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A4 =i e )/ E Kie o IR =il S e =3y VAP IRy %
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1.1 HIXERAEY AT R R T
o 2B Y 4 5 A4 BNl (Fusarium oxysporum f.
sp.cubense race 4, Foc4) ; HL I8 R AT 1 (Agrobacte-
rium tumefaciens) B Pk GV3101; K % # T8 (Esch-
erichia coli) T #k DHSa s 1% BF (Saccharomyces cerevi-
siae) IR YTK12o AL BRI A S 06 & AR A7
AHIEFE BT F 25 £ i A A B U B (Musa AAA
Cavendish var. Brazilian) W) F i 5 ZR BHAOW RS A
MR o A EMH (Nicotiana benthamiana) H 2 5256
ERAF
1.2 RIESI1Y ARSI s AT
AV TRECEE RAERAFSKR. 519551
ESR
1.3 £MEEF oM M NCBI H 4 FE 3
FoSSP8O 1) 4 %= & J¥ %1 . H| F SignalP5.0
Chttps://services. healthtech. dtu. dk/services/Sig-
nalP-5.0/) I TMHMM?2.0 Chttps://services.health-

tech.dtu.dk/servicessTMHMM-2.0/) %t FoSSP80 i
ITAE 5 KRN 5 B 245 74 35 Tl Il o A FH BlastP 7
NCBI NR %4 #i & 7 48 28 FoSSP80 [ [F] J§ & 1 -
i MEGA 11 #EAT & LR 17 51 L X, 2Rk FH Bk
LR E R 2 R G0k B MU, e 4 box &5 SR A8 A
GeneDoc B A4

14 BEEREEHAENEE K psuc2 #iikil) 5
a4k [ Y . A ] FoSSP80SP-F/FoSSP80SP-R 5| 4
I3 H FoSSP8O 15 5 ik 4K, alifb [l i, Ji i Fos
o I 1) 592 K AL JE S SR Br S Ak S 1
2 M A R pSuC2 #HE 47 A, DL R & pSuC2-
FoSSP8O™ ¥ Bk 73 A% A

1.5 EYIREHEHEE FpCRI07-GFP ik
i Cla 185 1) J5 2640 B . LL Focd ] cDNA Ay
BB . 43 S A pGR107-GFP-FoSSP8O-F Al
pGR107-GFP-FoSSP80*Y-F 5| ¥ 5 pGR107-GFP-
FoSSP80-R 5| 1 i#EAT # 4 LA 3R 43 FoSSP80 4=+ Fll
FoSSP80*" {5 5 ik i 2% v B ol i TG 4% v B U7 V%
¥ a4k )5 1 B 43 i v BE B pGR107-GFP Ak
H, I 5 24453 £ pGR107-FoSSP80-GFP Al pGR107-
FoSSP80*"-GFP T W) % 18 # Ak « A H Sal 1 X}
pBin-eGFP #4147 I I J5 264K [5] 1 FoSSP80 4
K R FoSSP8O* {5 5 fik 6k & H B . H pBin-
FoSSP80-F A1 pBin-FoSSP80**"-F 5 pBin-FoSSP80-R
51 W9 18 FoSSP80 4= K Al FoSSP80*™ {55 = fik ik 5k
R B R A s A3 B 1 v B A i A # E pBin-
eGFP # A%k H LL 3K 43 pBin-FoSSP80-eGFP Al
pBin-FoSSP80* -eGFP fH ) 3k # AR

1.6 ESKDHFEMENRIE K pSuc-
FoSSP8O™ % BF 43 Wb 1A % 4 YTK12 % LS
b0l fd A CMD-W 35 77 25 BT 7% 4k 7 i
FHPETE R K5 FoSSP80™. Avrlb DA J2 pSUC2 B% B 14
PR F CMD-W i 4 55 77 5= T 30 “C 3 7= 48 o 38 35
36 ho HU1.5 mLERZ 13 000 g 30> 1 min, 44 L3
W, IMN 1.5 mL 6 W& 7K J5 4 13 000 g &5 L
1 min, ) 5 3F %6 3 %, H 750 wL Jo 1# /K & &, 78
YPRAA 557755 1537 LUIGAIE FoSSP80 15 5 Ik ¥ 4>
WAINRE

1.7 RFENSHREERRIASIE  KaiAm
LI I A 25 3 A2 N ARFF B GV3101. A4 AAT 1
TR ERE NS0 pe-mL " RABEZ AN 25 pge-mL™!
FIAE I LB R 95 3 b 28 CIR % H5 9% 12 he &
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Tab.1 Primers used in this study

51414, FHl(s'-3)
Primers Sequences (5'-3')
FoSSP8O-1F TCGCAAAGCAACAAATCCCG
FoSSP80-2R TTGACCTCCACTAGCTCCAGCCAAGCCGCGGAGGAGGCTGTGATG
FoSSP80-3F CAAAGGAATAGAGTAGATGCCGACCGCTCAAGACCCCCATCCAAGC
FoSSP80-4R GAAGATGGCCAGGATAGGAGC
FoSSP80-UF TTAGTTGGGCATTAACAGGAGCT
FoSSP80-DR CGACGTGGTTTTGATCGCC
FoSSP80-NF CGCTTCTTCTCAGTCGTCTGT
FoSSP80-NR CGTGTCCGACAAAATCAATGCTC

FoSSP80-HB-F
FoSSP80-HB-R
HYG-F

HYG-R

YG-F

HY-R
FoSSP8OSP-F
FoSSP8OSP-R
pBin-FoSSP80-F
pBin-FoSSP80-R

GAATTGGGTACTCAAATTGGTCGTGTCCACGCGTCGAAG
CAGCTCCTCGCCCTTGCTCACCTTGGGGCAGACGGGCTTC
GGCTTGGCTGGAGCTAGTGGAGGTCAA
AACCCGCGGTCGGCATCTACTCTATTC
GATGTAGGAGGGCGTGGATATGTCCT
GTATTGACCGATTCCTTGCGGTCCGAA
CGGAATTTTAATTAAGAATTCCAAACGAATCTCAAGCAATCAAGC
CACTATAGGGAGAACCTCGAGAGCAGAGACATAGCCAGCAACG
TACCCCCGGGGTCGACATGCATTCTACAATCTTTGCTCTTGTTG
TCACCATGGATCCGTCGACCTTGGGGCAGACGGGC

pBin-FoSSP8O*"-F
pBin-FoSSP80-R
pGR107-GFP-FoSSP80-F
pGR107-GFP-FoSSP80-R
pGR107-GFP-FoSSP80*"-F
pGR107-GFP-FoSSP80-R

GGTACCCCCGGGGTCGACATGGGACCTACCGCCCGCTC
TCACCATGGATCCGTCGACCTTGGGGCAGACGGGC
CACCAGCTAGCATCGATATGCATTCTACAATCTTTGCTCTTGTTGC
ACGTCTTTAAATTTATCGATCTTGGGGCAGACGGGC
CAGCACCAGCTAGCATCGATATGGGACCTACCGCCCGCTCTC
ACGTCTTTAAATTTATCGATCTTGGGGCAGACGGGC

2500 g 250 5 min Ji5 WA B A4 WLk HIE R, F 2%
TR E B UTIE , B A A 2 500 ¢ B0 5 min 5,
WUTE R ETE Ve WK T 2 0D, 8 0.6, =
MFRE 2 h G R A [JER

1.8 & H & % J% ENi5F (Western Blot) SE3&  HL
30 mg A% BRI R B I U B L AT S S N
100 wL Y FR G 240 UK EFFE 4 h, B/
R IR 30 s, 424 °C13 000 g &0 20 min, LI
TEWBR S B A7 . BURI & L B BT RE R Ll S B
FEL% 3 (loading buffer) V& 4,98 ‘CALFE 10 min &
N E] 12.5% SDS-PAGE & A i 3T HL ik, FELIK
SEORJE R gk A AR A2 B PVDF B L.

BMH2h BE P4 CHR, ZEME L2 h,
ECL &l 7 £ (KeyGEN Biotech) A4 2% K& 6 A%
3BTRS R 5 o

19 BIRER.EMHEEEXR K& A pBin
-eGFP . pBin-FoSSP80-eGFP [{] 4% FF 14 1£ 28 “C K 7
Fa TP IIRG 55 9%, B VE S 9% e TG o) R T R O R
FTURFE 2] ODgoy=0.4 , M MH L 33 5 B, 48 h /5
72 [E) 38 5 3 5 20 mol - L7 F1g22, 12 h J5 BUE
U VA Ly o T o e 7S SV 75 v A
InE) 3, 3"- =& FE B A % (3, 3'-Diaminobenzidine ,
DAB) 43 H e Gt 12 ho SR JE FH B ELTR(V ,y,:
V=3 DRI s B 2s K R B Bk i B &
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1.10 FoSSP80 HIBL R K E4MSE3E 1 H Foc4 1)
DNA 1E A B, ff I 1F/2R 1 3F/4R 5| ¥ 3 14
FoSSP80 #£ Al 1) b N il v B, LA HYG-F/R 51 4
pEX2 Bk it , 7w B R P AR . s
B PCRAEH T A& B, AR
ZIE (PEG) N 3 i AR AR B A 1) T kY, Kl

Fr B B AR Foed 1 SR ZE LR L 3R1G RALAER

B Kk (AFoSSP80) « f¥ F FoSSP80-HB-F/R 5| #) A\
Foc $& K41 DNA H 438 FoSSPS0 1) 4 i [X F )5 3]
T A, I w3 pFL2 Ak b, DLEE S [A] %h
AR pFL2-HB™ . B pFL2-HB #% %2 FoSSP8O0 fi
B 5% A8 AR B bR IR DR AR B R, 3R A9 B RN T AR
(AFoSSP80-C) .

111 EHEMEKERRMEBRENMNE B
Foc4 B £ A (wild type, WT) . Bt & 58 4% 1k
AFoSSP80 F1 [A] %1 1 #% AFoSSP80-C % PDA 5 77
B AT, 3 d 5 TE R TR I AT ORI B
J 5 Hr BBl B0 0 PDA 55975 b, 78 28 “ClH IR 2
S R TR . BRKH T TR LN RKE R E
1, THE R AR I AR RO 2, 45 T 22 K T AR R
SR ETEAS o FAFII R AR 7E PDA 3597 58 B AT
WA 3 d 5 7E B T T AT BT 6 () TR R 9 2 b 3

4FoSsP80 =
P 018241393

Fusarium oxysporum 1. sp. cubense race
Fu Iycopersici X

5791,
XP 041682616.1
F5966220.1

. i
As7or
P 041682616.1

F5966220.1

KAF5251288.1

KAF5563389.1

lum KAF5563389.1
KAJ4135025.1
RFN44050.1

24 2025 4
50 mL PDB % & % tf , 7€ 28 °C 1H I5 B W%

160 v+ min™ $=3% 5 77 , 5 R G A MR T Hodk
THHE I

112 HHmABME W5 WT. AFoSSP80 Fl
AFoSSP80-C B Pk 1t~ - il Bl B 7 i, 1 8 1t
TREZZE 10" A om0 o 35 HUAE KR B R4 11
VUit A B L IS AR R IR TP 2 h,
ZJEEEN B R P Ak E R 37,30 d 540
ALK I mE R A RIETR =Y CRIR X
FH G HE PR I B0 & D/ O PR B0 x B R R IR
RO

HERE

2.1 FoSSP8OEMERFESHT  FIAAES LTI
T H SignalP5.0 F1 & [ 51 1) 5 JI65 45 ) 380 T T 2
TMHMM?2.0 % FoSSP80 i 47 {5 5 JIK 1 5 5 &35 1) 35§,
T, 45 3 5 OR FoSSP80 H A3 N it 5 5 ik, HASH
AR TR H A L 2 B AEAE
FoSSP8O0 () [A]J8 25 1 , /£ NCBI [ NR i ) st 47
BlastP # % , 45 R W /R 72 9k J) 8 o % e 3
FoSSP8O (1 [R5 £ 11, 1 £8 At 32 1 35 A Kk R
FoSSP8O0 [{I [ Y & 1. FoSSP80 2 11 & H: [F VR4
IR 7 1 L 45 S48 7 T FoSSP80 1 it 7 B J&
FEERT(E1-0D. REREAINTERERS
FoSSP80 5% % K Z fix It I & 2K B Fol W) [A] I 4
(FOXG_05878,XP 018241393.1) (& 1-B).

2
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Fusarium bulbicola KAF5966220.1

85 L Fusarium anthophilum KAF5251288.1

Fusarium phylophilum KAF5563389.1

93 — Fusarium oxysporum {. sp. cubense race 4 FoSSP80 ~ *

100 L Fusarium oxysporum f. sp. lycopersici XP 018241393.1
58

Fusarium fujikuroi SCV45791.1

Fusarium mangiferae XP 041682616.1

Fusarium sporotrichioides RGP66925.1

100 Fusarium equiseti KAJ4135025.1

[E Fusarium flagelliforme RFN44050.1
P 1-B FoSSP80 & 1 S SLIURI I AR 5t K 7 1

A {8 ] BlastP 125 FoSSP8O [ E [ s {1 ] GeneDoc BAFX P HILLXTZ R 73T B AT MEGA T S KIUSRIEAE RGUAR Y -
A: FoSSP80 homologous protein was searched using BlastP. The results of sequence comparison were analyzed using
GeneDoc software. B: Phylogenetic tree was constructed using MEGA 11 maximum likelihood.
1 FoSSP80 ZER R AFIRYMNEEBFIILLX KRG L BN

Fig. 1 Amino acid sequence comparison and phylogenetic tree of FoSSP80 protein and its homologs

2.2 FoSSP8OESRAINGEMIIEIE AWEESY MEXH, 45 2 5 /R FoSSP80™ 5 Avrlb 3 1] 1E
3BT 45 BT FoSSP8O fY N uii LA 1 4N 17 M& 2 YPRAA Kf % 25 4B K, 1 YTK12 Fl pSUC2 B #
BR 045 5 K, A B BE23 W RGO UEHAS SRR WIEEAEK(E2) . BLEZE SR, FoSSPRO 5 &
YT RE . R R B A R SR IR AR R pSUC2- ik B A 4 W Th BB, FoSSP8O & — A & L 43 ik
FoSSP8O™ &% N\ | % £ I ¥k YTK12 v, Avelb HPFH  HEA-.

YTK12 pSUC2 Avrlb FoSSP80

2 BRI R GEXT FoSSPS0 {5 5 Rk 40 ik T Ak A LA IE
T I T BE ALK FoSSPO™  Avrlb BA K 2 84 pSUC2 e NI BEBE R YTK12. Avrlb AFHTERT R, pSUC2 Ay B X6
Fig. 2 Verification of the secretion function of FoSSP80 signal peptide by yeast secretion system

FoSSP8OSP, Avrlb, and the empty vector pSUC2 were transferred into yeast strain YTK12 by yeast transformation. The avrlb

was the positive control , and the pSUC2 was the negative control.

2.3 FoSSPSO#IHIEE BAX ESHARMEM R [ 24 b5 EAH RS 67 B35 pGR107-BAX &
BEIRTE N TR IT FoSSP8O X HE M I S8 I MY AFB . 5 dJ5 BAX Sl 5 X 45 . BAX F1 GFP
Roomi o, K ) E UF 19 pGR107-FoSSPSO-GFP Al Ly i (1) X 383 Jk A 41 i 3R B8, 17 FoSSP80: GFP
pGR107-FoSSP8O™"-GFP M W) 3235 B NAHF M FoSSP8O™": GFP 5 BAX i i & r ¥ A7 th I 4
B RS AR IRMEI 7 (ODgy, =0.6), FEAR KM HUIRFE (B 3-A) . @ —BX E EH M RIEHAT T
B B 3 1K FoSSP80: GFP 1 FoSSP80*: GFP 2 Western blot % iiF (¥ 3-B) . £ L& , FoSSP80 1J
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A: FoSSP80 Il PCD. % 4 pGR107-FoSSP80-GFPpGR107-FoSSP80*"~GFP LA }2 pGR107 —GFP [ 4% ¥ T 3| A [
MR R, 24 b5 AE TR A7 BES BAX; GFP 2y BRI 5 (8 F R AMT EAT R (fi R Ay 20 (0, RSB A o (), 1
ML P I S B s HLyE i 5 d SR . B AT H Western Blot £l £ 19 A 4L .

A: FoSSP80 inhibits PCD. Agrobacterium containing pGR107-FoSSP80-GFP, pGR107-FoSSP80*"—~GFP, and pGR107-GFP

were injected into Ben's tobacco leaf slices , and BAX was injected at the same location Twenty four hours later. GFP was used as a nega-

tive control. Detection was performed using a UV lamp (healthy sites were red; necrotic sites were black) , and the white dotted circle

was the injection site. Photographs were taken after 5 d of injection. B: Protein expression was detected using Western Blot.
3 FoSSP80 #1 FoSSP80**" 7£ {2 i BT ik
Fig. 3 Transient expression of FoSSP80 and FoSSP80*% in Nicotiana benthamiana

DL ] BAX 5 5 1 A Q0 55 0 48 R A 28, HL
FoSSP80 15 5 Ik I dift 2K I A 5 M A iy M

2.4 FoSSP80 #I I 7& 14 & A9 FX R A0 B BE BT A0
1 BT FoSSP8O #l1fill BAX 5 5 PCD, ZE % W52
BE— D G E F e Thae. RS AEY
AR pBin-FoSSP80-eGFP AR FF B B ¥ e S R
48 h J5 ¥ Flg22 755 A A #8475 12 h 5383k DAB
e 0 N 2R i WE G € 0 53 PR SN D IR T ()RR 2R A
B, GFP 2 (A B X iR . seie 4 B IR, 5 GFP
AHEE , Fib G 25 3 PR S DX A 0 3t 4 28R IRt
FIEE BERKE4D ., DLESEREH,FoSSPSO 1]
IR A v P S AR BRI AR () AR o

25 MBRRTAEKRSEAEKRBRE B
W1 %5 2% 1) FoSSP80 wi b /v BLili it PEG /i 3k
N BT A TR B ok 1 5 2 A, 0 ek O 32 8 9 S
LR o SRR AL DNA, 430 3
HYG-F/R, FoSSP80-1F/HY-R , YG-F/ FoSSP80-4R ,
FoSSP80-NF/R Y%} 5| #y%t # 4L F 3t 476 E . PCR
g5 5 (B 5-A) B 7R DR AR R TR bk DNA D B4R 1T
Prool R R O B DA K R E A R B (HIER
14t FoSSPS0 JE K Fr Bt , 3X 15 B A= A () 47 1 25
FA , VLW TE Foc Hl B R BRI & # T
FoSSP80 #:[K . 2 J5i ¥ FoSSP80 Jik PRl i [m] %h #;
14 pFL2-HB [H] b N\ 5% A8 44 B bk , £/ B[ b e 4k 1
DNA, H FoSSP8O-NF/R 5| ¥t 1T PCR % ilF , 45 R

(E5-B) B R ER M AhE Ry T
FoSSP80 & R 1) %7 , 31X 15 B A U 0F e 25 ) — 2L,
Ut B FoSSP80 JE A [ M Rl T

26 FoSSP80 4 # Z M K M & H WT.
AFoSSP80 F1 AFoSSP80-C 7f PDA 5 7f % I 15 3%
6 d , SR I = F LW LA T ¥ o B2
(E6-A). BFRINMEWHEBER, BT Z0Ts
R 6-B) SR , B A= 2 T k-5 9870 1A T A R [
ALK ER T HWIFLHE Z R . B WT.
AFoSSP80 F1 AFoSSP80-C % 2| PDB 15 75 3 1,
28 CIRG R 2 d. it AEfl T E. BEETZE
ST 4R CE 6-C) B 78 WT. AFoSSPSO Al
AFoSSP80-C —F (e~ LB EMEZER .
DA 25 SR FoSSPSO Wk 2K FE A 22 520 2 Focd
Mg FRAEK.

2.7 FoSSP80 EFEETT Focd WEITR /1R BEE
M N TR T FoSSP80 3 [N i 4 72 75 4 5 Wi 2
Focd B EU 77, ¥4 AH [R] FE (1) WT AFoSSP80 F
AFoSSP80-C ({1 pp 2= A SRR, 30 d 5 AT
FORPEDE . Rl AFoSSPSO MK I B B bk 5 42
T 37 A TR (R R R A RORGUARAL (BT 7-AD o R EREE
FIRBEIRIARGE T T HePh A BRI TG FR 4, 45
3 R R R AR R R T FE A0S B AR BUAR R B
M EEESET-B). Pl RKH FoSSP80H:
(R R 1A Y235 RN Focd B0 77 -
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GFP FoSSP80:G gi 80
4‘5%
5 Ss40
~= 24
== 20
a
0
¢ GFP FossP8O:GFP Do

Callose

= 50

IR DUAR
Callose deposits

A EVER Y M EL . K5 S5 4T pBin-FoSSP80-eGFP UL 2 pBin-eGFP [ A% AT T8 T ¥01E 5 100 5 , 48 T A 5] A7 V5 5 Flg22 5
12h)50. 1% DAB 4Lt 8 h, BB W EE. Bt A ARG 6 Image] #AF 55 1 mm? [ DAB ZLaTiifl. C: JPFIER
Pt M5, ¥ H pBin-FoSSP80-eGFP LA I pBin-e GFP WA KT Bl B V0 S IR 50, 48 A [0 50 V2 4 Flg225 12 h J5 0. 1% 7R Ji%
WAt 4h, BRBNE. DR ECE S . H] Image) BT AR | mm’ (BFIRPTECE . SCIR & 3 TSP 2 500
SDs, VLI 73 4T » 3R 22 i 3 (P < 0. 0D«

A: Observation of reactive oxygen species staining. Agrobacterium tumefaciens solution containing pBin-FoSSP80-eGFP as
well as pBin-eGFP was injected into Nicotiana benthamiana, and Flg22 was injected into the same site at 48 h. After 12 h, 0. 1%
DAB staining was performed for 8 h, and observed by microscope. B: Statistics of reactive oxygen area. DAB staining area per
1 mm® was calculated using Tmage] software. C: Callose staining observation. A. tumefaciens containing pBin-FoSSP80-eGFP as
well as pBin-eGFP was injected into Nicotiana benthamiana, and Flg22 was injected into the same site at 48 h. After 12 h 0. 1%
aniline blue staining was performed for 4 h, and observed by microscope. D: Callose number counting. The number of callose per
1 mm”® was calculated using Tmage]J software. The experiment was repeated 3 times to calculate the mean and SDs, and analyzed by
t-test. ** indicates highly significant difference (P <0.01).

El4  FoSSP80 &4 SRR AR IR

Fig. 4 FoSSP80 inhibits reactive oxygen species accumulation and callose deposition
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6); YG-F/FoSSP80-4R 1 FoSSP80 T X 3k (WKiH 3,7) ; FoSSP8O-NF/R ™14 FoSSPSO 43 v X (¥kiE 4,8) . B [EIFME HRIG:
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A: Knockout mutant validation. Primers HYG-F/R were used to amplify the HYG fragment (lanes 1, 5); FoSSP80-1F/HY-R
was used to amplify the upstream region of FoSSP80 (lanes 2, 6) ; YG-F/FoSSP80-4R was used to amplify the downstream region of
FoSSP80 (lanes 3, 7); FoSSP80O-NF/R was used to amplify the partial fragment of FoSSP80 (lanes 4, 8). B: Backfill strain vali-
dation. FoSSP80 partial fragments were amplified using FoSSP80-NF/R primers.

5 PCR# FoSSP80 £k Eaj ik & E4)
Fig. 5 PCR detection of FoSSP80 knockout and complementary
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A: Observation of colony morphology. Colony morphology of WT, AFoSSP80 and AFoSSP80-C on PDA after 6 d of inocula-
tion. B: Growth rate measurement. Mean growth rate of WT, AFoSSP80 and AFoSSP80-C on PDA after 5 days of inoculation.
C: Counting of number of conidia. Conidiation of WT, AFoSSP80 and AFoSSP80-C inoculated for 2 d in PDB. Means and SDs
were calculated from three experimental replicates. A t-test was used for statistical analysis.

6 FoSSP80 MiPRFREFMETFLS EKEREM~AE
Fig. 6 Colony morphology, growth rate and spore production of FoSSP80 knockout mutants



B BHAE: A A 2 R I 28 B 1 FoSSP8O RE N FE A7) S 88 S 95

AFoSSP80 AFoSSP80-C

Mock Foc4

60 =

Plants

N
[}
1

VENLELE
Disease index

[ ]
S
1

Rhizome

P/

A FEMABURERE . B FE AR EAER T IRE 1074 emL™ 1B AT B f, B H13R T BFJ5 30 d.
B: AR ER A P A BREEFBE T AR 7 3 BN 10 E 2 LT R R R 50 O E 20 9 0 9, BRESR B T AL/ T Bk ZE i AR
1 1% 1 42, TR BE T AR 29 N ER ZE T AR 1K 19%~10% 5 2 4%, R BETH AR 24 N ER ZE TR 119%~20% 3 3 4%, I BE T AR £y BR ZE T AR 1)
21%~30%: 4 %, i BE AR 2 N R ZE AR I 31%~40% : 5 9% iR BRI AR L) A ERZEMAR B 40% LA FD o W3 ASLIRE G it &
SFHMERISD . K3 T 4e i b

A: Banana plant pathogenicity test. Roots of banana young plants were inoculated by immersing them in a bacterial solution

0
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with a spore concentration of 10" mL", and photographs were taken 30 d after inoculation. B: Banana disease index. Disease index
was calculated using the percentage of corm lesion area over the total corm area. (Disease classification. Grade 0: Corm spot area
is less than 1% of the corm area; Grade 1: Spot area is about 1% to 10% of the corm area; Grade 2: Spot area is about 11% to 20%
of the corm area; Grade 3: Spot area is about 21% to 30% of the corm area; Grade 4: Spot area is about 31% to 40% of the corm
area; Grade 5: Spot area is more about 40% or more of the corm area. Mean and SD were calculated from three experimental repli-
cates. A t-test was used for statistical analysis.
7 FoSSP80R{FRIRE Xt & ERROHH 14
Fig. 7 Pathogenicity of FoSSP80 knockout mutant in banana

3 i it

A FCAE X FoSSP8O0 it 47 7 41) Lk X i &
FoSSP80 L4 JJ 1 J& H AR ~F » 8IS A= )15 B Tl
FoSSP80 ) N3 B4 1 4> 17 MR MR IS S ik, H.
AN HA B A . MR ER RN & (g a7 WA
6], AR RN B 0 4 L 73 Wb i (R E 2 393 Wb
FH. S pWEAKNGEAESK, TS5 S
T 3 AR, AT PR A P 5 D) - g 2R AR (ER-Golgi)
IUNEARE . T ARZE L7 a1 ) P E i B A5 7 =0
HATEH . AR ELEE W RERIET
FoSSP80 W15 5 Ik R 7r b Thig . 4% L ik,
FoSSP80 72 1 M Hi /] B J& Hh R <1 48 S WA ER T o

BAX J& T Bel-2 8 A KMk , fEME W) R IL B 2
5] & 40 WA FE PR FE TS (PCD) L 17 H. BAX i 5 19 48
JIBE T 3R Y 55 B AR R A - AR A AR P i
(s BV R B S B Al AR AU, Bt DA RT3 56 4iE

ST NG BAX 51 A1 A0 TR AT RN B
I A VF 2 B U8 ER AR BE 8 A BAX
PF I PCD, thl, K22 H % B 88 85 H CSEP0139
1 CSEPO182 fEfL #I BAX 5| #2 11 PCD , {2 HE9 JR
B R R i R AT B A 5 B I Rk R I
FoSSP80 RE L HlIil BAX i75 5 1 PCD, H A L5 5 Ik
P LA IS 1 5 X 3R B FoSSP80 ] fig 2= 411l
T G 38 IRONE o 1% 1 A )RR 2R AN B IR BT ) AR AR
A G g BB R RS S AW W R E IR AR
51 JEEAE W e I B AR . N T R 9T FoSSP80
FT T3 23 FR R A0 () B % S L, 4 FoSSP80 5 Flg22
HLFRIE, 45 5 IR FoSSPSO 1] LA Flg22 7 5 11
I M A B AR BRI R AR BT TAR . X e g LR Y
FoSSP80 fie % 411 | {4 S 2 S

T R 5 FoSSP80 X Focd Y 5 Wi, ¥+
FoSSP80 R g 5% J5 I 72 Foc4 (1) 43 A 617 7 & Al
AR e, g L TR B R AR B PR ) T R Y



96

2025 4F

A VKR T 5 B AR A K B A R
PRAHLE IR TC B 22 7 o 4 AFoSSP80 B & 452 Fh 2|
TR AR R, B IR KRS S BR ZE 16 99 BE T
FURL J s Ge vk B0 18 48 208 5 B A 28 A ] kb
PRI A % 25 SN Focd H 2808 & H
TEAE T RETU 4T » H FoSSP80 3 /N 42 Focd BUR ) 5%
BN A 25 LTI, & R0 AN B E
FoSSP80 R #l ] 77 = (1 F 988 IR B o A S5 =5 4 4k
SR FT FoSSP8O il 4 385 [ L (AL il LA K BB 475 1)
i %8, 4 s A OBE R 2R 0 T 16 B0 LB 2E
s

e EPEIE

(1] #4F, 2 R, hM s . B AL Z0 I R A R Wi 4t
FEBLIR (] #E R AR5 5441, 2019, 40(5): 128-136.

[2] GHAG S B, SHEKHAWAT U K S, GANAPATHI T R.
Fusarium wilt of banana: biology, epidemiology and man-
agement [J]. International Journal of Pest Management,
2015, 61(3): 250-263.

[3] PLOETZ R C. Management of Fusarium wilt of banana: a
review with special reference to tropical race 4 [J]. Crop
Protection, 2015, 73: 7-15.

[4] ATKINSON N J, URWIN P E. The interaction of plant
biotic and abiotic stresses: from genes to the field [J]. Jour-
nal of Experimental Botany, 2012, 63(10): 3523-3543.

[5] JONES J D G, DANGL J L. The plant immune system [J].
Nature, 2006, 444(7117): 323-329.

[6] BOLLER T, HE S Y. Innate immunity in plants: an arms
race between pattern recognition receptors in plants and
effectors in microbial pathogens [J]. Science, 2009, 324
(5928): 742-744.

[7] HOUTERMAN P M, SPEIJER D, DEKKER H L, et al.
The mixed xylem sap proteome of Fusarium oxysporum-
infected tomato plants [J].
2007, 8(2): 215-221.

[8] SCHMIDT S M, HOUTERMAN P M, SCHREIVER 1, et

al. MITEs in the promoters of effector genes allow predic-

Molecular Plant Pathology,

tion of novel virulence genes in Fusarium oxysporum [J].
BMC Genomics, 2013, 14: 119.

[9] REP M, VAN DER DOES H C, MEIJER M, et al. A small,
cysteine-rich protein secreted by Fusarium oxysporum dur-
ing colonization of xylem vessels is required for I-3-medi-
ated resistance in tomato [J].
2004, 53(5): 1373-1383.

[10] HOUTERMAN P M, MA L, VAN OOIJEN G, et al. The

effector protein Avr2 of the xylem-colonizing fungus

Molecular Microbiology,

Fusartum oxysporum activates the tomato resistance pro-
tein 1-2 intracellularly [J]. The Plant Journal: for Cell and
Molecular Biology, 2009, 58(6): 970-978.

[11] MA L, HOUTERMAN P M, GAWEHNS F, et al. The
AVR2-SIX5 gene pair is required to activate [-2-medi-
ated immunity in tomato [J]. The New Phytologist, 2015,
208(2): 507-518.

[12] GAWEHNS F, HOUTERMAN P M, ICHOU F A, et al.
The Fusarium oxysporum effector Six6 contributes to
virulence and suppresses I-2-mediated cell death [J].
Molecular Plant-Microbe Interactions: MPMI, 2014,
27(4): 336-348.

[13] HOU X, AN B, WANG Q, et al. SGEI is involved in
conidiation and pathogenicity of Fusarium oxysporum f.
sp. cubense [J]. Canadian Journal of Microbiology, 2018,
64(5): 349-357.

[14] AN B, HOU X, GUO Y, et al. The effector SIX8 is
required for virulence of Fusarium oxysporum f. sp.
cubense tropical race 4 to Cavendish banana [J]. Fungal
Biology, 2019, 123(5): 423-430.

[15] GUO L, WANG J, LIANG C, et al. Fosp9, a novel
secreted protein, is essential for the full virulence of
Fusarium oxysporum f. sp. cubense on banana (Musa
spp-) [JI. Applied and Environmental Microbiology,
2022, 88(6): e0060421.

[16] WANG Y, ZHANG X, WANG T, et al. The small
secreted protein FoSspl elicits plant defenses and nega-
tively regulates pathogenesis in Fusarium oxysporum f.

sp. cubense (Foc4) [J]. Frontiers in Plant Science, 2022,

13: 873451.
[17] WANG T, XU Y, ZHAO Y, et al. Systemic screening of
Fusarium  oxysporum  candidate effectors  reveals

FoSSP17 that suppresses plant immunity and contributes
to virulence [J]. Phytopathology Research, 2023, 5(1): 42.

[18] TAMURA K, STECHER G, KUMAR S. MEGA11: molecular
evolutionary genetics analysis version 11 [J]. Molecular
Biology and Evolution, 2021, 38(7): 3022-3027.

L19] EH, FHRIGL, BXBH, 45 . 2 SRS 20 B i Sh e A
FoSSP20 {4 3 32 M BEVIAR [J]. #ifs 444k, 2024,
15(1): 85-93.

[20] GU B, KALE S D, WANG Q, et al. Rust secreted protein
Ps87 is conserved in diverse fungal pathogens and con-
tains a RXLR-like motif sufficient for translocation into
plant cells [J]. PLoS One, 2011, 6(11): e27217.

[21]1 WEL'Y, LIU W, HU W, et al. The chaperone MeHSP90

MeWRKY20 and MeCatalasel
drought stress resistance in cassava [J]. The New Phytolo-
gist, 2020, 226(2): 476-491.

[22] DONG J, CHEN W. The role of autophagy in chloroplast
degradation and chlorophagy in immune defenses during
Pst DC3000 (AvrRps4) infection [J]. PLoS One, 2013,
8(8): €73091.

[23] GOSWAMI R S. Targeted gene replacement in fungi
using a split-marker approach [J]. Methods in Molecular
Biology, 2012, 835: 255-269.

[24] YUN Y, LIU Z, ZHANG ], et al. The MAPKK FgMkk1 of

recruits to regulate



%13 B BHAE: A A 2 R I 28 B 1 FoSSP8O RE N FE A7) S 88 S 97

Fusarium graminearum regulates vegetative differentia- 20: 87-123.

tion, multiple stress response, and virulence via the cell [28] LACOMME C, SANTA CRUZ S. Bax-induced cell death
wall integrity and high-osmolarity glycerol signaling path- in tobacco is similar to the hypersensitive response [J].
ways [J]. Environmental Microbiology, 2014, 16(7): Proceedings of the National Academy of Sciences of the
2023-2037. United States of America, 1999, 96(14): 7956-7961.

[25] CHEN D, WANG Y, ZHOU X, et al. The Sch9 kinase [29] ABRAMOVITCH R B, KIM Y J, CHEN S, et al. Pseudo-
regulates conidium size, stress responses, and pathogen- monas type Il effector AvrPtoB induces plant disease
esis in Fusarium graminearum [J]. PLoS One, 2014, 9(8): susceptibility by inhibition of host programmed cell
el05811. death [J]. The EMBO Journal, 2003, 22(1): 60-69.

[26] ZHANG L, CENCI A, ROUARD M, et al. Transcriptomic [30] LI X, JIN C, YUAN H, et al. The barley powdery mildew
analysis of resistant and susceptible banana corms in effectors CSEP0139 and CSEP0182 suppress cell death
response to infection by Fusarium oxysporum f. sp. and promote B. graminis fungal virulence in plants [J].
cubense tropical race 4 [J]. Scientific Reports, 2019, Phytopathology Research, 2021, 3(1): 7.

9(1): 8199. [31] LING T, VANDELLE E, BELLIN D, et al. Nitric oxide

[27] LEE M C S, MILLER E A, GOLDBERG J, et al. Bi- produced during the hypersensitive response modulates
directional protein transport between the ER and Golgi [J]. the plant signaling network and inhibits the pathogen’s
Annual Review of Cell and Developmental Biology, 2004, virulence machinery [J]. Nitric Oxide, 2012, 27: S9.

Functional characterization of candidate effector FoSSP80

in Fusarium oxysporum f. sp. cubense

ZHAO Yang"*, LIU Shuang'?, WANG Zhibiao'?, WU Junyu'?, CHEN Daipeng®, ZHENG Li"
(1. Nanfan College/Sanya Nanfan Institute, Hainan University, Sanya, Hainan 572025, China; 2. School of Tropical
Agriculture and Forestry, Hainan University, Danzhou, Hainan 571737, China)

Abstract: Fusarium wilt of banana is one of the major diseases infecting banana. Effectors produced by Fusarium
oxysporum f. sp. Cubense (Foc) play an important role during its infection of banana. Previously, a candidate
effector FoSSP80 in Foc was screened. Bioinformatics analysis revealed that the FoSSP80 contained a signal
peptide without transmembrane structural domains. Furthermore, the FoSSP80 was confirmed to have a secretory
function by using the yeast secretion system. Transient expression of FoSSP80 in Nicotiana benthamiana led to
inhibition of programmed cell death (PCD) induced by BAX. Moreover, FoSSP80 inhibited the accumulation of
reactive oxygen species (ROS) and the callose deposition. The knockout mutant AFoSSP80 did not show
significant differences in colony morphology, growth rate, and conidial production and pathogenicity compared
with the wild-type and complement strains. These results suggested that FoSSP80 is a typical secretory protein
and can inhibit plant defense responses.

Keywords: banana; Fusarium wilt; effector; plant immunity
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