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Abstract: Plastid glyceraldehyde-3-phosphate dehydrogenase (GAPCp) plays an important role in plant growth
and development, energy metabolism, and stress response.In this study, we cloned the open reading frame (ORF)
sequence of the /bGAPCpl gene from sweetpotato variety 'Lizixiang'. Subcellular localization studies showed that the
IbGAPCp1 protein is targeted to the chloroplasts. Quantitative real-time PCR analysis showed that /bGAPCp]l is
ubiquitously expressed across sweetpotato tissues, with the highest transcripts detected in leaves. The expression
of IbGAPCpl gene increased gradually with the development of sweetpotato tuberous root and reaching its peak
at 105 days. In order to further explore the regulatory mechanism of /bGAPCpl gene, we cloned a 1940 bp
sequence of the /bGAPCpl gene promoter, designated as Pro-IbGAPCpl1. The prediction of cis-acting elements
showed that Pro-/bGAPCp1 contains several elements related to photoresponse, hormone response and meristem
expression. Expression profiling under drought and salt stress showed that /bGAPCpl is responsive to both
drought and salt stresses. Furthermore, yeast one-hybrid screening identified 35 upstream transcriptional
regulators interacting with the promoter region of /bGAPCpl, including ethylene-insensitive protein 2, zinc
finger CCCH domain-containing protein 47 and MYB44, factors that are known to modulate plant growth and
development, secondary metabolism, energy production, and stress responses. This study provides a theoretical
basis for future elucidating the functional role of /bGAPCp1 in sweetpotato abiotic stress tolerance.

Key words: sweetpotato; plastid glyceraldehyde-3-phosphate dehydrogenase ; yeast one-hybrid ; abiotic stress

H 2 [ Ipomoea batatas (L.) Lam. | X 45 H1)IK (111
A WBEAERIR M HARVEY Y R R Bz A
W EREY 22— WP ER R Y2 A ®H
SR HEEN—F RS B Tl JER R
AEYRETE T — AR Z I REAED S S A
LR 4E KA W5 Z R AR5 18 TR 47
K B-THE MR AL R IR ALY BT 432
HRCT FRE AT 2 L Bz, PR 4 b
ARG, T BA w7 AP P s A L, e
B 55 AP AT iR AR E AR R o . R,
H B G B R DA ST BB R
FhEYEEE , T R0 A FH ok 2 Eh i Fn 1 5 4= 3, 22
fEE 7 o

BRI AR 2 A D IR N re A 0y S i A, 32
S RE A 1 73 ik A B A2 ATP NADH A1 A Ffd
M2 , [T Ry LA P A EE A AT 5T . H I
3- Wk BR M A B (GAPDH, glyceraldehyde-3-
phosphate dehydrogenase ) 1F 4 Ml 9 i 4 42 19 ¢
NG, 7E TR R AR TR Y T2 AR AE X DNA
B4 sk s Re T AR BRI R AT AR R
HK I ABAE S SAEAELEMFTW ., & 5HE
Y&y, GAPDH H 45 8 2 16 RS B AN 6], AT LA
I3 R B R Ak RN A W R Ak PR O 2 Y AR B IR AL 1Y
GAPDH (GAPN, non-phosphorylating glyceraldehyde-3-
phosphate dehydrogenase) & i T Il it H , A] LU fk
H 3B R B AL R 3-BR R H MR . BRILZ A,
GAPN it Z: 5 FE IR 3k PR 15 | B 958 IV 285 I v 4R

bk J5 f BV SF 22 B AR ) S RET . W R AL 1Y
GAPDH A i H: 7 41 M b 1 5E 42 7T 43 S 20 Jfd J5
GAPDH (GAPC, cytosolic glyceraldehyde-3-phosphate
dehydrogenase) . it {& GAPDH (GAPCp, plastid
glyceraldehyde-3-phosphate dehydrogenase) Fil It £
& i) GADPH (GAPA/B, chloroplastic glyceraldehyde-
3-phosphate dehydrogenase)’ . GAPDH 7£ K & Hff
TE 16 1SR I 5, 35 11 45 A8 1560 55 WA v B2 RS
(25 4 35 - 7 52454 NAD(P) ' N iy Gp_dh_ N 4544
I8 (PF00044) FIl HA fii Al 15 P4 19 C 3 Gp_dh_C 4514
1k (PF02800)"*, 4> GAPDH i 4% CP12 2543,
(PF02672) LAt — 45 O RE . AR A ¢
GAPDH R HE R T 7 BEAS #4544 i o
L3R 4R P, 7e b B /N2 h L S
# 224> TaGAPDH A, iX SEBL PR a] ) 732 4 AN
[F) Y S R 0%, S R I 1R 13T TaGAPA/B BE A, SE58
L XF B F TaGAPCp 3 H, W K % 1L % T
TaGAPCHE , WA IV X F TaGAPN £ " s 4
H§ v (4 13 A~ PtGAPDH % Wi Ji 53 53 2 PtGAPA/B
PtGAPC .PtGAPCp Fll PtGAPN WUZH "',

FENT TR GAPC A el H -3 - i
TR, 3- WM HHM AR X — T ¥ sy . BIF5ER M,
GAPCTEREINS W) B AR A= 1 Bty 3 Wi 13 v 493 Y86 4 O
@, BN, R IT AtGAPCTE B A T 28k A
2 A2 I 5 i 3% DR F NF-Y C10 45 45 34 58 JUU g 7+
it FE 5 K B MeGAPCs JE R 1T BRI L 9 1 1
I ThAR R SIGAPCT 3 Rk e ik | iR R e i iR



6 WA . H S IbGAPCp ] TE T2 HIER A T 1235 M L IR R -1k 1121

FI 2235, 038 T AR RO R0 IR A5 01 RS 5 oK e
PEAEINATE S T GAPC3 Tl GAPC4 1 #3519 s K A5
OsGAPC3 3l F ik # & T R bR B9 PR 1" 5 H 35
BoGAPCHEIH W) 81 X AL 2 1/ 22 390 5 R 38 I o
FHIC TR

FEAE T M4 () GAPA/B i 50 1, 3- iR
HOMER I S5k HOl 3-8 R . o, GAPB R IR T
GAPAFERIZ ], 5 GAPAMIEL , GAPB BAG — M H5E
() C A i B, {FL 9 25 341 2 15 ok b AR 400 1) R 2R SC
TER AR, AL T B H i) GAPCp F 11 5%
P A H T 3- W R A 1, 3- R R H R .
GAPCp TE MW A= K R 8 S Rk 8 ™ A v R R 3 T
HEESMAO, PEFNE T, TR0
A —E B L E R T TaGAPCpl [ 1 &
B BRI , GAPCp R AR R
PEAE 3-BE R T M AR , AR F Rl b B B R 1 AR &
B2 GAPCp i3l i 22 & B A= 1) i O i 1R Ak i
1% (PPSB, phosphorylated pathway of serine
biosynthesis ) B A ik F1 AU QY B 28 % He s . 7E4U
MT T, GAPCp = 25 T8 ABA R ABA {55
5 SRR Z W M AT &, JLHAE gapeplgapep2
R IR ST G FR I W i s 1 2R 7
HAE ARSI 0T TC Ik & 22 oAb  EAR R,
GAPCp [WFEiK WA AR A K BT T7 (112

DL ARSI 5 2 A RE 0 T4 P ) GAPC Al
TEN TR T 9 GAPCp XY T R b &k £ 4
JpiE B — 2 BRI o SR, 76 H S A i R L3
&F GAPDH F 1% IR 55 7 A ) 68 v T8I ) AH 56 4
i AHEGE DAH S SRS F AR, TR T
IPGAPCp1 3£ [H () ORF J¥ 41, 340t Tz SN TEA
] % B I S R ZH 200 T SRR il b B R A
Fkm, W, SR T IbGAPCpl A () o
Fr A, 8 2 A R oA T, & iz 3 A
T 25 6m N R B K Ay A SRR ]
FSRMTCIF. ik —HRIE IbGAPCp 1 3 H ()15
BL , #4  T PEBE 5 2% 58 15 TH A M A H S Bl
cDNA 5 SCHE P i 1% 5 IbGAPCp 1 J3 3 T AH TAE
FE R T ik—B W98 IhGAPCpl SEHE H
SARA Y aa TV E AL R AL T B SLR

1 MR ®
L1 K5

FI TR A6 DA 2% 0 H 28 e o 1 7, 2023 45
PR T L PG AR R i . PRS2 60 d

75 d .90 d. 105 d 43 HI 6] HE MR (9 B i | 25 B (B T
T2 15 em 1Y 2K Be) TS 25 3 7 Jg 1 it ik 47
FECRENFEMM IR 3R EAE . MR 2R B
FHERS AR 44, PR R K ol e T3 5 U0 e/ e
57 B R R, T -80°C vk AR AR AE o i T AUA
pAbAI IR T 5 8K 5 LE W RHE AT BR A Rl 4R it
1.2 KA *E

1.2.1 DNA 5 RNAKJIREXE cDNAKIERK 55
K FH CTAB 4 AL F A RNA $2 500 £2 3.0
(b mt AR A R A BR A ] ) 2 U R 41 DNA
F1 RNA, i 2 #% I8 £ 11 % il {X Nano Drop 2000C
(Thermo Scientific) £ ] RNA 4 i & J5 , fff F
MonScript™ RTIII All-in-One Mix with dsDNase [ %
st & (DL AR IR A ))& i cDNA
1.2.2  IbGAPCpl E F 52 B& K% 0 20 B 7E (i £ A H9 44
B DIETHN cDNA AT, | 3L R 5 PES
Y IbGAPCp1-F-Xba 1 1 IlGAPCp1-R-Sal 1 4} 3k
73 IbGAPCpl 1¥) ORF [ 41 , ¥ 1k R 5 FE ¥ 2 HE 2%
SuperTaq PCR StarMix (Dye )71 & (b 5 FE i il
HEWIRHEAT RS F ) {8 AxyPrep DNA #EJ 1] 1
R & [ RR T AR i Bb s RV A BRA & I %38 7=
YA Al AR IR, o O™ ) 5 pMID19-T A% 42
J5 %4k 2 DHS o 83z 25 4 i, Bk HCBH 1 B v pae 42
USR5 4 T A TRE (V) ey A BRAA vl b4 7
DUy B6r i o DA 36 31k 18 2 1 B P Jo2A pM D 19-T-
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SR BUE K8 60 d.75 d.90 d #1105 d (13 17
PR B AR R 90 d I AE 25 (I RNA, U85k h
cDNA Ji , LA IbActin (AY905538) gy N 2 3L K |, i 1o
qRT-PCR 7341 IbGAPCp I TEX BEREA AR XS 2235
i, qQRT-PCR ¥ 14 1k & 5 2 J¥ = I MonScript ™
ChemoHS Specificity Plus gPCR Mix(None ROX )iz
G (RS =R A R AR o BAFE X
#1 FTHsSI¥FEIFAE

Table 1 Sequences of primers and their roles

B3MNEYFEL R 2 TR R A
1.2.5 IbGAPCpl EF B FRERIRXIERTH
S HEIbGAPCpl JG8h T4 T H 2%
ZH 0 J2E (https : //sweetpotato.uga.edu/) H 5. L
ZE ¥ 75 1) DNA Sh # 4% , Pro-IbGAPCpI-F Fi Pro-
IbGAPCpI-R(5 1) M54 PCR Y $4 ,PCR § 1
R 2 52 ¥ 5 B8 2xSuperTaq PCR StarMix (Dye) i,
)& (At Bl Ol A= R A R A D | = 4tk
mI R 5 el AR pMD19-T iE4% , E1"WAL =
DHS5o /257 252, PR PH: B s BB SR, Iy LX)
J& F| F] Plant CARE (https://bioinformatics. psb. ugent.
be/webtools/plantcare/html/ JEZR X IbGAPCp 1 )3 )
FHIAE e T 504

1.2.6 FTEMEEME T IBGAPCpl EEMRIEEN
SHT BEBOR A A RKBE B S 3 H S A i, BY
U249 20 em HY4ET 2% , 2351 8 T 45 10% PEG-6000
Y 1/2 Hoagland & ## % M %% 45 200 mmol/L NaCl f¥)
1/2 Hoagland & 7R HEA A 55 5% , B A0 P 181
%%, T0h.1 h.3h.6h.12 h.24 hEF5r R 3 A
A ARG 3 7 Jj T i A 7 ORE | W &L R T
—-80°CIRAF . LhIbActin HNZHEIN il it qRT-PCR 43
MR ) R 1A 2K, QRT-PCR 9 81K R SRy S 1

ElRY Ry

Primer name

SIMFSI(5"-3")

Primer sequence (5'-3")

g
Application

IbGAPCpl-Xba 1-F
IbGAPCpl-Sal I-R
IbGAPCpl-Sal 1-F
IbGAPCpl-Xba I-R
Pro-IbGAPCpI-F
Pro-IbGAPCpl-R
Pro-IbGAPCpI-1-Hind IlI-F

Pro-IbGAPCpI-1-Xho I-R

GCTCTAGAATGGGGTTCTCTTCTCTCCT

GCGTCGACATGGGGTTCTCTTCTCTCCT

GGCAATGGACCATTTATGGT

CCAAGCTTCCCATGCACGTGTTTTCATA

ORF 7413

GCGTCGACGTTGGTGGCAGTAGCA

IbGAPCp 1 72400 5 for i AcAty

GCTCTAGAGTTGGTGGCAGTAGCA

Pro-IbGAPCpl J5 5T Fe 4P 14

AAGCAGTATGACCTCCTCCG

Pro-IbGAPCp1-1 B3 81 T 51§ 4

CCCTCGAGCCGGTATGAAATAGTGAAAG

qRT-IbActin -F GACTACCATGTTCCCCGGTA qRT-PCR 437
qRT-ThActin -R TTGTATGCCACGAGCATCTT
qRT-IbGAPCpl-F ACCACCAATTGCCTTGCTCC
qRT-IbGAPCpI-R TTTGTGTGGCTGTGGTAGCG

PADAI-F GCTCCTTCCTTCGTTCTTCCTTC W5V 2H ORI BE ATV PCR %838
pAbAi-R CGGCTACATGGCAGTTTGGAG
T7-F TAATACGACTCACTATAGGGC PR B ok 8 5
3'AD-R AGATGGTGCACGATGCACAG

T RIRAC VIO £

Underscores represent cleavage sites
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ERE SR 3~5 d 5, 4 PCR 56 175 1H 55 41 TR 2 75 A%
DG 2 YIH BERESEER 4P PCR Y ISR R 57
21 2xSuperTaq PCR StarMix (Dye ) 7] &5 (b5 RE
T A RHABR A

PRI I IR A BH A B g b, 2R T SD/-Ura
WA FR 5L T 30 CHR % 15 57 , Al 0.9% NaCliF
W B A IR 4 2 0D, J 0.002, A T8 A ]
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TH.

FKH SD/-Lew/ AbA 55 57 4 b AE K Y L v i, 7
AR P35 3R 2 AT R , Pk HCER S 3 43 il 422
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24~36 hJ5 A TR BEAL TR, PCR i 188 1o B S R I 1

DRAGHIN , e B 1 e Bk B, 4 HL A6 22 DHS o Jd3Z
A 40, P IBCRH M R v B B IBOBTORE L L T7-F AN
3'AD-R(FR 1) 51 ¥4 7 PCR YEE , PCR Y I A R
EfH¥2HH2xSuperTaq PCR StarMix(Dye)idFl & (d AL
Ol AR TR A ], A 25 1 BRI e
I Py 45 L8 1 NCBIAEZR 1.5 | ) BLAST (https://
blast. ncbi. nlm. nih. gov/Blast. cgi? PROGRAM=
blastn& PAGE TYPE=BlastSearch& LINK LOC=
blasthome ) i1 7741 X 43 Hr Rl D) BB R

2 HER59H

2.1 IbGAPCpl £ 5z b R L 40 A T i Ak Iy #a E

DLSET-75 1) cDNA AR , AR 15 1) 5
BEARAT K M 1281 bp [ IbGAPCp1 K:[H ORF J741]
5 E MR B R/ANASE (B 1A) o 4 5Tk
pCAMBIA1301-35S-IbGAPCpI-GFP [ T 7% PCR 4%
A5 FL— FHLK/ R 1281 bp (] 1B) o Sal 11 Xba 13U
il U] 20 RIS 7 A — 45 5 28 ORIV IR B S
Je—251281 bp KNI 4715 (-11C) , W IbGAPCp 1
STV 24 L 7 R AL R R )
2.2 IbGAPCpl EHHIELL

FIIH 2 1 91 48 B 2 57 7E 2k 1. B WoLF
PSORT (https://wolfpsort. hge. jp/) Fitill IbGAPCp1 %
T (8 2 P L T 2RA . S B0 R X — FIE 25 4L
pCAMBIA1301-35S-IbGAPCp1-GFP ® 41 Jii i M
pCAMBIA1301-35S-GFP 75 # 1k #% fb %= & #T 15
GV3101 JE iGN R . 7E 640 nm KB T
NEL KB, 145 35S : GFP ik (p)CAMBIA1301-35S-
GFP ZS #d AR J5 A A R IR A 0O L 55 1
1 5 35S: : IbGAPCpl: : GFP Jii #i (p)CAMBIA1301-
35S-1bGAPCp1-GFP B 41 JFUkr ) By 4 i o rh 2 €,
DT FAAEM AR g2 2], H 524K B & 1
s E S (Bl2) . X—45REW IbGAPCp1 %t
0 (= I ivre ivam B w5 7 NS B B HER B S
2.3 IbGAPCpl TEHEARRALRELIFNE KR

18 3 qQRT-PCR 43 # T IbGAPCpl 16 £ KW Ky
90 d Y H AN FIZHZUER AL (HE 25 (i) AR [ A
K (60 d.75 d.90 d. 105 d) Ay R IETENL . 45
IR, IbGAPCpI 1E H B R A R H L h A Rk,
o R o i e ik it i, 20 0 R 1Y 2.63 £, 253
FERFRZ A RERE 1245 (I 3A) . A, BES
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151, 7E 105 d B iR B fH (& 3B) o
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A M1 23 B M 1 2 3 45 6 7 8 C

2000 bp
2000 bp 1000 bp

1000 bp

Sl S W W

1000 bp

A:IbGAPCpl 5 A ) ORF 43 , 1~3 : IbGAPCp 1 FEF Y3741 ; B: pCAMBIA1301-35S-16GAPCp 1-GFP B 20 JFU A i % PCR 4 E , 12 FHEXTHETE
WK, 2~8: FT&EPCR"#);C:pCAMBIA1301-35S-IhGAPCp1-GFP B 4 ik AUV S5 IE , 1 : B4 ik pCAMBIA1301-358-1bGAPCp I-GFP , 2~
4 WUV 4 Bk pCAMBIA1301-35S-1bGAPCp1-GFP, 5 : IbGAPCpl K:[F 194 14771y ; M : DL2000, ' [

A: ORF amplification of /bGAPCp1 gene, 1-3: Amplified products of IbGAPCp1 gene; B: pCAMBIA1301-35S-I1bGAPCp1-GFP recombinant
plasmid colony PCR identification, 1: Negative control sterile water, 2-8: Colony PCR products; C: Double enzyme digestion verification of the
pCAMBIA1301-35S-IbGAPCp1-GFP recombinant plasmid, 1: Recombinant plasmid pPCAMBIA1301-35S-/bGAPCpI-GFP, 2-4: Recombinant
plasmid pCAMBIA1301-35S-I1bGAPCp1-GFP after double enzyme digestion, 5: Amplified products of /hbGAPCpI gene
1 IbGAPCpI E[F 52 b& K L 20 B FE (s SR oA 22

Fig.1 Isolation of IbGAPCpl gene and construction of subcellular localization vector

ZaYDEEA LR RSE

GFP Chloroplast fluorescence

5S 1 :GFP

:IbGAPCpl ::GFP

35S :

&2 IbGAPCpl EH
Fig. 2 Subcellular localization analysis of IbGAPCp1 protein

24 IbGAPCpl EREETEMEE THIFRIXE

X T S AR SE AT T 5 R0k B e b B R
qRT-PCR ¥l IhGAPCp1 J [N £ T 2 A £k W iet
B RIBTEO . G5RBR, %A 10% PEG-6000 Fl
200 mmol/L NaCl iy 1+ 5 1 & W 38 8 & % &
IbGAPCpl B FRE (K 4) . TR~ s
JUfp 360 ESF 6] 8 B4 0, IhGAPCpl & IR 1 26 35 1 5L B
Je BETHE FRER BT, 24 hih ik B i,
2950 h (19 9.54% ; ERW3a 25, Bt A5 36 e ] 1)
W N, IbGAPCp1 LR () ik & B 1 THE TR
M, T 6 hBf ik B IE(E , 298 0 h i 7.8 1% . iX

1% =) 171
Bright field

Merged field

— 25 L] IbGAPCp 1 F PR X T 5 ik 30 39 A5
— 2 R 1
2.5 IbGAPCpl EE B BT E R FF 551

PUH S 95747 1Y DNA AR, ol e fs 3 1
KIINH 1940 bp i IbGAPCpl 3L 8 3 T 551 . fdi
JHAEL 34 Plant CARE X} H % IbGAPCp 1 )i 811l
KA IO AT 00T o 45 SR, IbGAPCpl J3 5
F 17 8 o B B A 3k A XA G /4 TATA-box
CAAT-box Fll ATTATA-box # , i& & 45 6 25 v A
0 G-box .GT1-motif . AE-box .Box 4. TCT-motif
1 GATA-motif; 4 25 2 M W AH S TTAF , Q120 1oL
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JU4 ERE , 26 #ij 2 F g i i, oG/ TGACG-motif i HA TGS 5845w N R A5 5 T abh 77 1)

PRI NG ABRE3a il ABRE; 1 8570 A PH 0 A% 2R 4B AL N Myce »m'J GRS
IKAHICHY CAT-box el 3 1 ZE N W o/ STRE;  F(582).
A 3.0 a B 35 a
2.5 I 30
g € 25
iy % 207 i 4
A & H 8 20
B 1.5 b KB
= o = 0 -
Y- b EX
=5 1.0+ L =&
& < 10 b
0.5 5 — c -
d =i=
0 T T T 0 T T T T
i ES I 60 75 90 105
ANIFZHZAER A AN AR (d)
Different tissue sites Different growth stages

A:IbGAPCpI TEA AT 90 d A H R RIZE LU I3RIK 34T s B2 IbGAPCp 1 1 H B WA )R B I I o 338 53047 5
ZES BFNE LR NG FRARIC (P<0.05) 5 T 1)

A': Expression analysis of IbGAPCp1 in different tissues of sweetpotato at 90 days of growth; B: Expression analysis of /bGAPCp1 in sweetpotato
tuberous root at different developmental stages; Significance of differences marked with different lowercase letters (P<0.05) ; The same as below
B3 IbGAPCpl EHEREHAMMR AR EKBEBHRIEDH
Fig.3 Expression analysis of IhGAPCpl in different tissue sites and at different growth stages of sweetpotato
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BEl4 IbGAPCpl TET 2 (A)FAk (B) B8 THIRIZSHT
Fig. 4 Expression analysis of IbGAPCp1 under drought(A) and salt(B) stresses

R2 IbGAPCpl BEhFFr 5 eI E AT i o4
Table 2 Analysis of cis-acting elements of /bGAPCpl promoter sequence

Juff ¥4 Ko it
Element Sequence Number Function
G-box CACGTG 2 Z: 5 A AR T

G-box CACGTC 1 Z: 5 IR e
G-box TACGTG 1 Z: 5 L A E e
GT1-motif GGTTAAT 1 S i e

AE-box AGAAACTT 1 S N — 8 43

Box 4 ATTAAT 2 Z: 5560 N P DNA BEH —F8 53
TCT-motif TCTTAC 1 M W TCA ) — T8 43

GATA-motif GATAGGA 1 St R e 43
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Jeff J¥ 4 B g
Element Sequence Number Function
ERE ATTTCATA 1 Y H LIRS
ERE ATTTTAAA 1 LAz T
TGACG-motif TGACG 2 2 555 B PP e oL (4 =V e
ABRE3a TACGTG 1 S 5 B R N P R T
ABRE CACGTG 1 Z: 5 IR R e L MV FH e
ABRE ACGTG 2 2 55 89 e L I AR FH T4
ABRE TACGGTC 1 Z: 55 I AR e 7 R A F o
CAT-box GCCACT 1 55 A R R A SR MIRAAE T
STRE AGGGG 2 IS MR PR T
As-1 TGACG 2 TGA &5 A
WRE3 CCACCT 2 P E e
W-box TTGACC 1 WRKY 45455
WUN-motif AAATTACT 1 B3 e 1 T
ARE AAACCA 3 DRAE T i (LA FH DT
MYC CATTTG 1 MYC#e 5 FE5 G000
Myc TCTCTTA 2 Myc P RIZE & ITi

2.6 IbGAPCpl EEBshFFIEHERME
DL 4G B 1Y J5 3 1y 4 R B AR 4 5 Pro-
IbGAPCpI 1R B, IF38 2 B AR W BRI v DA A5 31
2510 286 bp K/ Z&HT , I EL X 45 5 g R AH
Wt — % s B 1S F| Y Pro-
75 TH AR pAbAIL 43 51 E4 5 XU U] (]

Mr“ 5 100%.
IbGAPCpI-1 Fili

A

250 bp
100 bp

M 1

23 456 78 910

W I 0 i B, Ik E DHS o R 2 S 401, TR
PCR &7 8— H K/ R 286 bp (& 5A) o #4455 Ay
P 5 2 175 18 5 R 42 Hind TUAN Xho T Wi H1 56 3iF
Je , A5 30 5 WO A [ R /N B i 5 (B 5B, &8
AR pAbAI-Pro-IbGAPCp1-1 Fy B3N

250 bp
100 bp

A :pAbAi-Pro-IbGAPCpl-1 TH % PCR %€ , 1~9: Pro-IbGAPCp1-1-Hind I1I-F fl Pro-IbGAPCp1-1-Xho 1-R A5 #4384,

10: BAVEXT HETC 7K s B: pAbAi-Pro-IbGAPCp1-1 B4 TR A BT S UE , 1 : B4 TR pAbAi-Pro-IbGAPCpl-1,2~3:

I B F 2 TR pAbAi-Pro-IbGAPCpl-1,4 : Pro-IbGAPCp1-1 { PCR {34774
A: pAbAi-Pro-IbGAPCpl1-1 colony PCR identification, 1-9: The amplification products obtained using Pro-/bGAPCpI-1-Hind 1lI-F and
Pro-IbGAPCpI-1-Xho I-R as primers, 10: Negative control sterile water; B: Double enzyme digestion verification of the pAbAi-Pro-/bGAPCpI-1
recombinant plasmid, 1: Recombinant plasmid pAbAi-Pro-IbGAPCp1-1, 2-3: Recombinant plasmid pAbAi-Pro-/lbGAPCpI-1 after
double enzyme digestion, 4: Pro-/lbGAPCpI-1 PCR amplification product
E5 pAbAi-Pro-IbGAPCpI-1iE B EkEIHE
Fig. 5 Cloning of the pAbAi-Pro-IbGAPCpI-1 bait vector
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2.7 pAbAi-Pro-IbGAPCpl-1 % {H & k1Y B #iE
i

¥ pAbAi-Pro-IbGAPCpI-1 75 18 5 41 Ji ki 4% 4k

F Y IH BRS04 1 N TE V% PCR % 5E M PHE

9 T (T 6A) , 23 31l A 31) 55 A AN [A] R B AbA Y

SD/-Uraliiidk o 455K, pAbAi-Pro-IhGAPCp1-1

A M 1 2 3 4 5 6 7

750 bp
500 bp

2.8 EEEEZEILTNERIE

LA Y1H[ pAbAi-Pro-IbGAPCp1-1] iF HFE#E ,
TEH YR cDNA B BER G SC I Bk i 5 2 |
YERY 454 8 M . 181t 78 SD/-Leu/AbA (200 ng/mL)
R B )0 RN AR 0 JS , 2R ARAE T 50 S B B

1 SD/-Ura/AbA (150 ng/mL) (153558 F HAE K H
— Y&, T 7E SD/-Ura/AbA (200 ng/mL ) [ 5% 55 it
5 AE K (K 6B) , B 200 ng/mL ¥ & 1)
AbA BEE A pAbAi-Pro-IbGAPCp1-1 F) H 815 15
PE, A Ry 5 B2 1Bk 5 2% 52 SC PR i 46 1 5% 1) AbA

B

0 ng/mL

N /
N — 1 cm

200 ng/mL

150 ng/mL
A :pAbAi-Pro-IbGAPCpI-1 ¥ FE 7% PCR 4 5E , 1~6 : pAbAi-F Fl pAbAi-R 5 | ¥ A0y B =9y, 7. BTN IR TG K 5
B:pAbAi-Pro-IbGAPCp -1 {75 AR BTG , A ] A v S 45 50 A B iR 2 #EA 1100
A: pAbAi-Pro-IbGAPCpl-1 yeast colony PCR identification, 1-6: pAbAi-F and pAbAi-R are amplified products of primers, 7: Negative control
sterile water; B: Self-activation detection of the pAbAi-Pro-/bGAPCp1-1 bait vector, strain 2 identified in figure A was used for the test
6 pAbAi-Pro-IbGAPCpl-1 BRI FHE A B BiE# N
Fig. 6 Self-activation detection of pAbAi-Pro-IbGAPCpI-1 positive bait strains

W&, LA 514 T7-F 713" AD-R #E47 PCR P14 )5 ,
BB 25 A 7 o, 38 7 0 RN A T 500~
2000 bp Z [H] , FEHLY 4 S5t B 52 04 BH A TRk 24
TAY TR ) B A PR JIY

M 1 2 34 5 6 7 8 91011 12 13 14 1516 17 18 19 20 21 22 23 24

2000 bp

1000 bp
750 bp
500 bp

M 25 26 27 28 29 30 31 32 3334 35 36 37 38 39 40 4142 43 44 45 46 —

2000 bp

1~46 : FEEEBH I FORE PCR B -« BN FE TG R /K
1-46: PCR fragments of yeast positive plasmid; —: Negative control sterile water
7 PFRMERTHI PCRERE
Fig. 7 PCR identification of plasmids with inserts
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2.9 PHETERER SIS HTAIThEEERE

W I T A 31 () 7 81038 43 NCBIZEZE W3 | i
BLAST #A7 HEXT, dwidE & AR FRAE S A U XT Y
JPA )G, 24580 T 3541l B8 55 Pro-IbGAPCpl-1
o BhF XSS5 A RSN (R 3) . DhRETER
el R R X8 YR AL H R
o RS T (1M 16861.1 . M16883.1) . 5 5
B A A% B R B 1 (40 XM_031251527.1

£3 Pro-IbGAPCpl-1 E{EZE AR

XM_031269564.1 J2 XM_031245851.1) . 5 #11%
A AR R AE R A RCR 56 1 ¥R b R -3- 52 Ak il
(AB023790.1) 7EF% sk 472 F DNA B K b & 440 fig
IZHE T (XM_031271466.1) .2 5 & FhaAELE Wia

MY AR K BRI G 2 FIMYB44 45, X
BUZE Ry HE— R 7N IbGAPCp 1 15 R 845 W 48
PLEIRAE TR

Table 3 Analysis of proteins interacting with Pro-IbGAPCpI-1

Hir's 4R EE 1= g

Number Protein name Protein ID Function annotations

1 I T A M16861.1 H AR iy T2 I

2 I 1 B M16883.1 R i R R

3 I3 11 A R DQ195776.1 IS USRI N RETE S F

4 1 1 He XM_031271466.1 FERE LR DNAMESL DNA KR o g e v b R #E7EH
5 40S LM A S13 XM_031251527.1 Z 5 HAR L 2R B A

6 RNA 542 [ pnol XM_031259394.1 Z SR EY A L

7 RNA {K#i 1 RNA R4 1 XM 031266735.1 X AR A i 2 00 E S A B A E

8 PRI IR TR T 1A XM_031270345.1 TEELAZ A Y B R A 1 A P G EEE I

9 40S EEHHAZE T S12 XM_031269564.1 SH5ENA K

10 60S W BE AR 1 L21-2 XM_031245851.1 ZHENA K

11 RN T SUTL R4 2 XM_031263649.1 ZHEARAH

12 W R (RNA 11 XM_031270931.1 K2R (Lys ) 2R ARRL 19 (RNA 43 F b, o8 T iR AR A
13 NADH i & [ 12 118 WA AW H9  XM_019331359.1 Z: 5L, dErERe g

14 PE{RHE I dnal 11 XM_031263975.1 ZHE A TSR

15 B- T S N 28- B i A iy XM _031266341.1 Z 5 =G W EYA

16 DNAJ & 1[4 XM _031252192.1 e AR oy ke s /R EL S U SELSLTIVA

17 WEER-2- B0 -3 A DE BRI 4 2 XML_031272576.1 Z: 5 e

18 SRC17E XM_031272391.1 2 5j AT RN RN A

19 CTP 431 XM_031239064.1 TERZTT IR 20 ML 58 1 S i v &

20 Remorin 2 [ XM_031255071.1 A AR AKE A5 S5 AU a2y R ER]

21 FCS-Like R 1 XM_031268069.1 TERI R B 8 LM SRR 515 57 T R AR
22 ADP-HZH AL T2 XM_031244691.1 Z SR R MR E S e

23 27 AT (130 FERONIA XM_031270242.1 TEMPA K & T AR AE Yaa R k5 1EH
24 HRICER 11 RJ4 XM _031257564.1 A RE A — R A BRI R BRIR 255 26 1

25 3-SR NSRRI U XM _031241111.1 S 5 ARG BRAER R s IR I AL RIE K
26 1 T4 e i 2k AF116845.1 TE4R B TR RE S S i R B AR

27 ZRESGHEE2 28 XM_019314443.1 B 577 ZABIAE L S

28 Bt -3 AL AB023790.1 Z SR UAEACIES AR R T R 3 1 7

29 LIHAHUFET 2 XM_031257049.1 LIRE SR R P LD IET R T, 2 55 55T

e SRR X BRI A e ]
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%' HAAFR AT WIREIHR
Number Protein name Protein ID Function annotations
30 CCCHTUEHE #1147 XM 031238411.1 Z: SR 00 A A R AR 3
31 F-box £ [ pp2-al2 XM_031269773.1 2 SRR AR 6 ) 7
32 §JEE 11 B3 XM_031248668.1 Z: S AR R B R A i R
33 iR ) XM _031257639.1 S 5K R T RIERA L
34 2 L T SR T A 1 A R XM _031256581.1 S 58 ABA U AR 3
35 TSR MYB44 XM 031253583.1 S5 CHHAAT , AL R YA G
TEREPX AR A= v i 1 v R ARG
3 g T FRIB AR T RS I AEE RS TR EE oK

ARG, T RMER 5 & B & W a ie i ik
WD AN 254 , T30 1 A A4, 1 ARl
A R B4 A ™ E U T W R SR
B HL P I — R E B R EY . R
A Kk 5 T A R AR T 5 b X438 B T AR
FEUE DT, B U R ) H T SRR Y BT S
T 1]

GAPDH A il i A2 i G B, 2 5 2 Fh
YR G 2, AFE R R AL B RS S e R
1 Ik IR S DNA fififs 2 %>, GAPCpfEH
GAPDH W)— N5 A T Bk, 2 51
B BRI A R s g i iy . 2 WFSTIESE , PEG
ABA H,O, %5 A [Rlfb 254 Jooxf L /INZZ gl i v
TaGAPCpl K 1) 35 A AR A2 B 175 AR 1P
SAMGE H & IbGAPCp 1 FERFEER 40 A 58 45
AT A R . XS54 R T IbGAPCpl
FEDRAE e 0 R AT e vp HoA — 2 EH .

R B e 9534 B R IbGAPCp 1 FE N 5 5h 1
DX E A7 22 55 Sy R e g R 5 A A Y
IRAHE I AR FHOCH , Wi Tz ] Re sz 31 2
L RE0 s a1 (O 25 S R e 0 W1 e S B PV =]
T U3 R sl T OB R E DNA T8I 454 LLIR
PR FGR  JE M R ) 0 A K R Bk R A
WF 938 o e Bk B 2 A8 0 R L 3Rk A% T 35 4~ 5 Pro-
IbGAPCpI-1 M EAE AR T, X e i = R 7oA
10 BB BT B RE SRR A S5 Rl AR L AR L iR
& 2T S A A K R 7 R A5 ) 1 A DG R g
Hodp, FEWEG B (SUS, sucrose synthase ) & — Rl ik
KRS, TEVERY AT AEZR BB A AT B R AR
SRBPEEEEEH. SUS2(XM_031257639.1)
I SUS3 S22 iy REWH G RGPS SE R, LR T sus2
il sus3 5 AR R TR 3E Ky & FEBEARDY . BAE GAPCpl

T A0 ] T 5 S R B e T -3- PR AL I (F3H,
flavanone 3-hydroxylase) 75 ¥ il 25 b & ¥ AW &
B P ELA SCERVE A E T A BB . IR
TFHR, F A PrF3H LR )3 FE IR 1G5 T A AR T
T R 2 1ERY . CCCH BB BB —2
A RE A BE R A5 B0 6 8% e B 1, o R
IPC3HI8 35 T H B NP AT 2 iRk
GmZF351 #4558 T R GAHMRIPTER DY . LR A
J&ZE 1 2 (EIN2, ethylene insensitive 2) & — Fl 5 %
PGSR E A MY A K R T R AR
FH , NtEIN2 JE PR TR 1 2 SE DRI A R A AL TR
FEIR L SE] - MYB44 J& T R2R3-MYB I %
T, EAE 4 W i g AN S o 4 T T R
PR IT it 78 /INAZ TaMYB44-5A KA T %% 3L KA
RGP AE s YoM YB44 B3 22 1k FRAR 1 %626 O it
FEVE XSRS SR R W RN G 2 L B bE T -3-
AL .CCCH B BEs R 1 . O A BURE 112 Je
MYB44 % 5 K 45 b i 4 I vl ge i i 5
IbGAPCpl Ji 87045 X I Eh & sk i s st i) A=
KB H BN . JEEEoT o A X i
PN Pt ke CRISPR JE N 4R 2 AT EF T H
B, DA v i TRk

25 ERTR AR UE R T IbGAPCpl %
TEHEARR AL AR T BB SRR 5 A T
M ZRIRBE, 1038 1 5 B 7 91 3 Ay R R B 58
i PEATT A F AT T I BE R A A ML . X ek BN
i E HA R Pk i T S R 2 T e
b ML BE PR . SR, OC T i 28 b i 42 [H 5
el EAARSE IR IbGAPCp 1 FER 1 3235 LA R I BE 1 4%
BURITE T BT Ve v 0 BARVE T A1 75 2 — 20 1 i
e B . HARE AR 5 BE IS IR AR 2RI 2L
FERLA , 0 H S0 1A% U R I o B R R BT
S



1130 LN 7/ S AR S S 26 %
SE LR improve salt tolerance in soybean (Glycine max L.). Frontiers
[1] Behera S, Chauvhan V B S, Pati K, Bansode V, in Plant Science, 2023, 14: 1193044
Nedunchezhiyan M, Verma A K, Monalisa K, Naik P K, [11] Zeng L F, Deng R, Guo Z P, Yang S S, Deng X P. Genome-
Naik S K. Biology and biotechnological aspect of sweet potato wide identification and characterization of Glyceraldehyde-3-
(Ipomoea batatas L.) : a commercially important tuber crop. phosphate dehydrogenase genes family in wheat (Triticum
Planta, 2022, 256(2): 40 aestivum). BMC Genomics, 2016, 17:240

[2] Guo F, Meng X Q, Hong HT, Liu SY, YuJ, Huang C, [12] Wei H, Movahedi A, Yang J, Zhang Y'Y, Liu GY, Zhu S,
Dong T T, Geng H X, Li Z Y, Zhu M K. Systematic Yu C M, Chen Y H, Zhong F, Zhang J. Characteristics and
identification and expression analysis of AHLH gene family molecular  identification  of  glyceraldehyde-3-phosphate
reveal their relevance to abiotic stress response and anthocyanin dehydrogenases in poplar. International Journal of Biological
biosynthesis in sweetpotato. BMC Plant Biology, 2024, 24 Macromolecules, 2022, 219:185-198
(1):156 [13] Kim S C, Guo L, Wang X M. Nuclear moonlighting of

[3]  Sapakhova Z, Raissova N, Daurov D, Zhapar K, Daurova A, cytosolic glyceraldehyde-3-phosphate dehydrogenase regulates
Zhigailov A, Zhambakin K, Shamekova M. Sweet potato as a Arabidopsis response to heat stress. Nature Communications,
key crop for food security under the conditions of global 2020, 11(1):3439
climate change: A review. Plants(Basel), 2023, 12(13): 2516 [14] ZengHQ, Xie YW, LiuGY, LinDZ, HeC Z, Shi HT.

[4] LyuRQ, Ahmed S, Fan W J, Yang J, Wu XY, Zhou W Z, Molecular identification of GAPDHs in cassava highlights the
Zhang P, Yuan L, Wang H X. Engineering properties of sweet antagonism of MeGAPCs and MeATGSs in plant disease
potato starch for industrial applications by biotechnological resistance against cassava bacterial blight. Plant Molecular
techniques including genome editing. International Journal of Biology, 2018, 97(3): 201-214
Molecular Sciences, 2021, 22(17): 9533 [15] LiuJR, SongJ, Zhuang XY, LuY F, Wang Q, Yang S M,

[5]  RizzoloJ A, Woiciechowski A L, Janior ATM, Torres LA Z, Lu L M, Wang X Y, Li L Q. Overexpression of cytosolic
Soccol C R. The potential of sweet potato biorefinery and glyceraldehyde-3-phosphate dehydrogenase 1 gene improves
development of alternative uses. SN Applied Sciences, 2021, 3 nitrogen absorption and utilization in potato. Horticulturae,
(3): 347 2023, 9(10):1105

[6] GaoXR, Zhang H, Li X, Bai Y W, Peng K, Wang Z, Dai Z [16] Kohler U, Liaud M F, Mendel R R, Cerff R, Hehl R. The
R, Bian X F, Zhang Q, JiaL C, LiY, Liu Q C, Zhai H, Gao maize GapC4 promoter confers anaerobic reporter gene
S P, Zhao N, He S Z. The B-box transcription factor [bBBX29 expression and shows homology to the maize anthocyanin
regulates leaf development and flavonoid biosynthesis in sweet regulatory locus C1. Plant Molecular Biology, 1995, 29(6) :
potato. Plant Physiology, 2023, 191(1): 496-514 1293-1298

[7] Vamougne Kourouma. H 25 I S ﬁ-ﬁ)]% NEgkEL [17] Zhang X H, Rao X L, Shi H T, Li RJ, Lu Y T.
Wagt . dbat . hER W EEERE, 2019 Overexpression of a cytosolic glyceraldehyde-3-phosphate
Kourouma V. Nutritional components of sweet potato and dehydrogenase gene OsGAPC3 confers salt tolerance in rice.
nanoemulsion of P -carotene. Beijing: Chinese Academy of Plant Cell , Tissue and Organ Culture, 2011, 107: 1-11
Agricultural Sciences, 2019 [18] XieQQ, ZhangHC, HuDK, LiuQY, Zuo T H, Zhang Y

[8]  BEEM, XNH, B, ZREE, Bocke, X|—R, 2Rk, Z, Liu Y M, Zhou S R, Zhu L Q. Analysis of Sl-related
HHEL GAPDH 4= 5 57 15 5 58 e HAE MR G % B R #6584% BoGAPDH family genes and response of BoGAPC to SI signal
M. g A= a4, 2024, 43(5): 8-17 in Brassica oleracea L.. Genes (Basel), 2021, 12(11): 1719
ChenY B, LiuQY, Luo Y, Peng KQ, Lyu Y B, LiuY L, [19] Robbens S, Petersen J, Brinkmann H, Rouzé P, Van de Peer
Li Z H. Genome-wide identification of the GAPDH gene Y. Unique regulation of the Calvin cycle in the ultrasmall green
family and their expression analysis during the early alga Ostreococcus. Journal of Molecular Evolution, 2007, 64
development of tobacco seedlings. Journal of Mountain (5): 601-604
Agriculture and Biology, 2024, 43(5): 8-17 [20] #CA. hEA/INFE TaGAPCpl # TaGAPCp2 5 H J2 HoRE 2

(9] ff, SHIESY, AR . AEY) T -3-wh iR I a1 PR AL FAEAEA WA T AU RE 3T . A0 - PH LRI K2
FIBETEHERE . LEWIH R A, 2013 (8): 1-6 2017
Lu Q, Mi X J, Cui J Z. Research advances on the mechanism Wei W J. Functional analysis of TuGAPCp1/2 gene and their
of glyceraldehydes-3-phosphate  dehydrogenase in plant. promoters under abiotic stress in Chinese spring wheat.
Biotechnology Bulletin, 2013(8): 1-6 Yangling : Northwest A&F university, 2017

[10] Zhao X C, WangJ, XiaN, QuY W, Zhan Y H, Teng W L, [21] Flores-Tornero M, Anoman A D, Rosa-Téllez S, Toujani W,

LiHY, Li WB, Li Y G, Zhao X, Han Y P. Genome-wide
identification and analysis of glyceraldehyde-3-phosphate
dehydrogenase family reveals the role of GmGAPDHI4 to

Weber A P M, Eisenhut M, Kurz S, Alseekh S, Fernic A R,
Muiioz-Bertomeu J, Ros R. Overexpression of the triose phosphate

translocator (TPT) complements the abnormal metabolism and



6

HHIARSE : T IbGAPCp I 15T SR A T A5 K b IR 78 R -0 1

1131

[22]

[26]

[29]

development of plastidial glycolytic glyceraldehyde-3-phosphate
dehydrogenase mutants. Plant Journal, 2017, 89 (6) : 1146-
1158

Mufioz-Bertomeu J, Anoman A D, Toujani W, Cascales-
Mifiana B, Flores-Tornero M, Ros R. Interactions between
abscisic acid and plastidial glycolysis in Arabidopsis. Plant
Signaling & Behavior, 2011, 6(1): 157-159
Muiioz-Bertomeu J, Cascales-Mifiana B, Irles-Segura A,
Mateu I, Nunes-Nesi A, Fernie A R, Segura J, Ros R. The
plastidial glyceraldehyde-3-phosphate dehydrogenase is critical
Plant

for viable pollen development

Physiology, 2010, 152(4): 1830-1841

in Arabidopsis.

Anoman A D, Flores-Tornero M, Rosa-Telléz S, Mufioz-
Bertomeu J, Segura J, Ros R. The specific role of plastidial
glycolysis in photosynthetic and heterotrophic cells under
scrutiny through the study of glyceraldehyde-3-phosphate
dehydrogenase. Plant Signaling & Behavior, 2016, 11(3) :
el128614

WA, SWBTE, £07, WWIE, UGS . AEAE R SgPAL3 K
PR 27 1 e B B b il i IR T B o . bR 2024,
32(1): 66-74

Dai R H, Gao M Z, Wang F, Jiang LY, Luo L J. Cloning of
SgPAL3 gene promoter and screening of upstream transcription
factors in Stylosanthes. Acta Agrestia Sinica, 2024, 32 (1) :
66-74

Zhang H, Wang Z, Li X, Gao X R, DaiZR, Cui YF, Zhi Y
H, Liu Q C, Zhai H, Gao S P, Zhao N, He S Z. The
IbBBX24-IbTOE3-IbPRX17 module enhances abiotic stress
tolerance by scavenging reactive oxygen species in sweet
potato. New Phytologist, 2022, 233(3): 1133-1152

Zhu J K. Abiotic stress signaling and responses in plants. Cell,
2016, 167(2): 313-324

Huang C P, Liao J L, Huang W J, Qin N N. Salicylic acid
protects sweet potato seedlings from drought stress by
mediating abscisic acid-related gene expression and enhancing
the antioxidant defense system. International Journal of
Molecular Sciences, 2022, 23(23): 14819

Mufioz-Bertomeu J, Cascales-Minana B, Alaiz M, Segura J,
Ros R. A critical role of plastidial glycolytic glyceraldehyde-3-
phosphate dehydrogenase in the control of plant metabolism and
development. Plant Signaling & Behavior, 2010, 5(1): 67-69
LiX X, Wei WJ, LiFF, Zhang L, Deng X, LiuY, Yang S
S. The plastidial glyceraldehyde-3-phosphate dehydrogenase is
critical for abiotic stress response in wheat. International
Journal of Molecular Sciences, 2019, 20(5): 1104

KoM, NS, LU, W, BN . 55 CpBEAT3 3
)7 e S AR R AR AR . AR, 2024,
56(5): 27-35

Cai Y M, Fu XM, Wang H B, Yang N, Chen L Q. Cloning of
CpBEAT3 gene promoter from Chimonanthus praecox and
preliminary verification of its interacting protein. Shandong
agricultural sciences, 2024, 56(5): 27-35

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[41]

[42]

Carlson M A, Haddad B G, Weis A J, Blackwood C S,
Shelton C D, Wuerth M E, Walter J] D, Spiegel P C Jr.
Ribosomal protein L7/L12 is required for GTPase translation
factors EF-G, RF3, and IF2 to bind in their GTP state to 70S
ribosomes. FEBS Journal, 2017, 284(11): 1631-1643
Senthilkumar R, Yeh K W. Multiple biological functions of
sporamin related to stress tolerance in sweet potato (Ipomoea
batatas Lam). Biotechnology Advances, 2012, 30(6): 1309-
1317

Angeles-Nufiez J G, Tiessen A. Arabidopsis sucrose synthase 2
and 3 modulate metabolic homeostasis and direct carbon
towards starch synthesis in developing seeds. Planta, 2010,
232(3): 701-718

LuoY, Ge C, Yang M, Long Y, LiM Y, Zhang Y, Chen Q,
Sun B, Wang Y, Wang X R, Tang H R. Cytosolic/Plastid
glyceraldehyde-3-phosphate  dehydrogenase is a negative
regulator of strawberry fruit ripening. Genes (Basel) , 2020, 11
(5): 580

LiCC, Liu S H, Yao X H, Wang J, Wang T L, Zhang Z H,
Zhang P Y, Chen K S. PnF3H, a flavanone 3-hydroxylase
from the Antarctic moss Pohlia nutans, confers tolerance to
salt stress and ABA treatment in transgenic Arabidopsis. Plant
Growth Regulation, 2017, 83: 489-500

Zhang H, Gao X R, Zhi Y H, Li X, Zhang Q, NiuJ B, Wang
J, Zhai H, Zhao N, LiJ G, Liu Q C, He S Z. A non-tandem
CCCH-type zinc-finger protein, IbC3HIS, functions as a
nuclear transcriptional activator and enhances abiotic stress
tolerance in sweet potato. New Phytologist, 2019, 223 (4) :
1918-1936

WeiW, Lul, Bian XH, LiQT, HanJ Q, TaoJJ, YinC C,
LaiYC, LiW, BiYD, Man W Q, Chen SY, Zhang J S,
Zhang W K. Zinc-finger protein GmZF351 improves both salt
and drought stress tolerance in soybean. Journal of Integrative
Plant Biology, 2023, 65(7): 1636-1650

Ando A, Kirkbride R C, Qiao H, Chen Z J. Endosperm and
maternal-specific expression of EIN2 in the endosperm affects
endosperm cellularization and
Genetics, 2023, 223(2): iyacl61
Chakrabarti M, Bharti S. Role of EIN2-mediated ethylene

seed size in Arabidopsis.

signaling in regulating petal senescence, abscission,
reproductive development, and hormonal crosstalk in tobacco.
Plant Science, 2023, 332:111699

Peng D, LiLQ, Wei AS, Zhou L, Wang B X, LiuM L, Lei
Y H, Xie Y Z, Li X J. TaMYB44-5A reduces drought
tolerance by repressing transcription of 7aRD22-34 in the
abscisic acid signaling pathway. Planta, 2024, 260(2) :52
Zhang HJ, HuY F, Gu B, Cui XY, Zhang J X. VVMYB44
transcription factor from Chinese wild Vitis amurensis
negatively regulates cold tolerance in transgenic Arabidopsis
thaliana and V. vinifera. Plant Cell Reports. 2022, 41(8):1673-

1691



