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Abstract: [Objective] The objective of this study was to clone and identify the B2- tubulin (B2- tub)
gene of Fusarium oxysporum f. sp. cubense race 4 (Foc4), and reveal the function of f2-tub in resis-
tance of Foc4 to carbendazim and its role in the pathogenic process of Foc4.[Methods]Based on the se-
quences of f2-tub gene (XM_011327927.1) of Fusarium graminearum and the complete genome se-
quence of the Foc4 54006 strain (JH658279.1), specific primers were designed. A full-length sequence
of p2-tub gene from Foc4 was cloned by PCR amplification, and sequence characterization, phylogenet-
ic clustering and protein domains of 2-fub gene were also analyzed, respectively. The signature do-
mains were analyzed by SMART software and the phylogenetic tree was built by MEGA 6.0. f2-tub
knockout mutants of Foc4 were obtained by split-marker homologous recombination technology. Sensi-
tivity of Foc4 and its knockout mutants to carbendazim was tested by inoculating their mycelium onto

PDA plates with different concentrations of carbendazim, respectively. The biological phenotypes in-
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cluding the growth rate of colonies, the amount of sporulation, the form of mycelium, selective pressure
of cell wall, oxidation pressure and osmotic pressure of Foc4 and its knockout mutants were tested. In
addition, the pathogenicity of Foc4 and its knockout mutants was tested by pot culture root drenching
method. Foc4 and its knockout mutants were treated with 15 Brazil banana seedlings (Cavendish AAA).
Each seedling was irrigated with 20mL spores suspension, and aseptic water was used as a control. The
corm of Brazil banana was cut longitudinally after 30 d, and the browning degree of the bulb and the
condition of the chlorosis of the outer leaves were observed. [Results]Bioinformatics analysis revealed
that the complete DNA and cDNA sequences of f2-fub from Foc4 were 1 694 bp and 1 347 bp, respec-
tively. The cDNA of f2-tub included 5 exons and 4 introns and encoded a protein of 448 amino-acids.
Moreover, the 2-tub was highly conserved. Compared with other plant pathogenic fungi, the gene was
highly homologous. In Foc4, the fI-tub protein encoded 446amino-acids. The homology of DNA se-
quence of f1-tub and f2-tub was 64.67%, the homology of amino acid sequence was 76.34%, and they
had the same domain. The phylogenetic tree showed that f2-tub was closely related to F. oxysporum f.
sp. lycopersici and F. graminearum. The [2-tub gene is highly conserved in biological evolution with
other common plant pathogenic fungi. After two rounds of PCR amplification, the upstream and down-
stream recombination fragments required for homologous recombination for protoplast transformation
were successfully amplified by split-marker. The sensitivity test of Foc4 and its knockout mutants to car-
bendazim showed that the f2-fub gene was related to the resistance of Carbendazim. The ECs, value of
Foc4 to carbendazim was 0.51 ug- mL"', and the ECs, values of f2-tub gene knockout mutant to carben-
dazim was 0.36 ug- mL"'. Both were sensitive to carbendazim, however, the sensitivity to carbendazim
of p2-tub gene knockout mutant increased significantly. Compared with Foc4, the growth rate, the spor-
ulation quantity and the mycelial morphology of the f2-tub gene knockout mutant were not changed,
and the difference was not significant. Sensitivity analysis of stress factors showed that f2-tub gene
knockout mutants had no influence on cell wall selective pressure, oxidative stress and osmotic pres-
sure. The results of pathogenicity test showed that the leaves of the plants inoculated with wild strains
were yellow and wilted, most of which were yellow in the lower leaves, and the browning of the bulbs
was serious by the incision of the bulbs. However, a few leaves of the plants inoculated with the £2-fub
gene knockout mutant strain were yellow, and the bulbs appeared slightly browning. There was no leaf
yellowing in the control plants inoculated with H.O, and no browning in the corms. According to the dis-
ease index statistics, the results showed that the average disease index (42.24) of the inoculated strain of
[2-tub gene knockout mutant was significantly lower than the average disease index (59.17) of Foc4
wild fungi.[Conclusion]Foc4 wild strains and 2-tub gene knockout mutant strains all maintained high
sensitivity to carbendazim. Furthermore, the knockout mutants showed a significant increase in sensitiv-
ity to carbendazim, indicating that the change of f2-tub gene caused the resistance of wild strain to car-
bendazim. The gene of f2-tub was highly conserved and had a typical microtubule protein domain. The
biological phenotypes of f2-tub knockout mutants, including growth rate, sporulation, hyphae morphol-
ogy, selective pressure on cell wall, oxidative pressure and osmotic pressure, were not significantly dif-
ferent, but their pathogenicity to Brazil banana seedlings decreased significantly.
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T 1] B A FEAG 0 1R B2-tub FERE TR AE DL
P AE TR T B B0 I AR R AR VE L 283 P H Split-
marker [F] Y5 5 2 45 R Rl ok B 0 A 22005 B B2-tub FE
DT, 06T e i B AR A 1) A TR = & B0 )
Jnt 2 T R BURIESE AR R AT o0 i, e i
FER I EAR Dy Re , DU N 7 B A 250 1 0 2 1 R 5%
IR I IR SR B 7R P AR BB 24 P A L EUm AL 1 )
FIRAEEIS TR
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L11T BB H H98%Z w R JE 2 G AL R E &=
Al THRARD AT 0.1 mol- mL' E R H, it
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%1 mg- mL" TAER .

Congo Red (W4T, CRO W T b 52 FE /R il A= 9)
HARHBR A 7] ; Calcofluor White Stain (53¢ Y638 H 7],
CFW) 4 F Sigma-aldrich ( ]t 5{) ; HygromycinB (i
7% BT AMRESCOUEHD
1.12 #EXAMRFESRN FEMBREISE

/N CE. oxysporum f. sp. cubense race 4,Foc4) ,
rh [ By AP R B PR S R ORI 5 B #A SR
P T R R ZH S5 T , PR AT o ARGl P A 5 S Fl oA
E2 75 £ (Cavendish, AAA , 5~7 MUH Fi) o

1.2 A

12.1 Focd ¥ AR E At £ B R a9 A M A =
Z MG LRSS 7 155 Food BT AE BAR AT 2 B8
RAGUEMEIN E o K Food B A 7Y 5 K 1) B 1% B2 o 28]
0.0.2.0.4.0.6.0.8.1.0 f12.0 pg- mL" 7 4™ &b B £& Jii
EWRENZ H R PDAFRF . 28 CREEFRT d, &
AMEFEE 3L, RIG B3 IRER . & EMH| b
WIE ECyo

122 HEAHZERAARNADNANHE KA
B Pk BE R B PDA 55953k |, 28 "CHE 97 7 d, U8 it
BRI 22, FHREAT DU Ak o JE (R 2H DNA S B4
Fungal DNA Kit(OMEGA) i}t ] 547

123 R-HEZEQLR LS S5 Fusari-
um graminearum B2- & & 1 (B2-tub) £ K] (Gen-
Bank & 585 : XM_011327927.1) J 75 FE A 2599 1 74
i 4 5 A BN R FR 54006 (1) 4 2 K 4 51 (Gen-
Bank & 3% 5 : JH658279.1) , 7£ f2-tub %= K ORF [
BT IR 7 1 51 9%} : TUBU2-F(5” - GAAAGCG-
GAACAAATCCCTCCA -3’ )/ TUBU2-R (5’ - CT-
CACTAACACATTCAGGCTCTCC -3’ ) , ¥ 14 Foc4
B A= R TE bR (0 p2-tub FE K . PCR ¥ 48 2 B 7
PTC200 PCR 1% (MJ RESEARCH) E#47. PCR Jx
N AR 25 pL, Hi b 10x PCR 2297 (Mg Plus)
2.5 uL,dNTP B &4 (2.5 mmol- L')2 uL, 51 15+ %
0.5 uL(20 pmol- L"), 0.2 pL Tag FE(5 U- L) , B
DNA 100 ng, JG [ 26 /K #h & %2 25 L. PCR 41
FEFF:94 CTIASME 5 min, 95 ‘CA2 1430 5,65 ‘CiBk
305,72 CHEAH 2 min; 35 MG, £ i 72 ‘CLEH 10
min.

PCR /W) 4 8l & J5 3 $% 3 T- Vector pMD19
(Simple) # 1A I, ¥4k E. coli DH5a, 2 14 ¥ PCR ¥]
B0 UE 1 BE P T B ik 2 R L ( LD R G A TR 2
FJM o K A3 2 17 51 5 GenBank i 2 3E1T
] Y5 43 47 » F ] SMART Chttp://smart.embl-heidel-
berg.de/) T H X 2-rub J K347 85 1 45 44 38053 #7 o
I8 i BLAST 2 4 #1 p2-tub 3[R 1) [F) Y5 14 , F
Clustal X (2.0 ¥ #E47 2 7 51 LL X, R FH MEGA
6.0 B A LAAR T A #2272 (neighbor-joining , NJ) #4 % &
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BEAR AT PCR AT MY 31T p2- 0 H [ s bk L2 B
% i1 51 #) FOC4TUB2-LBCK # FOC4TUB2- HPH-

LB-R.FOC4TUB2-HPH-RB-F fll FOC4TUB2-RBCK
(R DY 8 p2-tub B R LR B, &gl
HYG-F f#lHYG-R (£ D ¥ H§#] 55 2= (HYG) ZE K] v
Bt. 41 PCR M 5% FOC4TUB2-LB-F Al HYG-
R1.HYG-F1 #1FOCATUB2-HPH-RB-F (¥ 1)K 1#

F1 KHRFAASIAFT

Table 1 Sequence of the primers used in this study

5| #) 4 FK Primer name

J7 %1 Sequence (57-3")

HYG-F CTTGGCTGGAGCTAGTGGAGGT

HYG-R CCCGGTCGGCATCTACTCTATTC

HYG-R1 GGATGCCTCCGCTCGAAGTA

HYG-F1 CGTTGCAAGACCTGCCTGAA

HPT-LBCK GACAGACGTCGCGGTGAGTT

HPT-RBCK TCTGGACCGATGGCTGTGTAG

FOC4TUB2-LBCK TCCTTGGTCTCCTCAAACGG

FOC4TUB2-HPH-LB-R ACCTCCACTAGCTCCAGCCAAGGTCTTACAGCAGGGTTGCCG
FOC4 TUB2-LB-F GCACCACCAGAGAGCCGATT

FOC4TUB2-HPH-RB-F
FOC4 TUB2-RBCK
FOC4 TUB2-RB-R
TUB2-CKFP
TUB2-CKRP

GAATAGAGTAGATGCCGACCGGGGTGTTGAGAGTGAGATTTGTGTGC
CCCACTTCTCCCTTTGGTAAA

GACGAGAGTGAGAAGGTTGTGAAC

CCATCGATGTTGTGCGACAC

GTACTCGCTGACCAAGTCGTG

T FVEE A iR R B

125 RATARS & AL Focd B4 R #R R
AR % 2 B RS AT . PEG R
(1 5 A oA A 2 R AR 55 T S5 O 1) D R AT i
3 S0 WL i bR E 2 B Mg IINEI 300 pL
JRAE AR R, R IR A, IR CE 20 mins 2212 5% 0
1.5~2 mL PTC VA, Z iR JHCE 20 min; #_FIR [ iR
TINBIHARFIECEE 100 pg mL' & 55 %5 2
50 pg- mL'#iIE R B, RS G, B TR PRI L T
28 CHEFE3~7 d G BT, &85 77 3 k15
FEHAT .

12.6  p2-tub &k E AR %2 KH CTAB A"
H Focd B 25 Y B ik 5 p2-tub 35 [N i o 56 4k 1 1) 3
(K ZH DNA, AR ¥E p2-1ub FE R i v B A 25 25 A
5 ¥ it 51 FOC4TUB2-LBCK Al HPT-RBCK (£
1), AR5 80 8 2 JE [R5 B AN p2-tub 3£ DK R Ui B
i+ 519 HPT-LBCK Al FOC4TUB2-RBCK (% 1), 1
5 B2-tub K& Kl 4K Bt N TR 7 51 %) TUB2-CKEFP
A1 TUB2-CKRP, #4534 K v Bod ik 4 5+ 5
YIHYG-F FITHYG-R (R 1), Il FH X 4 %} 5] ¥ 5t 84k
F#E47 PCR %52 , 5|4 TUB2-CKFP/TUB2-CKRP &
P14 435, 1 51 4 FOCATUB2-LBCK/HPT-LBCK .
HPT-RBCK/FOC4TUB2-RBCK 1 HYG-F/HYG-R 7]
DAY H H 1 R B e BR S A 7 N BH 1 B2-tub F5 IR il

BRISAZ IR

1.2.7  p2-tub &% R ARSI % B R 695N 2
Y B2-tub R AR AR BN B A A FIRE 2 B R 11
PDA PR v, J7 9% 1.2.1, Hih Focd B A2 7 B MR 1
R I B B2- ub R R T AR AR IR A ) ok R
ECx.

12.8 p2-tub 3% R EHRAERFESH EKES
A A: K ZE 5E - 45 Focd F B2-tub vt 5 52 A8 K (1) 5
mm H7 & B 5 3% Fh 3 PDA 1 MM ~F ¢ |, 28 C 1
F&, A ARG 2 4.6 R 7 A LSRR, I TR
MEFEEER, R 3RER, X3 ANEL.

PE B S HT < 0 A B2-tub R 53 A5 A RN Focd
(¥J#57% 7 7 O PDA AR B4 7 mm BB PE3 4,
IINTEHE K G R AT R, S8 5 K FH I BR T 0 T4
R I NER .

B 22 RO 5% = 43 KT B2-tub i Bk 978 A
H Focd (B35 9% 7 7 A I PDA “F-AR _F B /b B 14 42 5|
B b W e AT RO .

1.2.9  B2-tub &k R AR Hrig B 5 &9 508 M 5
A1 Focd B A2 11 B bk R B2-tub g ok 588 4K 1 Ak 7F
PDA “FHUE WA K 7 d, FTHL7 mm 9 B DF 50 il 4 0
T4 Congo Red (& it &K & 100 pg- mL™"), Cal-
cofluor White Stain (%% )57 S &% 100 pg- mL™), NaCl
(ZRFEE 0.7 mol- L', Sorbitol (UK 1.2 mol- L),
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H,0, (2% FF 4 mmol- L) [ minimal medium (MM)
SR, RASF MM SEARPE XTI, 28 CHEFR 7 d
JE SR I IR T, TR R R, G 3 K EE,
W3 ANEE . W R/ %= B H % B 2- R %
B TR B4R/ IR 2 B 7 ELA%2 % 100,

12,10  p2-tub 3k B L ARR RN 2 047 735
¥ Focd B A= B B MR AN B2-tub B SRASARFERD T 100
mL [J PDB 8572, BT 28°C . 160 r- min™ [ & IR
HER RS 577 3 d, b IR o A, B R K
HESABT, BIFREFEmL 10°MET. R
A% MR IR VE D o B R I B 1% o Foed 5 i R R

0 0.2 0.4

ARAREI AR PE 15 BR B P AR, REAR R 20 mL T
B LIERUKAE X L 3 IR R . 4% T
PRI E R, 30 d AR DIT ELPEARERZE , WL ER =R
WAL L K AN ER I P B ARG L, 25 7 DU 4 B
it U 2 7 GObRHE L 10 SRRF R AR 1 1 A 2 -t
GRACECECIE N e

2 AR50

20 FAEEHRM S ERGRENE
Xt Focd B 4= RUBR AR BEAT 2 181 R U 1R 5
(B 1. S5 3R3EH], Foed B A2 T 1R MO 22 18 R R I

2.0(pg-mL™D

1 Foc4 AREIKREZ ER PDA TR LHEZFEKFR

Fig. 1 Colony growth of Foc4 on potato dextrose agar (PDA) supplemented with carbendazim at different concentrations

BB (EC=0.51 pg- mL™).
22 B2-ubEEBIFHIS HFARR 1 L

Foc4 11 2-tub 2 [K 4= 1 694 bp, cDNA 4= K
1 347 bp, GenBank & 5% 5 : MF668109. 1% K751
BEANNE T RS NN, gl — > 448 D&
FRTRIEH R E A .

£ BLAST 43 #7  Clustal X Eb %, Foc4 /1 8 2-tub
FER B = R P A, 5 o Ak 70 R L A B (R
oxysporum f. sp. lycopersici) (XP_018235853.1) Fl K
Bk T (F graminearum) (AC142314.1) 55 JLFh
DLAE P99 )5 B B 1 B 2-tub B R 7 41 ey TR (]
2),

0.02 { Fusarium fujikuroi (AHG97571.1)
21 Fusarium proliferatum (CVL07724.1)

27

100

Fusarium oxysporum f. sp. lycopersici (XP_018235853.1)

Fusarium oxysporum f. sp. cubense Race 4 (MF668109)

Fusarium oxysporum f. sp. cubense Race 4 (EMT64212.1)

Fusarium graminearum (ACI142314.1)

Metarhizum acridum (MAC_02727)

100

Colletotrichum fioriniae (xp_007601333.1)

96 { Colletotrichum gloeosporioides (AAA62875.2)
39

Colletotrichum higginsianum (XP_018151417.1)

2 p2-tub REHL SR
Fig. 2 Phylogenetic analysis of f2-tub

HEHFEMNZERE S, BI1-tub M B 2-tub I I K]
DNA J7 %1 [F1 5 % K 64.67%, 518 17 71 [7] J5 2 N

76.34%, 3 1-tub F1 B 2-tub F K FIr 4w % 1 85 (4 A5 AH
[A 4RIk (1 3)
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Foc4 pl-tubulin E Tubulin ; | Tubulin_C I 446 AA

47 244

Focd B2-tubulin : I Tubulin_C I

246 383
448 AA

Bl 3 pl-tub F1 p2-tub FEE Y E B LM LU
Fig. 3 Comparison of the protein domain of f1-tub and f2-tub genes

2.3 p-tub BEARPREEF B B 5 RTKKRE
K H Split-marker 2 % R 7 2 (& 4-A) , #AT
PCR¥ 3. ¥ HM & W WK 4-B i, H—#
PCR Y™ (1) N v B, K/ANZ1741 963 bp F11 966
bp, [FI 18 155 5 (HYG) JE K A By, KN4
1 376 bp; 5 4 PCR 43 th H T J5 A4 B AR % AL 1)
R E L B, KR/NZIR12 524 bp #1112 303 bp.

B2-tublin(MF668109)

24 p2-tub R RT AR PCREE

2 5L W B 2P O e RN A RS 3R, 3R A5 p2-tub
R AL T o 2 I R B Focd B A AU B PR AL A 41
DNA Fl B B4 A6 1 3 K 41 DNA, I DL R , 43
W 5] % FOC4TUB2- LBCK/HPT- LBCK . HPT-
RBCK/FOCATUB2- RBCK. HYG- F/HYG- R Al
TUB2-CKFP/TUB2-CKRP #17 PCR 43 , % & FH 1%

FOC4TUB.2-LBCK FOC4TUB2-HPH-LB-R FOC4TUB2-HPH-RB-F FOC4TUB2-RBCK
- -

F

- -
TUB2-CKFP TUB2-CKRP

T
=<
Q
Ll

t&\\:"

-
FOC4TUB2-LB-F HYG-R1

1 kb

5
\
\

H

=~

A

- -
G-F1 FOC4TUB2-HPH-RB-F

5000 bp —
3000 bp =
2000 bp —
1000bp
750 bp —
500 bp =
250 bp —|
100 bp —

B

A. Split-marker [FIVR B RMIR f2-tub FF/R S EB. BRIy BUW A PCR &4 : 1.4.6. K (WD :2~3. 25 —%¢ PCR 414 b Ml v
BL:5 HYG JE[E 36 27 ; 7~8. 35 %0 PCR ¥4 I i # 2H F Bt s M. DNA Marker DL 5000,

A. Schematic map for Split-marker homologous recombination knockout f2-tub gene; B. Two rounds of PCR amplification of upstream and down-

stream recombination fragments. 1,4,6. Water as a control; 2-3. Upstream and downstream fragments of PCR amplification in the first round; 5. Am-

plification bands of HYG gene; 7-8. Upstream and downstream recombinant fragments of second round PCR amplification; M. DNA Marker DL

5000.

4 p2-ub BEE R IRELE R AT E

Fig. 4 Amplification of f2-fub gene knockout recombinant fragments

AT . DLH A 3 AN 40T H 51 ¥ FOC4TUB2-
LBCK/HPT- LBCK #£1 HPT- RBCK/FOCA4TUB2-
RBCK #£47 PCR Y"1 , 73 759 15 H1 £ 2.4 kb #12.0 kb
(1) H B2, 5Tk K/N—24, 11 Focd %7 4= & DNA
MR T 1 464 (B 5-A) . F 51 % HYG-F/HYG-R
HEHAT PCR Y1, 34540 1.4 kb 0 H (U4, 5K

/N5, 1M LA Focd 3 [K 21 DNA AR R TE 37 318 4%
(& 5-B). 514 TUBI-CKFP/TUB1-CKRP #£47
PCRY™ Y, B2-tub iR AL T ICH 1 447 , UL Focd 2
[A 2L DNA R I3 34 15 21 29 0.9 kb 1 2% 7 (& 5-
O, 5 RN —F. XULEE LY, X 3N AL T
(K] p2- tub FE IR 08 f B 5 WOKE 3 9 1y 42 8 AB2-
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AB2-tub-1 AB2-tub-2  AB2-tub-3 Focd AB2-tub AB2-tub
M H,0 1 2 1 2 1 2 1 2 M H,O 1 2 3  Foc4 M 1 2 3 H.O Foc4

5000 bp|

3000 bp|
2000 bp

5000 bp

2000 bp
1500 bp

1000 bp
500 bp

1000 bp
500 bp

A

5000 bp
2000 bp

1000 bp
750 bp

B C

A:1~2. p2-tub @R IR LRI EH B PCR 738, 4647 K /N3 A 2 356 bp.2 059 bp, H.O 1 Focd Jy%f i, M. DNA Marker DL 5000
B:AB2-tub-1.2.3. FiRFA A % 5 PCR ¥4, 2641 K/NA 1376 bp, H,O F1 Focd JyXf i, M. DNA Marker DL 5000; C: AB2-tub-1.2.3. &%
FAF PRI PCR #734, H.O Al Focd Ayt i, 715 K/INA 919 bp, M. DNA Marker DL 5000,

A: 1-2. PCR amplification of knockout mutants of upstream and downstream recombinant fragments, the band sizes were 2 356 bp and 2 059 bp,
H:0 and Foc4 were used controls, M. DNA Marker DL 5000; B: Ap2-fub-1.2.3. PCR amplification of HYG gene from knockout mutants, the band
sizes was 1 376 bp, H,O and Foc4 were used controls, M. DNA Marker DL 5000; C: Af2-tub-1.2.3. PCR amplification of endogenous gene from
knockout mutants, H,O and Foc4 were used controls, the band sizes was 919 bp, M. DNA Marker DL 5000.

5 PCR WiE f2-tub BIFR =T 1K
Fig. 5 Identification of f2-fub knockout mutants by PCR
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A. Colony growth of Foc4 and AB2-tubulin on potato dextrose agar (PDA) supplemented with carbendazim at different concentrations; B. Dose-re-

sponse curves of Foc4 and AS2-tub mutants to MBC; C. The half maximal effective concentration of Foc4 and Af2-tub to MBC; The error line in the

table represents the standard error of three biological repetitions, and different small letters indicate significant difference at p < 0.05. The same below.
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Fig. 6 Sensitivity analysis of f2-tub knockout mutants to MBC
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A. The colonies morphology of Foc4 and AB2-tub on the PDA plate (2,4,6 and 7 d); B. Growth of colonies for 5 days of Foc4 and AB2-tub on
PDA and MM mediums; C. The mycelial growth form of Foc4; D. The mycelial growth form of AB2-tub.
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Fig. 7 Analysis of growth characteristics of knockout mutants

2.6.2  Pl-tub 3 B A% R T AR 8 H T a9 HOR
S FEE A 100 pg- mL' CR(Congo Red) 1 100
ng- mL' CFW (Calcofluor White) 2~ , Foc4 7 2k
T T Wk A AB2-tub 9875 A4 T bk 1) A K 35 52 2 AH TR
T B (#0461 ; 7645 0.7 mol - L NaCl #11.2 mol - L'
Sorbitol Ff 1% 7% % I, Focd Fl AB2-tub ¥ R B —
B KH, ARKEAZB M £ 4 mmol- L
H,O, ({155 95 36 vh , Focd Al AB2-tub 114 K 15152 1) M
[ FERE M 4mdl (B 8) . b 45 R, AB2-tub

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.

X A AR BE 3 1 R 77 SR R T FNS I TR 38 A
2.7 B2-tub EFE BB R T IRBIEE

H4 Focd Fll AB2-tub FAZARTE AR 53 ) H b T8 VG £
(Cavendish, AAA) X1 . 30 d Ja W52, 45 I R I #2
FREF A TR IR A IR ZE I A, 1
PR EB I R o R 4R AR B, H VT ERZE M2 2 Bk
ZEHRA e A B, T FR AB2-tub BE R IR B PG £ AR
PR o AR v, BREE AR I &, 3R HLO

http://www.cnki.net



5124 XEAE, 55 FRERTZE 4 5 A BN B 2-0E B A FE M ml 5 5 R A4 it 1475

MM Congo Red Calcofluor White 0.7 mol-L" NaCl 1.2 mol-L"' Sorbitol 4 mmol-L" H,O,

8 p2-ub BEMMFRTAERREREFR MM R E (K74 HEZEIFRL
Fig. 8 Effects of stress factors on colony growth of wild type and Ap2-tub on the MM plate (growth of 7 days)
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A. The corm phenotype of banana inoculated by WT and A 2-tub. Foc4. Phenotype of banana inoculated by WT, Af 2-tub. Phenotype of banana
inoculated by Af 2-tub, H.O was used control; B. The disease indexes of the banana. Foc4. Phenotype of banana inoculated by WT, Af 2-tub. Pheno-
type of banana inoculated by Af2-tub, H,O was used control.
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Fig. 9 Pathogenicity test of f2-fub mutant strain
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