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Screening of Fusarium graminearum Xylanase FGSG_03624 Interacting Proteins
and Analysis of Its Interaction with Wheat Universal Stress Protein TaUSP-1A
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Abstract: The Fusarium graminearum xylanase FGSG_03624 exerts dual functions during wheat in-
fection: it disrupts cell wall integrity and induces cell necrosis to activate plant immune responses. To
further clarify the molecular mechanism underlying FGSG_03624-triggered immunity, subcellular lo-
calization of FGSG_03624 was analyzed via bioinformatics prediction and transient expression in Nic-
otiana benthamiana leaves. Yeast two-hybrid assay was performed using FGSG_03624 as the bait to
screen interacting proteins from the wheat ( Anong 1589) spike ¢cDNA library constructed after F.
graminearum infection. The protein-protein interactions were further verified by Y2H assay, lucifer-
ase complementation assay(LLCA), and bimolecular fluorescence complementation assay(BiFC). The
expression patterns of candidate interacting protein gene TaUSP-1A were analyzed by qRT-PCR., and

the disease resistance of transgenic Arabidopsis thaliana was evaluated. Results indicated that FGSG_
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03624 is a secreted protein localized to the cell wall and/or intercellular spaces. Subsequent identifica-
tion of its interacting proteins should be conducted the split-ubiquitin membrane yeast two-hybrid sys-
tem. Using pBT3STE-FGSG_03624 as the bait vector, 40 potential FGSG_03624-interacting proteins
were identified from the wheat ¢cDNA library under the condition of adding 12 mmol » L™ 3-AT.
These proteins are involved in transcriptional regulation, signal transduction, stress response, mem-
brane transport, and plant-pathogen interaction. Among them, wheat universal stress protein
TaUSP-1A, associated with stress response, was confirmed to interact with FGSG_03624. TaUSP-
1A expression was upregulated after F'. graminearum infection, and its overexpression in Arabidop-
sis thaliana enhanced plant resistance to the pathogen. These findings indicate that FGSG_03624 may
trigger wheat immune responses through interactions with host proteins such as TaUSP-1A.

Keywords: Fusarium graminarum ; Xylanase FGSG _03624; Wheat; Yeast two-hybrid; Universal

stress protein TaUSP-1A

R B (Fusarium graminearum) 42 5| #
INZE (Triticum  aestivum 1..) 7% 2 9§ ( Fusarium
head blight, FHB) ) 3 2 I KB , HAE £ 12
Qe /N A MR RLHE S, F 7 AR AR R 2 R B
BRFHUNZWGT R 2 R R A ML
AR A 25 2 B R /N A2 O B B A R T
2 A A 24 5% B 2 % NI i o R A 43 3 g
PRI i A RN A O B B0 6 I 18 AE ) BT o
B /N F2 it 2 AR R IR R S T B R AT I
=,

TE AR G /N 22 00 AR A% 6 0 T T ok 70 A T 4 3R
it | 2R e 5 il L R SR W i SF 22 R AN BE 2L
(CWDEs) il 05 2 3= 48 g BE . AR ISR 73, Of 72
TE2F EH LU Z Bk . il o 8 1 BT 2 0 R
B I T A AR /0N 22 B e R b g A 1 R SROHRE Tl
FEJEF GH10 M1 GH11 MK, i FGSG _
03624 .FGSG_11487 #l FGSG_10999 4§/, i #&
it ] Bt AL 2L A B- 1, AW B L E T I A AF 2 40 D
BE AR RBE B Ib 2 4h, B e 5 % &
20 L R BE R 7 8 S O, Sella AR HT 5RO
R HFIEE BN FGSG_03624 40 B2 YL /N % %)
RSN i gL J5 B /N 22 2H 2125 ) B 240 i 3R B N
o AL SRR 3R BV il 28 P 2R 35 AT AT 75 5 ) A Y
SEMR . BAR FGSG_03624 Jf-IE R 4 Hik 71 18 B0
JIT b AR FLTE AR Gt b B b AT AR g SR A8 IR Uk
TP T P84BT & B FGSG_03624 & A7
— B RSP K (QKKGEINIDGS) . 5 B A1 & 7
LR O AR (Trichoderma viride) 55 5 AR B
fiff Cethylene-inducing xylanase, EIX) FllJK %] %4 11
W (Botrytis cinerea ) K F B B (xylanase 11A,
Xynl1A) W 1 32 4 5 1Y 5 B BOAH L, AT it

DM FGSG_03624 5 5 41 i 56 1= K 3006 H % I
AR 53X B R SF KA G T O O
KUY, Tundo 80 JF — 25 A 58 UF 52, B B i 41
Y 63K G i TS M 9 FGSG 03624 474 Al 38 i %
Ji TR 43 e A5 I G T A LR 3 iR R ) e P BE T
ok AV D BT 17 A 4 R R A, AT O AR

2 I FGSG_03624 7E R4 9 J] B 1R YL /N 32
I 7 v e L R A /N 22 AT R R SR R 5 A i
JFPEFE T M R /N 22 f e e B S D) fig . A T
i & FGSG_03624 % /)N 22 9 [ i 3d A% v 1
AR A A 5T R R WU 28 £ K, LA FGSG_
03624 N UEIHE 1, 32 R A9 JT AR Y i /N 22
FREBEERE cDNA SCHE h i vt 5 2 BAE M, 4
MrafEE A Be BA M AEYFY6e, it —
Br FGSG_03624 ¥ 1 /N 22 e 9 B I 19 43 - HIL i
B g LA

1 MoRFu %

1.1 REHR

BB BT 2R i N 22 Rk 1589,
T 2024 — 2025 A AR T2 B0 M 2 BE /s 22 120 5
FEHh, FF A A A0 X B S5 MBS 10 pL R
WNHCGREAHMK.MT 5X10°4 « mL ', %
Bl K2 Az e g2 ), 43 ) TR S 0012,
24,3648 F1 72 h YL B WA KR IS R AT
—80 CUKHi % H .

FERRARAT T TR (0 /INFE &R 1589) S 1 B
XIS cDNA SCHE | B BE U2 228 i s #4K pBT3-N,
pBT3-STE,pBT3-SUC, pPR3-N, pOst1-NubI (£ 4
AU Bk L p TSU2- APP (B T BR 175 15 5 k) |
pNubG-Fe65 (FHM: X B 9 kL) 55t L RK )



%5

X PEAE R AR TSR FGSG_03624 HLAFTR It B H 5 /N2 B IR 11 TaUSP-1A B EAESMT « 625 »

AW R A R A AR R, A R Gk R
pHZM27-EGFP, pHZM33-GUS, pCAMBIA1300-
nLUC., pCAMBIA1300-cLUC, pUC-SPYCE.,
pUC-SPYNE, 5 B it K7 pBlunt-FGSG_03624 (%
FGSG_03624 CDS J¥4 4 £) HiB M 2Bt /N E T
1.2 REH*E
1.2.1 #H4k#E

53990 AR A% A7 1 52 B JBRL pBlunt-FGSG _
03624 A5 38 1o B B AL 4% 22 0 28 2 A5 09 45 ) Il
K pPR3N-TaUSP-1A M fig, i 13 1 iy A
VR 519 Phanta &= 0% B GEMERE . RO P
WFGSG 03624 5 TaUSP-1A 4t X )55, i 32
B2 IS R 6 Gt 0, Bl ) 24k PCR P24, B2 )
T 2 g G P P T ) i 0 2 R L B A 44 P B e
FFOI Y 2R 1k b (R 1. 3 3% 77 W) 5% Ak K s AT
DH5a (ME Hli, b0 347 o B Y, B 2 4
pHZM27-FGSG_03624-EGFP, pBT3N-FGSG_03624 ,
pBT3STE-FGSG _ 03624, pBT3SUC-FGSG _ 03624,
pCAMBIA1300- TaUSP-1A-nL.UC, pCAMBIA1300- FGSG

_ 03624-cL.UC, pUG-TaUSP-1A-SPYNE, pUGFGSG _

03624-SPYCE,pHZM33- TaUSP- 1A FZH 2k
1.2.2 FGSG_03624 #9 I 2 e & A5

| FH #E 2k ™ i SignalP 4. 1 Chttps://services.
healthtech. dtu. dk/services/SignalP-4. 1/), TM-
HMM-2. 0 Chttps://services. healthtech. dtu. dk/
services/ TMHMM-2, 0/) . Cell-PLoc 2. 0 Chttp://
www. csbio. sjtu. edu. cn/bioinf/Cell-PLoc-2/) #l
CELLO v. 2. 5Chttp://cello. life. nctu. edu. tw/)
Xt FGSG_03624 (XP_011322077. 1) 43 5] 47 {5
5 UKL 55 B 35 ) R STE 240 L S T

Z: UL W] A5, R WA R Rl oK pHZM27-
FGSG_03624-EGFP #l pHZM27-EGFP 4} | %%
R FFE GV3101 B2 S0 (M, Bifp) , &
B PCR % 7 T YEB 153236 28 “CHR 5 8%
2 ODy=1.2~1.6. BLWEREKE, IF &
W (10 mmol « L' MgCl,, 10 mmol » L™
MES 1 100 pmol « L' AS) YL FH & E ODy ~
0.8,28 CHEFIE 2~3 h G K W EH A 6~8
JE S AR G MR B ( Nicotiana benthamiana) W T
Rz REEEE R 24 ~48 h BUR YL R AT 3%
63t IR A W I WL AR
1.2.3 FGSG_03624 #4F & ey it &

2% LW 45, R i PEG/LIAC ¥ ¥ pBT3N-

FGSG_ 03624, pBT3STE-FGSG_ 03624, pBT3SUC-
FGSG 03624 435115 pOst1-Nubl 3544k 2= NMY51
T 40 A (M b, ) A S D) R A D 4 5 43 0 5
pPR3-N L5 A VB A B R il 41, LA pTSU2-
APP + pNubG-Fe65 4 BH 44 %t B, pTSU2-APP -+
pPR3-N 2y BT i, 28 B i PCR 36k BH P o B L 4
PR BE T 2351 5 T DDO(SD/-Leu/-Trp ) # QDO/ X/ 3-
AT [ SD/-Ade/-His/-Leu/-Trp/X-gal/3-AT, & 20
pg * mL ' X-gal K ANE e BE 3-AT(0.3.6.9 Fll
12 mmol « L™ M, 30 CHi % 3~5 d J5 W%
WV AR R AE L

1.2.4 BEFERARIF %k cDNA EA EVE G5

(D5 FGSG_03624 HEAEHE A K% E., ¥
pBT3STE-FGSG_03624 %1k & NMY51 [ +H} 41
o A T T A J% 32 285 o) R S O BRI R S 00 Tl
B IR A2 A e AN TRETE XA 28 cDNA SCJE i b
AT QDO/X/3-AT(12 mmol « L™ ARk
TTHI . PRHCAE K IE & B A H % £ DDO
M QDO/X/3-AT (12 mmol « L) F M #1754
i I RE TR 42 O ) & (R, L) R I
A2 5 BH 1 1 B R BR TR L B 1k & K AT B DHba
EAT v B I . W SR AR /N 2 A
(http://wheatomics. sdau. edu. cn/) "' # 17
Blast K3 , LA 5 i 1 B VR 3 (X R A 3% X 4 5
KU RevERE .

(2) BEAER AR M BGE . F 05 215 2] 15 4
kL (pPR3N- 3 4 1 JE KD 43 il 55 pBT3STE-
FGSG_03624 35 L 2= NMY51 BERFAE I, 27
W PCR %5 J5 B BH M 7% b 7 7 DDO W 1A 1 77
FFEIEE OD.s~1. 0, FiH B 10 f%.100 1%,
1 000 %, 4 B 3 pL 5 HET DDO fil QDO/X/3-
AT(2 mmol « L") H [,30 ‘CHiFF 3~5 d.
WS BE TR 7% 1Y 2B KR . 238 pBT3STE-
FGSG 036244+ pOst1-Nubl 24 FH % %t iR , pBT3STE-
FGSG_ 03624+ pPR3-N 4 B4 *t &,

(O FEA [ B P 80 UE TR A BAE . 2 R AT
W GV310 43 1 Wk B 5% 46, 78 A< Q0 7L o gk 47
B¢ G AN L B (LCA) FWL 4y F 5% 5% B 4b 52
5 (BIFC) ., LCA 528, 9080 41 4k & 3k pCAM-
BIA1300-TaUSP-1A-nLUC 5 pCAMBIA1300-
FGSG_03624-cLUC, X 24 & pCAMBIA1300-
TaUSP-1A-nLUC 5 pCAMBIA1300-cLLUC, pCAM-
BIA1300-nLUC 5 pCAMBIA1300-FGSG _ 03624~
cLUC,pCAMBIA1300-nL.UC 5 pCAMBIA1300-



. 626 -

% XK Y

EE %46 &

cLUC 33K 9 5 M B RO E5 5% 24 h 5,
FETE ST R K DO R AR Y, B T R K
R R G h #E AT S FARE . BIFC g, 58
1 41 4t £ 55 pUC-TaUSP-1A-SPYNE 5 pUC-
FGSG_ 03624-SPYCE, X it 41 *& pUC-TaUSP-1A-
SPYNE 4 pUC-SPYCE,pUC-SPYNE 5 pUC-FGSG_
03624-SPYCE 238 3k ; 7 9 5 049 S/ 50 8 Ol 35 57
24~48 h, U= Y 09 M0 m e 5 O 3 3R AR A

AR,
1.2.5 ZAEE G p Lk R TaUSP-1A 8 &k 547

P11 H R R A ik 0 TR AS [ B ) ) 2 AR
1589 /N FHIHEHU M RNA, I 2 # 57 5 cDNA, #
B 5 A5 JE VE AR AR . ] qRT-PCR 5[4 qTaUSP-
IA-F/R(FE 1), VA TaActin W 2 5 A, K
TaUSP-1A TR 48t I 1 AL BT 9 Rk o, R
FH 2722 ikt SR R i A X SR TR 5

1.2.6 & &K TaUSP-1A % B & 349 55 it &
ERmEET

# pHZM33-TaUSP-1A % A & FF B GV3101
WL R T AE P 32 Y vk 3R 48 T, AR5 3L i JF
(Arabidopsis thaliana)™ . FhAE T, fOAHBR, 7
DU i IS it Basta BRI (0. 1260 HEAT 401 0 3% 5
[E B f 51 qTaUSP-1A-F/R (£ 1) %F BH 2 1
#E47 RT-PCR % 5, LA B I+ AtActin2 (NM _
001338358. 1) Z LI . FH M A Ak 4 2 i ik &
ai g R0,

3 590 BB 5 R U0 A R A AR 41 R O AR
JE I R A AL RS B R 5 p L R4 R T TR
(5 X10° A « mL 1) B kA B K 35
0. 7% FARBNE H L EAER RN FE 5~7 d
Obt/mEJE ] 16 h/8 h, #H X 100% , i B 22
T WMEERIRIEOL . Bk 3 A FER",

F1 FRBERABSI YR PCR =N L =

Table 1

Primers used in the study and insertion sites of PCR products

EIEZERS

Primer name

ElEZ 2]

Primer sequence

i AL s

Use of primer Insertion site

pHZM27-FGSG_03624-F  AGAGGACACGCTCGAGATGGTCTCCTTCACCTACCTTCT

pHZM27-FGSG_03624-R CCATGAGCTCCCTAGGTCCAGAGACAGTCATGGTAGCC

pBT3N-FGSG_03624-F

pBT3N-FGSG_03624-R

ATTCCTGCAGGGCCATTACGGCCATGGTCTCCTTCACCTACCTTCT

TAGCTACTTACCATGGTTATCCAGAGACAGTCATGGTAGC

pBT3STE-FGSG_03624-F TTATGTAATGGCCATTACGGCCGTCTCCTTCACCTACCTTCTCGCC

pBT3STE-FGSG_03624-R TATCGAATTCCTGCAGGGTCCAGAGACAGTCATGGTAGCCTG

pBT3SUC-FGSG_03624-F TATCTGCAATGGCCATTACGGCCGCTCCCAACCCTACCAAGGTTG

pBT3SUC-FGSG_03624-R TATCGAATTCCTGCAGGGTCCAGAGACAGTCATGGTAGCCTG

FGSG_03624-cLUC-F

FGSG_03624-cLUC-R

TaUSP1A-nLUC-F

TaUSP1A-nLUC-R

FGSG_03624-SPYCE-F

FGSG_03624-SPYCE-R

TaUSP1A-SPYNE-F

TaUSP1A-SPYNE-R

pHZM33-TaUSPI1A-F

pHZM33-TaUSP1A-R

qTaUSP1A-F TTCCTGCGTCTCCCAACTTT

qTaUSPIA-R AGGACTTTTGAAACCACGGAG

qTaActin-F GTGAGCCACACTGTTCCAATCTATG

qTaActin-R CCACCGATCCAGACACTGTATTTC
AtActin-F CCTTGAAGTATCCTATTGAGC
AtActin-R GGTCTTTGAGGTTTCCATCT

TGGCGGAGGTCAGATCATGGTCTCCTTCACCTACCTTCT

pHZM27-FGSG_03624-EGFP  Xho 1/Avr 1l
pBT3N-FGSG_03624 Sfi 1/Nco 1
pBT3STE-FGSG_03624 Sfi 1/Pst 1
pBT3SUC-FGSG_03624 Sfi 1/Pst 1
pCAMBIA1300-FGSG_03624-cL.UC Bgt 1l

GGACGCGTACGAGATCTTATCCAGAGACAGTCATGGTAGC

TCGGTACCCGGGATCCATGGCTGCGGACGGCGAG

pCAMBIA1300-TaUSP-1A-nLUC BamH 1/Spe 1

TCTGGTCGACACTAGTGGCATGGTTACTCGCTGGCT

CACGGGGGACTCTAGAATGGTCTCCTTCACCTACCTTCT

pUC-FGSG_03624-SPYCE Xba 1/Xho 1

GAGCGGTACCCTCGAGTCCAGAGACAGTCATGGTAGCC

CACGGGGGACTCTAGAATGGCTGCGGACGGCGAG

pUC-TaUSP-1A-SPYNE Xba 1/Xho 1

GAGCGGTACCCTCGAGGGCATGGTTACTCGCTGGCT

GGAGAGGACACCTAGGATGGCTGCGGACGGCGAG

pHZM33-TaUSP-1A Aor 1l /Spe 1

GACTCTAGGGACTAGTTCAGGCATGGTTACTCGCTGGCT

Fe3K 3 R A B TR
Expression analysis and —
identification of transgenic
Arabidopsis thaliana

E2NG )

Expression analysis

Identification of transgenic —
Arabidopsis thaliana

TR R IR AR R R IR A

The underlines indicate the homologous arm sequence of the vector.
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Fig. 1 Prediction of FGSG_03624 protein transmembrane domain(A) and signal peptides(B)
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Fig. 2 Subcellular localization of FGSG_03624
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M1 : Trans5K DNA marker;al ~a3:pBT3N-FGSG_03624 ;a4 ~a6:pBT3STE-FGSG_03624;a7~a9:pBT3SUC-FGSG_03624 ;b1 : Pst
T F1 Sac 11 WY pBT3N-FGSG_03624 4K ;b2: Xba 1 Al Hind M WEFY] pBT3STE-FGSG_03624 #AK;b3: Xba T Al Pst 1 WY

pBT3SUC-FGSG_03624 # ik,

M1: Trans5K DNA Marker; al —a3: PCR amplification of pBT3N-FGSG _03624; a4 —a6: pBT3STE-FGSG _03624; a7 —a9:
pBT3SUC-FGSG_03624 ;b1 Digestion of pBT3N-FGSG_03624 with Psz I and Sac Il 5 b2: Digestion of pBT3STE-FGSG_03624 with
Xba 1 and Hind Il ; b3: Digestion of pPBT3SUC-FGSG_03624 with Xba 1 and Pst 1.

Bl 3 FGSG_03624 ERFEHER PCR 1 (A) S EAFHREHNE KT (B)
Fig.3 PCR amplification of the FGSG_03624 gene bait vector(A) and detection of recombinant vector by double enzyme digestion(B)
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+ :Positive control; —: Negative control; A: Self-activation detection group; e: Function detection group. There are two repeti-

tions on both sides of the dotted line.
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Fig. 4 Functional detection and self-activation detection of recombinant bait vector transformed yeast
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APP~+pNubG-Fe65 and pBT3STE-FGSG_03624+ pOstl-Nubl.
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Fig. 5 Screening of candidate interacting protein for xylanase FGSG_03624
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Fig. 6 Validation of FGSG_03624 and twelve representative candidate proteins by Y2H assay
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Table 2 Candidate interacting proteins by yeast two-hybrid screening of FGSG_03624
i B S 5 W 45 R Yike
Clone 1D Gene 1D Annotation Function
o1 Jok B A AR WG SR MsrA
1 TraesCS1A02G217300. 1 Peptide methionine sulfoxide reductase MsrA
14 TraesCS1B02G042200. 1 )R B A Metallothionein ol 324 0 7
2674 TraesCS5A02G092000. 1/ 3 Jil 7 e 28 14 Response to stress
TraesCS1A02G106600. 1 Universal stress protein
30 1 4 @A X HE A Heavy metal-associated protein
3 TraesCS3B02G293200. 1 JLT JF# Chitinase
20 TraesCS7B02G417700. 1 28 1 Thaumatin-like protein
e 21 3 5 A
2476 TraesCS5B02G475500. 1/ AR5 VE A i 32 2 1 P 5L I 2 5 7 0 1
TraesCS1D02G050000. 1 Non-specific lipid-transfer protein g
defense related
60 TraesCS1A02G079700. 2 H H I %% Kinase family protein
72 TraesCS7D02G351300. 1 JLT JEil Chitinase
) . e SRR T PN 4G (O 5k TIM16
43 TraesCS3A02G505200. 1 Mitochondrial import inner membrane translocase subunit TIM16
53 TraesCS5B02G190600. 1 A &R P450 Cyt(ichromc P450 TE PR
i 4§ fe s 2 ivi
54 TraesCS6B02G364700, 1 L RALHIRE KL JifERs 2 B Activity of oxygen
Peroxisomal multifunctional enzyme type 2 metabolism
TraesCS1A02G186700. 1/ s _ "
10/75/66  TraesCS5B02G426400. 1/ glﬂjfﬁh’ﬂ‘ s %ﬁ?ﬂﬁ‘f ‘
S7TA02G034300. 1 urathione Stransierase
vy TSRO gz
4,41,47 racsto iU Ethylene-responsive transcription factor
’ TraesCS3D02G399600. 1
8 TraesCS6A02G045100. 1 BHLH %% K7 BHLH transcription factor - %i"lﬁ]ﬁ -
37 TraesCS5A02G468300. 1 NAC 25 #3834 $2 %5 - NAC domain-containing protein [ranscriptional regulation
48 TraesCS7D02G269300. 1 5 5% N7 Transcriptionfacto
51 TraesCS1A02G298600. 1 WRKY #3% [ F WRKY transcription factor
12 TraesCS1B02G319400. 1 #5988 1 Calmodulin BB
Q" X AR HIG 45 A (CalLB 45 #58) R i & A Calcium signal
17 TraesCS3102G446700. 2 Calcium-dependent lipid-binding(Cal.B domain) family protein transduction
e WEE Y
18 TraesCSAD02G296000, 1 A M ZIM S iyl Hormone signal
Jasmonate ZIM domain protein .
transduction
g R e A A -
6 TraesCS2A02G145500, 1 T8 B FURURLE £ 9y 3k 3 .
Trafficking protein particle complex subunit 3 e s o
J 32 K
31 TraesCS5A02G540700. 1 B H Transmembraneprotein Membrane trafficking
40 TraesCS5B02G457700. 1 WM IR R 11 Vesicle-associated membrane protein
7 TraesCS1A02G092900. 1 40S BB 11 S4 408 ribosomal protein S4 BORE R
32 TraesCSTA02G300500. 1 60S BB 1 L34 60S ribosomal protein L34 Ribosomal components
TS R A s A e A I
27 TraesCS7TD02GA76800. 1 %%%/*E%Miiéﬁﬁ“' 2 - PP T mRNA
Serine/arginine repetitive matrix protein Alternative splicing
19 TraesCS5A02G162800. 2 FCA 4 FCA protein pre-mRNA
- ». . . . g s A
34 TraesCS2D02G397600. 1 Wi IR i Z % & 11 Thioesterase family protein Lipigal})ji%j;i%thlsﬁ%%r?tcins
. . LR AR a AR RE A
3 TraesCS3A02G394300. 1 4-coumarate: CoA ligase-like protein Lipid metabolism
L . . e . _ S A
44 TraesCS7A02G020600. 1 SKP1-#£#E H it SKP1-like protein Cﬁfﬁcﬁljiccqlt)jfss
Yl T fife O Tl
42 TraesCS2A02G384700. 1 15 B Enolase Key enzymes of
glycolysis
& 4y Sh T
25 TraesC$3A02G303300, 1 JHZ MR REBERE (T Ltk #%1 Unknown

Lipopolysaccharide export system permease protein LptF
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Fig. 7

Interaction between FGSG_03624 and TaUSP-1A detected by Luciferase complementation

assay(A) and bimolecular fluorescence complementation assay(B)
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Fig. 8 Expression of TaUSP-1A gene under
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TaUSP-1A # AL 2 UFGIT . Wil Basta J5 3 5%
FH PR R (OEL — OE3) i A 7345 £ 4 (0, 1 B 4
ALCW D A+ 45 FET- (B 9A) . RT-PCR 47
BN TA bR R B REALIN B N S 3 AtActin2 (13
K AN I BE TR bR R R R S MBS S TaUSP-1A %%
M (| 9B) , K TaUSP-1A BN R4 31338,

A

e R R gL ik 43 X WT Al OEL —
OE3 ¥R R M R 8l I i, 82 PP 25 5 R, WT
M H B R R AL A X T OE1— OE3 #k &0 A il
BB S 1 R €0 BE B, LR B T ) R R £ AE (A
) (B 9C) , X F W 1t T3k TaUSP-1A BEW 2 =
oL T X AR Ak 0 BRI B

AtActin2 TaUSP-14
M2 WT OE1 OE2 OE3 M2 WT OE1 OE2 OE3

100 bp™

&

A FEFE DR 7 01 1 5 B i RIS R IF 9 RT-PCR %7€ 5 C.: i 3 15 H0UF % X AR A5 H 7)1 B0 0 1 28 8 s WT . B A R U 5 s OE1 —

OE3.:TaUSP-1A #: R i FiE P FEIT ; M2 Trans2K DNA marker,

A: Screening transgenic Arabidopsis thaliana; B: ldentification of Arabidopsis thaliana lines overexpressing TaUSP-1A by RT-

PCR; C: Identification of resistance of Arabidopsis thaliana lines overexpressing TaUSP-1A to Fusarium graminearum; WT. Wild-
type Arabidopsis thaliana ; OE1—OE3: Overexpression of the TaUSP-1A gene in Arabidopsis thaliana ; M2: Trans2K DNA marker.
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Fig. 9 Identification of Arabidopsis thaliana lines overexpressing TaUSP-1A (A and B) and resistance to F. graminearum (C)
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