AT R 5 S T R
RWRGERTRL AR S FE AR AT
1.2 gt

W RGHER TRIEBKWEA T, TR H(16 h
JERE/8 h JRIE) MG IESE SR AR th B IR 2 TR I,
PRS2 G F8 A B 100 mL Hoagland 3%
FE M HEIE L (M8 S AR AR ) AR KA ) vh

SRS TR A A U AE R R
X = MR e SR IERE, Sl EE A S 0,50 il

M A D& G AR

200 mmol « L~"t 3 FAR[R Mk B NaCl F1 0% 10% |
20% 3 FhA[EIHEE PEG6000 Hoagland 1537 i, ik
T AT 5 ia 4 2, Horp 2L 0 mmol - L' NaCl
0% PEG6000 A X} R, S AL PR 6 h 5 AL L £
3 BRFAAE A AR AT A 25 I IRORE | A& 2H AR
FRARHITT 70 CLRAE .

FH B 5K H SR BIfERK HIR(16 h
JEIR/8 h MRS A H PR (12 h OB IR/12 h 2BE) &
PP BRI A A S AER RS X = h &
SERJETFRT, — R 6 h S5 BEHLIESE 3 R H
AHIEAEARSEA A 25 it 2520 WRAhIRRE s 5 — K1
M RETT R B BEAIL B 3 AR SR [RIAE AR , B3B8 3 h
PEAT I BURE | LU 48 h, 55 4URE S TR AR R

T -70 CI-1E,
1.3 FHix
1.3.1 GmbZIP33 . By £ &5 212 8 F 5

DL H AR SR B A STA T b HT RNA 4
187 & ( TransZol UP, TransGen Biotech ) & HUAE i 5t
RNA, 31 ] DNase I( TransGen Biotech) #lifk.. i F
FastKing ¢cDNA %*%ﬁﬁ%ﬁilﬂ%ﬂﬁ( KA A= AL B+
FBRATD) A SR —454E cDNA VE Ry 3k P 3 1) 45
B, PR SPES 14 GmbZIP33-F1 #ll GmbZIP33-
R1(5 1) A& &£ B KOD-plus-Neo % 4 B ( Toyobo)
PEATRENY . SRR :94 °C TiAEE 2 min, Z
J5 #EAEERFEIF 98 C 110 5,55 °C 30 5,68 °C 30 s,
¥R 35 W, feJi 68 CHEMH 10 min, FHEBRIEH B
(1% ) Mk mls 5 #4267 31 % 42 pLB 84K, e bk
I AT RS2 25 DHS o, 2 B PCR i 6 FH 1R T e | 36
FA T A TR A7 PR 2 w0 i

FIFH K &2 K& X 2 %4 2 Phytozome ( https://
phytozome. jgi. doe. gov/pz/portal. Himl ) ## 2
GmbZIP33 J N K FC BT 2 5 19 4 1 Jy 45 18 i
EXPASy [¥J ProtParam tool 7F£EF2F Hiil 2 11 A9 #E 1k
P 5t ; ffi | SMART ( http ;//smart. embl-heidelberg.
de/ ) TEL AT T 25 1 A9 OR <1 25 K 3 1 ] NCBI
BAREXT GmbZIP33 ML EAEY) bZIP A 17 %
X 6l MEGA 7.0 Mg R 5% B I,
1.3.2 K2 6mbZIP33 AW R X o4 RH%
B¢ 65 f PCR 20 GmbZIP33 & H Fk i ek
AW ikseh, Lisdh 5 T R B A TR RE
Fxt B A It o BB B RNA, JOFE SR N ¢DNA
(Tl 1) o

GmbZIP33 FEDN fY I 23 2 AL o3 < 43531 A
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K HIR S M H R T AL B A K G ok 3 kR B
¢DNA, ] KAPA SYBR® FAST qPCR Master Mix
Universal &4t 17 qPCR ¥ 34, )W f& & &% cDNA
1 pL.qPCR Master Mix 5 pL. 5%/ (10 °umol « pL.™")
£40.2 pL.ddH,0 3.6 pL, AR I GmACTIN
FNZHN | LU q-6GmbZIP33-F1 I q-GmbZIP33-R1
Fal Y (% 1), M AppliedBiosystems 2%
Quantstudio 7 Flex PCR XA GmbZIP33 F:H K3k
o, RIVARFE N 95 C 3 min;95 °C 3 5,60 C .
20 s, 3t 40 MEIR, SRA 2 08P A0 M 3k AR G
Tk,
1.3.3  GmbZIP33 # A Wiy -4 &4k R 09 347
A5 GmbZIP33 FE KT 4, Wit 51 % GmbZIP33-
F3 fil GmbZIP33-R3 (% 1), LLHTHIM 5 1F # 1
pLB-GmbZIP33 i ki A 5 M 2 17 PCR ¥ 34, F
Xba 1 F1 Sac 1 WUEFY) pTF-101 2844, FIYSCH R )
H b 2 A A 2 A B 2R i R GR UK M 4 pTF101-
GmbZIP33 , 16 1 A Wy 2o 3% 3k AR 7% A M AT 1A

GV3101 JEAZZS 15 2 10 AT 3 FH M B, R AR 7
Yk R Y B A R R T, WO G T AR T,
P 2801 B2 5 MR TE S I BE I (SPE $TAE %) ) 12
MS 357 FE O T AR, [FIAE 7 IR AE T,
AT RN B LR 3: 18 T AR T 3 Rl RE B9 75
IR BN AR B T, 80 R i G vk R T
RS AL RIS

1.3.4 #HARMEHIFTFREAR G T AIFRAR K
EERW O TN CmbZIP33 FE DR B4 R I A0 T
HERIFRF- DL 70% Y HE 30 s.7% NaClO 15 min 8
Ja AEFIEANGHUAERD MS R b fiit 4 ~
6 FJRIFET, Bk = LI R RERLAR I BETTAE
B, 2 GE 1145 B 2R 04 F 6 B () R 322 3 i o e K,
THN, FEAFIE T, Ll A 5 CmbZIP33 FEHBE R
FEF A ARG I ,22 CCHEFR 20 d JEHURE, J3 i ER
FEM A RNA, S5 5 eDNA , % ] gRT-PCR JZ i
A2 R FEF R GmbZIP33 F1PY I5 FF 46 3 BH 2 34
B, UG IT ALACTIN NS (% 1),

®1 BATASIY

Table 1 Primers used in this study

514 JP3l (5~ 3") Jjibzs

Primer Sequence (5" - 3") Application
GmbZIP33-F1 TCTAGAATGGCATCACCGATCCAA CAACA B s e
GmbZIP33-R1 GAGCTCTCAACGCAGAAACATGTTTGCGG Gene cloning
q-GmbZIP33-F1 TGGATCTGAAGGAGGAGATCCG qPCR ik

q-GmbZIP33-R1
At-GmbZIP33-F
At-GmbZIP33-R
At-CO-F
At-CO-R
At-FT-F
At-FT-R
At-SOCI-F
At-SOCI-R
At-API-F
At-API-R
At-LFY-F
At-LFY-R
GmACTIN-F
GmACTIN-R
AtACTIN-F

AtACTIN-R

GGCCAGTTCCATTGTCTGTG
TGGATCTGAAGGAGGAGATCCG
GGCCAGTTCCATTGTCTGTG
CATTAACCATAACGCATACATTTCA
CTCCTCGGCTTCGATTTCTC
GAACAACCTTTGGCAATGAGA
TCTTCCTCCGCAGCCACT
CTAAACGTAAACTCTTGGGA
CAGAACTTGGGCTACTCTCT
ATGAGAGGTACTCTTACGCCG
TTGCTTGCAAGTCTTCCCCA
TAACGGCAACGGAGGTAGTG
CCTTGGTGGGGCATTTTTCG
CGGTGGTTCTATCTTGGCATC
GTCTTTCGCTTCAATAACCCTA
AAGTCTTGTTCCAGCCCTCG
TTTGCTCATACGGTCAGCGA

Expression analysis of gPCR

qPCR WS H

Reference gene for qPCR
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2.1 GmbZIP33 BEERESFIISH

PUIE# K5 72 00 A 514 T F cDNA AR AR,
PCR ¥ 415 2K BE 24 500 bp A B (K 1), &
M RFIAIE % BEF 9 5 6mbZIP33 ( GenBank % 5%
5:DQ787064. 1) —3,

NCBI 5085 72 %5 B 7%, GmbZIP33 R AL T K &
B3 SR, GG IX 21K 453 bp, M EATA
150 P2 MR, Blig o F 50 17.017 kD, SMART
TELRBAT TR B GmbZIP33 St i) 2 52 1y 5 EL
A bZIP sk AT 45H0 e 2, H N 3 54 1 > BRLZ
(the basic region leucin zipper domain) 45 f4 35k ( [&]
2A)  HALTHE 25 AL SR E IR (1) AL 156 89 fif
PR 2R (X) A, Hrp, 713575 DNA 2561
B S5 R34 1 NMRASFI) Nx7-R/K-x9 %7, BB IE
AR AR X e 1 e E R P Bk, 7 R R R 4 AR
L ANEE AL, HAZE R AL 7 ALY R AR
(B 2B), XEEEMHAT G OB bZIP sk H+
SRR A

FIH NCBI 04 2 556 GmbZIP33 5 HEH Y
(1) bZIP [Rl Y5 8 2 B R 7 91 AT 2 T8 LT, &
B GmbZIP33 5 K & S-bZIPs W.Jji% GmbZIP41 Al
GmbZIP53 1Y 28 3 W2 Jy 5] [A] 51 53 31 A 91. 4% Fil
69.01% , 5 AdbZIP53  TchZIP53 . GmbZIP60 .GmbZIP59 |

CsbZIP53 .RebZIP23 Fil AthZIP53 S HL iR 5 471 (1Y) [l
P35k 78% 62% 62% 61% 61% 60% Fil 51%
(Kl 2B), R4 k&Em R, CGmbZIP33 5
GmbZIP41 .GmbZIP53 M4 K A il (K 3) , &5
A FREER HIWr GmbZIP33 W] fiE N K & S-bZIPs V.

bp

750 —»

500 —»

M. Marker DI.2000; ¥kiE 1.2 ¥4 GmbZIP33 F:
kTl 7/
Note; M. Marker DI2000; Lane 1 and lane 2.
GmbZIP33 gene amplification products.
B 1 GmbZIP33 EEMEE
Fig.1 Cloning of GmbZIP33

B << BAENEEAKEEAC

ARLAPSIKVNEEAYY
ERARLA PSIKVNEEAYY}
A KNEAEATKAKEEAMT]

DCBPRYANVD
DSDPRYANVD v 4]
DSDPRYANVE CK v RASTECKIRSC

3 N TLEXNI)

A EEXBOMREAE X, 3 QX BRLZ Z5#450 B, HALRY) bZIP 31, GmbZIPS9 ,GmbZIP60 K A
K5 ( Glycine max) . AdbZIP53 3K H & 464 (Arachis duranensis) RebZIP53 K H B R ( Ricinus communis) CsbZIP53 3k
[ it ( Citrus sinensis) \TcbZIP53 kA [ 1] ( Theobroma cacao) \AthZIP53 3K H N Ri (A. thaliana) ; 1. HE RIS
SRR

Note:A. The purple region is the low complexity region, the blue region is the BRLZ domain; B. GmbZIP59 and
GmbZIP60 are from soybeans ( Glycine max) , AdbZIP53 is from Arachis duranensis, RebZIP53 is from Ricinus communis ,
CshZIP is from Citrus sinensis, TchZIPS3 is from Theobroma cacao and AthZIPS3 is from A. thaliana; T . represents the

conserved leucine residue.

B2 GmbZIP33 MBI K5 SHHEY bZIP ER K ERBF 5L 3t

Fig.2 GmbZIP33 domain and amino acid sequence comparison with bZIPs in plants
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Fig.3 Phylogenetic tree of GmbZIP33 with the S-bZIPs

subfamily of soybean and A. thaliana
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2.2 K= GmbZIP33 BEHEMEEHTHRIZE

HIHHAESE v R B GmbZIP33 3 3 T X fEAE L
7530/ GT1IGMSCAM4 it 7K N 2 Je{F MYBILAT
BB 0 25 T MYB2AT 25 24 i = 46 FH o6
PR IR T P A5 6 £ A 5 a0 7 A
& AR PR A MR B NaCl 5 PEG6000 #5541k
SIS e 3 (OB S T S e) T I |
qPCR 3 M7 GmbZIP33 JPRF ey £5 A1 -1 540 1Y) 7
L, R BN e bR, W — 4 A
GmbZIP33 FKikw A [A] 5 [/ — W3 2 R AR 3R R
L2 GmbZIP33 W b 2 AR R, Ho, 7
NaCl Zb 3R | ZE R 50 H8 B Sk S0 Wit b vk B 1Y)
ASWrsE in, ZE F T GmbZIP33 kBTG
R, A HF 2 B JF, 7R PEG6000 Ab HEF,
GmbZIP33 FEMH 1% 1 1 55 25 | i v B SR % B
# PEG6000 ¥ J& 1 Tt , GmbZIP33 KL TE MR Hh 3k
RAEZE OB (B 4) . BEBH GmbZIP33
FHNRENS R Z AN S AT 55 S, N E 5 A
BRIk,

B mm 0% PE6000
=3 10% PE6000
5, ™ 20% PE6000
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4 ZAEHE NaCl #1 PEG6000 432 T GmbZIP33 HIHHI RIZE
Fig.4 Relative expression of GmbZIP33 under different concentrations of NaCl and PEG6000

2.3 GmbZIP3 BRI T RIEEKX S

DI H BRI H BB R /Y B o1& 5o R,
FIFH qPCR #R5E GmbZIP33 1E K 5 (1) i 25 Fe A
RAYEER WK, GmbZIP33 TEA R H A i — &
(ki , HoAemt b ik s e (1B 5A) . Rl
GmbZIP33 1 48 h WY B FRAR X LM, K H A
TFF GmbZIP33 (WFRIXFEAERT 12 h 2T R HE i
JE s T V22,24 h BRI R A, 5
P T K PO ) b 300 BT () A A [ i DA 2 5 PR g
NSRRI E 8B & T GmbZIP33 Rik
Weshige K, B K E] N GmbZIP33 ()3 ik LA E

WA R, A AR B T AbE (B 5B)
REEIRF W, GmbZIP33 FEI X H BT B AT
AR A0 B RO HE L VT B S 5 2 R G AE W LA I
JERR IR A 22 45
2.4 GmbZIP33 BB REXINEES T
ik — I BFSE GmbZIP33 %5 K T T BE , 14
BT GmbZIP33 (i TR HAR R FARAT T A1k
AL R T R AR 2l A B U T, AR R A L e I Bk
. ME T, ANHE GmbZIP33 H: R 48 /g I Al A AU
PIEFIT R F R K B, ¥ GmbZIP33 FE 4005 JF L Y
AR R ST R L BE H R R AL R AL (B 6A) . 7R
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RAHEE T A6 B S8 T A4 B (1] 132 38 - 7 4, & 30
It R DR R 2R 19 O A6 I ] 350 A B A VAU R T 4 8 T
18.3% ~22.5% (& 6C) , H.3% A& i F %o . 2%
W (B 6D) , UL GmbZIP33 = 540 T 1Y IF 4K
PRI A RO I AR s,
YEM AR TF A A L Co 232 6 R MR
WO IR A e IR I R B AL R FT
FEHFR FT HIF RGP ZME 5B E5IF L
W NUE SOCT FAE S A HAVREYERL I APT ) 3R3K

Relative expression of GmbZIP33

i e AT A A oy A L SR PRI N LFY 45 i
LALHEA W TT AL . qPCR A6 I %% 56 K bk 2 LU |
T A6 AH DG JE A 3R 5K 1 & B, GmbZIP33 JE A
PRI ST b S R, 51 R IF 8 R T AR,
123 £ CO  FT.SOCI API 1 LFY Fik & T
(Bl 6B), H, FFAE LN FT B E T T
118. 66% , X L8 5L R 4 i i 25 I ZE L g 0T 1 B 4%
PR A6 R 42 I 265 v 2 A T, DT 1 A Ao 9 B0 1 I
EFA

0 T T 1 1 L] T T T T T L] T T L T 1
0 3 6 9 12 1518 21 2427 30 3336 39 42 45 48
Fif /] Time/h

5 GmbZIP33 HEEKERIEKEK
Fig.5 Spatiotemporal expression patterns of GmbZIP33
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Bl e A R B A (bZIP) ZR 5% s N 16 A%
AP TZ A A X ORSE BT R AR R
F N R B AR Y ARRRGE M A B
LGk E 1 ASH I bZIP iR N GmbZIP33,
BIEBRF 543 B & P, GmbZIP33 & 1 H A {357 1
bZIP 54438, , 55 S-bZIPs W J% GmbZIP41 351 [H) 514
I, HEWT AT BEJE T K5 S-bZIPs WG i 51, H i,
KIGHI KT bZIP T 55 K (R 5% 32 B4 Hp ) 1o
A=A AR TR 1V 25 S T, AR R IR T
i 173 19 GmbZIPs FEF N ABA T 5 | 5 b AR
S ELAT O I0e 1 L B GmbZIP60 T fig LA 8 45 19 7
XS HRGYEmE T2 &SR P aa i 6
PR B GmbZIP132 FE AP EE IR X £k b 3E 1
i 32 M w0, dd 63K GmbZIPT JE R 48 B I %o
ABA (A R s Z IEAEN A S50 A A AL
KT MR AR BT A K 2w S R R
TRAEFARA YA, 456 AT A LR GmbZIP33
Ja B F XAEAEER S 5 oo K N & T B 0B
SERIE = ST B 2y 16 W (Y E DTt R N 1 S8
TRl &R, GmbZIP33 15 5 AR il 9k
FIES, [FE, RNFEI AL GmbZIP33 Xt NaCl 1)
i o7 BB 5 L BB GmbZIP33 Al fE £ E S 5 R A
PR TIERERE, -2 BIE T embZIP33 AT
5 R e R 68 7, U6 FLAE RS W b e R T R
o3 {5 = g b B AR

AWFFER, bZIP 55t F e TR AE s th i =
AEEANE M, Mitsutomo L8] I bhZIP % S [ F
FD REASAC HEME Y T AL, FD 5T 46 B8 8 7 FT
HAE, PR NI A A SRR R, A
WFFE 38 1 i} 25 Rk M & X GmbZIP33 FE R AE K G
AR 25 I 2R IR SR AR 23R B A &
AR HIE R HRAET, GmbZIP33 TEMT )
ik e, FE, P RGZEHIFEEY,
GmbZIP33 [WFRIRTER H 25 2 W 8 0B 7% 1 A
B R RE S 5 2 K A Wb LA KOG R A
IR E 2228, W T f# GmbZIP33 XAt
PIFFAE RS2 M, K FAE DL R 7 v Sl ek, MR
F5% GmbZIP33 BRI I A bR R I 4B R A
WERH GmbZIP33 253 TR I+ M FF AL TR T i 45
A B TR AE

M TR ST AL BT ] 32 2D R B AL AR
A A F AR R G 6 SR fe iRy 78
AR M s R AR S 50 AR5
VEPEPL I T IR AR AR S Co L FT . SOCT  APT

LFY R0 GmbZIP33 5T AEAH KL R 2 8] () i 42 ¢
%, W9t R B embZIP33 LR IEGIF €O FT .,
SOCI API 1 LFY WA 3 0 2 i, 5 g E
PG S DR e I ik R P B R AR R AL — 30, FT R TT
LTI 2% BB A N IF 52 co ¥, Bk
NG Z R E T A e — g, NI AR E T e T 16 38
HAH IR 9223512 B GmbZIP33 K24 T A
e FT Rk 30, W GmbZIP33 1R W] REA T
FT /B3, AR R0, FT 0] DU i 8 5 i 448
ZH UK IR B s i 3 Tt o o3 A= A1, 5 5% S I FD
HARE U A2 &G i — 22808 SOCT APT 51
Fak, A S HE W HF A8, AR HE 5T BT L 2% 31 Y
SOCI API 53Rk F RN, AT RE S GmbZIP33 J4TH
FT FEA5, GmbZIP33 REMS N =3 T 5,
N e fR AT AL, 3R B[R] —JE R 9 22 1) e R 4
YERL, XFP IR AR R B IR P IEA T W, A TR
A AT Wk BL I R 5 MADS-box  §%5 3¢ A T
GmNMH7 .GmNMHC5 5[] i 2 5 31| K &7 i A6 45 3%
L5 598 [ R0 4 I | R B R 1 XUT) D TR
PR AR ST BT 48 R (9 GmbZIP33 FE K 1)
ZUifetk , LR HAEREARK LT RE A EH
B, AR HAE 6mbZIP33 T eSS B Y
FEAE VA, 2 IR BT e h 2R R R 2 (E
Sy FALRI S 55 W, R GmbZIP33 AE R 45
3 A BN N AR LA A R R s, R —
ST DL SO GmbZIP33 31 3535 K T A bR 1T g
BRI SRR it — 25 W 5T T R A A TR AL s b i)
YEM .

4 Z5ig

AWFFT T e E) S-bZIP WK R 1 4387 R FE A
GmbZIP33 i EE R N FRIRZ mEh T 5 %S, wl
e SMYPiE: T 2P D ae A OC, M H N RSB
HA R SRR, AR T i k5
i LR R s AL 3R TR AL G L [ 3%
kBT, WA IE B GmbZIP33 25 3 Y T
piaEcSnlE LN

S 3k

[1] CORREA L G, RIANO-PACHON D M, SCHRAGO C G, et al.
The role of bZIP transcription factors in green plant evolution:
Adaptive features emerging from four founder genes[J]. PLoS
One, 2008, 3(8): 1-14.

[2] JAKOBY M, WEISSHAAR B, DROGE-LASER W, et al. bZIP
transcription factors in Arabidopsis[ J]. Trends in Plant Science,
2002, 7(3): 106-111.

[3] LANDSCHULZ W H, JOHNSON P F, MCKNIGHT S L. The



5 1

gk FESE K bZIP #E SRR GmbZIP33 1 7 5 T REST BT

531

(7]

(8]

[11]

[12]

[13]

[14]

[15]

[18]

leucine zipper: A hypothetical structure common to a new class of
DNA binding proteins[ J]. Science, 1988, 240 (4860) : 1759-
1764.

YUE L, PEI X, KONG F, et al. Divergence of functions and
expression patterns of soybean bZIP transcription factors [ J].
Frontiers in Plant Science, 2023, 14 1150363.

ARABIDOPSIS GENOME INITIATIVE. Analysis of the genome
sequence of the flowering plant Arabidopsis thaliana[J]. Nature,
2000, 408 (6814) : 796-815.

ZHU M, MENG X, CAI J, et al. Basic leucine zipper transcription
factor SIBZIP1 mediates salt and drought stress tolerance in tomato
[J]. BMC Plant Biology, 2018, 18(1) . 83.

RAQUEI, IGLESIAS-FERNANDEZ, CRISTINA, et al. Arabidopsis
thaliana bZIPA4 ; A transcription factor affecting seed germination
and expression of the mannanase-encoding gene AtMAN7[J]. The
Plant Journal, 2013, 74(5) . 767-780.

HOLM M, MA L G, QU L], et al. Two interacting bZIP proteins
are direct targets of COPI mediated control of light-dependent gene
expression in Arabidopsis [ J]. Genes and Development, 2002, 16
(10) : 1247-1259.

LIM C W, BEAK W, LIM S, et al. Expression and functional
roles of the pepper pathogen-induced bZIP transcription factor
CabZIP2 in enhanced disease resistance to bacterial pathogen
infection [ J ]. Molecular Plant Microbe Interactions, 2015, 28
(7). 825-833.

ANJA S, STEFAN F, ULRIKE Z. Phosphorylation-Affects DNA-
binding of the senescence regulating bZIP transcription factor
GBF1[J]. Plants, 2015, 4(3): 691-709.

ROOK F, WEISBEEK P, SMEEKENS S. The light regulated
Arabidopsis bZIP transcription factor gene ATB2 encodes a protein
with an unusually long leucine zipper domain[ J]. Plant Molecular
Biology, 1998, 37(1): 171-178.

STRATHMANN A, KUHLMANN M, HEINEKAMP T, et al. BZI-
1 specifically heterodimerises with the tobacco bZIP transcription
factors BZI1-2, BZI3 /TBZF and BZI4, and is functionally
involved in flower development[ J]. Plant Journal, 2001, 28(4) .
397-408.

CRAWFORD N M, GLASS A D M. Molecular and physiological
aspects of nitrate uptake in plants[ J]. Trends in Plant Science,
1998, 10(10) : 389-395.

KANG J Y, CHOI H I. Arabidopsis basic leucine zipper proteins
that mediate stress-responsive abscisic acid signaling [ J]. Plant
Cell, 2002, 14(2) . 343-357.

CHOI H, HONG J, HA J, et al. ABFS a family of ABA responsive
element binding factors [ J ]. Journal of Biological Chemistry,
2002, 275(3) : 1723-1730.

CLASS S, MICHOEL B. The regulation of transcription activity in
plants[ J]. Trends in Plant Science, 1998, 3(10) : 378-383.
HARDTKE C S, GOHDA K, OSTERLUND M T, et al. HY5
stability and activity in Arabidopsis is regulated by phosphorylation
in its COP1 binding domain[ J]. The EMBO Journal, 2000, 19
(18) : 4997-5006.

LIAO Y, ZOU H F, WEI W, et al. Soybean GmbZIP44,
GmbZIP62 and GmbZIP78 genes function as negative regulator of
ABA signaling and confer salt and freezing tolerance in transgenic

Arabidopsis[ ]]. Planta Berlin, 2008, 228(2) ; 225-240.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

LIAO Y, ZHANG J S, CHEN S Y, et al. Role of soybean
GmbZIP132 under abscisic acid and salt stresses[ J]. Journal of
Integrative Plant Biology, 2008, 50(2) : 221-230.

NAN H, CAO D, ZHANG D, et al. GmFT2a and GmFT5a
redundantly and differentially regulate flowering through interaction
with and upregulation of the bZIP transcription factor GmFDLI9 in
soybean[ J]. PLoS One, 2014, 9(5) : €97669.

SONG Q X, LIQT, LIU Y F, et al. Soybean GmbZIP123 gene
enhances lipid content in the seeds of transgenic Arabidopsis plants
[J1. 2013, 64 (14 ).
4329-4341.

LIVAK K J, SCHMITTGEN T D. Analysis of relative geneexpression
data using real-time quantitative PCR and the 2 (-Delta Delta C
(T)) method[J]. Methods, 2001, 25(4) . 402-408.

FIEE, X8, E&ER, 45 KRS embZIP33 B+ 15
WER R R I [)]. RER, 2019, 38(4): 511-516.
(BAI'L J, LIU W, WANG Z L, et al. Cloning of GmbZIP33

Journal of Experimental Botany,

promoter from soybean and its transient expression analysis in
Arabidopsis thaliana [ J]. Soybean Science, 2019, 38 (4):
511-516.

KANG J Y, CHOI H L. Arabidopsis basic leucine zipper proteins
that mediate stress-responsive abscisic acid signaling[ J]. Plant
Cell, 2002, 14(2) : 343-357.

AGNI S P, ESHAN S, NITIN J, et al. A rice bZIP transcription
factor, OsbZIP16, regulates abiotic stress tolerance when over-
expressed in Arabidopsis[ J]. Journal of Plant Biochemistry and
Biotechnology, 2018, 27(4) : 393-400.

XU L, XU Z, LIU X, et al. The subcellular localization and
ectopic expression analysis in Arabidopsis of soybean GmbZIP60
gene[ J]. Journal of Plant Biochemistry and Biotechnology, 2015,
24(1): 9-17.

GAO S Q, CHEN M, XU Z S, et al. The soybean GmbZIP1
transcription factor enhances multiple abiotic stress tolerances in
transgenic plants[ J]. Plant Molecular Biology, 2011, 75(6):
537-553.

MITSUTOMO A, YASUSHI K, SUMIKO Y, et al. FD, a bZIP
protein mediating signals from the floral pathway integrator FT at
the shoot apex[ J]. Science, 2005, 309(5737) . 1052-1056.
SRIKANTJ A, SCHMID M. Regulation of flowering time; All
roads lead to Rome [ J]. Cellular and Molecular Life Science,
2011, 68(12) : 2013-2037.

CORBESIER L, VINCENT C, JANG S, et al. FT protein movement
contributes to long-distance signaling in floral induction of
Arabidopsis[ J]. Science, 2007, 316(5827) : 1030-1033.
JAEGER K E, WIGGE P A. FT protein acts as a long-range signal
in Arabidopsis[ J]. Current Biology, 2007, 17(12) ; 1050-1054.
MA W Y, LIU W, HOU W S, et al. GmNMH7, a MADS-box
transcription factor, inhibits root development and nodulation of
soybean ( Glycine max [ L. ] Merr. ) [J]. Journal of Integrative
Agriculture, 2019, 18(3) : 553-562.

WANG W T, WANG Z L, HOU W S, et al. GmNMHCS5, a
neoteric positive transcription factor of flowering and maturity in
soybean[ J]. Plants, 2020, 9(6) ; 792.

WANG W T, WANG Z L, HOU W S, et al. GmNMHC5 may
promote nodulation via interaction with GmGAI in soybean[ J].

The Crop Journal, 2021, 10(1) ; 273-279.



