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FOCTR4)3| #2 ¢ & Z 4% % #% (banana Fusarium wilt, BFW)Z A # S B A A S AR RE, L5
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Abstract: The banana Fusarium wilt (BFW) caused by Fusarium oxysporum f. sp. cubense
tropical race4 (FOCTR4) is difficult to control worldwide, which causes a huge economic losse
to banana industry. The purpose of this study was to screen Trichoderma strains with
antagonistic activity against FOCTR4, to isolate and purify the active compound from the
fermentation broth, so as to provide important biocontrol strains and active compound
resources. In this work, Trichoderma strains were isolated and screened from the rhizosphere
soil of crops, and the strains capable of efficiently inhibiting FOCTR4 were screened by plate
confrontation, and further confirmed by testing inhibition for the conidial germination and
mycelial growth of FOCTR4. The phylogenetic tree clarified the taxonomic status of the
biocontrol strains. Moreover, the active components in the fermentation broth of the strains
were separated and purified by column chromatography, the structure of the most active
component was analyzed by nuclear magnetic resonance spectroscopy (NMR), the BFW control
effect was tested by pot experiments. We obtained a strain JSHA-CD-1003 with antagonistic
activity against FOCTR4, and the inhibition rate from plate confrontation was 60.6%. The
fermentation broth of JSHA-CD-1003 completely inhibited the germination of FOCTR4 conidia
within 24 hours. The inhibition rate of FOCTR4 hyphae growth was 52.6% within 7 d. A
phylogenetic tree was constructed based on the ITS and tefl-a gene tandem sequences, and
JSHA-CD-1003 was identified as Trichoderma brevicompactum. Purification and NMR
identification showed that the single active compound was trichodermin, and the minimum
inhibitory concentration (MIC) was 25 pg/mL. Pot experiments showed that the fermentation
broth of strain JSHA-CD-1003 was effective against BFW. The control rate of leaf yellowing
was 47.4%, and the rate of bulb browning was 52.0%. Therefore, JSHA-CD-1003 effectively
inhibited FOCTR4 conidial germination and mycelium growth through producing trichodermin,
and showed biocontrol effect on banana wilt caused by FOCTR4, thus is a potential biocontrol
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strain.

Keywords: banana Fusarium wilt; biological control; Trichoderma brevicompactum; column
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Fr FE I | W AT b X 5 32 0 i K SR 22
—, BREGE . WE. SR AR ES
XEEMRMEFAIEY .. & K 25 9% (banana
Fusarium wilt, BFW)/E h—F i 21t 8 )
4% {5 (Fusarium oxysporum f. sp. cubense)s|
BT RS, BRI, A,
FETE I T AR A SR i 1, 7R TR A A= X
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A LA A S TR AR AL, 02 B TR A 2N
Bl vA BRI $ 5 P B 3 I F T BT ia %
A B T A0 35 5% B T (Streptomyces spp.)!
ZF 18 AT B (Bacillus spp)' | i
(Pseudomonas spp.)!'*! #l A % T (Trichoderma
spp.)! A o 3K B A 97 TR 7E B AR ZE B4R P R A
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TR FIPUIE B 55 Z PG PE, TEPUAE YIS Ty
T2 BTG, A BRI T TE T A (B A 5
PEANED . Zhao PO 1365 R 5 21 B AR 43 25
I 2% K B (Trichoder ma harzianum) D13 432 H
REZEY) 5 (nafuredin C), X el 09 e /NI A
¢ & (minimum inhibitory concentration, MIC){H
J 8.63 umol/L. Shi Z£P'MA T. brevicompac-tum
A-DL-9-2 H143 25ty 2 Flogr (A 5 (cuparene)fi7 A&
YN 14 Fh A vG 085 (trichothecene) T4 4, Hir
PA A EE AT AR W) R 8 K (trichodermin) X 5 A
Jir B TR A BRI BT TS PR, X R B R
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FEEF AL, T4 °CRAEH-
1.1.2 BHFHE

b e

Ty A T2 2] 78 W TR B 5F L (potato  dextrose
broth, PDB) (g/L): 445 200, #ZjHE 20, 7%
187K 1000 mL ; Bh%% 24 2 BBl 15 57 5 (potato
dextrose agar, PDA) (g/L): 423 200, %M
20, BUIEK 15-20, ZKI%7K 1000 mL.

KB 1 R B g5 5L P TS R A R R
(g/L): LT 200, #iZzME 20, Bifgky 15-20,
NEREN 0.05, PRREEZ 0.05, ZE1H7K 1000 mL;
FRETANEREE AL . THAR 5 200, E0E 20, BiEH:
15-20, JRELENER 0.02, AR 0.3, Z5/%7K 1000 mL.

RPMI1640 5555 5:(g/L)>) . RPMI 1640 #5K
At A E AL A F]) 20.8. MOPS Z i
W 69.08, %M 36, SLPREAERTE 800 mL 7§
WK, PR W, Wil T pH 2 7.0,
EZZE 1000 mL, 3 0.22 um JEE LR IS IEE
50 mL 208N, 4°CEH. HTHFRE AR
17
1.1.3 #HiXEHKMEER R
SR AN e B RS
(FOCTRA)H ) YA B2 Be Ay LA BT e

¥ £ # (Sclerotinia sclerotiorum) ., 111454 73
i &4 (Colletotrichum camelliae) il Jx 4] %5 i
(Botrytis cinerea)t* i H [E £ b B} 27 Be A 4 47
WF5E B 2 A S 0 = it

A A T A ] R R
B6 (Musa AAA Cavendish subgroup).

1.2 753
1.2.1 KREFHN S BMIFIE

K FHH FERR FERR RS, PRI S g BRECT 3%
A 45 mL KE/KgEE g, 28 °C. 150 r/min
PEIRYR 30 min il £ HEEIEM . IR AR
WAL, ik — AR R
122 KREFEHKABEGH %

KRN T, TR AR RRE 6 4~ HAR N
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5 mm MIARBE R AP, #EA 120 mL PDB #5555
tr, 28 °C. 200 r/min FEHIEFE 7d. H 4 B KK
YA g R EEWE 7 800 r/min & iR B 0> 10 min,
FEH 0.22 pum JEMERLE FIEW, BIASIC B R R
T 4 CIRAF A

1.2.3 FocTR4 f&REEFHI%F

K FHBE R A I, O 2Pk 6 > HLAR Iy
5 mm FJE, ¥ A 120 mL PDB #5353, 25 °C,
150 r/min MBS 3 d, 4 E2Ank I8 R B,
7 800 r/min 50> 10 min, Z:f% EIFFRGFHJCHI K
TR, kAR, 55244551 10° CFU/mL
e R E AT, 4 °CIRAEA TR,

124 AREFINEEMENE

KA IR, FHATAL A% 530 0 BB AR
5 mm P9 S5 IR 5 R AR 2 TR RO, T TR A BE
5 cm, EFITR— PDA REFIFAR b, M4
3ANELR, LIBRERE R A okt BR . SPAE T 28 °C
SAREERFRE 7 d, DU D B 1 T R AR (R ) RS
W), THEARBREAIG R, AT £k
1 2R=[(C-T)/C]x100%., H:h C HI T /3543
X B8 2 (control) FI 4L FH 21 (treatment) H # I 55 S5
B A2 A AR 0

R P TR 22 A 3T, U TR R B AR 2
KEEWRIE V kwnmma:Vepa=1:9 FETRSIEINR, #
FOCTR4 i Ji B DA DF 4P 15 AR LA e, 28 °C&
MEEFR 7 d, a8 SO i B T R AR
IHEEMESR ., A0 AR R=
[(C-T)/C]x100%. JHirft C Fil T 43 HCFRXT B4
(control) AT &b ¥ £ (treatment) H 45 I 75 JiL 74T A °F-
B K ERP,

K AT LD, IR AR R BT E
5955 IR A FIRAE V rwnmw: Vioerra=1:1 B 511R
HIMAZ] 96 ftfLARH, BA/NL 200 uL, 7
28 CCRRMEZAIET, K59 24 ho XFTHECHE R4
1 PDB ¥ , FOCTR4 4 )5 I 1 IR e X W Ty
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1x10° CFU/mL.

SET R %, ¥ AR% K JSHA-CD-1003
(T 3CHRFR 1003)E N dE— 205 Ak}

1.2.5 EH 1003 RELEMMEREE

K TIANGEN i & (At RAR A AL B
IR EDHIREUE MR 1003 2K 4 DNA, #kfT
rDNA N4 55 8] % X (internal transcribed spacer,
ITS) )7 54" 14 FlfH PR 4E i Al 7 1-o (translation
elongation factor 1-a, tefl-a) 41§ 14

ITS J¥4) P 358 H 5198 - 1TS, (5-TCCGTA
GGTGAACCTGCGG-3")#l ITS, (5'-TCCTCCGC
TTATTGATATGC-3"), 4l White 55 15 1 i i i
TR R MY AR P T PCR J P,

tefl-a BER Y 14510k . EF1-728F (5'-CAT
CGAGAAGTTCGAGAAGG-3') #1 TEF1LLErev
(5-AACTTGCAGGCAATGTGG-3"), K4} Jaklitsch
SR UM SRR AR E T PCR WP,

B 7 415 NCBI H' GenBank A9 &K
FIHEAT X, BEECS S e 91 [R5 v 14 7 91
YER=%, H BioEdit # 4 (version 7.0.9)#1 1%
H LRI F s E , £ F§ DNAMAN 84 E71E
FOF 5Pk, AR @ i MEGA 7.0 #44:
HEATHHERTALIE , RIS 54T 1TS 5 tefl-a J7 513K
A P, & J5 ok A 4K #2 7% (neighbor-joining
method, HEECH 1 000 YT RGE K BER .
1.2.6 Bk 1003 4 B4 1L 45 M)

SEy 2 M Bric 2% Glickmann 451
Schwyn ZECYHI Dey SFPUHELT BBk =150 2 R
(indoleacetic acid, IAA), =% . FEEREFIVEBE
RE 7 S X AR PR A2 AR AT 52 i 1) A 3 AR b AR PR
5E 5 [RIE 2 B8 Singh Sy IR TR BRI R 2
A e 3 e I
1.2.7 Bk 1003 FHUEN T BEUREE

Bk 1003 #ERT 10 NI, B
200 mL PDB 5323, #L 2 L, F 28 °C. 200 r/min
SUFT REET 4, SRIGH 4 BO gL, If

&: 010-64807509

TE 50 °C T el 75 A ASCHs R B 4 2 500 mL.,
Bifi 5 SRR 1R O BRIE S22 HL 3 Ik, I F e
IRRAL, PEHIREELE 45 °CF IR Mk 47 15 2137
7B
FHi=E (767.0 mg) F I i — 50 HH bt FH Vs v
(Ve:Viv=1: D)3, R BEIR A XA i 64740
B, 278 )2 )27 (thin layer chromatography, TLC)
o A 25 A AR ) RE (S AL (17 DL 41536 9F
4R Frl1-Fr.l.4 #9 4 D45 1EMHBE (R
THIRE) A, 445 Fr.1.3 (232.8 mg) & B H v
¥ 404> Fr.l.3 (232.8 mg) i i (100200
H, 400 mg)PEtf, JCTHA GF254 RERSGEIAE
W, 2B AERI(PA)=(10:1, 8:2. 7:3. 6:4)
RYMEEVEDL, 153 Fr.1.3.1 & Fr.1.3.14 3£ 14 4
HAy. H5> Fr.1.3.3 (116.5 me)ZH &M, FiaE
JKE(100-200 H, 200 mg)¥kte, HEMiAEIH GF254
ERE, 2 imiE. NER(P:A)=(9.5:0.5. 9:1. 8:2)
RGN, BZASELA 1(99.1 mg)™,
TE VRS P 57 B L 7 v 1 ok 61 A
SSUETE 1, AR 4l i AL A PR e SR
Z MIC 256 8 Fl 730 S g Xk FE AL B
TG YA E . XMW 1 4T NMR I
E VLRSS E, Rl bAY 1) 'H, DEPT
135, DEPT 90, ""C NMR & & H 3% a1
% Z (heteronuclear singular quantum correlation,
HSQOC) % 4 7 B 4 B R AH 2 SCik A 1), LAk
HEAT A B W A5 F4 AT T S5 20 i AL B 4 o
1.2.8 EMHEDIEE MK
K ZAE R BRI AR i Rk, IS v ik
H W% FocTR4 T8 & #9 MIC (B, - H
FE VN (dimethyl sulfoxide, DMSO)¥% fi i P 1L
G USRI EE 100 pg/mL, IFiHEAT 6 IR AHH R,
5 EE Sl 2x10° CFU/mL (1) FocTR4 J5 J5 i 1 1
FEHBIRET, BV ssien: Veem: Veoerra=10 pL:
90 uL: 100 puL, 28 °C. MKGHEFE 24 h, Bk

i
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TFWREZ L LA 10 uL DMSO Fifii 10 uL RPMI1640
h 2 AKX, 3 IRE R AL, DMSO HA B,
W RE B I P e S% LA, DA /D JH X 3 4
R

K AR B, 7E PDA SEAR B 2.1,
0.5 mg/mL [ 3 ANk BB B 6 1L & W) )
1x10° CFU/ML J S B0 185 A S B 22t KB,
FIFLEATIC A > 5 mm BARFLIA , BEFLA N 50 puL
SRR, XRS50 L i) DMSO #5771,
28 °C, MFHEHE 72 h, 3 KEZALTH
1.2.9 [E#k 1003 575 FocTR4 Z L1

Ve 3—4 M- Bk 2 10 em A B B6
T T AR IR . K ep AR S IR 1,
IEXF ARV T 3 4b 2 3 mm IR A4 57 53 A 13
AL IR SR R A BAE RS AR 2 4250 11.5 em .
RHREERLGER L KHE=3: D,
FOCTR4 1 ¥ (1x10° CFU/g)$& i — K4EFh T2
Frt ., S E A BT CK (Water)%f 8. +
HER 2 FOCTR4 J6 AL B, WINJCIE/K; FHYE
CK (FOCTR4)Xf i . + 3285k FocTR4 # 1Ak
B WINCHEK; PR T1: +1E24573 FocTR4

*x1 BEERBREIRINE

Table 1 Grading standard of banana plant disease

WAL TR, ELESINARE 10 A HIK 1003 K 19
A TAb R AbFEL] T2: +3E25) FocTR4 42
FWALIE, BB A 25 pg/mL AR F R
(trichodermin)#FF AL B . AP B3 25050 50 mL
PR, CK AUl S ARICH K. B 7 KAb
m—x, Fra it e ~EAE, 28°C, 12 h i/
12 h BRI AR AE R,

FAEEMAT IR PR RRE SR 30d J5, W
FOR ARV . FAEMEKRE R, Rk
o 1 DL RN ER ZE A TE 0 o I A PR HE(R 1)
I3 17 6 BN 7 36 R 4 ) R PO o AR R A
(%)= (85 B i MR HO< A 55 % )/ (R BB < I 1
SE)*100. BIARCR (%)=(FocTR4 i 1545 41—
A PRI 15 B0/ (Foc TR4 Ji 1535 %)% 100,
1.3 #HiENE

RFH Excel 2007, DPS %44t ¥ 5 48 Ml
GraphPad Prism 7.00 #E7 804 S50 M, it
PR K 7743 BT (analysis of variance, ANOVA)
AT PR R, DB E R K (least
significant difference, LSD); %172 & H 45
(P<0.05).

Evaluation items Items evaluation degree

Evaluation content description

Leaf yellowing degree: 0 The leaves did not undergo yellowing and the plant grew well
leaf symptoms 1 The lower leaves turned yellow

2 The upper 1-2 functional leaves turned yellow

3 All leaves turned yellow

4 Plant dead
Bulb browning degree: 0 No symptoms were found in the bulb, and the plant grew well

bulb symptoms, about bulb

—_—

longitudenal section area

[V, I O VS N 8]

The browning area of the bulb was less than 10%

The browning area of the bulb ranged from 10% to 25%
The browning area of the bulb ranged from 26% to 50%
The browning area of the bulb ranged from 51% to 75%

The browning area of the bulb was over 76%

http://journals.im.ac.cn/cjben
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2 EREQM

2.1 ¥k 1003 X FocTR4 AR

WIEXE 2 A VEYIMR PR AR A 5 U B E
B, Eaifb )51 B R — R W . & Ao
UG UG FR G A% 5 MRS PURCR BT AR & 1A
PR, HAEER 1003 AR 1005 ROCR S, H
T4 5K 60.6%+1.7%F1 59.6%+1% (3% 2,
El 1A).

FikE 1003 KBNS FOcTR4 11 & 41
MR, 7824 h, 28 °CEERG&MF T, £ 1003
K ERAL LAY FocTR4 filFHi &K A 0%, il
RO (B 1B) . il B 224 1 R A U
KILEPE 1003 1Y 10% % BER T 4 FhH R 090
JRE YA A IR (B 1), Horp, Xt
FETH I H %2R 56.8%, B W& T FocTR4

A

FocTR4

Inhibition rate (%) 60.6+1.7 59.6+1.0 -

B 1003 FB CK
FocTR4
Germination rate (%) 0 =
1

(52.6%)FH 55 b 2 Bl Dt D7 (1L 25 ol 28 7 T K
AT, KPERE 1003 LY FocTR4 FiIH:
iy 3 FhAE e e A A AR SR A RIVE A OF B
HA BRI R IR ) iR

£2 AEWKAKREXT FocTR4 FEHRxFlHpEH] ==
Table 2 Inhibition rates of five Trichoderma strains
against FOCTR4

Target strain FOCTR4 colony radius Inhibition rate (%)

(mm)
1001 14.7+0.7bc 55.6+2.0ab
1002 14.7+0.4bc 55.6+1.3ab
1003 13.0£0.6¢ 60.6+1.8a
1004 16.0+0.3b 51.5+£0.9b
1005 13.3+0.3¢ 59.6+1.0a
CK 33.0+0a -

[) 5 B I AN ) /NG - RO 22 57 .25 (P<0.05)
Different lowercase letters in the same column represented
significant difference (P<0.05).

C Treatment Inhibition rate (%)

CK

52.6=1.1

S. sclerotiorum 56.8+1.4
C. camelliae 51.7+1.0
51.5+3.4

B. cinerea |

Bk 1003 XF FocTR4 ¥HI7EME A: HFE 1003 %t FocTR4 “F-Hf IR ISR . B: Fkk 1003 K%

Xt FocTR4 T HIAMEIRR. C: 10%H BRI bR 1003 K BEENT 4 Flote ) B 5 i A0 R 1 2k
FocTR4 Frn R I T L&Ak 4 5 /NP S sclerotiorum AZ &L H . C. camelliae iy 1L A5 il #:40
I . B.cinerea Jy KA LA . HLBI R =40 pm

Figure 1 Antifungal activity of 1003 against FOCTR4. A: Inhibitory effect of 1003 on FOCTR4. B: Inhibition

of FOoCTR4 conidial germination by fermentation broth (FB) 1003. C: Antagonistic activity of 10%
concentration of strain 1003 fermentation broth against 4 fungal pathogens. Scale bar=40 pum.

&: 010-64807509 B<: cjb@im.ac.cn
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2.2 Btk 1003 B ITS 5 tefl-a BEAFFIAL
2EMFRAEG A EREE

HETATRR 1003 B TTS Fl tefl-a JE DRI P25 i
%2 GenBank (ITS Accession No. 0Q520280, tefl-a
Accession No. 0Q559936), 7:7£ NCBI £ /% H Xt
HL 15 A5 HRR 1003 SEIEFZEERTS, M
HFAR 1 (neighbor-joining, NJ) ITS-tefl-o HIEE
FPAN IR R G R B (E 2). RIEE 1003 5
55 %5 AR F5(T. brevicompactum HZA12)kb T [/l—4%
7, H A2 R (bootstrap {H 1 000 ¥K)A 100%,

BiZ T %5 M T. brevicompactum (55 % K %55) .
2.3 EHk 1003 £IBAE LM

LR N V- N = W a7 <= A LN: =W
VPN BEAROEUETE AR | SRR A ) S
A YaRe I EEAE bR, AR AR S R
B, BEkK 1003 957 30 °CHi & % (K 3A, %
3), T£ NaCl VPR S%EHReR &, HAT—E ik
B RE S (E 3B, 3 3), Hr=aihia Btk 3C,
% 3). MRBRABRRES IR, 7= TAA MK, Pk
RS CK (OD) oS, YRR 3).

Trichoderma liberatum HMAS:248832 (KY687914-KY688026)

100

100 Trichoderma liberatum HMAS:248831 (KY687913-KY688025)

100

97

96

0.020

Trichoderma pseudodensum HMAS:248829 (KY687911-KY688024)
100! Trichoderma pseudodensum HMAS:248828 (KY687910-KY688023)
Trichoderma bannaense HMAS:248865 (KY687948-KY688038)
76 4100' Trichoderma bannaense HMAS:248840 (KX687923-KT688037)
100 Trichoderma tibetense HMAS248720 (KX060608-KT735258)
_1 Trichoderma tibetense HMAS245010 (KX060607-KT735254)

93 99 Trichoderma estonicum CBS111147 (NR103607-FJ860638)
4100(_‘ Trichoderma parestonicum CBS120636 (FJ860803-FJ860667)
100! Hypocrea parestonica C.P.K. 2427 (FJ860802-FJ860666)
| Trichoderma sichuanense HMAS 248739 (KY014090-KX344430)
100! Trichoderma sichuanense HMAS 248736 (KY014087-KX344427)
99 Trichoderma sinense Tsise 129 (MT102400-MT081439)
100[— JSHA-CD-1003 (0Q520280-0Q559936)

L Trichoderma brevicompactum HZA12 (MH624147-MK850834)

Hypocrea victoriensis C.P.K. 3565 (FJ860864-FJ860718)

90 | Trichoderma atlanticum CBS120632 (FJ860781-FI860649)
100! Trichoderma atlanticum C.P.K. 1896 (FJ860780-FJ860648)
1007 Hypocrea subeffusa C.P.K. 2864 (FJ860853-FJ860708)
| Trichoderma subeffusum CBS 120929 (F1860852-FJ860707)
100 ——————— Trichoderma valdunense CBS 120923 (FJ860863-FJ860717)
99 Trichoderma hispanicum DUCC5175 (MH844778-MH813024)
100L Trichoderma hispanicum strain S183 (JN715594-JN715656)

Protocrea pallida CBS:299.78 (MH861137-EU703900)

2 EHE 1003 B ITS 5 tefl-a EEBRKAFINARKEYHRELBR

Figure 2 Phylogenetic tree of Trichoderma species of strain 1003 based on concatenated ITS and tefl-a.
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Figure 3 Physiological and biochemical tests of strain 1003. A: Effect of temperature on conidial germination
of strain 1003. B: Effect of NaCl concentration on conidial germination of strain 1003. C: The ammonia

production test of strain 1003.

=3 EHK 1003 BOEIBE LRGSR

Table 3 Physiological and biochemical characteristics of strain 1003

Item tested Reaction
The optimum temperature for conidial germination 30°C
The highest NaCl tolerance concentration of conidial germination 5%
Phosphate solubilizing ability test -

IAA production test -
Ammonia production test +

Siderophore production test

+: BHPE; - B
+: Positive; —: Negative.
2.4 EHK 1003 SEH U EMEE

SR A 6L 05 A ik AT TR R GE R, X
1003 & BE s AL S Wt oy s alidb (K 4A,
TENL 1.2.7), o8 MG s 4l 4 Fro1.3.3,
FE15E] 99.1 mg L& 1, ZAL- &Y R TR
Y. M ESI-MS (m/z [M+Nal', 292)454 'H
NMR. *C NMR F1 DEPT i, #i5E =3+
C,7H40,4 (8 4B), '"H NMR (CDCls, 800 MHz):

95.50 (1H, dd, J=7.8, 3.6 Hz, H-4), 5.33 (1H, d,
J=4.4 Hz, H-10), 3.75 (1H, d, J=5.2 Hz, H-2), 3.53
(1H,d, J=5.4 Hz, H-11), 3.05 (1H, d, J=4.0 Hz,
H-13a), 2.76 (1H, d, J=4.0 Hz,H-13b), 2.48 (1H,
dd, J=15.4, 7.9 Hz, H-3b), 1.84-1.93 (4H, m,
H-3a, H-7a, H-8a, H-8b), 1.64 (3H, s, H-16), 1.35
(1H, m, H-7b), 0.86 (3H, s, H-15), 0.64 (3H, s,
H-14); “C NMR (CDCls, 800 MHz): § 170.9 (s,

&: 010-64807509

C-1'), 140.2 (s, C-9), 118.5 (d, C-10), 79.1 (d, C-2),
75.0 (d,C-4), 70.4 (d, C-11), 65.5 (s, C-12), 48.9
(s,C-5), 47.8 (t, C-13), 40.4 (s, C-6), 36.6 (t, C-3),
27.9 (t, C-8), 24.4 (t, C-7), 23.2 (q, C-16), 21.1 (q,
C-2"), 15.9 (q, C-15), 5.8 (q, C-14), VI &35
Yang 2 fTNE AR R —H"T, RZ&KEY
1588 MARER,
2.5 EMUEMIKRKERA MIC KIEMHHE
Mzt

W AR, TE 96 LRI AR £
ikl 1x10° CFU/mL A FocTR4 018 AR (E
5A). AbPERA] 24 h, KREERWE R 12.5 pg/mL,
e R AT % 18.8%, M T ARujA&; WEN
25 ug/mL, FocTR4 T KEN 0%, #HTFA
W& . Rk, KREZEA MIC {5% 25 ug/mL, B
85.5 umol/L,
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Figure 4

Isolation, purification and identification of active compounds of strain 1003. A: Isolation and

purification of active compound 1. B: Chemical structure of trichodermin. C: The "H NMR of compound 1. D:
The DEPT135, DEPT90 and "*C NMR of compound 1. E: The HSQC of compound 1.

TAER R, 16 PDA SRR A
ZIMHl 1x10° CFU/mL 9 FOocTR4 {118 & M
B 22 KGR 5B). 48 hJm, &R EEHA
S9EERE . 72 h )5, WESH 2 mg/mL A HAAK
/NZg Ry 20 mm F BH B B0 X3, 1 mg/mL # ]
XS AN I &) HARXT 3/, T 0.5 mg/mL FEA TG
0 HIAEH
96 LAk

ZEREH], 24 h N, 25 pg/mL
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AREFRAESERIE 1x10° CFU/mL #¢E FocTR4
1% ; PDA HRIELSRELW], 48-72 h, *f
1x10° CFU/mL ) FocTR4 F-Fili &k M Eaze LK
i, T 0.5 mg/mL ¥k B A R FROR
2.6 EIFk 1003 BhjA FocTR4 2 #5510

30 d ZARGE R, T1 A IEH A RKEE
TR YR MR (16.440.3) cm, #fEE(37.442.3) g]
5 CK (Water) X FE AN FRZ A AEAE PR A 1)
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(MR (17.120.3) cm, fif8E(37.6+0.8) g] i ig &2
S, S5FAM: CK (FOCTRA)XT HAZH Hr A e [k
F(11.5£0.4) cm, B (14.6£2.2) g|2257 B (A
6B. 6C). BHM: CK (FOCTR4)N} HEZH A FE AT bkt
A EALIIE(E 6A), BALIEECH 79.2, BKZEHG
TRI8%Ch 83.3, T1 AbFRAHFAMR, AL
FRECH 417, BREEMAEECH 40.0. T1 Ab34
X CK (FOCTRA)Ab FRZH F A A IR M - B4k Bl
RRCR 47.4%, BRE\PIIAECER 52.0% (A

74 PR3 ZEAR N 2 Y% 25.0 pg/mL trichodermin
13 d J& , te LAl A BRH B A ZE AR AR I B AL 3T
H R A2 T AR (5 F R ZE R IEA —
) RA A FSI RS AN RS T, EE R
BRI A A

IRGERERM, R 1003 K BERAE—E R
JE FREEA RUBIA F AR Z N . R 1003 K%
WG G aifb S T R 2R, 2 L L8
1 99.1 mg, 1003 [ 10 f5F5 B & B o il & AR
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6D). T EAG A&, T2 4bFRZH , + 3897 FocTR4  FHZRAVMKEZ R 5.0 ug/mL,

1.562 5 pg/mL 3.125 pg/mL 6.25 ng/mL
CK (5% DMSO) 12.5 pg/mL 25 pg/mL 50 pg/mL

5 SEMWAMARBEN FocTR IIEIRR  A: 96 fLI P ARE RN 1x10° CFU/mL #J FocTR4 1T
i & BIIECR. B: PDA EAREEXT 1x10° CFU/mL ) FocTR4 718 & S 1 22 4 K AR BUR. Hof
R=40 pm. LAY H DMSO % f#, CK (5% DMSO): 200 uL SZ86{K & Fsin 10 uL DMSO

Figure 5 The inhibitory effect of active compound of trichodermin against FOCTR4. A: The inhibitory effect
of trichodermin on FOCTR4 conidial germination of 1x10° CFU/mL in 96-microwell-plate. B: The inhibitory
effect of trichodermin against 1x 10° CFU/mL FocTR4 conidial germination and mycelia growth on PDA. Scale
bar=40 um. The active compound needs to be dissolved in DMSO, CK (5% DMSO): Add 10 uL DMSO to the
200 pL experimental system.
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6 EHK 1003 EEEEMKZRII 3T FocTRY R A: 2SI FEMRM 72k . 3k2E4s
EREEE. B: AL PRA: B OR A AR . C: AL BRAE BT ROR KA AR H. D: & AL PRAR AR K
M A . EREEWARIETEE. B B A C hAF/NG PR 253 B35 (P<0.05). Hirf: CK (Water):
AR CK (FocTR4): 3828 FocTR4 fAbE]; T1 ARFRA . +HEZ FocTR4 il FlAb B, H
U 10 R R 1003 BAR A BARIEF AL B AFRZH T2. 1328 FocTR4 fil 7R ALFE, HUSN 25 ng/mL
IARTER AT, 18] A Hh T2 AR FAERRA 13 d 2ERARDL, XA AR F [ B 599 5 28 A8 Ak 4 i
R, AARIRATAL R, AT IR SRS

Figure 6 Biological effect of strain 1003 against FOCTR4 in pot experiment of banana plant. A:The degree of
leaf yellowing and bulb browning of banana plant in pot experiment. B: The plant height of banana under
different treatments. C: The fresh weight of banana plant under different treatments. D: Disease index of leaf
yellowing and bulb browning of banana plant under different treatments. Different lowercase letters indicated a
significant difference (P<0.05) in Figures B and C. CK (Water): Water treatment; CK (FOCTR4): Soil treated
with FOCTR4 spore solution; Treatment group T1: The soil was treated with FOCTR4 spore solution, and added
with 10xdiluted 1003 strain fermentation broth for treatment; Treatment group T2: Soil treated with FOCTR4
spore solution and added with 25 pg/mL trichodermin for treatment. In Figure A, the growth status of the
banana plants in T2 treatment group was 13 days. BecauseT2 group had earlier pathopoiesis than other groups

in this experiment, the plants were treated in advance, and no subsequent data statistics were performed
together.
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AW e BRRFE 1003 11 10 F55 15 & BT
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