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AU FEAE = A R A AR v B R AR M VA T R
HEYIRIRE - Lot BV E RS S & AR E L TR A AR
Bef#H - DL Biolog GP Microplate 43478 5l 2 87 B Fusarium
oxysporum f. sp. lycopersici Fol-04 EfkK Bacillus mycoides
CHT2402 #1 NP02 RiE#RE % ~ ERIFAVTEK - BEfRtbicd:
VBT EEE R R B | R KA Z R - DB T AR A
KB TT - 455 5407F Murashige 1 Skoog W EK (MS) Fsg Rk
MEITREE S B 1% (wiv) » BB B AOIERR ~ LEVIDT A5 B R
FE = HE RIS o ESOE T B. mycoides CHT2402
B NPO2 G R PR BRI MS BEEA I » HUHIZEM
I3 B B A Y A AL - 5 KR mT RO IRV R E 2 0%
JR R R BB ENRAVER 52 - HER AR 0058 B A 2 A YR ok
HERMET B AR RBURE - B = R = RO R R R R
i B. mycoides CHT2402 B NP02 Btk HAHIIREEUGRTZ » DL
AR EIRRTIR - DO B SR A AR 4 4H M 4S
1 o BRI B. mycoides CHT2402 Bl NPO2 2 FEMRIREN A
2 7 AR D7 Y4 A B PR A R AR 0 UGS 0.015-0.018 um B
0.014-0.016 um DAL » 22 2 4R T 77 AR B A 2 53 il
B ERIRS 0-0.008 um £20.014-0.03 um » FIHZEENXETF
B BIER G R BRI B. mycoides 2 3 HifR S 4HAE
K2 AHREHERE PAIRAS &8 BT AL EE - i RAH ARk Y
HGR o TP EAERE AR R T - DARING i & SO e T G g
$HFZJE (real time quantitative reverse transcription-polymerase chain
reaction ° real time qRT-PCR) 3 #7&EHE B. mycoides 7 TEHifRE]
REE 9~ 11~ 13~ 15 RiRZ RN RAM ZAMEY (phenylalanine

ammonia lyase * PAL) Bif55 &0 (lipoxygenase » LOX) E:NTF=
RAER o GERBERIY = AT EEHEB. mycoides NPO2 155 11 K
iR B. mycoides CHT2402 1%%5 13 X PAL #1 LOX FREE
SRR 2 E L AN SRE TR B, mycoides NP02 BT i
FRERA 11-13 Rig PAL BEIRAZF ARG - AR REE
55 13-15 K LOX FRJRZFHEFRIR - RMEHEE B. mycoides
CHT240289 F AR BB AR R {258 13 RFE LOX BARAZ &&=
FHERBEGL - GE AR TREE RIS RIB. mycoides JHATIR
JiF B RN AL RS A AR B B 4 R T4 AR, - HER R ta Mk e
AEFTERE > R A S IR S T AR -

B

RS ¢ W OHRUE MR - FEDUR - SRR

% B

FHZE IR B EH Fusarium oxysporum (Schl.) f. sp.
lycopersici (Sacc.) Snyder & Hansen Fi5[i#E - EHYFEHZET
S PR T B AR - B R R B YRR - RTE DR
SEfE S A UR IR ~ = L8 pH HE 6-7 - DIRIESZER
SHFETRE LUK ERY » SR IR B MY R PTiME
VIR E 4 - KBV aE K2 HEER T T
PO BETIES o AT RIS RIS G SRR E Y - TEIT
2004 4F McSpadden Gardener ¥ Driks W1 FC & o] (R H#EME Y4 B
LY EE f 4% By plant growth promoting rhizobacteria (PGPR)
U9 < PGPR I T R0 A PRI B R T > S B AR Bl b
AT S FEVRE o AT B S B B S T e F A
FAETFZEM ~ BSy o EREEANT (ecological niches) » Blig— 2k
FikbiAEmEY ~ FF 0 TSR HBEREL RS ETRR
JfE (induced systemic resistance, ISR) PAFSREI R A& 41 » Y14
K FEHMLA PGPR THIIE Y% & 3 4 5 2% DU SRR BE AR
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[# & (fluorescent Pseudomonads) ®BLEEfARE & (Bacillus spp.)
U0 % T BEARBBR AN Sy Y o HFIEAEEE (Bacillus spp.) Ky
BRI - BT A R it S YN A 1 ORe H B 1 8
A7 FEINE - BERFEIR AT DU B Y GRS - BHEA A
VIR GITE 1% « PGPR T #E % BB Y 2 M UK R FE (ISR)
FEABIR R By ERLE o 140 B. pumilus "] 4EIE T HOAR E0FE 7
AR B2 SR ANRERS - SEEAE AR SR AR R PR A A FR A4S S
(amorphous material) ¥4/E4MAEEE - DURSE B IO Z BREHE—
MNEBEHEE Y - Bargabus [ EAETH MG B. mycoides 4
B IRER T AR RE SR EE BT (Cercospora beticola) HY
MERIZE SN - [FEIRF A E RS P A LEES (peroxidase) ~ &1 E I
Z (chitinase) & B-1,3 A EERS (8 -1, 3-glucanase) 54 RI&EMN
HEY o TR WIHFREERER B. mycoides EANAHZERE
WHVE S - R T R DRSE RIS R A Y SRR T B
PREVHURE I JE - A2 E 5M H = ARy RS 248 T B.
mycoides ~ F. oxysporum f. sp. lycopersici 4RI H
TER > FELAEEST B. mycoides [F76 76 Hii 2 E I AE B A <

MR TTE

HER R RS ER SRR T

KB 2 LsVR R E Fusarium oxysporum f. sp. lycopersici
Fol-04 B Bk EL H 172 B 17 2 LUK 22055 25 8 T 90 26 PR Y B
T > Fol-OAERBIA FE A EBOR NS » B DU T oy Beis
TN S E MR EEAR PR (potato dextrose agar 5 PDA,
Difco, Becton, USA Hifh) | o fF 12 /NGB (IR H EER 2 &%
40 W HYEREAT 2000~3000 Lux) 1 22-25°C AUBFERHEE -
FhHEFAHBREESAE (S 88 BE > nERER
301  FERERTICLL 1% (VIV) EoKIEZE 20 7r8Ets - FLUREEK
TR ZBANEEKR S =2 IUK - R
RIS R S - T -

HEEYB A HE ERREIEE

HEERANEE Bacillus mycoides CHT2402 Bk » (A& E R E0
WS BESR AT T HEERS ¢ B. mycoides NPO2 BHERIZHEE
HR U P ER SR VA TR 2 o BRI (S © P I — B ARSI 4R s
AR IE AR EEL (Nutrient agar, NA, Difco Becton, USA Hiifh)
SR BT 30°C AYRREAET  BRBE A —) - fiali
ZH B —EER 2R 20% HOM (elycerol) B0 AR
-20C PR1E? -

E=ARPIEERMN © Bacillus mycoides 3 MZE TR
ERIEHE

e Murashige Kz Skoog WiLGIFESL (MS HF&dk) 1E A%k
BEREEAL o MS BERENVEC 77 AHECTT/AAS ¢ R 33 TR
# (KNO,) > 38 meififig## (NH,NO,) - 8.8 se & (EFS (CaCl, -
2H,0) > 7.4 TEwiEEEE (MeSO, - TH,0) > 3.4 Tublis — &
(KH,PO,) > 0.166 wHit{E# (K1) > 1.24 =& (H,BO,) > 4.46
Tl EsE (MnSO, - 4H,0) - 1.72 FEhilig$E (ZnSO, - TH,0) -
0.05 5EEAME SN (Na,MoO, - 2H,0) » 0.005 wEhif&dH (CuSO, -
5H,0) > 0.005 ®&EALEESE (CoCl, - 6H,0) > 5.56 Febilfzod
# (FeSO, - TH,0) > 7.46 52 L _WEVH 2 1% — 388 (Na2EDTA -
2H,0) » 20 FZHLEFEE (myo-inositol) » 0.1 TEFSEREE (nicotinic
acid) > 0.1 FE4Efthdy B6 (pyridoxine-HCL) » 0.1 ToffifarZ
(thiamine-HCI) » 0.4 % H Pl (glycine) » 30 SEEME (sucrose)
10 5a 5N (agar, Difco Hidh) MIAZEEIKZE 1 TR LURE 7
S = B o IhAh  BUB R FAE DL 70% WEERE 3 7
1% 0 B 1% (VIV) RAFNAKR R IREHF % 15 77
1% DURE/KZEET 6 /> —RE 4 705 > HISEpdE+
KEVHE - BRACHE RO E MR T ZE B. mycoides
CHT2402 8 NP02 Btk 2 BI%iR (ODgy 0.3 - RIS 10°
cfu/ml) » =R MAFE =K o FFETHFREEE =ARA MS
B o 7 28°C AR HREHT ATy R B DI —
TR — MR E I R T RO R o TR
FAGED - PR A HBILHEM R ER » EhERESE
FLEEAE -

¥ Biolog GP Microplate 2347 F. oxysporum f. sp.
Iycopersici Fol-04 ~ B. mycoides NP02 Ei CHT2402 ¥}
i ~ BRFZFIA

FIF] Biolog % 24t (Biolog Inc., Hayward, CA, U.S.A) 4
Bt AE B. mycoides CHT2402 81 NPO2 ik f 3 i
ZERE F. oxysporum f. sp. lycopersici Fol-04 > 314 95 Fafise ~
RARIFENFIA - M ENARAEYIaE A & - HRIRE
OADCEF IR - SRR - AL MS 8B ANRY
FELLE T ILERPE B AR ~ LRI G B R R B 1 s B A
EY5 o & B. mycoides CHT2402 81 NPO2 H4352& A BUG 5%
X (Biolog Universal Growth Agar ; BUG Agar 57 g, water 1 L)
bR 30T ERBEEER > SHIE—ERNERE 16 /NF
% > FFAHE O GN/GP-IF Bf#i% (0.4% NaCl, 0.03% Pluronic
F-8, 0.01% Gellan Gum) H » S HIRE 2 FEEE 28% + 3% (&
IR R HERER) » FFLIE—EA 150 uL MAE R E
Biolog GP2 96 FLi# &M (microplate) 1 > 14 30°C #5%& » £ 4~6
JINBFERL 16~24 /NEFZZ [ > PA Biolog Microstation reader (OD,5 T
FefE) HIFE B. mycoides CHT2402 B1 NP02 #}i5% ~ S &I 2 FIH
> FLL Biolog Microlog 3 ver. 4.20 Z&EEFT43H7 » W LLERE
[EEAEFTEL Y o FBhaZE AR E F. oxysporum f. sp. lycopersici
Fol-04 R PDA EFEELPIREEE 7 K& » DUEE KB 7Y



AEFTREFIR > 7 3000 rpm (rotor 12145, Sigma 2K15, 704 xg)
(KUBOTA, Tokyo, Japan) il 5 738 » BrZE _EFIR - B Bl
LB K% B TRERRRESEEEE 10° spores/mL» FE A
150 uL HYFEF3Y Biolog GP2 96 fLIWEAE H - DIATAH
[EIRVEERIRIAE 48 Je 72 /NI b2 4R HE AT I3 AT e ALt
CL¥t - #ELUT % F. oxysporum f. sp. lycopersici Fol-04 ¥} ~ &
RIFZ IR -

TR ~ mEIRE Bacillus mycoides CHT2402 [5/8& M
FRARTE

KR HEHFE TR EAE T2 8T B. mycoides CHT2402
B Z TR (ODgy 4903 » B REI S 10° cfu/mL) - FAZR
THFE 3 K o TR HETBERR - SRFRE
Ry 1% 69 MS BEfdufEfTEE - it 28°C BE 4 Hig - U
TEHE SRS BRARERFT T AV RSB AL - RIS E F. oxysporum f. sp.
lycopersici Fol-04 Y574 f0F DU f FERE 2 B/ & > WiAre
T 2 Atk o Bl DU IRAH SR AR - GRS A LE
8 o [RAh 0 DA 1% FERERY MS BB B &40 - HEE B.
mycoides CHT2402 B F. oxysporum f. sp. lycopersici Fol-04 1% >
TNETTAE I BTt B 5% > GRS A EE -

RIS Bacillus B. mycoides 2 ZEHIRRARIARE L2872
baxiil

TR 2 S R = AIRASS IR » B8 B. mycoides FRl
WY BEFIERE - 4 RIBHEUERE - FEEREEEER - HE A
BN K T EEAT (2.5% glutaraldehyde in 0.1 M phospoate buffer)
B » HBESL A/ NG By 0.5~2 mm® > 35 DA AR A 6]
TE > LUK (1% osmium in 0.1 M phosphate buffer) #E{T1&[E E »
P PG R AT — R TR K R TE > FERESE 2 A Spurr [G
ZEREMSIAS (Spurr's resin) » et DL HEIT HIERIRE A T0C
AR 0B 12 /N RIH DS U R T U R - &g
IR LL 0.1% FIZEHEEE (Toluidine blue) SR thig i e 8
iR MR HAHSIPRE » LA Axio Vision Rel.4.8 #AGHHED
S8R AR 0 % R 4 AL A g R R i 4 e P i — g Y 4 i s
& LIRS % E 2 FEME (Duncan's Multiple Range Test) #17
ST RS HER -

FEANETRMEESEMRREM

il R AT G 2 BE A AR B AR AL > DALY 7 pE
TRy R - BRSO ER A et (HERLYR 70
nm) - FELASHGEIERE D) ) A DOBARIRER 2 87K 1) - SE4ERYELE
BRI IRZFHR B A 0.5% Fornwar Bfb &P - 7
ZOR PG 3 5y - IR FE R AR A T B AR
Kep > SRR ERE FOKE L - R4 N O HEYITE SRR B
DA R e 20 BRI S > e PR R i B T S e
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AR E 2 FSERHERE (coating) &5 o VIR et R bl 4% JiE
W sl (uranyl acetate) G 15 Fri(% - DUREZKZEHE 20
PR DU RE B (lead citrate) TEEEEEZ4 (™ (double staining) » 58
R B AT DA B 7K R0 5 - DB AR Rz S04 L 25 koK 1)
% DIgriEsUE T EAMEE (JEM-1400, JEOL, Japan) #E{TH#%%
EHREL - EHE -

JRIE5E Bacillus mycoides 2 ZEHIERENE AT EEZ A
fis (PAL) BfEE &8s (LOX) 2 ERFRIR

(—) &EH mRNA ZEEY

O RS R R AR R T R B AN 0 DART A 77
. B. mycoides %55 9 ~ 11 ~ 13 ~ 15 K » BUFEZH4NEBREES 0.1
5o BFVRAEE RS BRI ERS R 0 BERINA 1 EF
RNAzol®RT (Molecular Research Center, Cincinnati, USA) IR
AR TREM AR 15 8% o R B B AV E
OVEH - WHIA 0.4 ZF4KERITE » RER TEE 15 77
FETRHEE L (12000 xg/15 min) » WHL 1 ZF/KE EFR 2 MY
EEELET S WA 0.4 ZF+ 75% DEPC-ethanol » BFE 10 43
FE{RHEEC (8000 xg/3 min) - B DL FHURRE R iR - A
30 uL DEPC-dH,0 [E17% RNA - AR S MEBES ECE " ™ > 4l
{B RNA (1 ug) 81 3 uL #EEEE KB il (nucleic acid loading
buffer, 0.4% (w/v) bromophenol blue, 50% (w/v) glycerol) K 7 uL
S MEE (denatureation solution, 200 uL 10 X MOPS buffer (200
mM 3-N-morpholino propane sulfonic acid, pH 7.0, 50 mM NaOAc,
10 mM EDTA, 350 uL formadehyde (37%), 100 uL formamide, 5 uL
ethidium bromide (200 ug/mL)) JE& * JREBREY 65C KinfE
15 Syt B K B 5 38 - RERER L. 1.2% BHEREHES (1 X
MOPS) #EFTEK ST 7 » 2 RNA (UAE » M mRNA JEfE
AT EEET GeneQuant 1T RNA/DNA Calculator (80-2105-
98) (Pharmacia Biotech, FJ, Cambridge, England) HIZEWSEIE - #&
LA RNA SRR BLAIE (350D, /0Dy, LLiEZE 1.8 2 2.0 Bl %
SAEERNA) » FREEIE & TLEHE -

O BT E RS — B A EERE

SZZIK (2013) 2 B0 & & R i o S e S R I )
DUFRE#E SuperScriptTM 1T First-Strand Synthesis SuperMix for qRT-
PCR (Invitrogen, Waltham, CA, USA) s\EI4H 2 #1 EEP 5
B cDNA - HUSEE Ry 1 ug HA0IREAT RNA - 3 2L DEPC-
dH20 E=RER5E % 8 uL 7B hIA 10 uL 2X RT Reaction Mix 81 2 uL
RT Enzyme Mix ¥E0RE% » {RFFHY 25°C 1EH 10 738 » 50°C
TEFH 30 4388 DL R 85°C AEFH 5 A3 8% E YK b > AR FER S
A 1 uL RNase H 374 37°C fEA 20 73 #{& 52 cDNA HYSLf -
HEVIIRAFR -20C HiH - 554 T/A5 (MDBio Inc., Taipe,
Taiwan) & PAL (5'-TTGCCACATTCAGCAACAAGGGC-
3'"/5'"-TGCCACGGAGAGGCAAACACG-3") i
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LOX (5'-AGCTCCCCACATGGCATTCGT-3"/5"-
TCGCGGAGCTCCTTCCACCA-3") EHN - H—45]+
M E AN REER) - UHRTIE 7 A HER cDNA (100
ng) FH B HE—E 5] B 15 B E 2 55 S 58 S e
#% (Rotor-Gene Q, QIAGEN SCIENCES, Inc., Duesseldorf,
Germany) F#{TE & PCR" (quantitative PCR » gPCR) » ifi
PL a-tubulin [5'-TGAACAACTCATAAGTGGCAAAG-3'/5'-
TCCAGCAGAAGTGACCCAAGAC-3"] Z ¥aigs [T ¥Ry gRT-
PCR ¥HR4HILA - RIERRIFT ¢ & 15 uL KIEREE 7.5
uL POWER SYBR® Green PCR Master Mix (Applied Biosystems,
Molecular Probes, Inc., Waltham, USA) F1# 0.5 uM 2 i &—
PES[F4f © ifi PCR ZRAFBCELT @ PL 95°C EEMETI 8 -
EFEIREL 95°C 8 10 B > Z4H5 [ FHELL 60°C ZE&308) -
T2°C MR 45 o 4L 40 (EIEEE - MHEEREIE D A TERE R

7T_\~(l4) °

EBIBERI ARSI LL Baicillus mycoides BRIETERETE Y
REMZRARBENTE

B & SR R K R (R R R = R
BNAYAEE1E (BVB NO.4, Coldenhovelaan, The Netherlands)
FHEITE S o TRIERERSE 46810~ 12 K 14 K> &
J#E B. mycoides CHT2402 Bl NPO2AYSEIFR (ODyy, 1HEY0.3 »
BLR10° cfu/ml) BRIENE S > WNEELRSE 14 RiGEM
SRR F AT Z R E 1 (10° propagules/g soil) o A
T =B S R A R B R R IB Y > SRS L E

[

m R

GE=AIPIEEERM  Bacillus mycoides R EMZERRE
M EER

RN TR AT R T B. mycoides CHT2402 B2 NP02
B ERR TS > WA E TR RBEE MS gt £
T 18 1% VU HE DL B TSR BE  A Z2 F 9 I 1 o0 AR T T B At B R
JEATRETE - TARERE 2 NS T NI AN B T R R 0
5 [REE Mk S B B i g B (R AV 52 - EINE 383 B. mycoides
CHT2402 % NP02 R 4EBFHAR % - W EAFFAEIR G5HR
FRET) ©

Ll Biolog GP Microplate tL&; F. oxysporum f. sp.
Iycopersici Fol-04 ~ B. mycoides NP02 L& CHT2402 ¥}
i ~ "RIBEZFIA

i Biolog Y45 PkEEH B. mycoides CHT2402 B NP(2
A 24 /NERA O] ERERFIF RVER ~ EERIR 0 Wi EER F. oxysporum
f. sp. lycopersici Fol-04 JRu]PREF| - ILEHH 2RI

(maltose) ~ - F31# (turanose) ~ Z2ZF = (maltotriose) ~ D-H &
i (D-mannose) * D-FAZH#E (D-melezitose) ~ k5 (dextrin) ~ 44k
B (D-cellobiose) ~ BT (adenosine) ~ FNEARE (pyruvic acid)
3 -FHE-D-#&#E (3-methyl-D-glucose) ~ L-KFIL Rl
(L-asparagine) * FOPRILE (thymidine) FPRZ (uridine) iE 13 fi
% ~ EFER () - HRFEERZ AR > BUEERER(RERT
RPN ~ KRS - A N R LRI R R e H -

TRk ~ "I Bacillus mycoides BHABEMERRZ
HE

REMARE ~ G4t B R L- KPR & = FEh - | R
HIBL 1% 81 3% AEREECE MS BEEE: A6 DAR B 7 FridE FH Y

#— ~ L Biolog GP Microplate 47#7 Fusarium oxysporum f. sp.
lycopersici Fol-04 ~ Bacillus mycoides NP02 81 CHT2402 #ffi¢ ~ SR
ZHIF -

TABLE 1. Utilization of carbon and nitrogen sources in Biolog GP
Microplate by Fusarium oxysporum f. sp. lycopersici Fol-04, and Bacillus
mycoides NP02 and CHT2402.

Fol-04 NP02  CHT2402

48hr 72hr 24hr 24 hr

Nutrient regimes

Carbon source
D-Trehalose + +
Maltose — +
Turanose — -

Maltotriose —
D-Mannose —
D-Melezitose —
Tween 40
Tween 80
Gentiobiose —
a -D-Glucose +
/3 -Methyl-D-Glucose —
Sucrose +

+ o+ o+

+

e S e

+

a -Ketovaleric Acid —
Dextrin —
D-Cellobiose —
L-Fucose —

e e i T S

+ o+ +

N-Acetyl-D-Mannosamine ~ —

+

Pyruvic acid — —
3-Methyl-D-Glucose — —

+ o+ + +

+

Nitrogen
source
Adenosine — — +

+

L-Asparagine — —
L-Alanyl-Glycine — — —
Thymidine — —
Uridine — -

Uridine-5'-Monophosphate  — — —

+ o+
+ o+ + +




JEE (3%) {ER¥HIRAH » /AL 1% WY Bl ~ S IRTEME &
il TEMRIAE BB (ERREUR) - Bt SRR R
i B. mycoides CHT2402 Z B HEAEBEENRE 1% Lilhx -
AERIFEER T > fEFEfE F. oxysporum f. sp. lycopersici —.
% o FHESIERNIUREAR FER - SRFFEET AR EN
ERFE > HpEIRAHE R A RS R IR o R 2RI
TR R PR A L R A AR B R BCEE 7 S AR (8 0 M B ol
EHHEMNEEMAEE AR B4 BT g8 E%E
AR - HHARSAIES AN EFEIEETTN - L-RFI%
AR > R RETER J E R E R RD BB 3 H R BIRIE T
HUR SR (18 —) - &R RS REFAEH 1% REER MS 558
T ME Ry B. mycoides [J5,63H0Z BRI IT 0 o #E—
o KEREDH BRI ENEZE B. mycoides CHT2402 81
NP02 iTSFE’%EIi%ﬁ?WEWE% ’ ﬁ“?é%ﬁﬁﬁﬁ“@%@}\éﬁ 1%
FEMERY MS BB REE 4 H% » MRS H0R 50 5 HE
F. oxysporum f. sp. lycopersici Fol-04 > 55 5 Ki&a] FLE IR
F AR EIREYRE - M B. mycoides BRELAHAVFEIR R
IR ERRYER 52 - PEGERZEPEETR 11 RIVEES  SRIER B.
mycoides CHT2402 B NPO2 AT LLE IR 2 MRS B o0 %
53 RIS 25% BH 24% ([E ) -

BEMRR AR BREEXNEFRAMEEHE
FI BT R AR ZFH SR B. mycoides 1255 14 K

D- Cellobiose

Dextrin

Sucrose

\\\\

w@‘ﬂ-wwmi

[E— ~ NER - EEIR (1%) B9 MS B8RS Bacillus mycoides
CHT2402 ez AR 2 8 - Mg EHE M EEMRAE

AR @RS EEREENER  BEHE RS
SRR/ ¢ FEREREN IR 1% 0 L-RPIABE R A 77 i R

TR AL B R BN RIE RIS -

Fig. 1. Effect of Bacillus mycoides CHT2402, cultured in Murashige and
Skoog (MS) media with various carbon and nitrogen sources (1%), on
controlling Fusarium wilt of tomato caused by Fusarium oxysporum f.
sp. lycopersici Fol-04. Three reprehensive results for each treatment
were shown.
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B ~ fE =FAaES RS N Bacillus mycoides CHT2402 #1 NPO2[5;63%
HHZE FRHIRUR -

Fig. 2. Effect of Bacillus mycoides CHT2402 and NP02 cultured in modified
Murashige and Skoog (MS) media (with 1% sucrose) on decreasing
the disease incidence of tomato Fusarium wilt caused by Fusarium
oxysporum f. sp. lycopersici Fol-04 in flask cultivation system. F.
oxysporum f. sp. lycopersici Fol-04 was used to inoculate tomato
plants after treating B. mycoides for 4 weeks.

B =~ R E (A FI=A B) j'tiﬁfaiﬁT Bacillus mycoides CHT2402
H1 NPO2 5 A0 FR BN 4H AR &E RS 5 2

EEEIR © 50 um - AEEAFRAAREER EHE -

Fig. 3. Effect of Bacillus mycoides CHT2402 and NP02 on strengthening the
root tissues of tomato seedlings cultured in the greenhouse (A) and
flask cultivation systems (B).
Bar: 50 um. Arrows indicate thicken cell wall.

ZIRENEIPRE > SREUNMEA E B = AEIERET > K
B B. mycoides CHT2402 & iR E 2 K AR B K g At - [
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N CK (A]
012} [0 CHT2402
‘ EEE NPO2 a
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0.08
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=
$ 000
g - CK (8)
E g4o| 3 CHT2®02 a
= B NFO2

010

0os}

ooel

004}

0oz}

0.00

0.0 25 2.0
Paosition

S IERE (A) FI=AIR (B) #3855 N Bacillus mycoides CHT2402
81 NPO2 $HiA & AR A SR A B E R Ry 2 - Hepfr g 1%
R Rz 4HRE T JTAVARAREE - A1 1T AR R @ 4HAE T J7 AV 4HAE
B2 o DIBNE % EEEME (Duncan's Multiple Range Test) #E1T45
RITHT o

Fig. 4. Effect of Bacillus mycoides CHT2402 and NP02 on increasing the
cell wall thickness of tomato root tissues in the greenhouse (A) and
flask cultivation systems (B). Position I represents the cell wall under
epidermal cells, position II represents the cell wall under cortex cells.
*Means treatments (n=5) in the same column followed by the same
letter are not significantly different (p=0.05) according to Duncan's
multiple range test.

HUATAEEE (T2 D) P IR pE B AH 53 A1 E40.015 B20.018
um ; BEEE NPO2 1% HY 2 AiAR S04 A B R 2 R PR I AH 5 il
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Fig. 5. Real time quantitative reverse transcription-polymerase chain reaction
(qRT-PCR) analysis of PAL gene expression in tomato seedlings
treated with Bacillus mycoides CHT2402 and NPO2 in the greenhouse
(A) and flask cultivation systems (B).
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Fig. 6. Real time quantitative reverse transcription-polymerase chain reaction
(qRT-PCR) analysis of LOX gene expression in tomato seedlings
treated with Bacillus mycoides CHT2402 and NP02 in the greenhouse
(A) and flask cultivation systems (B).
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Fig. 7. Effect of drenching treatment with Bacillus mycoides CHT2402
(A) and NPO2 (B) at different day before transplanting on the
growth of tomato seedlings planted in the Fusarium oxysporum f.
sp. lycopersici Fol-04-infested soil under greenhouse environment
condition.
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ABSTRACT
Tang, J. R., Chang, P. F. L., Chang, T. H., Lin, Y. H., and Huang,

J. W., 2019. The analysis platform for mechanisms on controlling
tomato Fusarium wilt with Bacillus mycoides. J. Plant Med. 61(1):
29-38.
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In order to explore the control mechanisms for tomato plants
resistant to Fusarium wilt disease by the biocontrol agent Bacillus
mycoides, a platform was set up for simultaneously culturing tomato
seedlings, B. mycoides, and Fusarium oxysporum f. sp. lycopersici
Fol-04 in the flask cultivation system. Biolog GP Microplate was
used to analyze the utilization of carbon and nitrogen sources by
F. oxysporum f. sp. lycopersici Fol-04, B. mycoides CHT2402

and NP02 isolates. The results showed that adjusting sucrose
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concentration in Murashige's and Skoog's (MS) medium to 1% (w/
v) was suitable for the interactions among tomato seedlings, the
pathogen, and biocontrol agents. Tomato seeds were incubated in
the cell suspension (10° cfu/mL) of B. mycoides CHT2402 and
NPO2 for 3 days, and then they were transplanted to the modified
MS medium in the flask. Two weeks later, each tomato seedlings
was inoculated with single spore of F. oxysporum f. sp. lycopersici
Fol-04 near the root. It was found that tomato seedlings could be
protected from the pathogen by B. mycoides CHT2402 and NP02 for
five days in the flask cultivation system. To study the mechanisms
for controlling tomato Fusarium wilt by the biocontrol agents, the
root tissues of tomato plants treated respectively with B. mycoides
CHT2402 and NP02 were analyzed by tissue section and real
time quantitative reverse transcription-polymerase chain reaction
(qRT-PCR) techniques. The results of Spurr's resin block section
indicated that the cell wall thickness of epidermis cells of the tomato
plant treated with B. mycoides CHT2402 and NP02, respectively,
increased 0.015-0.018 um and 0.014-0.016 um, whereas the cell wall
thickness of cortex cells increased 0-0.008 um and 0.014-0.03 um.
In addition, the expression of PAL (phenylalanine ammonia lyase)
and LOX (lipoxygenase) genes in tomato roots was analyzed by
gRT-PCR after B. mycoides CHT2402 and NP02 application in both
flask cultivation and greenhouse condition. Accordingly, the results
demonstrated B. mycoides CHT2402 and NPO2 application induced
the expression of PAL and LOX in tomato plants at different time
points. Collectively, our results suggest that B. mycoides CHT2402
and NP02 are able to control tomato Fusarium wilt if they could
colonize the roots and vascular tissues of tomato plants and trigger

PAL and LOX expression prior to pathogen infection.

Keywords: tomato Fusarium wilt, induced resistance, Bacillus

mycoides



