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Abstract: Banana Fusarium wilt is a fungal disease which is the most harmful and difficult to control in banana produc-
tion in China. Due to the influence of banana Fusarium wilt, the banana planting area in China has been decreasing year
by year in recent years, which has brought huge economic losses to the subtropical and tropical banana industries in
China. The disease occurred because the vascular bundle of banana was invaded by Fusarium oxysporum f. sp. cubense
(Foc), and its propagation speed was fast, which caused the yellowing of banana leaves and plant wilting. By comparing
the genome and transcriptome sequences of Foc race 1 (Focl, N2) and race 4 (Foc4, B2), a secreted protein FoSP1 lo-
cated in the lineage-specific region with high expression was screened out. The results showed that the open reading
frame of FoSP1 gene was 387 bp, encoding 129 amino acids, and its signal peptide cleavage site was located between
the 20th and 21st amino acid residues, and the protein had no known domain and functional site, so it was inferred that

WisHAH  2023-10-22; f€E HHE  2023-11-09

E&WMBE WA ARREEETE (No. 320RC696 ); [FH5K AAFHEHEETH (No. 31872088 ); Al ARATFFMEL L1 ( No.
NFZX-2021 ),

EZBAN  BALME (1998—), 2, WHWisd, W5rm: RMPIIHE M WE AL, *WE/EHE (Corresponding author ): Fh
4 (SUN Jinhua ), E-mail: Jinhuasun_hk@]163.com,



7 A%, FAEMBEWIIE 4 5 ET/NFD FoSPI FEHIhBERY) AL 23 bt 1333

FoSP1 was a new secreted protein. In order to study the biological function of the protein in Foc4 strain, the
split-marker method was used to knock out the FoSPI gene of B2 strain, and the phenotype analysis and pathogenicity
determination of the correctly knocked-out mutant were carried out. The results showed that compared with wild-type
B2 strain, there was no significant difference in the vegetative growth of FoSPI gene knockout mutants, and they were
insensitive to exogenous stresses such as NaCl, D-sorbitol and H,0,, but the conidial yield and germination rate of
knockout mutants were significantly reduced, and their pathogenicity to Brazilian banana was significantly weakened. It
is inferred that the secreted protein FoSP1 does not participate in the vegetative growth of B2 strain , but plays an im-
portant role in the process of sporulation and pathogenicity. This result lays a foundation for further study on the patho-

genic mechanism of secreted proteins in the genome lineage-specific region of Foc4.
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Tab. 1 Primers used in this study
GIE/EA S 1975 (5-3")
Primer name Primer sequence (5'-3")
FoSP1-AF GCATTCGAATAGACGCTCCG
FoSP1-AR CTCCTTCAATATCAGTTAACGGAACGTTA
TGGAGCTCTGC
FoSP1-BF GTCCGAGGGCAAAGGAATAGGTGCTTGG
CCTTGAGGAGTA
FoSP1-BR AGGGATCCCAGTCGCTTTTG
HYF TATCGGCACTTTGCATCGGC
YGR GGATGTTGGCGACCTCGTAT
HygF-pCT74 ATTGCGCGTACAGAACTCCT
HygR-pCT74 ACGTTAACTGGTTCCCGGTC
FoSP1-insideF TGCGCAAACATATCCCTCGT
FoSP1-insideR ACGGCCCAGATCCTTAGACT

FoSP1-outsideF TCCAACTAAACCACCATCGGT
FoSPl-outsideR GTCTCTTTAGAATGCCAGCAGC
FoSP1-KL-F ATGCATCTTAAAGCAACCATCGC
FoSP1-KL-R TTAATTACGGCCCAGATCCTTAGA

1.1.4 X4 B AA % K B( Hygromycin
B, 50 mg/mL), AN HER R (Amp). HEERE .
We A . SR ELEE . MightyScript 2f—4% cDNA
A Master Mix J 50xTAE Hi 7k 2% i ifi 2 DNA
marker 0 T4 T AP TR ( BE) BROARL
Al ZHZEREY S RNA BB & (B0
). 2xTag PCR Master Mix M H.#FE[F 241 DNA
PEPOAA A (DR BT RAR (dbat) A4
R A R |l 8 ok R & (B0 A
O F Omega Bio-Tek 23 ) 5 1AL D-Sorbitol )
W FA R R EAEMHEARAR AT ; 2xA8 Fast-
HiFi PCR MasterMix I T-Ib 5t LA YR H A
PR B F 7 & ( TaKaRa MiniBEST Aga-
rose Gel DNA Extraction Kit Ver.4.0 ) T % HE
AEAR (A6 ) ABRAF; HAE AR
IR 0 T 15 FR 540 46 PDA K97 4L \TB3
WAREEFRIE . TB3 AR FREE . LB Wik 573t
LB [fAKi g3 . CM KigRdk . MM B3R 5L AN
CZAPEK ¥53:3L%%

12 FHik

1.2.1 pCT74 Fi%: DNA #3#I  HJik: pCT74
¥ % DHSa 1, KiFRE#:A LB [EMRKR 5,

PRECA R 5 R T 3 mL &4 Amp Ptk LB )
RREFRHE, 37 °C L 250 t/min YRGS 12 h 240,
Bl R RS RS 2 1.5 mL BS.04%, 12 000 r/min 2
O 1 min, PEEUINE. 2 M TR N R &
T AR UTCRE DNA, X Hk 47 550 B b vaE e v Tk
ZioRTIIS
122 B2 HAk A B DNA #9450 F4 85 BT
Pk B2 $:Fh B2 100 mL PDB 1557 3 A i
i, 180 r/min, 28 CHEIRIREFR 3d, 3 J2HH
Pl E R 22, HIBAIYISE 4] DNA $REUR
A vt B 5 L N 41 DNA,
123 B@ARG LK B B2 RRERNAE
RS BRI H MR & KPIER . RHZ
W2 WmAEY) B RNA $EHGRH 320 B2 Wbk
RNA, #RJ5F]H MightyScript % —%% cDNA & i
Master Mix & i, cDNA, AR¥EIEA T 5514
(% 1), DL B2 Hitk cDNA Rk, »tHEEK
HEAT PCR 34, R73H) PCR =48 1.0%B 5 b
P FEL DR I 2R B — LR /N TR 1) 457 J DU
¥, KA 2Ry 455 S H 05 I RS T 8 53
WIAE NCBI Wl b 54T BLAST HXF, B %2 551 1
IERfME
1.2.4 FoSPI A R hms N Bz LIHE
) B2 LK 4] DNA M54, FoSP1-AF/FoSP1-AR
1 FoSP1-BF/FoSP1-BR N 5443l % FoSP1 3 [A
. FlEFAISE T PCR P8 DIRERE) pCT74
ki DNA A5t , HygF-pCT74/HygR-pCT74 K
1Y%} hyg FEFFF 384T PCR 744 split-marker
#& PCR ¥ #4352k FoSP1 £ L¥iF PCR ¥
B CA ) F hyg FEF PCR 434 77 ) R BiAR
FoSP1-AF/YGR J51¥); Lk FoSPI K:[A R PCR
PHaFEY) (B ) F hyg FE[R PCR ¥ 14 7= 4 g i
#, HYF/FoSP1-BR 5| #it1s PCR ¥ 34, Irfy
PCR i) 126 5 B 1) SRR B Bt A4k
PCR )7 &4, XHSE]H) PCR =i fT 1% 05
M B G HL K ARG
1.2.5 RAERKGGH &L B2 WHRTE PDA
B RRE SR 3L L HE5R 3 d J5, PRHUH 22 7F PDB W&
KR aEss 2d, WHEBRTRIZRES 250N
PDB WA FR 3R 195 18 h, by, WodEE 23f
FH 0.7 mol/L NaCl sk 2 . HkHUE 22 I A i it
W (7 10 mg/mL #FEERGFI 20 mg/mL $54-filf) ,
90 r/min $&RZ4fH 3 ho A 1xSTC WHI%& J5i A= i A vk
J¥ 59 5x107~5x10° 4~/mL. K J5 A= Bk (200 ul)
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L. i PCRES B (4510 uL) A1, K
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5], ZR N #HE 20 mino JRA A INA S uL Amp
19 5 mL TB3 k5 72 3Lt 174446, 28 *C .50 r/min
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FoSP1-outsideR 1E5|¥)i#t17 PCR iEffi, FoSPI-
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XA E (4 PCR =W iE 47 BB s S i H vk, HA IE
TR 3 0 4500 A6 USSR b+ A4
FE BB R A T %) o 2 A AR

127 BhRTARTHRAKREM M BUEFA R
BRI BR AR R AR 5 mm B EYE, 7003%
Fh#] PDA.CM .MM } CZAPEK ;573 |, 28 C
R sd, MEHEELR, SN0 34 HEE,
1.2.8 AT = ARHR  BUI AR AR
AR EAR N 5 mm WV, 40 0NA 3 mL o
K, BHEFIRS, RS2 ATEOMS
TR AT L%, B3 EE,

1.2.9 Wi B FHAMERE BiEEHERE .
FTHCEAR A 5 mm 8 A 70 0 ot ik 2 748 R 1 T
A3 WAERD TS EVEEE NaCl (1. 2 mol/L) FilliFL
f (1. 2 mol/L) HJ PDA FAR I, S AEREf 3
AEE, 28 CHiFE 5 d MR EEIEE, JHAE
o5k, AAEZ I FTIER R 5 mm
(1) g 5 2 78 R RN BT A TR I TR O, e R T
AT EE Hy0, (0.1%. 0.25%., 0.5% ) ) PDA
Wb, BABE 3 AER, 28 TR S d JFEE
WE AR/, FFHiRid s,

1.2.10 mbnE ¥ FoSPI e HHEF A= R B ik
IR o 2 AR AR T AR 43 531 4 FhF 100 mL ) PDB i
IREEFR3E ) 180 r/min, 28 CHERIRZGHFE 3 d,
B BEE AR I R KE R, HATETT
W Z 10°4~/mL ., B AL R T RR 5 mi o 2 AR IR BT bk
PR TR AT A 10 PR EV VG FE LY, 45 HR R
JE FERR T BE 50 mL fF B IR, ATE KAE R X IR
30 d g AN Ak IE L, DIFFERZE, AR
BREEAMASFERE , FHRIC SR IFIE SR YT KRR EL,
o5 G T I R RO S B s AR O gy

o B¥E R Excel F1 SPSS #4783 434 -

2 HBREHW
2.1 FoSP1 EETMMmAB~MEMIERFEST

ARG e FoSPI 3L 4K, HIF R
BEHER y 387 bp, HE IS 129 &R, %
HS (pl) ok 8.29, HiPRraie & &k 8.5%.
T BECR 1869, HEH TR A CsosHorNigo
015,814, HAFEFEEH 51.04, RO EKM: R
oh-0321, RUZEAREKEA, AEAR
T, {#FH] TargetP 1 SingalP 34 12 25 110
SR, AR5 RROIEIN S F 5 20~21 %
Wk ELZ ) ; TMHMM 300 1500 25 5 5o
FoSP1 & & A B4 M3 ; ] big-Pi Predictor
BAFHINEE R Box, ZEABA GPL i H
PROSITE ¥ M4 - Bon , %8 A AT 2 A
(I ZE R R AT RENT 25 . BHIE, FoSP1 E—ANHiiY
ST .
22 HMEERRBREERE

K H split-marker 757X} FoSP1 3% R #E47 mi bR
(1), PCR P 14755 1390 bp i 5 K ILH F
Bl f2 1297 bp 19 A BRI 1367 bp ) B ; 45 2
%% PCR ¥ H4RIA F Bt A-hyg il hyg-B, 4334
'} 2338, 2138 bp 1) DNA 445, &, 4585
HE &M 5 —30, A-hyg F1 hyg-B BiRZME H
B

FoSP1-AF  FoSP1-AR FoSP1-BF
—>

FoSP1-BR
<«— FoSPI —>» <

-
FoSP1-outsideR

_> .
FoSP1-outsideF

1 FoSPlERMMKFBRTREE
Fig. 1 Schematic diagram of FoSPI knockout fragment
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¥ FoSPI1 SRR bR B Bt Ak 2 B A= AU B
B B2 AR, AR, R
FHeAbF, ATECH A 10 ML 71T PCR %5E .
IETRZER SR, 10 MEATIHRY W 1 &4
1590 bp () H &A1, 1EF A BB fR L 41 DNA
PoHE 735 bp B H PSR (B 2A )5 THZE R &
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N 10 NEALTIE R YR Y 550, B AR BB b
B2 BERZHY B 1 4520 416 bp 194445 (& 2B ),
Pk PCR =4k bl e, P45 R 5B A
BV A —3, UL ES5RERM, Prdkitny 10 N fk
T¥Ih FoSPI 3L @R 2R, HH 1 R FE
25, 4N AFoSP1,
24 EBERRBRRETEEFRERKRESH

TE 4 FORR B SR |, 5878 k AFoSPI
14 TR 75 T A5 R I 5 B A4 T8 R AR 1) T 75 T8 S R TE A
L 3A), 1 HRAS R A T BLAR K /N5 Hp A= A
JoiwE2R (K 3B), i FoSP1 &AM B2
R AEEIESE SR K.

25 EBEFERMBRRTESEBRFHERFEL
TR A K G T e, 4
R, ARG o A A B N A A
B P<0.01 ), B A R BRI T P2 200 9.2x10°
AmL, AFoSPI WF =525k 3.6x10° A~ /mL( &
4A )o TEST AT KAk B, ZEARRR Y 3 A
T & B E TR AR (P<0.01). 8 h iFHY
AR R I 43 AR R 3R B 70% 0, RAE
PR K RAE 40%~50%2 [0] (& 4B ), ZEAWFS
FKW, SEARMAL, FoSPI N B A K"
E{ o N s (1 2 a8 3 (A £ 1 ]
FoSPI X B2 TRk A 7= fl i B2 520

AbpM123456789101112 BbpM123456789101112
2000 2000
1000
750 9%
500 500
250 250
100 100
1. BPERIBERR; 2~11: 10 4k 1LT; 12: ddH,0; M: DL2000 DNA marker,
1: Wild-type strain; 2—11: 10 knockout mutants; 12: ddH,O; M: DL2000 DNA marker.
2 BFAER (WT) SEBRRER AFoSP1H) PCR £FE
Fig. 2 PCR identification of wild-type (WT) and knockout mutant 4FoSP1
A PDA CM MM CZAPEK B g 8 OWT E AFoSPI
pr—— — 2
\ \ 7~ s = 6
Q
wT il . . . NGB
\ : . mE 4
’ <’ ®e 5
- W2
/4 \/ N\ S
AFoSPI1 " . o) 30 : : : |
\ /’ \ ) PDA CM MM CZAPEK
REFEHE Media

A EIRTEE SR IRAE P EFIE A

B: WikHEGIT.

A: Colony morphology of strain in nutrient medium; B: Statistical of colony diameter.
B3 FER (WT) SRBRREMR AFoSP1 EEEKRENE
Fig. 3 Observation on colony growth phenotype of wild-type (WT) and knockout mutant AFoSP1
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¥ 8 N 50 30
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e g
8 5]
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WT  AFoSPI WT  AFoSPI
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FIRES MR (P<0.01),

** indicates extremely significant difference (P<0.01).
B4 BHER (WT) SHBEREE AFoSPL H)
SERFFEE (A) RELE (B)

Fig. 4 Conidial yield (A) and germination of
(B) wild-type (WT) and knockout mutant AFoSPI
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PR AR A AN R BE ) NaCl Al AL fi
) PDA VA #1798 % e 5, 28 CIaiiR
Wide 5d 5, mbR o A0 A I BT A AU TR PR TR 7 A K
& OLAENNAA NaCl AL A4 EE R PDA P-4 F o 2
5o AL A BB I AR R H,0,
) PDA VA L iEfTiks, 28 CHHIEEFE 4d J5
K, BEE Ho0, MRIEMIE I, il bk 28 A8t A
A TR 37 B P 0 ) 2 AN ()R B A B 0, R 5
AR RN B A R B AR AR K EBH B 22 5 (18 5 ). UiBH
FoSP1 HHAZSYS B2 HHEXT THMNE A 11
I8 T o
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WT

AFoSPI

0.1% H,0,

0.25% H,0, 0.5% H,0,

B 5 TRMEFMGTHER (WT) SHERREE AFoSPL & KER
Fig. 5 Growth condition of wild-type (WT) and knockout mutant AFoSPI with different stress factors

27 EFERBRRTEIEHENERE

TEE TG EXT AFoSPI 5875 kil 4T 3R
PRI GE . BERP LR 30 d JE LBk B . X IEZH A5
ToRIREIR, AR 1 Y S IR [R) R B 19 R 0 s
Ol R, AR AR R AR AT, R
N By NG AN O R B =IUE S 190 = v/ At L o
EL&MBE, HUIERZE 5 AT LI ) Ho 4k 45 R4 1k
BORE, RS M, M AFoSPI TR
PREVEE B R R B, A RRER A i % s B0
WAk, VITFEREE )G & 30 AR 1L i AR A 5l R
MBS (K 6A ). WRIGTEEG T4 REN,
FEMP R R AR TRk AFoSPI WY TG A543
ST FE L (30.7) W TEF A Bk B2 (51.7)
(K 6B, P<0.05). HUILTTIL, @ikR FoSPI FEH
SE B2 BT TG A 1 B0 TS .

3 Tt

AR, AR B 4 I TR AL 80 ) AT O A
YR i o e A A AR T S A B . T
e AR T A W (5 B 2R 00 07 0 RS R TT I (F.
graminearum ) 2=5& A IEAT(5E 5 IR B, T

A Control WT

606 METER /- I U gm R, Hoh A 79 A~4y
WA [ ELAT AT A S R R . MA S5V gk
JTwE Y 3 DAFE ST FIEE R AN, AR
BRIV . BRI (F verticillioides ) F1ZR1E
P II W T Ae® (F oxysporum f. sp. Lycoper-
sici ) WFFEXN G, X Ho Wb 4l itE A7 22 7 LUK
BRI T SREE W MRREA Y 4 R0 R AR (LS) At
PRI 2H XY LS e (0 R m] e 55 B R A A O iR Tk
LS Gu o A rb & 7 it i R 1 28 R 200 i R % i
it 28 73 WA B U BE IR, AT IR 3 W 2 11 S R A
TV AR v R AR, e e i
PRI 2 i S 2HL 00 T 19 7 156 AR Foc TR4-14013
PEAT R R PH KRR I, IRl X g 5 4>
ol A B e s N S S B o 6 v
R H I REEAT 7S RIEE R W Y
WEFEHE e, — Jy TG T X e L o WA
SR TR, 5 — T 2D B T SR
B Eom s R B E A TR
—MAIN, IR & A o TESRAL R T T SIX
FIEEAFEY, A SIX6 rEHY A 8 Mt
SEIE M MRk, b 1AM TR S kY

B
AFoSPI 60
X 40
Q *
]
.
#e g
k2 20r
A
0
WT AFoSPI
Bk Strain

A: WPEYE ZRAEIR: B: WERREG 0T * R LR R#E (P<0.05),
A: Disease symptoms of bananas; B: Statistical analysis of disease index; * indicates significant difference (P<0.05).

Bl 6 FoSPlEERMREMGMEFER (WT) BHRBIHFELLR
Fig. 6 Comparing pathogenicity of FoSP! deletion mutants and wild-type (WT) strains against Brazilian bananas
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Foc FHRH fTh2 FER gt A P2 iR & i o
MR IERRIFI 3% ABFFEH) FoSP1 # H 51%
R AHLL, P EmR S R, N 8.5%, HILA
For R AR E . ABE5E, FoSPI SRR
KRR AFoSP1 WIEFERK . WKIEERHEY
Ky BAME, XRMAHLAZSE Focd B2 itk
BRARKSEEE, A RRZHAEERN
TS, W H AR AR 2 e m
W)W T LS e a2k, "RIAEDR
R L, FETF RN EHIE A R
A B0 A S s O 3R U T SE & B Focd
PR FoCaMK PR Rk 5 A8 (AR 38 I TR VR IE
SHEARMERMEL TR EZER, A REii
A, EomtE B R Sy SR M,
Focd TR RLR 2 281K AFoupel WITH 22 FIHt T I35
ToH @25, I HXF NaCl, 1A 0 AU,
EURRTRR TR A A R i B R R, I M LY
FEMEUR 1 BB AT GUO TR I Fosp9 H:H
i R 2 AR AT Be X EL TR AR KRR B T, HG
B 3% 30 T A2 | A R R A il 1) 43 D TS
AR LR 5 HAR R

25 BRIk, FoSP1 L H2&—Hm & e ,
i H split-marker JEHRFRIRIG T FoSPI iR %
AFTRRR, A ST FoSPI F PR i bk 8 ik ¢ 80 Fn 3k
S ARLL,, #1478 FoSP1 HE HZ 574k 7]
W B A 4 SA BN B2 A7 fT
KB B R BOURPE R I o AR i — 20 o
57 5 DR 2 e S DX ] 3 Db 2, 1 7 AR 9 38 ) o B0 1k
FEMVEF 2 T RAFHEA
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