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INFE14-3-3FBHTaGRF3-DEE L ITRES #7
I, R, RER, D&, EA

PEAb AR AR BHE R 2 A dn Bl 22 2202, 7k 712100

WE 14-3-3%HA 2 5EWAEKRE RBAHEAEWITEE 57 SR SR Wk T /N (Triticum aestivum) 14-3-3
I TaGRF3-DHH, TaGRF3-DA:H JwTH261 MR SRR AL, 1T Y EEIRT, HE SR /RE/NE(T. urartu)i]
TuGF14d#1 K Z (Hordeum vulgare)HVGF14a% 3L 1R /7 51| 58 & 4 [F]; TaGRF3-DJA 3+ X & i & TR S5 B 2= i B 7o A4 il
ZAAREYIE R e . AN E AL 45 R R oK, TaGRF3-DEE A 32 B o TN 5 i t% . 43l 3% ik TaGRF3-DFE K
L FG 7T (Arabidopsis thaliana)f% = K bk RABABUR: 1 T S p it 52 Mo 4T K, TaGRF3-Did KA 7+ /EPEGFIABA
M TFHRKEZERTHER, TRBOBAEREES TEAM., 3R AR N4 (yeast two-hybrid, Y2H)525 %}
TaGRF3-D&EH 5/N3AREBs/ABFs (ABA-responsive element binding proteins/ABA-responsive element binding fac-
tors)& [ BHAT HAE W, 45 KM TaGRF3-DE 15 TaABF3-B. TaABF4-A. TaABF15-D. TaABF16-B. TaABF17-DAll
TaABF18-B/E7EAH HAEFH; T 5TaABF1-D. TaABF2-AMITabABF19-ARHAE. %5 %W, TaABF3-DJ izt 5TaABFs

A AR S ABASE 5, M i ot e 5 R ARG T A B I AT 24k o F 72 45 2R /N 22 TaG RIF3-DE PR 38 35 1y 36 1 J32 3 R HF

TUBLE T ALt

XBIA  14-3-3% [, T FMia, ABAFIRL, 1 HAE

A, TME, BEE, DR, XER (2025). /NF14-3-35 H TaGRF3-DEK 75l K Thas 40 Hr. MYk 60, 863-874.

14-3-3FH AR ZHET A BZAEY &
PRy a5, Hoad R e MR ) 88 1R A i R 2R
H, SZMHBEAERIFSCSEE ARERL ., FEtE. B
RACREANENE, 25 ZFAfod B iR, AR
T 5 SR T A S DL WA i 4 (Fu
et al., 2000; Aitken, 2006; Zhao et al., 2021). E¥)
14-3-3% A 1 fiv 4 NG-box[X 714-3-3 (G-box factor
14-3-3 homologs, GF14)8@# H i# 75 A 7 (general
regulatory factor, GRF) (Lu et al., 1992), 7EfE#)3k
A=W Pk (A SR ER 18 ) RN ER AS 5 i T R R R
B B1%, 2012; Huang et al., 2022). #lp 7+
(Arabidopsis thaliana) 14-3-3% 1GRF6 (GF14-A)5
Tk 2 1 1 XL B 8 1 38 2 (1 TPK1 (two-pore K
channel 1) HFF IE R H I 1, (23K M 40 i
JREEJGL, 1Y o B R AR AR O 2R 1 (Latz et al., 2007,
2013). #\FFIF GRF11 (GF14-o)nl i it A -1 Jii il i 1

Woke H 39: 2024-10-17; #2252 H #1: 2025-03-18

#(PM H'-ATPase)if 52 mifi 514 (Kaundal et al.,
2017). fE/K 5 (Oryza sativa)h it % it Tk (Zea
mays) 14-3-37E F 5K ZmGF14-6f5 i 1 i 3L R /K
Tt T 5 Bl fA) it 32 14 (Campo et al., 2012). i %k
K5 14-3-3 %5 (14 i 5 K| OSGF 14c 1 OsGF 14f ] 4
e e SRR FE I T P i 2 7 (Ho et al., 2013; Ma
et al., 2023).

AREBs/ABF's % 53 [K] -7 J& T B8 11 5% & R $i 4
(basic leucine zipper, bZIP)# 5K 7AW 5 %, REH%
B SR 0 9 4 A R AR R B 7 X VR IR
(abscisic acid, ABA) i i Jt £ (ABA-responsive
element, ABRE), & #H 5¢ & K £ 1 (Choi et al.,
2000). 14-3-3%# [ 1 i@ it 5 AREBs/ABFs#% 3% [A 1
AHEAEH, T ABA(S 5 18 B AH O I PR (1) 3% S /K~ Al
AL G, 1 TR 8 5 % 4 Al e R (Sun- et al,
2015; Zhang et al., 2023). ‘K3 (Hordeum vulgare) 5

T BTG 1 AR SR T 78 1R (N0.2024JC-YBMS-171 )l [ 5 [ 4R 1% 3 4 (N0.32072003, No.32372103)
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F14-3-37 [ i 5 HVABFsAH H.AFE I, 1EABAFI /7%
#(gibberellin, GA){E 5 T KA 75 IfE(Schoon-
heim et al., 2009). K. (Glycine soja) 14-3-3%5H
GsGF140 5 AREBs/ABFs#: 3% [K M HAE A, 5
T+ GSGF 14011) 7 Avr 32 15 1T 1Y 5 ABAT % 3k A Ak &
Tl A ARG T AR A EIE F, (2 EABAS S 1A
FLIKHI(Sun et al., 2015). & 173 F (Malus x dome-
stic ‘Royal Gala’) 14-3-3 5 (4 MAGRF11 A 5 4 Ff
ABFs#: 3% [H T HAIE, 2 5ABAG S5 S, IEAfEH:
AT A i 52 7 (Ren et al., 2019). —FHE AL
(Brachypodium distachyon) BdGF14dE HiE L 5
AREBs/ABFs #% 3% [} T BdbZIP62 i1 BdbZIP71 4 L.
EF 2 5ABA(E @, WATILKH, #mT 2
if i % P (He et al., 2017); BAGF14g ] 5 #f %%
(Nicotiana tabacum) NtABF2AH HAF [, B58ABAA
KI5, 11 7 BAGF14gidt 22 75 00 (1 T 5
iB i 5% P4 (Zhang et al., 2023).

/NZZ (Triticum aestivum) & B 2 R & EY, 3k
ApiarE A KR E, R B, B
FL/N 7 085 ol A v S AH DG BE R T e X TN T E
FAHEERE . MEHEYH, XT/h%E14-3-3%
I E TR o /N 14-3-35 A Yw it 5 K TaGF14b
RIS B R R R, IS Y SRABATE T 1) ALK
VAR VRSB BR R 7D, S35 3 a0 1 5 0 2 d 194 i
Z 1% (Zhang et al., 2018). /% TaGRF6-Aifiit 5
MYB (myeloblastosis)#% 5% [X -+ TaMYB64 #H H.{f H,
1E AR /N 22 i #1(Shao et al., 2021) . A A4H Rif
IR SR B, AL T /N2 A0 4 R R B e etk )
14-3-3% [ 5 X TaGRF3-AIBIDYEABA. T 5. wmidh
IR (S E Y SR B N S N =S IS ER VRS S
(K, 2018). AMWf7i T RIATaGRF3-DHEH 1]
00 B I e kR MR R AT T 5 B aE me B4 AT, IR
TaGRF3-D 5/ TaABFs#% 5 [ 1 i 47 T BEXU 458
HAEMHY, B A/INFE TaGRF3-D3E PR3 45 i 36 1 7
D Re bt 71 58 5 £ il

1 #MR5ERE

1.1 8

Bt i YA R N /N2 (Triticum aestivum L) [E &
(Chinese Spring, CS)Lj#lF§7FColumbia (Col-0). 4

RMEYRIEHApCAMBIA1304 (#ifk b A Hhpt
B[R B 4o bR BRI bark: R, 35S JH 17 41 ) 4l
ANZA BV 5 A SR = R AT

1.2 FFSILLF1E S FIRSAE A Tt 534

MNCBIZH# 7 F 8/ 2 TaGRF3-A/B/D [F I & 1 /7
H, 18 FIMEGAB A 14 1 R Gt AL, % TaGRF3-D
A5 R F 2 RV & A H DNAMANE AT %
#H L XT. I PlantCARE (http:/bicinformatics.psb.
ugent.be/webtools/plantcare/html/) Tii #ll TaGRF3-A/
BIDH:H J& 8 F X 3 (b X L3 A A2 kb) s =0
et .

1.3 TaGRF3-DEFE=E
BN S A M RNA, B B 8 7 & Evo
M-MLV Reverse Transcriptase (% F}#i) 58 5t
cDNA, LLcDNAJy#EH, HIH %5 5 1% 51 %) TaGRF3-
D-FMTaGRF3-D-R (£1) PCRY 1 TaGRF3-D#: Xl
MALX, fNAk%: 25 pL 2x Phanta Max Master
Mix, 10 ymol-L™" . Fi##514#%2 uL, 2 uL cDNA,
ddH,O %M 2 AT 250 pL. ¥ HFE5: 94°C34) 4t
94°C15%F, 60°C15%F, 72°C30%», 324ME3H; 72°C5
ayeh. WGP BT, I IAE IE 6 )5 %
HAr 4 NpMD19-T-TaGRF3-D.

1.4 TaGRF3-DEB I E(L

¥ TaGRF3-D %t [H #) # & = #% & pCAMBIA1302-
GFP, 3%k 15pCAMBIA1302-TaGRF3-D-GFP #; 14 f:
AL RATHGV3101. F#57 pCAMBIA1302-GFP.
pCAMBIA1302-TaGRF3-D-GFP L, }% #%Marker mC-
herry 344 (1 48 FF B8 1= e 00 5% B2 4 i, 48718t Ji5 Al
FHOGHE 568 2. U8 0 52 B 1 T 40 i e S 17 100

1.5 TaGRF3-DHFETFRERHRLFTFELE

¥ TaGRF3-D3E: R #4) 2 5 MU Jo 118 9 3% 04 3 Ak
pCAMBIA1304, #£74pCAMBIA1304-TaGRF3-D#;
IFFACRFFEGV3101, K ATE PR Gk Al
J¥(Zhang et al., 2006). [ 5 it 20 Y 5 i Bl V5
Xof B 5k DR UL R T IR e, SRAR T oA 6 (R 4l 5
#, #E—LH 51 TaGRF3-D-F1304-R (£1)%}
FEFE R bR RIEATPCRIGIE o K 55 A8 AN 4 Ik A 1) 7
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F1 TaGRF3-DIEH Fo ks fME MM @ 5 ¥1E B

Table 1 Primer information for TaGRF3-D gene cloning and vector construction

Primers Primer sequence (5-3') Primer usage
TaGRF3-D-F ATGTCTACCGCTGAGGCAAC TaGRF3-D gene cloning
TaGRF3-D-R TCAGTGCCCCTCTCCCTCAG
1304-R GTATCTTGAAAAGCATTGAACACC Genomic PCR detection
Actin-F TCGCTGACCGTATGAGCAAAG Actin gene semi quantitative analysis
Actin-R TGTGAACGATTCCTGGACCTG
TaGRF3-D-RT-F TCCTGAACTCTCCAGACCGT TaGRF3-D gene semi quantitative analysis
TaGRF3-D-RT-R CCTCTGCGTTATCGGAGGTC

TaGRF3-D-BD-F
TaGRF3-D-BD-R

atggccatggaggccgaattcATGTCTACCGCTGAGGCAACC BD-TaGRF3-D vector construction
ttatgcggccgetgcaggtcgacTCAGTGCCCCTCTCCCTCA

S 5 /NG R R [RR 2 4 p GBKT 7 444 14 R VRS

The lowercase letters in the primer sequence represent homologous sequences of the pGBKT7 vector used for homologous

recombination.

Frm B MRNAK F5 cDNAJS, LLActink KA &
BEAT R BT (R E B T R A). SRS AA R 10 pL
2x Accureate Taq Master Mix (dye plus), 0.4 uL
10 pmol-L™" Primer F/R, 1 uL cDNA , FddH,O%k /&
AR E20 pL. §HEREF: 94°C30£0; 94°C307),
60°C30%}, 72°C30#%5, 26/ MEH; 72°C27) . 5™
Y101 %35 T W B I P PR ABEAT AU

1.6 HEENBEFRENESSH
WU R I+ B AR BRI B IR Al A bk R P TIH R S, A
FEAE12MSE 3: 5, |, 4°CEWI R, 1EEWIN16
NS R8N FRIE | IELE 22°C& I FREFRE R
REGurh: EHEKH B E I, 2%
FEA2MSE; 75 . 520% PEGHI1/2MSH; 37 3L 14
10 pmol-L™" ABAM1/2MSH; Fe ik, 12 F 3 9214 K
JE MBI SR K.
ARG KRR ISR E g, B
BEK M N B R4 JE AT WK a3 14K, 2K
PN R AT

1.7 BIESH

H FH SPSSH A AT Bt . K K T7 ZZ b = S R
PE K 55 (One-way ANOVA, P<0.053% 7= 2 7 i 3 ;
P<0.013% /R Z At i)

1.8 BHEHEMEEERERY
LAsitipMD19-T-TaGRF3-DJytsiti, 1514 TaGRF3-

D-BD-F/R (¥ 1) 1 TaGRF3-DF#: K j5 4 iE R =
pGBKT7 (BD)=s #4442 175 1H 1 fABD-TaGRF3-D.
¥ H PEG/LiAc % (Gietz and Woods, 2002)*# BD-
TaGRF3-D+pGADT7 (AD)% % 1 fH 14 %} i BD-p53+
AD-T 4y 33t 56 Ak N Y2HGold B £ 410 i, 34 A5 3] &5 AR
[F) 3 FE HIS2 35 4+ M4 i1l 571 3-AT  (3-amino-1,2,4-tria-
zole){1SD/-Trp/-Leu/-Hisks 773 |, W41 7% 1 4E
KAB L LA 65 1 1) 3-ATIR .

1.9 TaGRF3-D5TaABFsEREFWHZ ST
PR AUR A % 78 B A T/ N2 TANAS ) [R5 G
4 1t 9 4> TaABFs #& 11 (TaABF1-D . TaABF2-A .
TaABF3-B. TaABF4-A. TaABF15-D. TaABF16-B.
TaABF17-D. TaABF18-BAiITabABF19-A) (5 4H
2 2023)%E%E EpGADT7 (AD)ZE#ik . Kty i iy
f£)9~AD-TaABFs i #i 5 BD-TaGRF3-D it #i 3L #4 1k
Y2HGold B #k, K HiIF 5 B 7% 5 BH 1 x) #8 (BD-p53+
AD-T) A% #8 (BD-Lam+AD-T)—#27EDDO (SD/—
Trp/~Leu) ¥ i 445+ & (Aureobasidin A, AbA)T]
QDO (SD/-Trp/-Leu/~Ade/-His)/AbA/3-AT ~F . I
T MR TR, SR A KR .

2 ERESH

2.1 TaGRF3-DERFE L& EbEF 5t xt

TaGRF3-A (TraesCS4A03G0697400.1). TaGRF3-
B (TraesCS4B03G0098100.1)#1 TaGRF3-D (Trae-
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SCS4D03G0082800. 1) & T /N2 54 43 [FIR I
13 4~14-3-3 55 [ g i 2 (R . 2 R &5 44 o9 # 2 O,
TaGRF3-AIBID3EN K £ 43 7142 702/2 71412 647 bp,
cDNAK:JE /35151 498/1 440/1 380 bp, HI&A51
ANEF R4 5T (BEIA), BRI R S iG X 171
Z 5, {ACDSX i BEAHAL, K EEFIHT786 bp, Zid
261N B R ik

X 5 TaGRF3-A/B/D # G il 4k 73 1 SR AL [F]— 43 3¢
0 e YRR RN & B S AT e, S5 R BOR
TaGRF3-A/B/DZE IR 7 51 56 A [F], 5 S H /R Bl
F(T. urartu) TuGF14df1°k#HVGF14a% JE ;5 %)
54, 5KFEOsGF14FH — f#5H 1 5 BAGF 14f
A A AL FE 2 5 N 95.4% F1191.35%, 5 1l 3 EE

A TraesCS4A03G0697400.1

(Aegilops tauschii) AetGF14cE HII AL N82.71%,
1M 5 0 ¥ I+ GRF1 A8 8L B 8K, N 62.89%, 3K H
TaGRF3-A/B/DFE M E Y = FE LR, Hy X+
AL B R S DX 04 o B AR AL, (7 N i 1 C
A AR X AFAE R 7 5 (1B
TaGRF3-AIBID )& 5 -1 i X AE F J6 4 5 #7 45

7R, TaGRF3-AIBIDJE 31 IX & Wz 28m B o,
1135 ABA |37 76 /4 ABRE « 2K #i 2 H I (methyljas-
monate) "1 & JG 4 TGACG-motif #1 CGTCA-motif;
EEW e AH DG o, BARAIR W ST LTRL
S N e AFMYB UL K R 5 FMYBSS & 47 MBS
(KE2), ¥t W TaGRF3-A/BIDfg Wi [ i 2 Al AE A= 438
TS EIR

TraesCS4B03G0098100.1

TraesCS4D03600828005.;l

T I3'
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Legend: = CDS

1000 1500 2000 2500 2714 (bp)

Upstream/downstream — Intron

B TaGRF3-A
TaGRF3-B
TaGRF3-D
TuGF14d
HvGF14a
OsGF14f
BdGF14f
AetGF14c
GRF1

TaGRF3-A
TaGRF3-B
TaGRF3-D
TuGF14d
HvGF14a
OsGF14f
BAGF14f
AetGF14c
GRF1

SERKEAA

ARARARAARERRDR

TaGRF3-A
TaGRF3-B
TaGRF3-D
TuGF14d
HvGF14a
OsGF14f
BAGF14f
AetGF14c
GRF1

AR GAEN T
E*T 2

aAaaaaaaaan
[olololololelelole]
OO

NNNNNNNNN
IR eh- G- ehr Gk G G ¢ G g

A ceTkLce 263
AS. . . KPEGEGH 292
PAAAKPADECQ 317

Bl1 TaGRF3-AIBIDX:H £ 53 17 (A) &k TaGRF3-A/B/DHE A -5 H e Wi Rl & B i 25 12 7 51 LL X (B)

B B (4 )T HEFR R 14-3-3 5 A K MR <F 45 3k o

Figure 1 Structural analysis of the TaGRF3-A/B/D gene (A) and alignment of the amino acid sequences of TaGRF3-A/B/D

with those of homologous proteins of other species (B)

The black box in Figure B indicates the conserved domain of the 14-3-3 protein family.

TaGRF3-A L] PR N ¥
TaGRF3-B — - 1y 1
TaGRF3-D u ¥ ¥ ¥ ¥ I
5'r T T T 1 3
0 500 1000 1500 2000 (bp)

Legend: v ABRE 1 LTR
B2 TaGRF3-A/BIDJg 3 & B=\AE FH oot

| MBS

| MYB

| CGTCA-motif |, TGACG-motif

Figure 2 The main cis-acting elements of the TaGRF3-A/B/D gene promoter
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2.2 TaGRF3-DEFE=[&

DL/ o [ B 4w F cDNAH R, % TaGRF3-D
SFICOSHHATY H, 3 2ITUHI786 bpi— 2% (&
3)o IEBEJEIEATINT AT, DT 4 IR 5 /N 2 TR 2
P2 rp BRI 7 4 e A — B, U O v B BN
TaGRF3-DH:A .

2.3 TaGRF3-DEBRITHMEN DT

N € TaGRF3-D 5 (A ) IV.40  5€ £, F %77 pCA-
MBIA1302-GFP. pCAMBIA1302-TaGRF3-D-GFPL),
KA%Marker mCherry E A 1) 4 AT 1 17 L0 5 3% 57 4
fl. B RIESITERER, THIAEpCAMBIA1302-

bp M 1
2000—

1000—
750—

500 —

— 786 bp
250
100—

B3 TaGRF3-D cDNA PCR¥™ 1%
M: DL 2000 bp DNA marker; 1: cDNAY 14 7=4)

Figure 3 Amplification of TaGRF3-D cDNA via PCR
M: DL 2000 bp DNA marker; 1: Amplification product of cDNA

356S8:GFP

35S:TaGRF3-D-GFP P iy

B4 TaGRF3-DFEHE M F o i) 3740 0 E A 3 Bt
Bars=100 ym

Green

GFPTEAMIAZ AU LA S AH I i 35045 S 9 2
1155 ; pCAMBIA1302-TaGRF3-D-GF Pl & # ik #
PRER IO B (5 5 1 2 AR A MU A AT R o (1%14)

2.4 TaGRF3-DEEREMETHRALERE

Nk —35 18 W] TaGRF3-DHE R I Thig, it 5 1k ik
IRAF 1 R I8 TaGRF3-D X (K 1) 46 & T AR I B I+ % 5
Rtk R, EHE3IN4E KR (OET1. OE2FIOE3)4h H i
J PR K 4L DNAGE 4T PCRAG N, - HURNA Sz 3% 5%
JCDNAREAT 2 52 T« 45 R SR 3L 3L Kk R %)
HIREY 1 134 bp T H 1475 (EI5A), Hi%
JE K #k & o TaGRF3-D3E R ¥ §E W5 1E R 1A (KI5B).

2.5 FRIETaGRF3-DIEE THEEMEBTE
PEGFIABALIETRUIRIC
TaGRF3-D: [ )5 5 1 X &5 47 ABARI - 5 Jifp 3 i 5
JoA:, T B T A S ABARI TS . TaGRF3-D
P ik bk RAEABAMIPEG Ab B 1 36 8 43 Hr 45
REIR, 3N AA M RIE1/2MSE 77 5 |- 51
ERRK TR E 2SR, 510 ymol-L™ ABAFI1/2MS
BrgRdkrh, 3N IR RIMR R AR 5 B35 K T AR Y
(KI6A, B); f£1520% PEGI1/2MSH; 373k |, #e 3k
A ¥k R OE-1f1OE-21R K & 2% K T ¥ 4= #(EI6C, D),
Ui B 1 % 7A TaGRF3-D 3 [A 1] 4 K % % 4 bk & %)
ABAR R, H s R e B 5244

mCherry

Figure 4 Subcellular localization analysis of TaGRF3-D in tobacco leaves

Bars=100 uym
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A bp M H,O WT Plasmid OE1 OE2 OE3 B WT OE1 OE2 OE3
2000 — v TaGRF-3D
750 — K4

Bl5 TaGRF3-Di:HR: Ktk Z A1 EF 4 FPCR Y % (A) BA ) TaGRF3-D3: R #3540 7 (B)
M: DL 2000 DNA marker; H,O: 23 X ; WT: B2E7%; Plasmid: pPCAMBIA1304-TaGRF3-D; OE1-OE3: #ERHtk &

Figure 5 PCR identification (A) and TaGRF3-D gene expression analysis (B) of the TaGRF3-D transgenic lines and the wild-

type
M: DL 2000 DNA marker; H2O: Blank control; WT: Wild type; Plasmid: pCAMBIA1304-TaGRF3-D; OE1-OE3: Transgenic lines

1/23 1/2MS+10 pmol-L-' ABA

A g B
o0 mWT
7 0OOE-1
a £ a 2 DOE-2
T 87 mOE-3
kS
6_
) b b b
8 4 c
g
g 2-
= 2 / : . 1/2MS 1/2MS+
WT OE-1 OE-2 OE-3 WT  OE-1 OE-2 OE-3 10 pmol-L-' ABA
1/2MS 1/2MS+20% PEG
it D
- aWT
1 a a OOE-1
2 o= 2 DOE-2
T 8 mOE-3
S
c 61 b
= c c
3 41
g
e 27

\ . 1/2MS  1/2MS+20% PEG
WT OE-1 OE2 OE-3 WT OE-1 OE2 OE3

B6 VAR (ABA)FIE 2. 3 (PEG)ALEE R TaGRF3-D%: 3 ) B FF K 40 7

(A) ABALLHE R %L; (B) ABAKLLHE T IR K- it (C) PEGALBE T (1% AY; (D) PEGAMHE F UMK St . /NG B 2R AR
ANOVAZ 1 45 e (n=3 )4 1Al /£ 7E B PE % 7 (P<0.05). WT: /£ Bars=1 cm

Figure 6 Analysis of the root length of the TaGRF3-D Arabidopsis thaliana transgenic lines under abscisic acid (ABA) and
polyethylene glycol (PEG) treatment

(A) Growth phenotype under ABA treatment; (B) Root length statistics under ABA treatment; (C) Growth phenotype under PEG
treatment; (D) Root length statistics under PEG treatment. Different lowercase letters indicate significant differences (P<0.05)
among the data according to the results of ANOVA analysis (n=3). WT: Wild type; Bars=1 cm

2.6 TaGRF3-DEEEMEITT2IMET 21t ARFR WK A4K 5 B AR TR RR T SR IR U
HE— 25 5 7 3 DR 00 I 0k 2 R0 T A R 34T WK T Fhli, HHEFRRZERE(ETA). RK6KE3N



5 M #k & (OE-1. OE-2 il OE-3) [ 17 i % 4% A A
50.7% 52%7F152%, &% & T B A1 (22.7%) (K
7B), Ui TaGRF3-D%: K 74U R I+ H i 08 T 4
o BRI B I T SR AL 52 1

2.7 TaGRF3-D5TaABFsEREES T

AR, 14-3-3% i@t 5AREBs/ABFs#: % [A T
HAEm YA KK B P ian B(Sun et al., 2015;
He et al., 2017). M[##TaGRF3-D5/N#TaABFs
Z M EAE, AT E T FH1HEABD-TaGRF3-D.
EBOE T 45 S R, BD-TaGRF3-D+AD S 84 1L,
HAETDO (SD/-Trp/—-Leu/—His) ¥ - fig I % A K,
WM TaGRF3-DA H & & M A 10 mmol-L™"

Drought 0 d

Drought 14 d

5 L

WT OE-1

OE-2 OE-3 WT

PNA & N 14-3-3 B TaGRF3-D KK i R IhBE #1869

#120 mmol-L™" 3-ATHITDO (SD/~Trp/—Leu—/His)}:
FeH b BH XS IR BD-p53+AD-THE IE W 4K, &F
BD-TaGRF3-D+AD Jii i [ % B 7 A e K H 1 7% (&
8), iAI10 mmol-L™" 3-ATE A 45 20 H W0 .

) P B2 REXU % 2 5256 % TaGRF3-D A TaABFs i

FIEAT BAE 0T, 450 SoR/EDDOR; 775 [ irfy L%
TR ZE B IR IE A, T A TR N ) EL X 4
Mo TG R 2 ;£ QDO/AbA/3I-ATE; 723 I, TaGR-
F3-D5TaABF3-B.TaABF4-A.TaABF15-D. TaABF-
16-B. TaABF17-DHITaABF18-BHIFL 1k i 7% IE
A, VA HAE R REA O e A7 /EAH ELAE D, TaGRF3-D
5TaABF1-D. TaABF2-Af1TabABF19-AM % A
K, W e Z A RAETE(E). AR,
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Figure 7 Phenotype (A) and survival rate (B) of the TaGRF3-D transgenic Arabidopsis thaliana and the wild type (WT) under

drought stress

Different lowercase letters indicate significant differences (P<0.05) among the data according to the results of ANOVA (n=3).
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Figure 8 Self-activation verification of bait proteins and sele

ction of 3-AT concentrations
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Figure 9 Interaction analysis between the TaGRF3-D protein and the ABF protein
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Cloning and Functional Analysis of the 14-3-3 Protein-encoding
Gene TaGRF3-D in Wheat (Triticum aestivum)

Yue Sun, Shujuan Guo, Huixian Zhao, Meng Ma, Xiangli Liu’
College of Life Sciences, Northwest A&F University, Yangling 712100, China

INTRODUCTION: 14-3-3 proteins are a highly conserved protein family that specifically recognize phosphorylated target
proteins and play crucial roles in plant abiotic stress responses. By interacting with AREB/ABF (ABA-responsive element
binding protein/ABA-responsive element binding factor) transcription factors, 14-3-3 proteins participate in ABA signal
transduction and regulate abiotic stress tolerance. TaGRF3-D is a 14-3-3 protein gene in wheat (Triticum aestivum), and
our previous studies revealed that the expression of this gene was upregulated under ABA and abiotic stress.

RATIONALE: To explore the biological function of the TaGRF3-D gene, we cloned the gene, and investigated its subcel-
lular localization and function under drought stress.

RESULTS: The results revealed that TaGRF3-D is highly conserved in monocotyledonous plants and is localizes in the
nucleus and plasma membrane. Compared with the wild type, the Arabidopsis thaliana transgenic lines overexpressing
TaGRF3-D presented significantly longer roots under PEG and ABA treatments and showed a markedly greater survival
rate after drought stress. Yeast two-hybrid analysis revealed that TaGRF3-D interacted with wheat TaABF3-B, TaABF4-A,
TaABF15-D, TaABF16-B, TaABF17-D, and TaABF18-B, but not with TaABF1-D, TaABF2-A or TaABF19-A.

CONCLUSION: These results suggest that TaABF3-D responds to ABA signaling by interacting with wheat TaABF tran-
scription factors, thereby increasing the drought stress tolerance of transgenic plants.
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