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H E: HIRAZIIAEKE (Ghcine max) JL5E R I, ARWFSE I F R T 2408 T KRG F %R
S5 TG 2 T R NA BE A S 0 E ALY GmPODI23 B2 . B 4E, T X GmPODI23 B4R T
B, APFFE XK G GmPOD123 #E4T T 238 T 33K 4T, 45 R 3R W, JAE 3 h i i 0 25
S, P, Wl W GmPODI23 3K B I (Arabidopsis thaliana) BEA7 T 530 R BB &, WAHG T
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— IR GEIEAF TR b, Ak, M2
i E A B S RAEVT 2 R iz i g, gl
B4 It (Arabidopsis thaliana)"", K (Zea mays)',
+ 5 (Solanum tuberosum)™ . ] B N (Daucus
carota)™ M/ N (Triticum aestivum)"™, {H K &
) PODs SR M5 S DI Reotase b .

K5 (Glycine max) &= NJSHE H A& H I
(1 EZER IR, P E R Sk A 10 032.7 Tt
b 77 HAT 1000 207 t, 8 80% i ik H [E Fx
i B L KR G, R T EOR A2, AR R b5 )
THEMREZ 4. HAh, REXKG 76+ 57
BB, YR AR R I T R M, SR
KL BRI 40%, U H I TR 80%!7 1Y, AR,
KT R POD FH PR by 1 52 W38 i A 5 AH Xt
. POD Al i i v B 1 1 48 (ROS ) 2 FI 1 2,
PR G 5 32 AR 47, DT B e A 0 P B i
HHRICT KT POD BEHAE T E Mg T /EH
KPR AR B W sE . BRI, 4298
HREHURAICH SR E R, %2 KT POD
FEHAET R ha rh R ER, MIEE KRG 2
P B E

ENIEA U DO Y ST N N E RN N
AT S 2E 0 e (S 6 2 A0 TR S ) 1), i e )
| MET RN FR G 20 N2 AR
TR GmPODI123, IR 4R IT HEA TH RE S IE,
ZERR, £ T REMFT, GmPODI23 HFRIAER
AEXT WT #R R K SEAF, R 2R IRER (0, 55

IRBR, PR W T o TEMCELA b, AT
1 K cDNA JERE SCPE G 358 51 ) B XU 28 K
Wt K B 8 A 5 #h (luciferase complementation
assay, LCA)SZ I % 52 H GmPOD123 5 GmFBA2
FEAEAR AR o AW — O T Je S A oo+
WENLHIZEE T AR, S —r oA R PR R
i Z O 5 1AL R B

1 MRS TE

1.1 EoHR KRG AR Williams 827, XJ H:
VAR 520361 (w=8% PEGS000 Ay 7K 85 ) &b #H,
B0, 3, 6 F1 12 h A8 BE (% I B 647 VR A0S FF &
o R ITHEDIMERES: Col-0, MHE A BHEREA
I EL (Nicotiana benthamiana) o

12 GmPODIZERBEMKXEEHH FH
Phytozome 13 ¥ 3% 3k % GmPODI123 I 31|, ¥ it
RT-qPCR 5| ¥ q-GmPOD123-F Fl q-GmPOD123-
R(ZE 1) BT 58 T [F B[] 25 0% < Williams
82> K - Jr 47 78 4 1, FI F RNAiso Plus it
FIHRBUR R MR ZH 2 RNA, FIH R G E AR A
5 s & (MF949-T) 4 RNA J2 %% 5% h ¢cDNA.
PLK &2 GmEFla fE W 2 2 K, ) i 78 ¥ 0
95 °C. 3 min; 95 °C 5 s; 60 °C 30 s; 1= 40 MEH; ¥
fif 22 h 95 °C 20 s; 60 °C 30's; 95 °C 20 s, F ]
GraphPad Prism 8.0 24 i S 45 R AT 1R

1.3 GmPODI23 BEEKITEFE FIH RNAiso Plus
IR Williams 821 %) RNA, FIHR&FEA

£1 3MER
Tab. 1 Primer information
EIRZEA 15 (5-3") P EE bp
Primer Primer sequences Length/bp

GmPODI123-F ATGGGTCGGCTTAATCTCC
GmPODI23-R AAGAACAGAACAATCGGTACG o7
pCAMBIA3301-GmPODI123-F ~ ACACGGGGGACTCTTGACCATGGTAATGGGTCGGCTTAATCTCC
pCAMBIA3301-GmPODI123-R GTCATCCTTGTAATCACTAGTAAGAACAGAACAATCGGTACG o7
AtEFla-F CCAGGCTGATTGTGCTGTTC
AtEFla-R ACCAAGGGTGAAAGCAAGAAA 207
GmEFla-F GCTCTTCTTGCTTTCACCCTT
GmEFla-R TTCCTTCACAATTTCATCATACC H
q-GmPOD123-F ATTAACACTGTCCCTTTATT
q-GmPODI123-R CTGCACAAAGCAATCATGAA i
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H) B B R A0 (MF949-T) # RNA 5 % h
cDNA. F|H Phytozome W33k H GmPODI123 1)
K CDS £ 41, ) Al Primer Premier 5.0 4%
H AR IESIY GmPODI23-F #l GmPODI123-R
(3 1), FIH WL F TOYOBO 2\ 7 [ KOD i} 58
M FEkE, PCR 2K 98 °C HiZEME 2 min; 98 °C 78
10 5556 °C 1Bk 55; 68 °C #EMH 6 5568 °C J5 dEfHf
10s, PCR FEIFESHG, 7 Wit A T SR e
VKSR, HE— 25 ) F v MERE 28 w1 7 4 el it 3R
£ (DC301-01) 3K 75 Jie [l e 7= 4y, ¥4 % o B 3 1A
pEASY-T1 4 i, pEASY-GmPODI23 J5 AT T .
1.4 EFEEENEIE GmPODI23 EEIhAE
ffi JH pCAMBIA3301-Flag#k & . 51 #
pCAMBIA3301-GmPODI123-F #l pCAMBIA3301-
GmPODI23-R L J W§ EcoR 1H1 Spe 1 ¥y 7t
pCAMBIA3301-GmPODI123-Flag #fA . fifi F 1%
{RYIECY PEATARFTF BN T RS T 5 Ak, I8 2ot
B 4E I (Glufosinate ammonium ) Ffi B F3E K 26 PCR
UERAYERT . g2, K A ALY GmPODI23
FE R R T3 AR I (OE-lines ) F1HEF A= A4
FIF (WD R R R 7E 5 5% L, FEIE W &R
(22 C, 16 /8 h/iE L, JE B &1+ 6 000 1x)4H5 77
28 d JiF, 43 BIHEA T IEH KR4 O BE) Fn TR e 41
CRBEAK), FH R 3 IREH .

1.5 BEEWELMEEEEZER ARSI

A

GmPOD123

15

255

20&

ARk R IR AR pGBKT7-GmPODI123, ik 3 %
Y2Hgold Bk I, Pk e fE7E SD/-Ade/-His/-
Leu/-Trp/X-a-gal(SD-TLHA/X-a-gal ) £ 5% %& | 1%
7%, I X-o-gal e RS HA A IS E .

T B SCE 7 16 ¥ pGBKT7-GmPODI123 751
JFORE AR 5. cDNA [ R SCPE B A Mating 32 Ui
YEHVEHE 1, FIH SD-TLHA/X-o-gal 1 3% 507 v,
Pk i €00 B R P R B ORI I o

2 HEREHH

21 GmPODI23 BEREMRIES T RINGELTE
211 FFHi& T GmPODI23 £ B #) %L 5
BT ARSI S AT T e R R A S Y
IHTEE R, GmPODI23 3R 7 T 538 F #k
WBEFHFRIEE 1-A). W, b gk— 4
GmPODI123 FE P J& nfar 2 5 8ht T 5 Wi (9 i
T, AR TSRS T AR T R hE T B R A
3, B R G R AT BT S BB (8% PEGS8000,
ww)AEEE, F 0, 3. 6 1 12 h X} R G M A BEFTHL
FE, WAEMTES 5 3 TICm 9O e it PCR 5585, 4554
R, 5XTHRAL (0 h) AH L, i 4b3E 5 GmPODI23
REHEMEREFREET 0h, HIE I WREEEA,
210 %t AL 44655 (K 1-B). BFs 45 R,
GmPODI123 JH i 232 T B i3 L 2 5
KEAEYP R,

B

N

Hokok

W
T

ek

AHXS ek B
Relative expression
—_ [\e]

ock) 3 6 12
[} [8] Time/h

A KRG MF GmPODI23 FEH T 2 A F W R A 450 B RTMHF GmPODI23 #5538 F #Y RT-qPCR 455,

#* P<0.01; *** P<0.001; =2z, T,

A.Transcriptome results of the GmPODI123 gene in soybean leaves under drought stress; B.RT-qPCR results of the
GmPOD123 gene in soybean leaves under drought stress. **. P<0.01; ***, P<0.001; . Error bars. Similarly hereinafter.
B 1 KEMH GmPODI23 ERE T EME THRIENH

Fig. 1 Expression analysis of GmPOD123 gene in soybean leaves under drought stress

21.2 GmPODI23 AR NT ko
AR GmPODI123 W24 hie, ABF5%
B 5 phytozomel3 Wk H 3R GmPODI123 3E&H
#) CDS F#4, GmPODI123 3 [H 4K 978 bp, i i)

168 AN IER, HE—F it iS4 GmPOD1233-
F il GmPODI123-R, Jf Lk K & ‘Williams 82’11
cDNA SR A 73 R o R, F UK A% RN T 25
W, ATV TR 2R (K 2) .



676 o W

2R 2025 4F

770 780 790 800 810 820 230 840 860

978 bp

B
GmPODI123

A.GmPOD123 £ 5EE; B.GmPODI123 J:IH 41 94 H 45 5L ML.DL 2000,
A.Cloning of GmPOD123; B.Sequence alignment of GmPOD123; M. DL 2000.
B2 XE GmPODI23 EEMTIERF 5 L3T
Fig. 2 Cloning and sequence alignment of GmPOD123

21.3 K& GmPODI23 B é&F#h A AA K
T HAE GmPODI23 FEH P20, W ik it 46
T YIEEIE R GmPODI23 ) T3 ARSI 15 B A= A
PRI EN TR E R, K 28 d Ja X IR4LIE
HHEK, a4 AT T A A PR CANR K, Tihia
10 d J5 WA R AL AL . DAIED 3 WAL, AH LT BE
F(WT), 2 MK IEH R (OEL, OE2)1E T R4 3
JE K HATGE b W S, WT AR R M L]
WFEE, YL R IA GmPODI23 3 K ARG I+ #k

A XiF I8 Control

FO0 T B 38 0 52 g sE . SCER A5 R R,
GmPODI123 F:H et tkh AP 506

2.2 GmPODI123 M E1EE A ik BRI IE

221 GmPODI123 f #FBIERE H T %
GmPODI123 JEH T 2L, FIH KT cDNA J#
R 3T i 3% ] BE 5 GmPODI23 HEAEMEH, &
Jg i i 5 UF GmPODI123 2 5 45 H % B % ok
WE I 225 00 e o 25 R o, ) BE B AR B
P:%F B8 pGADT7-T+pGBKT7-Lam 7E SD/-Trp/-Leu

B [y Drought

X} H# Control

C D
3 m=m [l138 Drought
400 - 20 ns ns o
£ 300
% 200 E15f
I 3 =3
«) & 100 S5
KE FES 10
=22 30 K2
oz <
=2 201 A5t
~ 10t
R D h 5D DD O O WTOEIOE2  WTOEIOE2
FFFFF I IS HEZ Line

FEZ Line

AEFHE IR N PR IT R BT B0 T B4 e T R AL ORI IR I 3k i %05 DSF A A WT Ui R i
GmPODI123 R bk et WTBFAERIBR R, OE BZRIARR R, *. P<0.05; ns B H 25

A. Phenotype of Arabidopsis under normal cultivation; B.Phenotype of Arabidopsis under drought stress; C.Identification of
the expression level of overexpressed Arabidopsis thaliana; D. Plant height analysis of WT and GmPOD123 overexpressing
Arabidopsis; WT. Wild-type line, OE: Overexpression line; *. P<0.05, ns. No significant differences.

B3 B%RiX GmPODI23 MEFTRERBLTE
Fig.3 The phenotype identification of GmPODI123 overexpressing Arabidopsis under drought stress
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(SD-TH) ¥# A4 K, 78 SD/-Trp/-His/-Ade/-Leu+X-
o-gal(SD-TLHA/X-o-gal) -4 EAREIEH A K. A
405 56 3IE 4 pGADT7-T+pGBKT7-GmPODI123 1E

10" 102 103 10+

pGADT7-T+pGBKT7-Lam [P

pGADT7-T+pGBKT7-GmPOD123 [

SD/-Trp/-Leu

B 4 GmPODI123 EHHHEWIE
Fig. 4 Autonomous activation of GmPOD123

2.2.2 GmPODI123 ZH & & ¢ L BIE ff
pGBKT7-GmPODI123 Bk A1 K 52 cDNA iRk
SCPETE W Mating ¥ET 8 BAEE H, Ik SD-TH i
e AR, P HUE (50 58 £ 2] SD-TLHA/X-a-gal *F-
B b, M £ ) SD-TLHA/X-o-gal #x b 5 7% o Pk
BT BT B E AT PCR R E (B 5-A—B), &1
BLAST F X, f & 3545 16 DL FEA (3¢ 2), 45
HE B, GmPODI23 5 GmFBA2 [ 4 v& % %% 3
A, X B L R XY g A SR OBE 16— B TR K 4
(FBA, fructose-bisphosphate aldolase) . [ I #Eill],
GmPODI123 5 GmFBA2 0] e {7 7£ % HAFE . FBA
KGRI, AUEATYIWERE AR . W5 525 TR IR SO
R A v i SC Rl e A AR AR i

A B

2000 bp —
1000 bp
730bp —

C 10" 102 107 10

pGADT7-T+pGBKT7-53

Qee

pGADT7-T+pGBKT7-Lam

pGADT7-GmFBA2+
pGBKT7-GmPODI123

pGADT7-GmFBA2+pGBKT7

SD/-Trp/-His/-Ade/Leu+X-a-gal

SD-TLHA/X-a-gal ANREIEH A1, Brilk2H 5 BT
MK —2(F 4), K, pGBKT7-GmPODI123
WA ARG G, T LAt T S RSO E S5

10" 10 107 10

SD/-Trp/-His/-Ade/Leu+X-a-gal

HRILEEMWEMS, B AtFBA3 N, KB4
AtFBA FEPUN AR 2 T 5230 4 10 2 w7 5 S
(Morus alba) 1) MaFBA 75 MaRACKI J:[RAH
HAERPRIE T R AR W2 P R,
GmFBA2 WRE£EIT S GmPODI23 HAE, Ml
RGP EHCHEERH . THEH GmPOD123
5 GmFBA2 WA B VR, 1 Je k47 B B XU B
PRSI, 45 8 8K, L5 4 pGADT7-GmFBA2+
pGBKT7-GmPODI123 1t SD-TLHA/X-a-gal REIF#
A K H AR, 6] GmPODI123 5 GmFBA2 &1 H.
£ (Kl 5-B). N T i#f — 2 5 E GmPODI123 Fl
GmFBA2 fF1EH/EEZR, % GmFBA2 £l GmPOD123
1T LCA EAERE, 45 8 & ¥, GmPODI123 Al

GmPOD123+GmFBA2
GmPOD123+GmFBA2

A.SD-TLHA/X-a-gal i tE455%; B.FHYE v PCR Wy BR R EE RS UKk 45 2R C.1¥ B HLARS6IE; D.LCA FLARSIE.
A.SD-TLHA/X-a-gal screening results; B.Result of PCR products from partially positive clonal by agarose gel

electrophoresis; C. Yeast interaction validation; D. LCA interaction verification.

3]

EEREARIFER B IFRIE

Fig.5 Protein interaction screening and validation
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x2 BEBNLZHEE pGBKT7-GmPOD123 HHBEERER
Tab. 2 Yeast two-hybrid screening of pGBKT7-GmPOD123 interaction proteins

G Genebank % 55 HER R

NO. GenBank accession number Gene annotation
1 KAG4988328.1
2 NP_001347079.1 Fructose-bisphosphate aldolase, chloroplastic
3 XP_003544567.1
4 NP_001239738.1 Eukaryotic translation initiation factor 3 subunit F-like
5 NP_001237820.2 Putative cysteine protease
6 XP_003530506.1 Transcription factor bHLH68
7 NP_001238359.2 Arginine decarboxylase/L-arginine carboxy-lyase

8 XP_003522659.1
9 XP_003526451.1
10 NP_001237784.2

11 XP_006588591.1

12 XP_003528556.1
13 XP_003534305.1
14 XP_003547867.1
15 XP_003526673.1
16 NP_001276147.1

COP9 signalosome complex subunit 5a COP9
COP9 signalosome complex subunit Sb COP9
Glutamine synthetase precursor

ATP-binding cassette transporter, ABC
Linoleate 13S-lipoxygenase 3-1
Phosphoribulokinase
Mitochondrial/chloroplast ribosomal protein
Alcohol dehydrogenase

Ribulose bisphosphate carboxylase/oxygenase activase

GmFBA2 fAEHAERR(E 5-C) . i, GmPOD123
5 GmFBA2 Z [MAFFEAH EAE I E &R, AR S YR 45
g E— B 5E GmPODI23 e 7E K St S E 4
H VR ZS S5 T R AR

i

T4 PODs JEH Kk EEAF B T2k 3 5
fe b AL = (H,0,) B AR S B4, H AT, BT
FHEHBSEARRYIA TR PODs FIFM A ETF T H
RHERMERI SR T AR, JLHGZEN X PODs K505 1
D3RR [FARAAE, QAR e iy A sl Al AR M iaE L 2=
5K Z BT B S5 B 4 (ROS) A= 1) 24 1)
HE, DA 1 M SO0 R A it i kA 1,
FE 4 %50 396 55 W 38 09 T A2 . R T B BT
GmPOD123 B:H M IfE, A% GmPOD123 %
R S 38 T B RIAAR A DL R R AT T %
FE, GERIIES: T GmPODI23 3 i35 5% T 5
HIES, HIRRSE e 2 R RWZ AR 25 TR
GHURERIREE, A ESATHLE B T AL

PODs H: R GELEA [A ) R vh A 4535 AN [R] 1Y

3

YER, FEEAE PR BRIE M4 8 X S 3 1)
Mif Z VL AR Y2 ETIRE . 13k OsPRX38 LK 17K
TR R ELA 12 5 E SR vk 1 20 B o it
X} GmPrx16 WEFR AR RIEAT T 50 T 2R 8
YESE, UEW] GmPrx 16 VT £ /5 % K G 1 i S 75 24
B (Hevea brasiliensis )18 1% T £ Wb )5, &5
3 HbPOD42 WIEPE S5 FIN E38 N, mivgss 5 &
FIPTRPER, e R G H, GsPOD9 EIER AT LA
B 0 BT S, HE— 20 G R AR BT
AL N | FEAE ROS B, M 4 5 R &2 i 25
PR ALEEM 25659 X5 K 5 i PODs 1 5 i i b1 E
17T HHFRESH, FFRUET GsPOD40YE K G
N TS E AR YR . AR AR R
B, T 500 T E R GmPODI23 g 5+ %) Lb B
Az RSO R I B B T ORE AR B e R, R H T
B3 1 I 5 ROS 38 i 1 [a] I 42 0 0 158 1 52 1
EJ1.

GhPrx14 1] 5 GhTrxo & 4 . {F i 1 4 4%
FE P 3 P 7K T DA 5% W) L 0 %) B 40 2 g B
IbBBX24 Fil IbTOE3 43l 5 IbPRX17 Ja 8 456

N
H
N
H
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RV IDPRX17 e i3 i H 20 R A0 1 5 i Y
M2 2 R T #E— @ GmPOD123 LK %
L X (AR i OB e VI N TN E b BU NI
cDNA FERESCPE T vE R 241l Be 5 EAER & M,
IER R R 58 S8 )G 3R Wi 8 11 B AR 7 VAR S
T GmPODI123 5 505 1,6— 1 R %% 4% filf (FBA)
GmFBA2 fAEHAE KRR . MR, FBAs
FI A AR s R R E A . I
i Y StFBAs 3 R 3 1k 7K - 37 i AR IR Bk aE 1) i
F 0, ARIE A R SIFBA4 1 SIFBA7 i 3235k
Z M ROS F i g E LT R AE RIS, KRG FBA (1)
TGP FRIATE T 238 N & kA4 W ARk, HTE
P I T T R o o A v, R R TT LA
W PR BRI A R R AR R KRR P R
PEBY W Ah, 2 MaFBASERAE T 5 I H,0, 4b B
FHfE E R IR, MaFBA il i 5 MaRACKI1 HAE
TR A R SR, ALY FBAs JEWnfa 2
MY ROS BIHLHI &4 fiRiE . R, 35T 1
AT EE R, A58 AN, GmFBA2 nJ LA i
5 GmPOD123 M EAES 54 ¢ ROS TR,
T2 i A A BT B8 T, o e SR g M EL L ) B
FEFEA

Zi LTk, AW eiE o T R
K5 GmPODI123 B By ik L Hpt 2 %
L R0 WA T i SR R HLAT 2 i R G R o)
fE. RN, 45 6% 8 FI X RS cDNA FERESCE Y
TEESE R, KR ITF%E T GmPODI23 5 GmFBA2
1M B AE R, 97 #E ) GmFBA2 7l fig @ i 5
GmPODI123 [ EAE MM 4ERF ROS s, s
KE PR EE T o AWEFT R — 5 1k B
GmPOD 123 F& R & nfal i K S 5T 1 4 AL
Tl BEE TR LA, O — WA R R R
i 7R R P A 8 5 P R

Sk
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Functional identification of soybean peroxidase GmPOD123 and

screening of interacting proteins

LIU Xiaoyu®, YAO Wenbo, ZHAO Yan, PEI Shuangkang, ZHANG Lijuan, ZHU Mengxue,
WANG Xinrui, WANG Jiale, XU Hao, XU Keheng, ZHOU Yonggang", LI Haiyan"

(Nanfan School/Sanya Nanfan Institute, Hainan University Sanya, Hainan 572024, China)

Abstract: To further explore the key genes regulating drought resistance in soybean, the peroxidase gene
GmPODI123, which is significantly induced under drought stress, was screened based on previous
transcriptomic analyses (RNA-Seq) of soybean leaves under drought stress. An expression analysis of the
soybean GmPOD123 gene under drought stress was performed to identify whether GmPODI123 is involved in
response to drought stress, and the results showed that GmPODI123 was significantly up-regulated after 3 h
stress treatment. Moreover, phenotype identification of transgenic Arabidopsis plants of overexpressing
GmPOD123 showed that overexpression of GmPODI23 in Arabidopsis could increase the drought tolerance,
which was compared to wild type Arabidopsis. To further explore the drought-resistant molecular mechanism
of GmPODI123, fructose-1,6-bisphosphate aldolase (GmFBA?2), an interacting protein of GmPODI123, was
screened from the soybean cDNA yeast library by Mating, and its interaction with GmPOD123 was identified
by yeast two-hybrid system and luciferase complementation assay (LCA). In summary, GmFBA2 may
influence ROS levels by interacting with GmPOD123, thereby regulating soybean drought resistance.

Keywords: drought; Glycine max; peroxidase; fructose-1, 6-bisphosphate aldolase
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