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HE IbGAPCpl TR T Eﬁi@iﬁ&tﬁ?iﬁ}?@?ﬁﬁ
FHRAL bl TR ALIF2, RHYR2, EHEL, XF3, [, RFES,

M3, H=zr? Jihxt

(UL A Ml A Ao S 2 L 76 2 R A R TR T L, A8 0308015 2 1L Pl el S 22 5 1L 45 5 FE A 0 A ARt T A 9
fly, R 030801 S LpERMVRZEF KBTI, A/ 034000 # 1L PG ARV K 2 & 2R 58T, 5 030600; Ll PG ARV RS HAAERF AL T, 384 044000)

WE: KESEsfTEEai K, AFRLEADEIK, HEEATEORBLE S, ERBEERR LA TRESY
FT2EL. A, EHAFETERELRABZFTHERENR M, TAZAAZLE R, FFfdFELn, sSit—FRA4
EHFRANEEXAETE, GAPCpL & T4z T B4R 69— A0 H i BE-3-BE BRI £ B8, A AR A F RN TR EEMER.
AFFRAETFH (LZX) HmH, R ae T AR %4E (ORF) F7l. @itz A%, IbGAPCpl %A ey & & i <

Frtigtkd . £2Z PCR 24 2, IbGAPCpl EH EFRR AR T HALRE, AP tATHAZERS: MAERBRNKT,
IbGAPCpl A B &y & K &4 %, £ 105 d WA R FHK-F. Hit—FIKE IbGAPCpL A B &9 if4shus], SolE T K 1940 bp
# 1bGAPCpl % A 2 3T & 3| Pro-lbGAPCpl. R XA A LM R & W, Pro-lbGAPCpl ¥4 H A5k m ., & AR
By MB R KEMRGTA. T LAt rid I T IbGAPCpL A B MR X3 A4 R 27, IDGAPCpl A H kA E AL L
BTty Y, RRZARSSEfFEMELA —ReIas., t—FBIHEFFERAFA ABREZELIHRFRBETS
IbGAPCpl & #F EABEAE M 49 35 N EFAER T, AP aChH AT S 2. BB 2 A MYB4 %, XLH T 5
MEERRE . RERH., RESERSHES Y eTF, LR FMX. 2FLAHREAKT IbGAPCpPL £+ H3F
& A Wit P 89 2 Ak B AE R AU R4 T 320t A ek

KR W F R RS- AR, B A4 kA
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Abstract: China characterized by extensive saline-alkali and arid land, along with low utilization rate of marginal lands. As
an important tuberous root crop, sweetpotato plays a significant role in ensuring national food security. Therefore, identifying
important stress-resistance genes in sweetpotato and developing new resilient varieties can effectively utilize these saline-alkali,
arid, and marginal lands, thereby significantly enhancing the utilization efficiency of land resources. GAPCpl, a
glyceraldehyde-3-phosphate dehydrogenase located in plastid, plays a crucial role in plant growth, development, and energy
metabolism. In this study, using the sweetpotato variety Lizixiang (LZX) as the material, we successfully cloned the open reading
frame (ORF) sequence of IbGAPCp1l. Subcellular localization studies showed that the protein encoded by IbGAPCpl is localized in
chloroplasts. Quantitative real-time PCR analysis showed that IbDGAPCpl is expressed in all tested tissues of sweetpotato, with the
highest transcription level in leaf tissues. The expression of IbDGAPCp1 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 IbDGAPCp1 gene, we cloned a
1940 bp sequence of the IDGAPCpl gene promoter, designated as Pro-IbGAPCpl. The prediction of cis-acting elements showed that
Pro-IbGAPCpl contains several elements related to photoresponse, hormone response and meristem expression. Under drought and
salt stress treatments, IhDGAPCpl gene exhibited a trend of first increasing and then decreasing, indicating that this gene responds to
drought and salt stress. Additionally, 35 upstream regulators interacting with the promoter region of IbDGAPCp1 were screened by yeast
one-hybrid technique, including ethylene-insensitive protein 2, sucrose synthase 2 and MYB44. These factors are involved in plant
growth and development, secondary metabolism, energy production, and various stress responses, such as drought, salt and low
temperatures. This study provides a theoretical basis for further study on the function and mechanism of IbGAPCp1 in response to
abiotic stress in sweetpotato.
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H%[Ipomoea batatas (L.) Lam.], X &HK. 17FES, NHEAERDR T HURMEYN, St 5 17z il
MRz —1, WY EFR 22 A EEER . BEE IR, 33k, TIWERAEY R
TR Z e EmES], e SEAM. a4, BoK WS 2R N0 TS TR & B-AE &R,
T F AR S E A #% 2 F RS, FRE A R A 2, bR A R, BEAA
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dehydrogenase) 7EEAZMEAZEW R 24746, XHReE=4 . DNABE ., s, PRI 71 .

RAAK N ABA (5 S8 FEA HEREW . S5 EYAEN, GAPDH RAEBERACIRASHIARE, " LA Ak
TR A AR B RR AL K . JEREIR 1K) GAPDH (GAPN, non-phosphorylated glyceraldehyde-3-phosphate
dehydrogenase) &AL T A, T CAEALH I EE-3-BEIR AL N 3-BEIR H MR, HAT AR, Rk 4,

GAPN &% 5RERIFB T . Gl B2 SR AR T s N2 56 22 Al A ) Th e BEIR K1Y GAPDH iR HL7E
S R R E L T 4 i GAPDH (GAPC, cytosolic glyceraldehyde-3-phosphate dehydrogenase) - Jif&
GAPDH (GAPCp, plastid glyceraldehyde-3-phosphate dehydrogenase) F1MH-4¢44& 1] GADPH (GAPA/B,

chloroplastic glyceraldehyde-3-phosphate dehydrogenase) =351, GAPDH & K G HA77E 16 DNFIEM R, &
USSR AL S AN B DRSPS R ;- 613454 NAD (P) *f¥) N 3 Gp_dh_N 454448 (PF00044) FILE A fiE
RIS C 3 Gp_dh_C 45#43k (PF02800) 19, B4 GAPDH it #5 CP12 454418, (PF02672) LAidk— 514
SRILThRE. BRI % GAPDH FEIE R IR 7T s A bR 45 & WA 2 hr ey 4 M. i,
fE/NZ2h TaGAPDH 22 N FRMLG, WK% | X T- TaGAPA/B H:[K], 5K 11 %F BT TaGAPCp % [A],
WG X BT TaGAPC S8, ES M IV 36 SiF- TaGAPN KM B0 i) 13 4> PtGAPDH ZX i Al 51 43
4 PtGAPA/B. PtGAPC. PtGAPCp Fl1 PtGAPN [y#{[ta,

FEEAL T A5 K GAPC S S0 H e -3- B T A 1,3- IR H MR IX — Pl S B o AF TR,
GAPC FEAEINS A=) e A A=Wl 3 i 52 mh 33 38 6 SR B A €. 020, LR I AtGAPC FE #uii T 2t A4 A%
FHSHFHE T NF-YCL0 45& 13 m I i e, K% MeGAPCs B VTBR A HUm i, D
StGAPC1 i A (Lt TR ik ia ARk, Bk TR RIS IR DR, RE &M< 15T GAPC3
I GAPC4 (1510 kA% OsGAPC3 i ik # i T MR I ERTEDT; 1 i BoGAPC JE A5 21 1 X AL & 1F
2 R S NAR DG 1 e 8, 2 BEAEAE T SRR T 1) GAPAB £ 5145 1,3- IR H i BRI& 7 oy H- b g -3-
. GAPB /& GAPA BRI STk, 5 GAPA ML, GAPB BA—/MEFE M C oRui i, (HFH#IZ
5 A R AR SCHE R i AR 00, e AL TRA T 1) GAPCp 55 R H i BRIl S 5] A T e g -3- B AR
e 3-BEMR H iR . GAPCp fEMEWE KA E M B L R A HEA . RIRAMBA T, GAPCp
AE AR B AR S 3-BER H IR, (Rt IR RR (K AE W& 0. GAPCp ittt i 2 Z MR HE W 45 P o
MALi@ e (PPSB) HUNBRAN G I B E R4 . fEWR T, GAPCp = 2 S5 ABA AEUK. ABA {5
SRR A E S, JUHAE gapeplgapep2 XIS AR, HUL R FE ALK R AR R R 2R A HL
FEMRAINER RIS To R A P2, Jidh, FEARIRHT, GAPCp HFRIE A AR A= K il 75 11230,

A AT TR B8 T 40 5T v ) GAPC FIE AL T 5t 44 ) GAPCp fERE I+ R AR S AR A Y B
— S MW o SRTAT, 7EH 2L ok WLEIDC T GAPDH SR dk [F] % e A Th A% 77 T 1 AH iR 1E . A 78 A H
af ST OMRL, B sOkE T IbGAPCpl E ) ORF 541, JEorMr Tz BEEAFR BN AR



HAV LT R AER A AL PR A RN, 3eFE T IbGAPCpl ERKEaT 41, ik 7o
T, RIZR BT & 2 A E R BRI o A H R B B R o k. A — R
IbGAPCp1 FEK (TS HLA], FIEE 1 I BRI S T A I W H A cDNA % BESC R i it 5 IbGAPCpl
JE B AH EAE IR iS50 1bGAPCpL JEPAE H B AE Ml o i/ FI LISt T e 0
fiilio
1 MR5HEE
1.1 agrRt

FiRM R RO HE R ETE (5N ‘LzX ), M TREH. eSS 60, 75,
90. 105 d 4 HIMHHIMRAHAR . 5B (BETRERZ 15 em MIZ5B0 RITRHAREE = )7 i HEATHORE, REAVRE S 45
EAEYEES . R RZEB TR AR, BURAZKME TR S DI, SR AR R, T-80 °Cik
FATRAR .

1.2 R AE

1.2.1 DNA 5 RNA H9$2ER K cDNA BIE AL 73k H CTAB A B BRI & (W B b at Hlkve AL Ykt 4
HIRAA]D FEEEEIZH DNA HT RNA, il id 4% 18 85 &0l 4 Nano Drop 2000C (Thermo Scientific) £ il] RNA
KIJF &5, 13 MonScript™ RTIII All-in-One Mix with dsDNase #5676 (8 H B =g AR A R
AT A cDNA.

1.2.2 IbGAPCpl E[E 52 pE K I 4HREE ML A RIHE LU ‘LZX 1) cDNA st H B RRr L 51 04 1
319 IbGAPCp1 i) ORF 741, A Axygen DNA Bt ISR ) & 37 38 7=t AT 24k R, o™ 5
PMD19-T #ifkiEHe 5t 2 DHSo RS2, PRELPH L S e BE SR IUTURL, 38 A AW A W] kAT I 5
UEo KW B T BH A S R pMD19-T-IbGAPCp1 FINF 4 g 72 7 254 pCAMBIA1301-35S-GFP 433l {4 A Sall
A1 Xbal BEAT XUV, K XU J (RS 5 R v B B4y Bl T4 DNA Ligase T+ 16 °Cid R4 Ja e 2
DH50 &2 540, 13 IbGAPCp1-F-Sallfll InGAPCpl-R-Xbal (£ 1) #4TH7% PCR %5&, FEHUH M vw %
JBUKL, [RIF SallA Xbal i AT XAk U] 56 1F =5 26 TR 2 75 44 i 1A

%1 ARSI

Table 1 Sequence and application of primer

Gk AN Sl (5°-3) &
Primer Name Primer Sequence (5°-3) Application
IbGAPCp1-F-Xbal GCTCTAGAATGGGGTTCTCTTCTCTCCT

ORF J7 3141t
IbGAPCp1-R-Sall GCGTCGACGTTGGTGGCAGTAGCA

IbGAPCp1-F-Sall GCGTCGACATGGGGTTCTCTTCTCTCCT IbGAPCp1 V4t i 5 fir 2 A 44 7




IbGAPCp1-R-Xbal GCTCTAGAGTTGGTGGCAGTAGCA

Fz1 &)
GIE/EZ S S5 (5-37) FiE
Primer Name Primer Sequence (5°-3”) Application
Pro-1IbGAPCp1-F GGCAATGGACCATTTATGGT
Pro-IbGAPCpl Jii 2 F ¥ 53 1
Pro-IbGAPCp1-R AAGCAGTATGACCTCCTCCG
Pro-1IbGAPCp1-1-HindIII-F CCAAGCTTCCCATGCACGTGTTTTCATA
Pro-IbGAPCp1-1 Bt s Zh 77 5191
Pro-1bGAPCp1-1-XhoI-R CCCTCGAGCCGGTATGAAATAGTGAAAG
gRT-IbActin -F GACTACCATGTTCCCCGGTA
gRT-IbActin -R TTGTATGCCACGAGCATCTT
gRT-PCR 43 #7
gRT-IbGAPCp1-F ACCACCAATTGCCTTGCTCC
gRT-IbGAPCpl-R TTTGTGTGGCTGTGGTAGCG
pAbAI-F GCTCCTTCCTTCGTTCTTCCTTC
VR IR ALT KRR iV PCR %52
pAbAI-R CGGCTACATGGCAGTTTGGAG
T7-F TAATACGACTCACTATAGGGC
PR P R 25 5
3'AD-R GTAGATGGTGCACGATGCACAG

F IR 2 ) 8
Underscores represent cleavage sites

1.2.3 IbGAPCpl ZEB WL MANELL HF L4 M T 1041 B 5 £57 248 pCAMBIA1301-35S-IbGAPCpl-GFP Al
7 #, pPCAMBIA1301-35S-GFP | IR &k filidk 70l #e AL AR AT 1H GV3101, b8 s PERIZ#EAT W PCR %5,
22 PCR %58 N BH M B BT 25 mL 1) LB AR R; F2 5k, £ 28 °C, 200 rpm i &3 77 4 ODgoo A 0.6
F 4°C, 12000 rpm B.0» 10 min, #£ EiE, &4 100 umol/mL Z LT & E (AS) . 1 mmol/mL 2-M5 ik 7. it
% (MES) #1 1 mmol/mL MgSO4 (S AR B E B WAk, =iRMWE 3h FiENAEKNZI N 30d (14 h 6
HE/10 h BARE, 25°C) MIAIRMHEL fr, 535 12 h, JGHEEESE 24 h 5, BT Leica STELLARIS 5 BUOEILE
FEREE (EERR) FWE IbGAPCpl & H M EALIE M

1.2.4 IbGAPCpl EFEEAREE KAITHAFIA LRI RNFRIE A HEAKEMNY, 60d AL ZEW; 75d M b
F oy A PR R AR KN KA 90 d o b N BRI I K N A 1 T 105d, HE
AR BEIT ph, HURBVEM I BB Eie . T E A F R BB I0GAPCpl [ (b, Al
Fi NCBI ] Primer-BLAST (Chttps://www.ncbi.nlm.nih.gov/tools/primer-blast/) # it gqRT-PCR 5[4 (¥ 1) ,

Al BEE 60, 75, 90 F1105d ) ‘LZX’ HUR KN 90 d IR 25, M RNA, ¥ N cDNA 5,



LA IbActin (AY905538) NN ZHEK, JEid qRT-PCR 7341 IbGAPCpL fEA [F] A= K IR A ZH 2 A7 H (1 A X

FIEE, BMFMEE 3NMEWEES, KA 28R A RIs &,

1.2.5 IbGAPCpl EE B FRIERIANAEB Tl 12 IbGAPCpL JH 3741 i H % 2 7% K K 4H ¥
(https://sweetpotato.uga.edu/) H1EEXF3RIF . BL ‘LZX” ) DNA A4, Pro-IbGAPCpl-F Fl Pro-IbGAPCpl-R
(F D) AGIYHAT PCR &1, PealifbaiUs 5 5e 3 ik pMD19-T 4%, B 1L % DH5a &2 45

g0 Mo, Bk OEOPH Mo o BE IR B ok, W P Ot X & M M Plant  CARE
(https://bioinformatics.psb.ugent.be/webtools/plantcare/html/) 7E£EMu5E % IbGAPCpl Ja 37 H i =1 B oo

BEAT 53 HT

1.2.6 FEMELAMET IbGAPCpl EFERIFIAER AT EHOCH R AEKRERN ‘LZX" HEmK, BTk

20 cm fHE%%, 739N B 54 20 % PEG-6000 1) 1/2 Hoagland & 779 % 45 200 mM NaCl [¥) 1/2 Hoagland

EFRR T IIEES SR, T 0. 1. 3. 6. 12, 24 h BPEURE, EUEVR)S T°-80 °CIRA7. LA IbActin gy 24

[, il gRT-PCR /M AT #iAMEa, MAREMBE 3 MEM ¥ EE, KA 2"EA MM RILE.

1.2.7 pAbAi-Pro-IbGAPCpl1-1 FIBE AR R AEIL Oy 1 SEINFE i A i %6 ) H 2 IbGAPCp1 J [K] b )i

8 R, i UL — R A5 BLTA TR « L0500 LK S AR 56 644 B IbGAPCpl 2 K 5 2l /7 41 (-1106~-1391

bp XI%, @4 Pro-IbGAPCpl-1) , LASERERAFRIN BT IR, HR4E Pro-IbGAPCp1-1 f#)3 51 it 7o b

1 (R 1D, GAGEE S pMD19-T Bkt DH5o BRZ 2, PREH M8 ow BE SR UTTRL . K B

JFCRLA pADAT B BE 5 A 1443 51 Hind [IURT XhoLBEA T XURRY), kA (A f i 704, SRR 1R I R i A7

XA U 56 A0E A BR 44 N V) B BStBLK: pAbAi-Pro-IbGAPCpl-1 4 Foki £k ik, A& N: 6 uL

PAbDAI-Pro-IbGAPCp1-1 JFi ki, 2 uL 10X BstBI buffer, 1 uL BstBI, 11 pL ddH,O. Ktk ikids4b 3] Y1H

BEREB AR, AT SD/-Ura 35973k, 30 °CIE 1597 3-5 d J5, %4 PCR %@ HIHEALF L2 & lIh 44

Y1H B RER R A

1.2.8 IFEHAR BBERN PRI 25 EREYE R, 0.9 % NaCl ¥ H8 i {4 - % %2 ODsoo

N 0.002, AT EAEKRER 4T T2 A (AbA, Aureobasidin A: 0 ng/mL. 100 ng/mL. 150 ng/mL F1 200

ng/mL) [¥) SD/-Ura [ [EIfAE;FR3E [, 30 CH;FF 3-5 d JEMEREERF K A KRB, PRI AbA K FE

FA T i S92 Bk 0 e 52 0 R S

1.2.9 FEEE RS IRIE R PAME SRR A0S TE 42 SR KR 5 A= 20 1) T R S P20 B % A8 0 3 10 W41 TR 0 S P I i

A B 1] % U (1 15 TE 8% B2 B4 52 45 pADAI-Pro-1bGAPCp1-1 H , BB i 43 il i 41 T SD/-Leu/ AbA™ I [ 44 8% 77 5 |,

30 °C 3557 3-5d, ML KM AR L.

PRHL SD/-Leu/AbA 5 IR EAE KB Te [, FEAH R ARG 7R 25 b RGBT ki, B4 0 B

F 3mL [y SD/-Leu WA 3R IE T, 30 CCRRIRH; 7% 24~36 h Ja #EAT A BEALER, 80 B M Bt A v A ), 32



W BH RIS B BURE, K FLFE K 22 DHSo 2SN, PEIBHPE S e B4R IUTTRE, DL pGADTY7 #ifAk L) T7-F Al
3’AD-R (3R 1) 95T PCR %E5E, A s I BRIy, I P45 R iE 1 NCBI 722k T A, i) BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome)
BEAT P B LU 43 T AN T e TR
2 RSG5
2.1 IbGAPCp1 £:[ 52 b X I 4R AR E L&k (A A i

EL“LZX’ ) cDNA Jyfbitic, HIRI4F 51 M) 5e SRS 1281 bp i) IbGAPCpl [ ORF /¥ 51,
S8 H R BN (B 1A) o EAF R pCAMBIA1301-35S-IbGAPCp1-GFP ) 7% PCR 48— H.
K/ 1281 bp (B 1B) o Sall F1 Xbal XU 1) H 41 50RL 5 7= A2 — 4% -5 S8R/ IMH R B 2671 L — 2% 1281 bp
K/NIZEA (BI1C) , R IoGAPCpL V.40 it 5 o7 % A b 2 A 2«

A: IbGAPCpl #:[F /) ORF 714, 1~3: IbGAPCpl J:FF #4774, B: pCAMBIA1301-35S-1bGAPCp1-GFP T 4H i ki 7% PCR % 5&; 1~7: IbGAPCpl
B Y): 8: BIMEXTHEICE K: C: pCAMBIAL301-35S-IbGAPCp1-GFP &4 R WA YIS0 UE: 1. 4 fiki pCAMBIA1301-35S-IbGAPCp1-GFP;
2~4: NEFY)JE M E 5k pPCAMBIAL1301-35S-1bGAPCpl-GFP; 5: IbGAPCpl 2K (41 74; M: DL2000
A: ORF amplification of IbGAPCp1 gene; 1-3: Amplified products of IbDGAPCp1 gene; B: pPCAMBIA1301-35S-IbGAPCp1-GFP recombinant plasmid colony
PCR identification; 1-7: IbGAPCp1 gene amplification product; 8: Negative control sterile water; C: Double enzyme digestion verification of the
pCAMBIA1301-35S-IbGAPCpl1-GFP recombinant plasmid; 1: Recombinant plasmid pPCAMBIA1301-35S-IbGAPCp1-GFP; 2-4: Recombinant plasmid
pCAMBIA1301-35S-IbGAPCp1-GFP after double enzyme digestion; 5: Amplified products of IbGAPCp1 gene;

M: DL2000
1 IbGAPCp1 £ [ 5 i & IF 40 i 72 [ S i A 22
Fig.1 Cloning of IbGAPCp1 gene and construction of subcellular localization vector

2.2 IbGAPCpl A E TR 4RI

FIFH B A 7 51 S 40 it 5 2 7E 28 12 E. WoLF PSORT (Chttps://wolfpsort.ngc.jp/) il IbGAPCpl 4 fid i 25



ENL T Mgk . SN EUE X — B &5 R, B pCAMBIAL301-35S-IbGAPCpl-GFP  E 4 Jii ki
pCAMBIA1301-35S-GFP 3K F4 4L AT B GV3101 JE ik SR Fr o 76 640 nm P K AR E FMEE K
L, F S ARG A RS 5OEE S, ML pCAMBIA1301-35S-10GAPCp1-GFP [,
LEOTOEE SISEM SRS, A5 aHA A RNAETIES (B2) o X251 KW IbGAPCpl %
A () 2 e o Tk b, 5SS R — 50

GFP Chloroplast Bright Merged

d49::S6¢

d49::7d0dVv90I::SGE

2 IbGAPCp1 IF #AAf E fir
Fig.2 Subcellular localization of INGAPCp1 protein
2.3 IbGAPCpl FEA[E]2H 4R BRAL AN A K BT HARY Tk 5 14
PL ‘LZX’ A#FEL, 8 gRT-PCR 2047 1 IbGAPCpl 7E2E KN 90 d I H ZRRIALSUEAL (R 25,
) RYARAFE AR (60, 75, 90, 105 d) WA IL . 45 R ER, IbGAPCpl 7EH E A FH N
i Fik, B R PiRaE R, LMK 2.63 5, EMFERXL, LAMRIK 1.2 5 (B 3A) .
Ak, BEEHEYARKAERKKE, IbGAPCpL HIFIAEIZH i, f£ 105d MIAFIEE (K 3B) .



A: IbGAPCpL 74K 90 d [MH E AR LR MRIEHHT: B: I0GAPCpL 76 H B HARAFIK & I i (938 /045 X AR 6] 4L U f A K it 34
B AbER A 1 2 5 B E ML LSRN S RERE (P<0.05)

A: Expression analysis of INGAPCp1 in different tissues of sweetpotato at 90 days of growth; B: Expression analysis of IhGAPCp1 in sweetpotato tuberous root
at different developmental stages; Significance of differences between treatments under different tissue sites and growth periods marked with different lowercase
letters (P<0.05)

3 IbGAPCpl TEHEA R EIAL R A B E K EARFRIE S

Fig.3 Expression analysis of IDGAPCp1 in different tissue and at different growth stages of sweetpotato

2.4 IbGAPCpl &[5 ahF#Y 52 fE R IH R A Bt

DLHZE LZX’ 17 DNA SR, i se A 21 7R/ 1940 bp (¥ IbGAPCpl 2 fH 2h 1751, LAT
BEFSF 2R 31 7 BN 18 Pro-IbGAPCp1-1 Fr B, I i id B A A e 5 i bk A 0 45 21 55 T v BOK /I —
HE 4T (- AA) o T L& R R AIUE A 100%. #F—45 50 15 21 Pro-IbGAPCpl1-1 Al H A 4
PADAI 73 5l AT WU [R5 I 3% 42, F A6 2 DHS o B2 2SN A - K615 30 1) BH 4 415 TH B R 48 HindTIT
A1 Xhol XUEGYISIESS, #5315 FUHAHFE NS H R (B 4B) , RUIFHEAR pAbAi-Pro-IbGAPCpl-1
IR BT o



A: Pro-IbGAPCpl-1 # 7% PCR % 5&; 1~10: Pro-IbGAPCpl-1-HindII-F i1 Pro-IbGAPCpl1-1-Xhol-R N5 147 4); 11. FAMEXIRIEHK; B:
PADAI-Pro-IbGAPCp1-1 F 41 JF ki B4 1: FLLFURL pAbAi-Pro-IbGAPCpl-1; 2~3: XY JE i F 4 i kL pAbAi-Pro-IbGAPCpl-1; 4:
Pro-IbGAPCp1-1 ff§ PCR 47 #; M: DL2000
A: Pro-IbGAPCp1-1 colony PCR identification; 1-10: The amplification products obtained using Pro-IbdGAPCp1-1-HindIII-F and Pro-IbGAPCp1-1-Xhol-R as
primers; 11: Negative control sterile water; B: Double enzyme digestion verification of the pAbAi-Pro-IbGAPCp1-1 recombinant plasmid; 1: Recombinant
plasmid pAbAi-Pro-IbGAPCp1-1; 2-3: Recombinant plasmid pAbAi-Pro-IbGAPCp1-1 after double enzyme digestion; 4: Pro-IbnGAPCp1-1 PCR amplification
product; M: DL2000
4 Pro-IbGAPCpl-1 BEIT 7 b RIFEE AR
Fig.4 Cloning of Pro-IbGAPCp1-1 promoter and construction of bait vector

2.5 IbGAPCpl ZE B FFFI5 4

s FHAEZR 3t Plant CARE X H % IbGAPCp1 J3 2 1A FH et 47 70t 45 R 5w, 1bGAPCpl JH
T RS AR AE I 7ok TATA-box. CAAT-box Fll AT~TATA-box 4, B8 6 286 R %7t
f G-box. GT1-motif. AE-box. Box 4. TCT-motif fl GATA-motif; 4 FSBEMINAN IO, W20 R G
f ERE. FHIEE H R N e TGACG-motif, ity BR MM ot ABRE3a Al ABRE; 1 285 73441 4ARIAH
K CAT-box Joff: 2 MM N i STRE F1 As-1; HA T EIES S AN PR 5 FT 24 75 11
ool s RIS Mye RS Aot (R 2) .
% 2 IbGAPCpl BahF 5 aIRER T 534

Table 2 Analysis of cis-acting elements of IbDGAPCp1 promoter sequence

Jetf FF31 He e

Element Sequence Number Function

G-box CACGTG 2 2 55 506m 82 ) IR AE F oA
G-box CACGTC 1 2 5600 R A e

G-box TACGTG 1 Z 55 ama B A ook




F=2 (8

Jefk JF 5] Yo oifit

Element Sequence Number Function

GT1-motif GGTTAAT 1 I R T

AE-box AGAAACTT 1 S AR P — 5

Box 4 ATTAAT 2 2 560 3L PRs DNA AR — 3 43
TCT-motif TCTTAC 1 S R T —
GATA-motif GATAGGA 1 IR e AR B — E

ERE ATTTCATA 1 AR T

ERE ATTTTAAA 1 Yy VTGS
TGACG-motif TGACG 2 2> 5 FHR g )32 (I G A e 1
ABRE3a TACGTG 1 Z: 5 vk R e L IR oo
ABRE CACGTG 1 2 55 LT RS A F T
ABRE ACGTG 2 25 [ 94 I L I = R e
ABRE TACGGTC 1 255 IRV TR A S (R I A FH T
CAT-box GCCACT 1 5543 A 2 GIRTE A R A AE F Ttk
STRE AGGGG 2 Il B 2 A e

As-1 TGACG 2 Et ANy LEIVATR S

WRE3 CCACCT 2 LTI

W-box TTGACC 1 B 3 82

WUN-motif AAATTACT 1 BT S R TT

ARE AAACCA 3 IREF T4 5 A FH e 1
MYC CATTTG 1 e AR

Myc TCTCTTA 2 Myc R BIFIZE & ot

2.6 IbGAPCpl EFEEFEREAEIIE THFRIXER

W H A R AT T 5 ER hiE Ab 2, FIH gRT-PCR #ailll INGAPCp1 BRI E T 5 A0 R i~ i FRaA 1 0L -
SRR, & 20 % PEG-6000 A1 200 mM NaCl i+ F £k iia 5275 % IbGAPCpl F:[H )31k (K 5) .
FE TR MR A 20T, BE G &390, IbGAPCplL % & ik & £ L 26 FTHE TR, H
TEMMEALEE 6 h I, FIARIAFNEME, L9 0h 18 f5. X —45 R K I IbGAPCpL H [H ) F ik xof - 5 A1 £h by
I — 5 IR L



A: IbGAPCPL 15T e F ({12214 5377+ B: IDGAPCPL 7E£RHE T HFEI AP HT « - TR 4R it 46 40 7] 1) 22 5 2 % e LAAS )/ 5 5 BB IE (P<0.05)
A: Analysis of IbGAPCp1 expression under drought stress; B: Analysis of InGAPCp1 expression under salt stress; Significance of differences between treatments
under salt and drought stress is marked with different lowercase letters (P<0.05)

5 IbGAPCpl £ FEFELHME THRIE St
Fig.5 Expression analysis of IDGAPCp1 under salt and drought stresses

2.7 pAbAI-Pro-IbGAPCp1-1 iF{B & A8 B EEE M

¥ pAbAi-Pro-IbGAPCp1-1 FHE AR E YIH 5, EFEE PCR X E AMMRER (K 6A) ,
43 IEA RS A AR AbA f SD/-Ura 15373 I 45 1 2R, pAbAi-Pro-IbGAPCp1-1 7£ SD/-Ura/AbA(150
ng/mL) fRsFREE B RAERKE—ANEY, 7E SD/-Ura/AbA (200 ng/mL) (85753 E 524 R4 K (K 6B) ,

FH 200 ng/mL W JE ) AbA %10 pAbAi-Pro-IbGAPCp1-1 ] [ B i Pk .



A: pAbAiI-Pro-IbGAPCp1-1 B £} 74 PCR %5 ; 1~6: pAbAI-F 1 pAbAI-R A5 M4 18 74, 7+ I E% B8 1 7K ; M: DL2000; B: pAbAi-Pro-IbGAPCp1-1
V5 A B BaE R il
A: pAbAi-Pro-IbGAPCp1-1 yeast colony PCR identification; 1-6: pAbAi-F and pAbAi-R are amplified products of primers; 7: Negative control sterile water; M:
DL2000; B: Self-activation detection of the pAbAi-Pro-IbGAPCp1-1 bait vector
6 PADAI-Pro-IbGAPCp1-1 PRMIF B B E & B BUE-N
Fig.6 Identification and self-activation detection of pAbAi-Pro-IbGAPCp1l-1 positive bait strains

2.8 BB} B 2232 S R i



PA Y1H[pAbAI-Pro-IbGAPCpl-1] A HE Ik, 75 H ZHAR cDNA FERRR 2 S0 Bk i i 5 2 BAE)
56 H, WiIAE SD/-Leu/AbA (200 ng/mL) Gz EHITHAE IR G, L3R5 7 50 NHMEERE . DS A
519 T7-F 1 3'AD-R #17 PCR ¥ # J5, &Rl 7 fiow, ¥ 729K/ AT 500-2000 bp 2 (8. %
ECHT™ 18 4t B SR PR B R IR W% 2 A T A A R

1~46: BERFRIPEBTRINT PCR FBG - FAVEXTETERIZK: M: DL2000
1-46: PCR fragments of yeast positive plasmid; -: negative control sterile water; M: DL2000
[E 7 BESFEMEBR PCR £ E
Fig.7 PCR identification of positive plasmids
2.9 PR R BEFFI DT FIINREERE
WP A3 200 7 41585 NCBI fEZR W35G 1) BLAST HHATEEX, RHEE . REME LR LS R
Ja, wAPFE] 7 35 A FTRETATE IbGAPCpL &K a3 a8 11 _Eiir iz K 5 (R 3) o ThREER S0 irai Reor,

XL A s EHEPRRRIERES; S 5RARGRNZEGER; BARELMTT



IR G E A, SEYUCERBNIETE K& KK G i-3- el (F3H) ; 7ER I DNA &
B HDREMAE R 55 MAEEYa B mEY) A KR B KRG 2 F1 MYB44 55, JIXEE55 508

AT — 7R IDGAPCp FE [ 1) 8 72 I 28 R AL T 28

% 3 Pro-IbGAPCp1-1 EEEA SR

Table 3 Analysis of proteins interacting with Pro-IbGAPCp1-1

P EEEA AT LR

Number Protein Name Protein ID Function Annotations

1 R E A M16861.1 HSYAR I — R 2 IhAEIE A, EREKRE DRI
2 IS B M16883.1 HE YR PR R Rk, SRR IR I A S
3 pTriplEx2-18 WA (1 A FifA DQ195776.1 ARSI A B mRNA B &

4 HEH He XM_031271466.1 R DNA 2E . DNA &gt it R IEER
5 40S I WEIR TR 1 S13 £ XM_031251527.1 Z 5 i pE R H 3 AR A A K

6 RNA 462 H pnol XM_031259394.1 5 51K A O R G i

7 AREK RNA HPE RNA R 45 1 1 XM_031266735.1 o KL 97 B e 2 O 7 S (R 9 4

8 A AEYRMIERGE T 1A XM_031270345.1 FE AR R PR AR AR rh AR S B F

9 408 R EH S12 KW) XM_031269564.1 ZH5EARE K

10 60S txHifR SR L21-2 25104 XM_031245851.1 HE A A

1 HE AR ERF SUIL FJEY) 2 XM_031263649.1 ZH5EAREG K

1 - XM_031270031.1 HEMEER (Lys) ¥4 5IHIR 1) tF;\IA SF L, REARE SRR
13 NADH i AR [ZBR]1-TLE AL 9 XM_019331359.1 H NADH [t S B & MR E A SR BaE 1, E L (AN I e v 2 1
14 FEAREE H dnalll XM_031263975.1 Z5EARYS. Bz

15 B-J 2R (1 - 28- B in AU S AL XM_031266341.1 TEER S 3 ig 77 T A

16 DNAJ & A FIJEY) XM_031252192.1 Z 5EARRRSTE. T RS I v

17 TR - 2- Mt - 3- Jid 42 B i W e 4 g 2 XM_031272576.1 W SR LW & RS AR ok SR B AR

18 SRC1 & H XM_031272391.1 WHHERTE., S EERRE. (EEEAYIE R

19 CTP &l XM_031239064.1 TERZE IR AU ARG TE T2 G J B R AR

20 remorin £ 8 4 XM_031255071.1 TEMMAE KR E 55 e AP R % 77 T e

21 FCS FEEHREMA 1 XM_031268069.1 TEMMIRE . . MG ABE S S 4% 377 AR 1F
22 ADP-ZHEHAL R T 2 XM_031244691.1 S ERMIERRE . WERE 5165 KA a i 5

23 SZARKEE FE FERONIA XM_031270242.1 FEAMAERKE AR LY iE S 8 b R AR H
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G GRS EARS e
Number Protein Name Protein ID Function Annotations
24 JEBCER A FEER H R4 XM_031257564.1 T RE R — R A S AB I B IR & G
25 3-RPIIEE R I A XM_031241111.1 Z 5 8RN E RAER R (MO IR K
26 1 MG JRmEa AF116845.1 T4 R B T RSG5 14 57 H R EZAE
27 RRAHTE228 XM_019314443.1 25z ZBHIES LS
28 T el -3- 2 10 Bl AB023790.1 Z 5CERY KR E S e R
HfES % S 5(5
29 IR BIRE L 2 XM_031257049.1 LW BHCTIELE $m*;§§@$im]%{?%@ FORIARE
30 S EEE CCCH S5 fik | A 47 XM_031238411.1 Z: 5P A KR T RS B N
31 F-box A pp2-al2 K4 XM_031269773.1 2 55 R4 %o 380 55 A ) )
32 ¥ 5kE A B3 XM_031248668.1  Z STk MR, HREBTE . RG22 R AR
33 HEHE S 2 XM_031257639.1 S EEWAKKRE . TG RS R (Ul R FEA)
34 2 e B/ R T 1 4R XM_031256581.1 FERAME I SRR, R R TE T ABA SRR £ 75 THi
Zk RUAY, ek BEREREE RINEM G R £ poRs
35 BT MYB44 XM_031253583.1 %EWRWﬁ;Hi§$%£Z§éi;i£§ZM§ R
3 Wig

HARGH, TR0 512 EMHE Re g I A S by, FIRIERACHIRAE, B Aol A

FIRR A 22 4K Rl ™ 2 (2429 T A8 77 =F o HL0 P s PO A o — F AR AR o R s
AL ER BN b X I L RE AN A Py, PSR SRR S BB RO AT RI FR E T )

GAPDH 1E B R & e I OCHER, 25 2 Maiisal, WfhEmREi. Ras 5. A
JRZRIE AT K DNA $fis 2551, GAPCp fE A GAPDH [—AMNESKE, fAE T Fikd, S5m0
AR LA BB .. AR FUIESE, 7E PEG. ABA. Ho02 4 R, /N3 TaGAPCpL 3[R /EARAIIH: i )
RIS LI LT TR, 5AH % IbGAPCpL HEK 76 573 F1 1 S il 41 T 1Rk
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B0 ER A R e B — i EHT .
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FEYPAE I e, W 7k BT BE 2 2 2 /15 5 70 7RI .. B85 Eiir R Flad 5 M f 3L
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