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Abstract: Soybean( Glycine max) GmNF-YAI13 protein is a nuclear transcription factor Y(NF-Y) that plays a crucial role in
drought and high salinity responses. To investigate its mechanisms of drought resistance and salt tolerance, and identify the
interacting proteins of GmNF-YA13, a pGBKT7-GmNF-YAI3 bait vector was constructed. The soybean yeast library was
screened using yeast two-hybrid system, and verified by staining with X-a-gal. The result showed that: 85 positive clones were
obtained after sequencing analysis, 36 candidate interacting proteins were identified. Functional prediction showed that these
interacting proteins are mainly involved in growth and development, stress responses, energy metabolism, transcription
regulation, and signal transduction processes. GmUVRS, GmCMIA41, GmFbox13, and GmFBA were selected for one-on-one
validation with the bait vector pGBKT7-GmNF-YAI3. The results revealed that only GmFBA could interact with GmNF-YA13,
indicating that the function of GmNF-YA13 requires the involvement of GmFBA. These findings lay the foundation for further

research on the NF-YA stress resistance molecular network.
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gov/ ) "' GmNF-YAI3 (% 5% 5 : NM_001255884. 3 ) 11}
CDS 41, ffi A Primer 5. 0 BT R 518
GmNF-YAI13-F il GmNF-YA13-R(# 1), PIKGH K
cDNA IHEHGHEST PCR 9738, VAR FR A 10 x Buffer
(% Mg®*)2.5 wL 2.5 mmol-L™" dNTPs 2.0 uL, 'F
W 5194 2.0 pL, cDNA B 1. 0 pL. Taq W
0.5 pL d5a I A4k 2 SR F k25 pL, PCR
FW A 4:98 °C 5 min;98 °C 30 5,60 °C 30 s,
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TEREIEY KIG IR, S PCR %58 NN 7 4347 97 1
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Table 1 Primers used in the test

CIL7E2 7

BT (5'—3")

Primer name

Primer sequence(5'—3")

GmNF-YA13-F

GmNF-YA13-R

GmUVRS-F

GmUVRS8-R

GmCMIAL-F

GmCMIAL-R

GmWRKYS52-F

GmWRKYS52-R

GmFbox13-F

GmFbox13-R

GmFBA-F

GmFBA-R

TAAGAATTCATGCCGGGGAAAGCTGACAC
TAACTGCAGTCATTTGAAAGCCCCATTATTAG
CCCATCGATACATGGCCATGA ATAATGGCG
AGGGATCCTCAAGTGTGGGACTCGGC
CTCATCGATACATGGCTAGCGAGAGAATTCTCAAG
ACGAGCTCTCATTTGGTAAAACTCATCGAAATC
CCGGAATTCATGCATCACCGTAGATTCAGC
CCGCTCGAGTTATCCTGTGATGCCGCC
CCCATCGATTGATGGAACATAGTTTGAAAAGAAAGTCT
CCGCTCGAGTCATACAGAAGCCTCTATCCTTGG
GGGTTTCATATGATGGCCTCTGCATCAGCAT

CGCGGATCCTTAGTAGGAGTAGCCTTTGACG
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FRHSEEETE T ddH,0 thIEI - 0D, 1T
H,HH ddH, O #i B2 0Dy, fEM 0. 1 B, IHL 5 plL
BERNTE 5 A 40 pg-mL ™' X-a-gal i SD/-Trp/-Leuw/
-His/-Ade SfE A B 32 5 b4 B s h, Bl & T
30 ClEMREEFRAA T, Ki 9% 2 ~ 4 d J5 LS B): 20
AR Bt G 1O T 8 €6 BH A B0 S e

PRI o FE 1 B T I A R RO, T
PCR 1 98 °C [ 20 min Ji , BUR A AR A AR
#EAT PCR K, 326 HLAd A 7 Be KT 750 bp B TH K
PCR 7 Wik 2 45 T AW ( Litg) M Fe, 0 P 45 2R 42
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BERASTREAT PCR AN 43 BT 0 285 R R JE R
BRI/ AHIE, KA TE 1 000 bp 24
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| pGBKT7-GmNF-YAI3 £tz
Fig.1 Construction of pGBKT7-GmNF-YAI3 vector
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Fig.2 Results of yeast two-hybrid
M+ 12689 101112131516171819 20 21 M + 2223 2526272829 30313233 3434 3536
2000 bp
750 bp
TE: M.2K DNA Marker; +. FHPEXTIE; 1 ~36. HAEUAA,
Note; M.2K DNA Marker; + . Positive control; 1-36. Target band.
3 PAtESERE PCR #&illl
Fig.3 PCR detection of positive clones
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Table 2 Interacting proteins screened by yeast two-hybrid and their functional speculations
P HE A A LA TyRe T
No. Gene locus Gene description Speculative function

1 Glyma. 196220200

2 Glyma. 02G142700 0SB2 & H

Protein OSB2

3 Glyma. 06G172600

4 Glyma. 206129300

5 Glyma. 02250700

6 Glyma. 066056300

S-IRH B A R A T 1

Adenosylmethionine synthase 1

-3 - U C R
Glyceraldehyde-3-dehydrogenase C subunit

KA A YRR A4g34215
Probable carbohydrate esterase At4g34215

I b Ak UVRS
Ultraviolet-B receptor UVR8

HiE 1z HMAS P-ATP i

Copper-translocating HMA8 P-ATPase

7 Glyma. 11G111400

8 Glyma. 096218500

9 Glyma. 096004400

BE- BRI 1

Fructose-bisphosphate aldolase 1

AP4 S EY) & W
AP-4 complex subunit epsilon

B 5" -WRRRER IR 14 It

Adenosine 5'-phosphosulfate reductase

SRR AIR, LM E R
Amino acid biosynthesis, ethylene biosynthesis

ML S, e R G e B S R P

Cellular components occur, immune system processes, and the

regulation of defense responses

JeEVER WS A RIS

Photosynthesis, gluconeogenesis, glycolysis
IK A TR

Hydrolase activity

2R XSV VR AR R NE , AR BT ER A 5 I

Cell response to freezing, lignin biosynthesis
B T is

Copper ion transport

Xt TR A LN, SR 1, 6- — BRRR A 7 Wl 572k

Response to abscisic acid, metabolic processes of fructose 1, 6-

diphosphate, gluconeogenesis

AFZFRGERT
Phylogeny of reproductive buds

TAREL IR 1L il

Sulfate assimilation and reduction
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No. Gene locus Gene description Speculative function
10 Dna) il 4Fe-4S SR L H S H 1A 20 M ikt A, AR MK G Al R
Glyma. 136289600
DnaJ and 4Fe-4S dicluster domain- Cell breakdown process, cell response to light stimulation
containing protein
11 Glyma. 06GI76900 i F Tu MR R E
Elongation factor Tu Chloroplast organization, leaf development
12 Glyma. 16G142500 EF-FH455 KIEEA X SRR B BT, %K Y 2
EF hand calcium-binding family protein Response to jasmonic acid, response to lack of water
13 Glyma. 08G197500 elf3 PR 2 BT, TR AR VAR ALIZ Bh, X BETE R 1 R, XA
elf3-like protein 2 IS, DNA G555 55 N7 iG:  sEE g &
Circadian rhythms, regulating flower development, regulating stomatal
movement, response to abscisic acid, response to cold, DNA-binding
transcription factor activity, protein binding
FHIE b FE 9, 10- 20U A R HASE N R OME AR BOK RN, i3 3 S fige it
14 Glyma. 136202200
Carotenoid 9 ,10-cleavage dioxygenase Carotene  decomposition  process, dehydratlon reaction, lutein
decomposition process
15 Glyma. 05G007100 T AT 52 I it SALE B BIGIATT , SALE Sh T, X 2R 0 S
Carbonic anhydrase Negative regulation of stomatal development, regulation of stomatal
movement, response to cold
16 Glyma. 18G036400 e B TR T T/ A 4 Tl SALE ARG, TILB S IRTT e R 1 S L
Ribulose bisphosphate carboxylase/ Negative regulation of stomatal development, regulation of stomatal
oxygenase activase movement, response to cold
17 Glyma. 02G104600 UDP-ij % W 544 74 i 73B2 A R A SR ST, Xof A A BILAAR Y F
UDP-glucosyl transferase 73 B2 Cells respond to hypoxia, respond to other organisms
18 Glyma. 07G108100 12 R IEA S K A it BRNE TR AR
Ubiquitin carboxy-terminal hydrolase Type II intron splicing, photosynthesis
19  Glyma. 136289400 Bk F WRKYS2 KA W T m s, AR AEY GRS, M ERERT,
WRKY transcription factor 52 @%7}(& RUESATN ey 4
Jasmonate-mediated signaling pathway, organic acid biosynthesis
process, plant epidermal development, dehydration response, injury
response, root development
20 Glyma. 206149900 T T -like 22 5 DM SAEERT
EPIDERMAL PATTERNING FACTOR- Guard cell differentiation and stomatal compound development
like protein 5
21 Glyma. 14G105800 F-box #£ [ 13 12 F A B gk
Fbox protein 13 Ubiquitin-dependent protein breakdown
22 Glyma. 03G014600 NAD A3 1 R 1§ 2 SRR
NAD-dependent malic enzyme 2 Malate metabolism process
23 Glyma. 166092200 A AL IUBSERAERR AL, LRSS B AR AL & T 2
Inositol phosphate kinase Inositol phosphorylation, biosynthesis process of inositol hexaphosphate
24 Glyma. 12G169600 BREGLTR I -A S IERL, S i T 4k, X ST A ma g
Ferredoxin-A Photosynthetic adaptation, photosynthetic electron transport chain,
response to light stimulation
25 Glyma. 11GI11100 T - R I AR g 1 T -BERRER 30, X I 9 TR 1) oy
Fructose-bisphosphate aldolase 1 Pentose-phosphate shunt, response to abscisic acid
26 Glyma. 096273500 HER SRR 1, 4- T B2 A H G P i &

Mannan endo-1 ,4-beta-mannosidase Seed germination
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i HE A e FER ik LR Tsm
No. Gene locus Gene description Speculative function
NADPH ; P450 34 J5fiff KB G YIS R, X AR S
27 Glyma. 14G182100
NADPH ; P450 reductase Metabolic processes of phenylpropanoids in response to oxidative stress
28 Glyma. 066242900 3 A4 R A H MT3 B P A B TR R A A5 S I, X A A A SRR Y S
Type 3 metallothionein MT3 Intracellular  copper homeostasis, hormone-mediated signaling

pathway, response to cytokinins

29 Glyma. 19G091400 TR T - — TR S i Ve DNA &5 ,DNA & ifil, Z 41l & F , By M an st T, 40
Ribonucleoside-diphosphate reductase JEI SR 45
small chain DNA repair, DNA replication, multicellular development, programmed

cell death, cell cycle regulation
30 Glyma. 08G116900 T RE Y S B 1 B -like YRS Ak, AR B 0RO 4 A Y E A, AR B A
Probable thiol protease-like kA EEHS
Cell differentiation, plant epidermal development, localization of

proteins to organelles, root morphogenesis, signal transduction

31 Glyma. 026069200 HFFAENL AL T-like R EAMIRIET , 2 5 Mk S
Protein FLOWERING LOCUS T-like Programmed cell death, involved in cell development

32 Glyma. 14G021800 GDP-L-- FUBEBS R fL I 1-like L-BUIR i BRAE W16 5 A 2 | R R, SR B8 B T
GDP-L-galactose phosphorylase 1-like L-ascorbic acid biosynthesis and metabolic processes, thermal

reaction, jasmonic acid reaction
33 Glyma. 06G313200 UL1/U12 /MERRIZ R K E A, mRNA 5545 815 20 53 2
U11/U12 small nuclear Developmental processes, mRNA splicing, regulation of cell division

ribonucleo protein

34 Glyma. 04G015900 -3 - R A B I S S - R A I, X ¥8 ) BT , %GR Y F I
Glyceraldehyde-3-phosphate The reduced pentose phosphate cycle, response to cold, response to
dehydrogenase B, chloroplastic-like light stimulation
35 Glyma. 11G194600 FEAEBAMCLE R E A TER B M
Heavy-metal-associated domain- Negative regulation of flower development

containing protein

36 Glyma. 076168500 1- BRI i-1- B S AL i IR T4 4 20 A AR A7 PR AR S E , oA 5 B 5 B SN

Aminocyclopropane-1-carboxylate Cell response to salicylic acid stimulation, response to
oxidase homolog 4 signal transduction
2.3 GmNF-YA13 BEEEAEHWIE AH109, %53 %%, 7E SD/-Leu/-Trp/-His/-Ade I

% GmUVRS . GmCMIA] . GmFbox13 #1 GmFBA SD/-Lew/-Trp/-His/-Ade/X-a-gal % 3% FE I+, Bi #% 1k
4K CDS 73 5 pGADTT ¥4, ARG HA#AK,  GmFBA Fokidh, HARBIAREIE R A K (B 4) B A
H 5 pGBKT7-GmNF-YAI3 43 %) 3L %5 {1k B % GmFBA 5 GmNF-YAI3 {778 K FRUMI E AR,

B C
pGBKT7+pGADT7
pGADT7-UVRS
pGADT7-CML41

pGADT7-Fbox13

® 000 O

pGADT7-FBA

@

A, SD/-Leuw/-Trp 15 3% 3£, B. SD/-Leu/-Trp/-His/-Ade % 3% 3£ ; C. SD/-Leu/-
Trp/-His/-Ade/X-a-gal #5355k,
Note: A.SD/-Leu/-Trp medium; B. SD/-Leu/-Trp/-His/-Ade medium; C. SD/-Leu/-
Trp/-His/-Ade/X-a-gal medium.
B4 BENHEZWIEER
Fig.4 Results of yeast two-hybrid validation
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A 12 GmFBX176 T LLGE iE ABA A~ FHIME
SR ORI AT R A R A, '
EE A IR & 21 P, (45 IR H B B 2 iR &
ity H I WG A Bk K Ak A W TR L R 5 2
HMASP-ATP fiff W5 1, 6- BRI A SR ATk
MR TGS, 2 54K k& Wi Ry FE 5 5 5 A0
K, KW GmNF-YA13 [ 7E K &4 K & & FE 6
N R AR

TWE 1, 6- MR AR I AP TR,
Z 5 PRI B BRI O S 1R BB A E A
(R IR SCHB IR, 12 it R 8% 1 17 22 o 31 A1 2 SR A
1, 6-WER M T 3 E SR, IS 5 40 M i P9 A R
HAg K, A A 2 5 A A W a1 24 R Cai
60 o B, AR IR W 38 & A ( Solanum
lycopersicum ) 4l i ' FBA B IA & M Bl & Pk & A
FARL, ] SIFBA7 W3R 5 | e 36 IR 3 iR vk 1)
GO R IR, 5- TR AT I M A i
ZEHL T E AR T R/INER A BT T B, A N AR
TF(0*) At AL A (H,0,) KT T, x o2t 5L
W11 SIFBA7 FEVAT 75 il 401 v A < A 2 1 7 T A
B AE . Fan &7 & M D15 05 ( Sesuvium
portulacastrum) W' SpFBA TEAR Him 38 HAZ BiK |
NaCl ABA Fl PEG Z5dEA: ¥y Mhad (915 %, i Rk &
Y1 SpFBA fli % SL PR K W FF A T £h AE Sy 3 i, X 2
LEILRWT, SpFBA 1 oy i i 36 K AR 56 A4 I A=
W, B I A AT R AR R AR RE
I %15 %5 B B AE ., GmNF-YA13 5 GmFBA B H
YEIE 7R T GmNF-YA13 IHREM ZREE

W B A2 A R e B B 1 HAESE 5, [ 1989
AEYE Fields %5 3RIE IOk, )iz A R K
0 R DY SRR ST BUS T 43 FE A AL
SRR PR o A7 — e SR B 2Rl
FEfE RS W44 28 0 1 31 K & GmNF-YB1 (1) B 1E
R, SR T % I BELVS S 55 ( EMSA ) X 2K 1 7]

AR R IAT T B0 IF 5 JAE [ 451 foff A XU
LR 2SR CsHIPP26. 1 I EAEE A NG, i — 4
HHIF AN pull-down S 56 FA PR X5 F 2 ' B A SE
B (BiFC) B T CsHIPP26. 1 5 CsPIF4. 2 (¥ H.{E
KR, RWFEIEICT 4 AE A ST EERE G 56A0E
s A GmFBA g5 CmNF-YA13 HAE, J54;
75 48 7T pull-down I XL 53T 5¢ ' B4 5 S 56 i3 —
A%t B 22 I AR DG R AT IR IE

4 it

AW TLE T GmNF-YAI3 FER My 1 Ho s
BB A pGBKT7-GmNF-YAI3 , F) FHi A F 2 1Y
K& eDNA SCJEREF] 36 4~ GmNF-YAL3 (g
EEA, BB A RS 55K AT a6
W TS R MENE S RTE R,
38 3 B O 3G E— 2D B0 IE T GmNF-YA13 5
GmFBA M HAE /8 K E GmNF-YA13 ZHREM & 1
AT HEFS GmFBA M S5,

S 3k
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