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EifaE

ARHFFEEHED HIZHTZ 0 | Kap TEREIRE LB E 2THE | X AL OB OT %25
B TR BAR R A IR R i . BB Bl ICRSEH OB 2R T 2, 72, £<
D) &L ARREB) S 2 THW - BRI HF @I R) il St BRRE AW E IR
FEESR AL SEOER S RE A AR R R R BRI
WEIRR AR B ARIE — 722 5 I/ R R AEWERRARhE A B
FVEILE L LT 5, 0821 EROEFEE AR HICARE S 1 2 MW E O IEREITIZ H 72 1 1)
PR LR 2 W I IO T BRI A B IRA I HEEEM LR b NS B R
FRFRE WMERE LIS O OEHOBEET 5, o, AROETICHTZY . ZRZ
5 B E 2 THE )< ST o T IE S o 72 BAR KA BL - gE 2 L RNZS, H
FIFORERIZE S #HLE L BT %,



FTI1E =S

AN G BIFIE, SR L O AERE &S, A ROKEDEERFHEED 1 DTHH(Ou
1985), AJpIdRIRE O T EFEFHIZIE T D Magnaporthe oryzae (Hebert) Barr (/584 AR,
Pyricularia oryzae Cavara)lZ L > TH &2 Z 41, A R OUL &M I I 2 KRB % 5 2
(5 1964 5 A1 5 2009), AFEIEA X721 TiE/ed, 24X, A4 LX LT VICHLRE
ol EE 232 ERAIBIUTU H(Couch et al. 2005),

AIF OBEERIZ IR, BRFUESFEOF AL F A R O A 23— Thd 5208, & B
it 1 O FEJp3 1L (Ohtaka et al. 2008)<0t £ 72 2 38068 F UC & 2 FAMVER O HIEBL (FH - LD
19TDBEIZ I > T D, FE W BIRIETIMA RO RFRZ 37 & L EH
THOLNATA T RAT =B ER THL NV T r /NI R, Y7y Ay B K
7 = ) XV = WK D ANV O MBS ST D, £, IETEA e Ly
> R FHEAN(Qol AN KT 2 FHIMEEE O HBL A REIC 72 > TV D, ZO72D, fHRIVICIZE
FA UM B A2 B L 72 RER A OB REINBRE BN EE L 725 TE TV D,

IR, AARDEFEIZE T 29RE R - HEDBRIZIIEF A RO IR AE L 22V E R 72
i EBBRGBFRERIBL BRI, AEMBIBLERIE, WERAIBEBRIE K OMbFRIBL BRIE A /B o E 7B
FRIZDPHELES LTV D,

A R OAE N AEFET D 2 RAGHEED 2RI L 72 iBRIEITR G E R - HEREEHER
BT DEERFED 1 D TH D, Bacillus subtilis 13 S~ N EHE. REZEVH (Asakaand
Shoda 1996 ; Montealegre et al. 2003), 74577 (Phae et al. 1992) % OVK 27> TUYp (Sadfi-Zouaoui et
al. 2008)°7 /1 N U H T &N (Lee et al. 2008), FERIENE Fusarium E XV~ A T2 5%
Wi, AT LY TR (NI - BIE 1984 5 B - /8% 1997), Pyricularia spplEY 7~ A
IREBE AP (Arase etal. 1990) & AR CTX 5 Z L RHE SN TWD, 72, Streptomyces J& T 1%
PEWEZEET D ENMoNTEY | FUX A A Ii[, A REER. A F TIKE
DOE KL ONT 77 FHERER (Errakhi etal. 2007 ; Wan etal. 2008), - RIRIGEIIF, A 1EHE
J7i(Boukaew and Prasertsan 2014), ZZJiJ% (Chaiharn etal. 2009 ; Liuetal. 2009), 77 7E > ¥
BT DEFENOYR (Li et al. 2010), ¥ LA E R 2 il 3 2 (Palaniyandi et al. 2011),
Trichoderma virens DAEFET DHLFEAHEMNIZ L > T A T U BERIEOBIBRI A S ivie
(Intana et al. 2005), ZEERIZ. B. subtilis. FEIRIRAME Fusarium JE& .  Trichoderma lignorum 75
EDOMAEMTENENR b F T — KFAIHDCHPERR), ~ VBT A M(—H A EBAFER)).
MU a7 AR LGSR & LTRSS =B E 2003 ;5 /NI 1998),

A 2GS BIFO AR BRI W T, FEEIEME Bipolaris sorokiniana. FE95
Ji4: Pyricularia oryzae, B. subtilis IK-1080., Streptomyces sp. PM5 % JHANT=BAFRICBE 3 5 # &
23 & % (Manandhar et al. 1998 ; & & 1990 ; 1 5 2003 ; Prabavathy etal. 2006), #xiT T,
AFRHERIZAER L TWDEREZHH Lo A 20 b BIFRE OB ERIZ BT 2 W58 (Kawamata
etal. 2004 ; Ohtakaetal. 2008)23 75 STV 5, Flo, A RE ETREIFLIEA R0 D BIRNE



fa 7 DFF & 232 2 & TA R30S BIR OR8N 2 5l - 5 B AR B IR E & Oy
HEL 7 ORBEARIZE DA 20 S BIFOIEINRICHOWT DS & & 5 (Shimoi et al.
2010 ; Lucas et al. 2009 ; Naureen et al. 2009 ; Yu et al. 2013),

—J5. EOZHIITHEYIRIRE Z T 2ERAFEET 5 2 LML TWD, FlZIX, =
DX DHENGLYBE ST Irpex lacteus 13 2 TEDOFEFEMEHTFEYIE TH % 5-pentyl-2-furaldenhyde
& 5-(4-pentenyl)-2-furaldehyde % “EPE L. F oxysporum f. sp. lycopersis K O Oidium sp.DEH
ZHNHIT D 2 & AN STV B (Koitabashi et al. 2004 ; Koitabashi 2005), % 7=, fHE3EMEHUE
W& 5-pentyl-2-furaldehyde % “EPET % Oxyporus latemarginatus EF069 |3 Alternaria alternata.
Botrytis cinerea, Colletotrichum gloeosporioides., F. oxsporum f. sp. lycopersici X T Rhizoctonia
solani DEAEFZEILE L. B. cinerea |2 X - THI & Z S D ILHER DO FFEDIEILS R
solani \[Z X > THIZE I INHEAMERE DY v 7 s =7 WRIEHROER 22 R <& 5
Z e ST D (Lee et al. 2009), S BHIZ, Lentinula edodes DE5HE AR & Cryptococcus
laurentii % V) > T\ZAVERT 5 (2 K 5 T Penicillium expansum 7385 S #1(Tolaini et. al. 2010),
Sterium ostrea DE53E AWRIE C. gloeosporioides . Cochliobolus miyabeanus }2 " B. cinerea (2%}
T DN F AR 2 & SR & 47 (Imtiaj and Lee 2007 ; Imtiaj et al. 2007), 5o [& o
IR A TRRE LSO TVDEN, RIESHTHD DX 10%RETH Y | RIZITREE
D3\ (Wasser2002), 6D [EDZ ] 121 [FAIET HEE BFEEL, W
FRIBRICFIA IR 2R MDA RE B FEL TWNDH EEZ BND,

LT, AMERETEIRAARD S ESEREINCAERET D THAESOZ ) ZHRL, €02
WZFAEITIAET D HB 2B L T, A R0 G I % OREY R R B O BLBRICHIH Al HE 72
FHZRET 5 HI TR EZ T 70, 5O ERIT TR &~ BRfi(Nguyen etal. 2015 ;
Nguyen et al. 2016 a ; Nguyen et al. 2016 b ; Nguyen et al. 2017)9 % & 2, H AHEYHEL S S
(Nguyen © 2011;2012a;2012b;2012¢ ;2013 ; E¥F 5 2014 ; Nguyen © 2014 ;2015 ; 2016)
THHEMORAZ =R LT, KL NDIIREROERBMATELDZLDOTH
2o



ErE BWAXOINOLOEBEONBEL A7) —=F

ARIZIFZ<DEDIRARLTHNDEN, REED S DNRLAFET DI ERMBLT
Wh, INETO (D) #HWTHEBRICBET 28T E LTk, RHZO %
D DFEHE K %2 F - HF 9873 & % (Parada et al. 2012 ; Nishino et al. 2013 ; Oka et al. 2015), L
U, BATERIRLE BEx0 2] ool L7 THAESUIIE L TO L EHE] DORER
ZHWT, A R0 BIFOPERICH AR 22 2 R T 205138 o 72, £ 2 TAR
Tid, BARENTERLEZBEZOZNL0 [FAEROA L TWAEE] ONBEE . 1 X%
Wb BIFEOIHNFIH AR 722 B ORI DN TR RS,

B1H BAENTEBRLULEZFEE DD OEEDSH
1. MEIROHE
a) DI DEE

AR, B R, KK, EHEOREARNTEO Z(TEEK)E T 7. 8, 10, 5,
4 KON 12 fHDOEF 46 BRI L 72, BRI L 72X O 2 I3E Y > 7L N v 7 (Thermo Fisher
Scientific Waltham, Massachusetts, USA)WZ A4V T, EBREN THEHE ARV | Foék L 7= (Fig. 2-1),
b) BEHIDOFRE K OGRS

X HAE - AT — AFEREM(PSA B A AW, FREFEEZRY RV Y AT
(200 g)ZHLEIV 2L, ZZ¥AK 800 ml Z ANT- 1 LE =AY T AaNIINZTZ, TDk, 7
IWIHRANTEE LT, A— b7 L—7105C, 40 i) ZHCTMENL 7=, EV:, Ryt
=B TAHBL, REKTILICAAT v 7 Lz, D%, 300ml B =F 7 T A3 |THR
KA g), A7 u—A4g) MOFEITFQRO0 ml) M2 CTTIVIKRANTHELE LT, B
121°C, 20 5314 — b 7 L— 7 BE BRI FEZBRITHV -,

PSA BT 1L v U CIAfR L7=#., 200ml OEHIC 7 0 T A7 = =2 —/1(20 ppm) & ifs
MUz, WNts, 77 AF v 7 v v —L(EZR9em)IH 20ml 2437 LT, BH-b0%
FERIZH W,
¢) FD MO OEBED s HEE

XD OEEOSHEITEMR S BEEE VW, S mm 05 ICUl- 72 & O Z ok E
80 %x & /) — /T 2 oy IiRIER . 1 %K EEHRET b U ¥ LA/KIEHRIC 2-3 7pFRIE L, R
KIZ K DU BRI ARTAR Y ZBRER., 20ppm DY 0T A7 = =a—/L &G T PSA K5HIIC
R L7, BEREIL, 260COMERETHEEL, 2O ZOMBELNSAET L TEELRE 5
BiEL . EBICHWZ, OBES @RI, PSA AR CHRT Lz, £2. REMMICHRE
T 5 72 O IR A RR(E AL 6 mm) & [EEE L 72 PSA BEHIZAvElE L 7- Btk 2Bl L7z, R0
BLIAMERD H L, BE Y v — LN THIERZIC - 20 COWMBUE TR LT,



2. FER

AARDBR, BE JRE, KR, fEHLOREAROA IR TERIL 72 46 fE{K(Fig. 2-1)D & D
IMOEESBELT-, TORE, BR, B RS, Kk, @HLOERTEAZ 17,
11, 9, 15, 13 KT 40 HEHEDOEFF 105 FEED 7Bt S 4172 (Table 2-1),



Tottori (8)

Shimane (7)

}5\

Fukui (4)

Hiroshima (10)

Kumamoto (12)

g W

Fig. 2-1. Collection of fresh fruiting bodies of wild mushrooms from a paddy field in Japan.



Table 2-1. The number of isolated fungi strains from fresh fruiting body of wild mushrooms

Place (Prefecture) Number of isolated fungi strains
Shimane 17
Tottori 11
Hiroshima 9
Osaka 15
Fukui 13
Kumamoto 40
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B2 DEEEOERAWNA XL BIREORBGATENC RITTRE
1. MBI R OGE
a) PR R O &M

AFNHBIFEE L TE 69-150 #(L—A 007, 22> & B Ik UCBRPERE)Z Az,
A 320G BIFEIL T ORERE (o 1.8x18 cm)iZ 20 ml 437 L 7= PSA BHIEF A 2 117 Tk
Uz, BT PSA BREA K 20 ml p{E LT T T AF v 7 v — L(JEHAE 7 cm) (As one, Osaka,
Japan)IZBAE L. BT, 26°CTHY 14 HFIEE L2 b D2 ERICH W=, 72, #20ml
DT TAF v I v — L(ELR T om0 L CHED 7 KN FERELHICK D> 50 g, FEK 20
g/K 1 L)THI 14 HIREE R LT, 0%, Vv — VICHEKEEE, 7 3—ARF 2T %
WTC, WF#EORF A & FRE L 7=, Black light blue (BLB) (FL20s BL-B; Panasonic, Osaka, Japan)
ZRHE LT, WTE2BARSE, BTEREZIC, vy — VITHEKEZES, 720 EKIZ
Bl SE e, COBEBIRIZ2 BEOT 4 vy a——TAHB L, BRI SERER., EOD
BE(1600xg, 10 73T —7 /v b » a4 4000, A PR HI PG Sk UL 1 & [ A& LT
EIREIZ W,

B2, H 1 ECOBEL7ZE05 EE)E WS, T, BRI B & RRED PSA Al
BEHLCHE 2 51T TR W o, ZZh PSA RHEET LG A4 20 ml DiE LT T ATF v 7 &
¥ L(ERT eom)ZoBfE A BE L, ET, 260CTH 14 AR L2 b D& ERITHW
77
b) SBEE DORER ABROFE L AR ELE

OB OB AR OFARNNL Y ¥ A « A7 a0 —APS) IR HZ V7=, PS KIKES
HE B (9 3x20 cm)iZ 20 ml F™2 37 E L, 121°C « 20 34— b 7 L — 7 BEZ I F2BRIC
Wiz, 3BEREIL T PSA BiHE T4, 7 mm 2L/ R —F7 —CHE#mA < VX, PSHK
(REEHIQ0 mI)Z 1 3" oHE L=, Btk. 7 B, 120 [Blf5/0) CIRER R LT, R
%, FEEWITIRE S8 7 4 /L # —(0.22 pm)(RephiLe Bioscience, Boston, USA) T A L 7=, %f
WX & LT, MEEERED PS YRIAEF I Z [FIER D {E T L7 b 0 &2 e,

B2 AR D EMIETEIL, A 2V BIFE O 7583 & OB ROl & v ik Lz,
FRLOFIETHE U724 R0 BIRNE O a7 2 £ 5538 AR 1x10%spores/ml & 7225 K 95 1T
Bl SH 7, KR E LT, PS IRIRESHID AIRIZA 20 b BIRE O 2 S 2 b
W, R LBEBRITEEIC LT T AT v I —ARNIZWRIZAT A KT T AT
BT Llce A4 RHZAF2HBMEL, 30 3728 6 2 FTICHE T L7z, W F#., BEAERT,
26°CH N LR EEH(LIB-302(H), IWAKDIN TH: L7z, 5528 24 BEM#. SRS FC4 %
Wb B IF B O il 18 RO O 25 BT R & A U 7, RT3 3R 803, 1 24 72 0 a1 50
B ORI RO FHL L MR EER AR U, AERERERIT | 2 T4 72 0 a7
50 PO ERIEHIFE A G L, MESRERELZEE L, F2BIE 3 [E#R R L T,
TV, At 900 B -2 s LT,

F— 7 =T %2 HWT, Bk SN OB OB R AR BSLEE L (121°C, 20 47). ki

11



ERERD TTETA R0 S BIRE O T3 F R R O B 5 ik LT,
¢) FFAX~OSBEE DGR AW ORISR A R BIR ORI RIC G 2 5 58

EEfEY) & LA A LAY | R Y USR)EFBRICH W, 7 ) —r VA r (&
F09g, B 1.1g, BV 1.0g33ke(HHEZ Y —r xRy ZRASthH)Z Mz /2o —RY &~
=T, 1 =R 20RO LT, BLICEZ ) - YA NVBLEMWHESY - =
RNy 7S E W, %, 77 ABNT2 BE TEFTIEL L0 2 ERICHN
77

QEMOA A LX T — R T —2ANnbREGIW LW E 5 Ik &Iy, H8EERE
L7c, £D%, MOETF vy F o= R_—=%5|\cTTAF v 7 r—2Z(2.5 cmx 20 cmx10
em)iZ 7 RS O AT, REEO T E TR U7z 0 BER DR A 2 A0 Sml T oA A A
FICHEFNFE LT, sHRX L U TR O PS A 2 i T ALER U7, 24 BERTR, A 30
H B E ORI 1x10%spores/ml ZMEFEHEM LT-, 77 AF v 7 r— R3S %HD, &
NoT =T TEH L, N TRG8MN(LIB-302(H), IWAKI)Z AZL, IR C 24 FEfE 5%,
12 REESE FICORFF L7, BEFE 3 RIS, W BIRBEDOAR A B LT,

2. fER

STBEBE(105 WK DGR A E A 2V S BIFE O T & DIREREIRZ AT A R T AT
T LTA RS BIRE O R FRE L O ERERE LA L, £ ORER, K& AN
351072 90 BEREH 20 BERE TR & bl U CA R0 S BRI OFa 752D 50% L4 E4miil
Sz, MRX ORI R 90.9+5.7% T - 7=(Fig. 2-2), WHERE O AKX TOlE T
FEAEFIL, F5, K7, K24, K36, Ol, S5 INS8 BENEIL 1.8 +£53%, 12.4 +21.0%,
34.7+35.5%, 18.7+73%. 2.9+59%,. 0.9+2.0%M T 273+192%Tdh -7, —7F. Fl,
F2, F3, H2, H5, H7. H9, KI, K9, K21, 03, 06 & S9 OR5#E AKX TD
Fa-F 2213 0% T & - 72(Fig. 2-2),

KRR & Bl U TA R0 S BIREE OIFFE 205 50%LL Bl S 4v7z 20 Z0BEREI(F1. F2,
F3. F5, H2, H5, H7, H9, K1, K7, K9, K21, K24, K36, Ol, 03, 06, S5, S8 }x} S9)
DREBRAREBILIL . A 30 S BIFE O T FEFE OISR Z A Lz, ZORER, 37
N—TWEE T, 1 7 V—71XF3, H2, K21, K24 KOS HETH D, 21D D5y
HEE ORE AT A 20 S BT ORI 7 F 23 M O A5 2R & i) L 7227~ - 72 (Fig. 2-
3), WIZ, 2V A—T1LF2, F5S, H9, K1, O1, 03, 06, S5 kNS9O FHHETH Y, A R\
b B ORG TEN & I L 7= (Fig. 2-3), 26 3 7 /L—71X F1, H5, H7. K7. K9 L' K36
R TH O | B T2IEE MG Lo 7223, FHEaRIk % Bl L 7= (Fig. 2-3).

Z 2T, ERoEBR TR ERITME 25T L B2 bvd F2, F5, H9, K1, Ol1, 03,
06, S5 JT* S9 /Bl D5 A & A4 LR ICHTAEL L, 24 Bk, £ 2\ b BIRE O
BT, WH BIREEDTER A B LTz, TORER, MR TIL, A4 LFOENHE
BB L, JREDW S BIFBEN 2RI S LTV 72 (Fig. 2-4 A), — 757, 01, 03, S5 &% S9

12



SYBEE OB R ALK TIiE, 2RO F LAXOENBE I, BRRITThEN
19.0 £4.1%, 262+4.1%, 28.6+7.1%MK (1 9.5+4.1%TH V., W BIREEDOE I HRX &
b LT LTV 2 (Fig. 2-4 A, B), L2»L., F2, F5. H9, K1 KT 06 EkDEEE AKX
A NG B OIRBEZ R Z #iil] T & 727~ 72 (Fig. 2-4 B),

13
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a a a 3 a g @ a & a3 a a a a
c
c ¢ ¢ | |
CLPSB FI F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12F13 HI H2 H3 H4 HS H6 H7 H8 H9 Kl
a abc a
a a a a a 2 a a a
abc

be

T T T T C T T T 1

KZ K3 K4 KS K6 K7 K8 K9 KIO K1l K12K13KI4KISKI6K17 KI8 K19 K20 K21 K22 K23 K24

a a a a a
a a da a a g a a a a a a a
c
c
i ¢
K25 K26 K27 K28 K29 K30 K31 K32 K33 K34 K35 K36 O1 02 O3 04 O5 06 O7 08 09 Ol10
a

a a a4 a a a a a , a a a
T T T ‘J'_ T T T T 1

Ol11 012 O Sl S2 S3 S$4 S5 6 7 S8 S9 SlO Sll Tl T2 T T4 TS5 Te T7 T8

Fig. 2-2. Culture filtrates of fungi isolated from wild mushrooms influence the infection behaviors of

Magnaporthe oryzae. Data were obtained from the results of 6 experiments of 3 replicates and expressed

as mean £ SD. Means followed by different letters are significantly different according to the Scheffe’s

test (p < 0.05).
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CL PSB K1 K7 K9 K21 K24 K36 F1 F2 F3 F5 H2 H5 H7 H9 O1 03 06 S5 S8 S9

180
o

Percentage of appressorium formation (%)
W
(=)

c C C C C C C C C cC C c C C Cc
CL'PSB KI K7 K9'K21K24K36 FI F2 F3 F5 H2 H5 H7 H9 Ol 03 06 S5 S8 S9

Fig. 2-3. Inhibition by heat-treated culture isolates on the infection behaviors of Magnaporthe oryzae.
The spore germination (A) and appressorium formation (B) were determined after 24 h incubation. Data
were obtained from the results of 6 experiments of 3 replicates and expressed as mean + SD. Means

followed by different letters are significantly different according to the Scheffe’s test (p < 0.05).
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03 06 S5 S9

Percentage of blast lesion formation(%)

CL PSB F2 F5 H9 KI Ol 03 06 S5 S9

Fig. 2-4. Inhibition by culture filtrates of selected isolates on lesion formation by Magnaporthe
oryzae in barley leaves. (A) Blast lesion formation by M. oryzae. (B) Percentage of blast lesion
formation by M. oryzae. Data were obtained from the results of 10 experiments of 3 replicates and
expressed as mean + SD. Means followed by different letters are significantly different according to

the Scheffe’s test (p < 0.05).
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B3 R V—= S ENESEEEORE
1. MEIROHE
a)ftEE

A A THHITEMEZ 7R L2 01, 03, S5 TN S9 Bk & HERIZH W=, /0 BERE 135 2 &
F 2 fi, la)y TR 7= RIC X 0 Wi L7z,
b)DNA D K& O ITS B D ¥ — 7 = o Rfi#HT

DNA it 1E Suzuki et al. (2006) D J5{EIZHE > T{T> 72, TE(10 mM Tris-Cl, pH 8.0, 1 mM
EDTA), PCR F = — 7 (PCR-02-C, AXYGEN)IZ 20 pul $°2437E L7z, PSA BT 1 R
BLIHERBAWE LT vy 7 TBOUVIY , Z< DB TEIRE LT, B L (500 W)
T30 % 2 (Al 0 3K L 7= 1% 2050 B (20,600x g, 4°C, 15 53] (77— 70k » 7 im0 3500,
IR FEAS) Lz, REEH L~ A 7T 2—7I1CB L, DNA ik e L THW
72. PCR SO (IR 7K 34.75 pl, 10xBuffer 5 pl, 2.5mM dNTPs 4 ul, Taq DNA polymerase 0.25
u) Z1ERR LT, 77 A4 <~ —ITSI(5-TCCGTAGGTGAACCTGCGG-3") K (¥ ITS4(5’-
TCCTCCGCTTATTGATATGC-3")% FiV T PCR Z4TV>, ITS fEIEAHENE L7=, 95°C. 5 4[]
DBELENERIZ, 94CT 140, 62°CT 1 7M. 72°CT 140 Z& 30 A 7LDk L, &%
IZ72°CT 5 ol &E 72, BEXWKEN T DNA 23R ST\ 5 2 & A HERd LT, a8, DNA
M-~ N(RBC Bioscience)z UV T, DNA OAERIA 1T~ 7-, HEIESIL7ZDNA ZH I VU
THI Y $k = . DF Buffer(500 p)iZ AL, 10 3% RI(56°C) L T, 7V A Ef# L7-, Collection 7
2 —7% DF Column ®%& v MIH L., 20,600xg T 30 il L7z, FEEZBZE L, Wash
Buffer(600 ul)Z il %, 20,600xg C 30 fhiz[» L C, BEMRZBRER, FFE 20,600xg T 2 573 L
L 72, DF Column % 1.5ml 5 = — 7|2 L. Elution /& (10 ul) &1z, 2 4y E . 20,600xg
T2 L, BRI DNA 2 Lz,

ED%, V=T U ARG EIT S T2, WBEKO6.8ul), ¥ — 27 = AT LI w7 Z(0.2 ul),
5x3y 77— ul), 774 ~—3.2 pmol)(1 ul), DNA(l p)ZEE L. RISEIT->7-, K
ZMEIF96°C, 2 Sy OBEMZIZ, 96°CT 108, 50°C TSR, 60°CT 3430 % 25 %A
7 VR IR L Bt 12 10°CLE Lz, BUG D% DNA KSR % AT > 72, Hf) 125 mM EDTA(]
ul), 3 M NaOAC(1 pl), =% /7 —/L(25u)Z M., 4°C, 20,600xg T 15 sy Uiz, il
%, BIEEBEIEL, 710%= 4 / —/LQ5u)Z Nz, FE 4°C, 20,600xg T 15 pfi=mo L, b
HEZRERIC, HIDI AL AT I FQO p)Ilifif L, D%, DNA ¥ — 7 = —(ABI
PRISM®3100 - Avant, ¥ = 7 1 v 7 75 7 A W, Applied Biosystems) TEHT1% (2 BLAST %
2 (http://www.ddbj.nig.ac.jp/Welcome-i.html) % TN GENETYX Z FIWC, fHEMEZ A L 7=,

2. fER

A LT TA RS BIRORBEIZ AL Z i L72 01, 03, 85 K T* S9 WHkD[FIE % ITS fH
WD —7 2 AT L VT -T2, ZORER. S9 1 Annulohypoxylon sp.. S5 1% Nigrospora
sp. 2 DY O1 & O3 1 Penicillium sp. &\ O HIEMEZ7RLTZ (Table 2-2),
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Table 2-2. Identification of fungi isolated from mushroom by sequences of rDNA ITS regions

Isolate Candidate fungus Sampling location Sampling year
0O1 Penicillium sp. Japan (Osaka) 2010
03 Penicillium sp. Japan (Osaka) 2010
S5 Nigrospora sp. Japan (Shimane) 2009
S9 Annulohypoxylon  sp. Japan (Shimane) 2009
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B4t B

AR IR IR KB, @R OREAR ORI TERI L 72 46 fE{AD & D 2751 PSA K
1% TR BRR Sy BIEVE LS 0 105 R 23 43 Bff S 4L72(Table 2-1), FREXL72& D 2220V TD
FELWREII TR T2, v as iy ATYXIALE T 70787 B
HOXOZIRETHHEEZEZDND, HBELT. 105 FROEREE LR OEEOFEL T
T L, BARER. HEREEE L I ARLEEDOIRBIC R E 2 8NN AL by, FHO R
HEDTNZHFHETAET 2EER DRI SN TVWD LB b, £, EOTHER LT
G OBREFRMFEOIBENILY , 2O XD ICERBRER S NI BEZ BT, ZIETIS
B E O Z 2 W iYRIRE OIBRICET 25 1TH 5, Lol HEOEDOZ 2 AT,

[& O ZITFHAITEAT D] 2 EWRIEE O BRICHIE LIl ETH Y | SE 0
FEBRITBLBRICHIH FTRE 72 BT 72 72 B D3 AT D72 N D ATRENED & D,

% ZC, PSIRIREFHLZ VTR L 72 0B (105 BRI B AIRD A7 V) —= 0 T %175
Too TOFER, A 2 0E BIFE O3 K OSSR ZIHIT 2 20 EER A7 U —=
Y7 ENTc, BIKINT 20 pEEE OB AR EBILIRL . A 20D BIREOFRIFOH
Hlzh AT LTz, ZORE, F2. F5. H9, K1, Ol, 03, 06, S5 %K U*S9 /B ORG-S
R E L <A X0 BIFRE O3 KO B TR A I Uiz, REY95 R B oM B K
R A —V 2 B2 2B E LT, ¥ FF—EBLOB-1,3 7B —ED L ) et
MWEHILTEBY, ENOEEET DMEMPAET D2 LN BLILTWD (Lorito et al.
1994 ; Shoresh and Harman 2010 ; Sakdapetsiri etal. 2016), L7>L . F2, F5, H9, K1, Ol, O3,
06, S5 KU S9 FrBEH DEGHE AR ARE SN D M E ITBLE T, 2L ORI AE
FEETHDWEITXTFT—EBROB-1,3 7V F—BD LS eME TlIp W2 EREniz, —
Ji. F3, H2, K21, K24 K O* S8 e DR HWICAFAES D MBI EIZEALETH D Z
EB, T F—EBROB-1,3 7NV FT—EBDOL I eWETHDREENEZONT, &6
(2. BMAPEL72 F1, H5, H7. K7, K9 & UVK36 7Bt 08528 A iR 3 a7 58 3F 2 4 L 722
ST BB Lc, ZOZEND, T b OSBERE ORI PITITBARZ E
IRNHIE & B E MR E O R E ENTND AR H 5, ZILET, FAEEZOZ
T& % Hypholoma fasciculare O Cantharellus cibarius 7> Bacillus cereus. Bacillus subtilis }%
W\ Staphylococcus aureus (Zxf U CIHIEN R 2 R T HIRME Z AEET 5 Z L RHESN TN D
(Barros etal. 2008), A% H RS CTrR & 7@, fEMCAMDOTUAEY & AT LD L5 72
FHBREZRGZRN D, AfF L TWD, R, MOMAEY & OAELFHSFITM L, BH ZAh
DA DSFDIZDITEE ORI 5 28k 2 WRMEM 2 EEL T D EE X b,

A A LF TORPLEIZ IO THMEIRAZZRLIZ 01, 03, 85 KU S9 WHRDIRIE Z1T > 72
FESR. S9 X Annulohypoxylon sp.. S5 1% Nigrospora sp.x O* O1 & O3 1L Penicillium sp.& &V H
[F] M % 7R L 72 o Penicillium spp. 75 bk 2 7R E IR R B 2 il 32 Z & 13 K<mmb it T b,
Penicillium spp.7> £ 7E 3 HHEW IR I B O JE G2 BNl 9~ 5% H & LT Mycophenolic acid, Patulin,
3-omethylfunicone % T Decumbenone A 723H153L TV (Fujii et al. 2002; Nicoletti and Stefano

19



2012), £7=. Nigrospora sphaerica (Sacc.) EXW. Mason 7 577EfEX4172 Phomalactone (FHEI5
SR ORGLA TENZ 6] L(Kim et al. 2001), Nigrospora oryzae (Berk. & Br.) Petch D53 AR
HEPESHUS Nigrosporin A & OF B 11T AW # DN HHZENFNIHAL TV D (Tanaka et al. 1997), L
MU, AAFFEIZ VN Nigrospora sp.DIGFFEAWRIIA A LXK LT, L RS -oTz, SHIT,
Annulohypoxylon sp. DEFEAWRIZ OV TIL, AEWIH R OB BRICHI I S Bl s ZivE Tl
SHUTUWRUN, Annulohypoxylon sp.i3 Xylariaceae FHIJEL TWDHIENFNHIL TS, Xylariaceae
(1% 36 LU EDEAEENTEY, DaKtbInbo 3 530 1 OEIL 2 IREEN & EFET DT
EDVHIBIL TS (Whalley and Edwards 1995), 5% X, Xylariaceae FHIZJBT % Xylaria longipes
DMEPET D Xylaramide (& Nematospora coryli O Saccharomyces cerevisiae |Zxf L CHUETEME
TR ZEM RS TV D(Schneider et al. 1996), ZALHD FHZIEA R B A& T 95 5
FIZx L TR R 2 R T E D & VT D RTREMED 8D, 4 Annulohypoxylon sp.DE5H%
AIEOMHEIEIZOWTIRAE T DULER D, 4RO FEFRIZIVEEZD Iy BES NI HE
DEFE AP IA RS BIF B &I CEOEEOWEPAFEAEL TODI LD RENT,
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FIE 0821 EIROHEWIHRIRE 2R3 2 IHIZIRIZ OV T

ARV T, BAREN TR LZBHAE O 20 Loy S N2 EEOEE SN A R0
b B OREGA TEN R OYRBEE R & B2 2 L 2B DM Lz, £72, KIS TERELL
e SFHEOBAEZOINOIX, At ISEER DSBS N TS, 2D OBERE S FEiE) &
A 20 E BIFE ORHERE T, EBIEFITBE I N o T, —J7, DBEE O AR
IZE DA RS BIRE ORGATE OB R TIL. 4 20 BIFE O 732 & O
B & ZERINCIHT 5 0821 FES K S iz, AFE T, 0821 WHEOFEKLW)
0821 WRR DO AW T2 A4 20 G BIFEOIMHEI RIS OV TR 5,

F1E 0821 BHROREK OFEE

1. MEROHE
a)fERE

0821 Etk A FRITH Wz, BT 2 2, 2 i, 1la) T~ FIEIC L Hfi LTz,
b)E#E &k T DB

PSA Hith B¢ 7 ARG L7z 0821 WRO R #E DM 28I%2 Lz, S RIEEE % AT
TEREM R M A BIZR U=, F72, 0821 Wk HE#HEEZ 7V Z VT T b RENBRIEA AI D
2R ZHEEE L, A BN SO S R e S T e A - BAMERE S-4800, AKX
SAEASIANA T 7 ) u =)W TEZE L,

¢)DNA O R OV ITS FEIk D 3 — 7 = v R AT

DNA HliH1Z Suzuki et al. (2006) D HIEIHES TIT-o72, 2%, F 3 6i. 1b) LAk
152 IV Cor Bl 0821 RO FIE 21T > 72, F#HutéflL Saitou and Nei (1987) (ZEDWTHE
% L7z,

2. MR
2)0821 HEERDEIE

0821 HHROHW#E KL O DIEREBIEE 21T > 7, PSA BfHI TR L7= 0821 HkkIIE:#E 7
AHLRE, AErLEEAORETEL D, TO%, BE~Z{L, K& 28 BEIZIX, E
BEOAITEAA~LEZL L TWVE(Fig. 3-1), a1 ORI MR X dL7e - 7= (Fig. 3-1),
b)0821 BWERD I — 7 = RFRMT

0821 HEFED ITS fHIkD v — 27 = AD %2, BLAST 5% & GENETYX % H\ - it %
1To7-, ZOREE, 0821 EHRIL Biscogniauxia sp. HHP54 ¥k & &5\ HHIFEIME(98 %) % 71k L 7= (Fig.
3-2),
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Fig. 3-1. Morphological characteristics of isolate O821 on PSA medium. A: Isolate O821 grown
on PSA for 7 days. B: Isolate O821 grown on PSA for 28 days. C, D: Mycelia (Light microscopy).

E, F: Mycelia (Scanning electron microscopy).
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Lopadostoma amoenum strain LA (KC774569)

— Biscogniauxia nummularia isolate H86 (GQ428318)
Biscogniauxia nummularia isolate BI21 (EF155488)

Isolate 0821 (LC165015)

4|; Biscogniauxia sp. HHP54 (JN687972)

Biscogniauxia sp. PP103 (FI884075)
‘ Biscogniauxia sp. CBMAI1331 (JN903537)

Biscogniauxia capnodes (EF026131)

Biscogniauxia sp. 1 ICMP 18828 (JN225898)

- Riscogniauxia sp. CHTAE22 (JF773603)

0.1

Biscogniauxia nummularia (NBRC 32338)

Fig. 3-2. Phylogenetic tree based on ITS sequences of isolate O821. A bootstrap consensus
neighbor-joining tree for the isolate O821 was created based on the Kimura 2-Parameter
distance matrix (1000 replicates). Lopadostoma amoenum strain LA (KC774569) was used as

the out-group. The scale bar represents 10% sequence dissimilarity.
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F2Hi 0821 BROERAMIZE DA XV L BRE OISR  (EULE)
1. MEIROHE

a) B R U S
A RN E BIFE L0821 BMRITN 2 B, 5 2 fi, la) TR 72 HEIC KV ¥Efi| L7z,
b)EE& AR DR

0821 FHRIZ T8 PSA Bl CHE%%, Tmm 2L 7 R—F —TCH#EL < Wik &, PS RIAL:
H1(20 m)IZ 1 AT OB L7z, BAEiL, 7 AR, 120 [Bl5/0) CIREEGSR Lo, IREIGERE.
BEAR R 20 ml (Z[F) B DR = F /L &2 N2 Colddhi Uiz, Z ofii#EfEZL 1 3kEHZ > & 21
MR LT, 155 FHERR T T L ARG 40 m)IZIRE K &2 N 2, B 7 F R 2 % W
TR L —H —(NA-1SGS, 7 AU VRSN L 0 T T ClgfE Uiz, BT L 2krE
U To KIS IR 2 B U, A 72 0R S CTRE R A IRIENE — TV AIESEUKESIR(BA T - 558 AIR) & L
THEBRICHW -, KEER20m IR LZ b 0% FURA0 )& Lz, X E LT, PSEIA
Brh A RO FIETHE L7 b 0 & v,

o) Z Az

FROFETHTHB LR AR : 1 5 &4 — b7 L—7(121°C, 20 43 L., B
LA E U CERICA W,
A EMRELE

FEERAWITE 2 F, F 28, 1b) TR FHIEIZ LY A 30 b BIFE ST 2 Pl gh 5
A LT,

2. MR

0821 HHEDORFEAWMTICE TN DA XY IR OREGATE 2 B3 5 W'HE O BLE
MERE L, TORE, X E L THWE PS HRIRE: D BEQLEL XK OVELER X Tl
fol 2RI 98.7£1.7% K% 1 99.8+0.7% T - 1= DIk LT, 0821 HkDEEHE A iE o> AL
PR OVBMLBR X Cld, a7 H 3R 1.421.8%1E M O 1.3£1.5% Td - 7=(Fig. 3-3A), F7=.
BRI PS IRIARES H oD MEALER X K OBMLBEIX | 0821 BEREDRGEE AR D HEALER X K T
BV X TZ A 97.941.6%, 99.1£1.2%. 0.2+0.6% &% ) 0.0£0.0%(Fig. 3-3B) & 72 ¥ . 0821
FRROEEE AW TICE TN DA R0 G BIRE O M3 3 K O B SRR A i+ 2 WE 1L,
BCHETH T2,
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Percentage of spore germination (%)
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No treatment | 121°C ' No treatment ' 121°C
B PSB 0821-CF
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Fig. 3-3. Inhibition by heat-treated ethyl acetate extract of culture filtrate of isolate O821 (O821-

Percentage of appressorium formation (%)

CF) on the infection behaviors of Magnaporthe oryzae. 0821-CF was treated at 121°C, 20 minutes.
Spores of M. oryzae were dropped on glass slides in the presence of heat-pretreated O821-CF and
kept in a moist chamber at 26°C. As a control, potato sucrose broth (PSB) was used. After 24 h of
incubation in a moist chamber, the spore germination (A) and appressorium formation (B) were
observed by light microscopy. The rates of spore germination, and appressorium formation per
germinating spore were calculated. Experiments were repeated three times and a total of 300 spores
were examined per experiment. Bars represent = SD. Means followed by different letters indicate

significant difference (Tukey-Kramer test, p < 0.05).
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B3I 0821 HROBERAOMBIZL 54 XS HLREOWHIZIR  (EREM)
1. HEROTFE

a)ER B R O &t
A WG BIFE KON 0821 HHEIXE 2 T, 5 2 fHi, 1la) Tl FiEIC L0 % L7,
b)EE& A DR

0821 HEkRkI% PS iIRE T 1-7 ARG L7z, 1%, HMBRAROFRILE 3 &=, $2
fi, 1b) Tk ~_7= LT L 0 i L 7=,
OEYRRIELE

FRERAOWRITE 2 3, 52 #i, 10) TR HEIC IV A RS BIFE IS 5 b5
A LT,

2. fER

PS B 11T 1-7 HRIRGEE L7z 0821 Hkk2 Dl U7= 8538 AL < 1 55 % AV,
FNENDOEERAIRDA XS BIFE OBGATENI KT 2 2R A FHA L7z, T ORER, xR
X.& U THWE PSIRIREE LTI, JaF 282 31% 99.1£1.4% Th - 7= DIZxf LT, 0821 EFtk
Z 127 HHRESEZICTAR L5 A TIE, T H 98.4£2.6%, 98.4+2.6%. 99.4+0.9%.
35.0£47.3%. 30.9+44.3%. 0.8+1.0%} (X 0.3£0.8% CTd - 7=(Fig. 3-4 A), F£7-. (IEIEHE
1% PS IRIREE HICIE 98.9+1.4% & 72 0 | 0821 Hikk% 1-7 HFIRGEZ TR L2854 A Tl
ZIEH 98.242.6%., 97.4+3.0%, 99.1£1.0%. 33.6+48.1%. 25.1£38.1%. 0.0£0.0% J T* 0.0+£0.0%
T > 7= (Fig. 3-4 B), 0821 FIRDEEE AURIZ L 54 2 BIF # O I 138 2 M O35 20T
FROIENTREEE 4 B LB BBIEZE S, 6 B UARRIZIZE WGl R Bl S 472 (Fig. 3-4 A,
B).
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Fig. 3-4. Time course of inhibitory activity of the ethyl acetate extract of culture filtrates of isolate
0821 (0821-CF) on spore germination and appressorium formation of Magnaporthe oryzae. Spores
of M. oryzae were suspended in O821-CF for different time periods and dropped on glass slides.
Potato sucrose Broth (PSB) was used as a control. After 24 h of incubation in a moist chamber, the
spore germination (A) and appressorium formation (B) were observed by light microscopy. The
rates of spore germination, and appressorium formation per germinating spore were calculated.
Experiments were repeated three times and a total of 300 spores were examined per experiment.
Bars represent + SD. Means followed by different letters indicate significant difference (Tukey-

Kramer test, p < 0.05).
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HAH 0821 HRDERAKIZL DA XL LREOMERR (FREH)
L MER U5t

R R O R &0

ARV E BIFE KL 0821 BRRIZE 2 7, 52 8, la) T~ 7o HiEIC KV % L7,
b5 AR D FRR

B AR OFREIIE 3 B, 5 2 81, 1b) TR~ 7o HIEIT L0 i L7z,

OB SR AT IHIFRER

T, KBDIPEFHITER L7oA 30 S IR OB EICIRE K 2 ml 2EE, 73— ARF
2T TEEoTz, PSAESHIZRI 20ml i L7=7 T AT 7 % — L(ERE 7 cm)iZ 20 pul O
ECREREI Z IS L, BV A7 L #—(Heathrow Scientific ® LLC. Delta™Disposable Cell
Spreader )& T, v ¥ —LIZ@H LT, TDk., FIAEMERER—/\—F ¢ A7 (HEE
8 mm)(Advantec ®. Filter paper WZJFHR(1 f75). 2 . 5%, 10 5 &N 20 fFEAG L 72 0821 ik
DIEAMWRZNF L, ERLOA WS BIREOBEAPEBM SN v — L OHLITEV
(Palaniyandi et al. 2011), XfHi[X & LT 20 f5#EHE L 72 PS #RIAE MO FERE — T /L Al F K EE
ﬁ%%wto%%i\PiT 26°CTATV, K538 5 H KON 28 HERIZ, A R0 b BIREF R

BREFOERZHE L, FHEHRE L7, 1 DOLHEXIZOE 6 D> vy —LEZ AN
<. %%i3@ﬁ@ L7z,

2. MR

PUEMBEREH N —/"—7F 0 27 % T, 0821 WIRDREE AURAA R B B O B
HREB~GR DB EMAE LT, TORMB S A B OABMILE OEAITRRX, 1 £,
2 f5, 5. 10 5 K& 00 20 fiFfE L7z 0821 R DE:E AR T NZ 4 0.0£0.0 mm, 0.0+0.0
mm, 0.040.0 mm, 4.6+6.7 mm, 14.9+2.8 mm & (% 20.8+3.2 mm CT& - 7= (Fig. 3-5), £7=. HF
7% 28 H H COAEFIEH OERITZNZ4 0.0£0.0 mm, 0.0£0.0 mm, 0.0+0.0 mm, 2.9+4.4
mm, 11.6£2.1 mm & T 15.6£2.1 mm T - 7=(Fig. 3-6), 5% 5 H H COAFIEHIL 5 55
MDA B CBls S, BEERFICIHIZE < oo Tnvie, Fio, TOMKIERFE 28 HA T
HEHE LT,
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Fig. 3-5. Effect of the ethyl acetate extract of culture filtrates of isolate 0821 (O821-CF) on
mycelial growth of Magnaporthe oryzae on the PSA plate. A mycelial suspension of M. oryzae
was spread onto PSA medium. After that, a paper disk immersed in 1-, 2-, 5-, 10- or 20-fold-
concentrated O821-CF was transferred onto PSA medium. After 5 days of incubation at 26°C,
growth inhibition zone was measured. Bars represent +£ SD. Means followed by different letters

are significantly different using the Tukey-Kramer test (p < 0.05).
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Fig. 3-6. Effect of the ethyl acetate extract of culture filtrates of isolate 0821 (O821-CF) on
mycelial growth of Magnaporthe oryzae on the PSA plate. A mycelial suspension of M. oryzae
was spread onto PSA medium. After that, a paper disk immersed in 1-, 2-, 5-, 10- or 20-fold-
concentrated O821-CF was transferred onto PSA medium. After 28 days of incubation at 26°C,
growth inhibition zone was measured. Bars represent +£ SD. Means followed by different letters

are significantly different using the Tukey-Kramer test (p < 0.05).
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B SHI 0821 EHROEER AT X 2 HEMRIRE OMHIZh R
1. MEIROHE
a) LA R OB &

0821 HfRITE 2 3, 52 i, la)y Tl ~7= kI L 0 ¥l L 7=,

A % Z FBERIEE (Bipolaris oryzae), ~ > 3 —RILIF E (Colletotrichum gloeosporioides) S N
7 U FARIA I B (Colletotrichum orbiculare)l3A) 20 ml T2 7 A F v 7 ¥ ¢ — L (HAL 7 cm)
(2531 L CE D T KR M A VT, 260CORTER T T 7-10 HEEEE L, laFEm S
w7,

X = 7 U BB B (Corynespora cassiicora) i NI 3 BB J9 [ (Alternaria alternate Japanese
pear pathotype)lZHJ 20 ml T2 7T AF > 7 ¥y — L(EE 7 em)IZ437E L Tl D 72 K o) 7€
KEHZ VT, 26°CORGERT T 7-10 AR L&, BiRZFREL, BLBIA TT2H
&R L, RTIBR ST,

A T U BRAEIR E (Ceratocysts fimbriata), =7 L > v Z2J895 B (Fusarium oxysporum f. sp.
spinaciae), 71 7 ZE3E I H (Fusarium oxysporum f. sp. conglutinans) OV % 7 v 7 fRBBEIH #
(Cylindrocarpon destructans )I% PSA F5i1 2 HV T, 26°CORFEL T 7-10 HfEEEER L, a1 ¥
RS H 7,

JR €3O B (Botrytis cinerea)ld PSA ¥z T, 26°Co BLB B TC 7-10 H [EH5#
L. Bk,

JaF IR, % — VICREKEZEE, I3 —ZANRF 272 HWT, laraBI L, #E
(1x10°spores/ml) Z G L T, FEBRIZ AW,
b)H5R SR DO

EER AWROFEITE 3 &, 5 2 fi, 1b) Tl HFEIC L 0 #EiH Lo, IR ). 2 f5%.
518 KON 10 F5HRAE L 7o 538 Sk 2 EBRIC IV,
oWk B

BERAWRITE 2 T, 5 2 #i, 1b) TR HIEIZ LD 2 OWim R E 3T 540
iz R 2 A L7z,

2. fEHR

0821 WIRDEEHE AURHA F NS BIp B LA ORI R B 165 2 Il h R 2 A L 7=,
ZOREFR. HRXTH D 10 [5EME L7 PS IRIRET IO WLPR X CIE, W75 R B D38
FERITNTND 99%LL ETH-7=DIzxt LT, 0821 HWEEDOE:E AR OMLIEK TIL, 1 1%,
2 5.5 5 KOV 10 i L 723538 AR O I3 3 RITIK AN OIR A TIRZE LI 52.9436.0%,
26.8438.6%. 0.1+0.5% K% T 0.0+0.0% T &> - 7= (Table 3-1), F > BBERFE TIE 85.3+11.4%,
80.3+15.2%,2.9+3.2% % T 0.140.5% T d> > 7o, A 1 T E FERH R Tl 28.0£28.0%. 27.7+32.1%,
0.1£0.5% M T} 0.2£0.6% T o 7=, 7 U HRIAIE TIE 4.9£11.4%, 0.9£1.7%. 0.2+0.6% K% O
0.0£0.0% CdH > 7=, F= 7 UBBEIHE TIL 27.1£22.0%, 2.0+£2.8%, 1.1£1.6%K% O* 0.4+0.9% T
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Hotr, < T —RIAFE TIE 0.0£0.0%, 0.0£0.0%, 0.0+0.0%K% T 0.0£0.0% T -7, A F
27 BRAEIR I T 0.6£1.5%, 0.0£0.0%. 0.0£0.0% K% T 0.1+0.5% T > 7=, B 7 ZE R CTlk
4.7£7.3%.,0.7£1.2%, 0.7+1.4% % T} 0.1£0.5% T > 72, ¥ % 7 ¥ 7 R BBHRE Tid 5.0+13.6%.
0.6:2.4%. 0.0£0.0% K% ¥ 0.0£0.0% T > 7, HAU L Y 7 EIFFHE TIE 22.8433.0%.
25.3+39.9%, 1.8+2.8% &% 1 0.6£1.1% Tdh -7z,
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Table 3-1. Effect of the ethyl acetate extract of the culture filtrates of isolate O821 on infection

behaviors of plant pathogens.

The pecentage of spore germination (%)

Phytopathogens Treatment
PSB-10 0821-1 0821-2 0821-5 0821-10

Botrytis cinerea 99.8+0.6a 52.9+36.0b 26.8+38.6c 0.1+0.5d 0.0+0.0d
Alternaria alternate Japanese pear 99.7#0.8a  85.3+11.4b 80.3x152b 294+32c¢ 0.1+0.5¢
pathotype

Bipolaris oryzae 99.3£1.2a 28.0£28.0b 27.7£32.1b 0.1+0.5c¢ 0.2+0.6¢
Colletotrichum orbiculare 99.4+1.1a 49+114b 09+1.7bc  0.2£0.6 bc 0.0+0.0 ¢
Corynespora cassiicora 99.8+0.6a 27.1422.0b 2.0£2.8c¢ 1.1+1.6 ¢ 0.4+09c
Colletotrichum gloeosporioides 99.2+1.6a 0.0£0.0b 0.0£0.0b 0.0+0.0b 0.0+0.0b
Ceratocysts fimbriata 99.7+1.4a 0.6x1.5b 0.0+0.0 b 0.0+0.0b 0.1+0.5b
Fusarium oxysporum f.sp. conglutinans 100.0£0.0a  4.7£7.3 b 0.7+1.2¢c 0.7+#1.4c 0.140.5¢
Cylindrocarpon destructans 99.8+0.9a 5.0£13.6b 0.6£24b 0.0£0.0b 0.0£0.0b
Fusarium oxysporum f.sp.spinaciae ~ 99.6£1.3a  22.8433.0b 253+399bc 1.8+2.8cd 0.6+1.1d

Means followed by different letters are significantly different using the Tukey-Kramer test (p < 0.05).
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Bofi B

0821 EHEDFEL ITS fHKD > — 7 = AT L VT T, TOREE,. AEHIT
Biscogniauxia sp. HHP54 & 98% D FH[EIVE% 7k L7z, Biscogniauxia sp. HHP54 | Albizia sp.7)> &
DRESNTZ EDBT BT > TWD, FELWIERE X722\, £ 72, Biscogniauxia J& %
T RT7 74 e LTHBESID Z &3\, Biscogniauxia JEH 1T C 57 FELL E23 58 A
INTEY, TEEDOER D RE SN TS, 0821 kX, ZIFEHEEZEZONHEDZ
NOFEESNTEY , FEXTIHAEL TWEETHD LB X HILLD, FREREEHKIZONT
%, MR TE TWRY, 24U E T Biscogniauxia JEE 2D TIX, Biscogniauxia mediterranea
X2 Biscogniauxia nummularia 723 K EAGHE & L CERA S 40TV 5 (Bvidente et al. 2005 ; Luchi
etal. 2006), F 7=, ¥ 2~ #'E & L T Biscopyran, phenylacetic acid, 5-methylmellein
KN 6-methoxymellein 23[FE AL TV D, S BT, MEWIHRIRE 2 B3 2 W8 O®A 13720
Dy, BERCKT A LY B RE R TIEOBRE DR H 5. 0821 WRIZOWTIE, IR
KT 206 A2 R L THBY, ZNETHLN TWIWE L IZRRLIMEEZRSLE
Z b, WELECIEFEE LIZMHmEIZ SN T Hilk~ 5,

—7J7. 0821 HEDFE L~V COREICE>TE LT, FRIKTEAL, i ERPH A I

29D Z LIk Y, 0821 WERDFE LWRIEMMTA D L EXBND,

A RN D BIFE 2 EORREORRIF T L0 A v TS v, MEMBNERET S
XFTFF—EBR I N AT —ERA XN S BIRER EZMET 22 LNmbnTn5d, b
OIMFIE I ZBVCARLETH D08, AEMIZ L - TE, RIFHCBUCZE R MHIWE b AET
% Z & DN & TV D (Leelasuphakul et al. 2006), 0821 BRI T 54 2t BIFEH O
ERATEV ZMH T 20 E L, BVEERWE ChoTZ b b T T —EBR /v —8
DE I RTETIT W EEZ bz, o, BRIz 0 | GG Ledo
T2 &b, ARR TR, BZER 1 DL EOWERIMSNCEE L Wb L& 6T, £
o, FRIDOFAFMETO P T, H-IKD pH 23 4 (T OFEMETH D Z L 2R L TR0 | FEE
TTFCRETH D Z L b, il ST EBHER Z /37 H Tl < | Btk
B TH D RN E 2 BT,

F7o. PSIRIREEHIZ IV T, 127 B RHESEE L7z 0821 BikkD DAL L 72858 A DA 10
b HIREITXTT 2 IR & RIS Lo, £ ORERE. 0821 WHRDE:#E AR &%
4 A HUBEDN DA R0 S BIRE O 733 L O ESRTER OIS 2385 <4, 6 A HUBEIC
TEOIHZIRPBIE SN, O LG 2 OO FRENE X b, 1 D HIE, ﬁé%
\ZE o TERDD AEMDPHEIREE T EAET D2 Z LN L <HMBNTWD, ABFFEIZ
WTC, 0821 WRRITHETA TR D5 6 H H LRSS < OMFMEOAEEL TRV | ﬁﬂ@x%
A LT Z Sz k0, SURRRE L 220 MEAENEZ -T2 BB BND, 2D
BIE, BLUZHIHIC X0 W APER RN LTc vl et E T o 5, EERICEET T o 5 —F B Hl
(KNO3 0.6 g, NaCl10.3 g, MgS04.7H,0 0.3 g, Ca(NO3)20.3 g, Ca3(PO4), 0.3 g, FeCl; 0.6 mg,
A7 v—A 1.2g, ZRBH/K 600ml) THEFH L 7= 5551215, 0821 FEEOBEFHIL PS ik IARE: 1 & b
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LT, Dlehole, ZO%E, FESNLMEMEN VR RoTWnD Z EITHEE v~
T 7 4 —(TLOWZ L DFEBRTHER L TEY ., WTNOHEITB W T H I & WEAPEID
B b 2 LEZ bz, ZHbOFEEID, 0821 HEIEDE:EE AUk A~ b OIHIE D4y B
DT=HOITIL, PS IRIREEHICHICE NI L 72D L DOREERAREH WD Z EREETHD
ZEDBH BN T,

Flo. FUEWERERAN—/—F 4 27 Z T, 0821 ERDEREE AIRDA 20 E B
HOBERET~G 2 5882 Lz, TORTE., 1%, 2 5B L7z 0821 HkOREE S
ROMERX T, PIHIRZ R 33, 5 0L ERRHNE L7 0821 Btk DE:# ARIC X Y #i%h
RERBlEINT, £o, TOMBINRIIEEZ 28 FEE TR L Tz, 2o OfERN D
0821 BIE DR AT E EN D IHWEIZA 30 BIRE O 732, (MEEKTZT T
<, BARAEBEIHITE . MR EZERWE TH D Z LRB R BT,

S HIZ, 0821 WEEDE:HE AR A FEOREWIRIF KT 2 BN R 24 LT, £ DRk
Feo 10 fERMETZ 1 T <L OB AT HERE RO BRE 25| X Z T8k
WIS IR ORI 2 Lz, 202 L5 0821 Bk OE: 3 A OIEIE IEA 1
b BT T < | L OREYIR IR E OB TE L IIHl TE H2ME TH D | SRIRE I L
LIZEALICER L TV b & B2 bz, 5. ERRICOWTIRGET 2 08 S 5,
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F4T 0821 HIRDOEER W OTEWAE b T ORI O #Zh R

0821 HHIKDHEHE AR PITAHEST 2MHEMED UL ETH Y . A XS BIFE O 75
FAERCRIZT TR FAREFT LM CE2METHL Z LRI LN T, £
7o ARG BIRE T T < ORPIRIFE IR L TH R REFOMBINRZ R LIz,
2T, RETIE, WA AT, IR K BB DS 0821 EilkO R AT X
D N S4B AT DN TR R B,

BE1HT 0821 BERDER AR E A R b BIRE DIRGEERIC X 2 RRMHIzIR
1. MEROFHE
a) PR & Ot AE Y

HEE & L THWEA 20 S BIFEE KL 0821 HHkITE 2 3, # 2 . la)y TRk 7= Gk
W2 &0 i L7,

PEEAE & L CA R (GhFE : 22 v B V)& EBRICH U 2, Ashizawa and Zenbayashi (2005) D
FEZL VA R BET I, KEKEMZTZa =0V E—h—2A FFEA % HRREIZ 72
HETRIE L, TO#%, I —r VA0 (WEZY) —rv Ry 7B E) 2z
Y —L(EEAS eml, 1 KOy —LI 10 KiF>FM L7, BLizzs ) —r o
NEBHHEZ ) —r xRy 7 RS A -, %, PS A/ —220 51217 —2 6
Ty —LEZANT, 500 (AR LA v 7 P—y=aF Y —/b P IEAIE A LS
YZEWT, 257C, 12 BERDESMETHEE LTz,
b)iEE AR DFREL

B AROMRBILEE 3 &, B2 i, 1b) TR HIEIC L VR Lo, 558 AITRKA
5. EENZREKTHR U 2 65, 5 AR UK &R A 2 f5, 5 5. KU 10 fEiRiE
L7tz W=,

o)A R~DEFBITE L FBREOTE

FRITIT T LBX BT 0 2 v — L 2 /UTAEF S 704 120 1K) 2 Fv 72, 1x10%spores/ml
DA RN BIFRE T 2 R AIRITIREBE LT, A 1 20 {KdH 720 2 ml T OMEFERERE L 7=,
SHHRIX & L C PS R iAES i B FHHRL U 72 HIC A R0 b BRI 2 s S 8 CL Ak ik
TERE L, QU L7-A RITRE, R TIC 24 BRED, 20%, 7T AL THEL
7. B S HIRIZ, 1 K720 15 EIROE 2 ORI 2RMRLERE L, FreoHiEIC
X o THIFE &2 H L 7=(Sato et al. 2013),

695 B = {(AA+3B+2C+D)/(4x15)} x100
A TEGHE 2EE)IMIE L., T VIAIERE 27 5 RBEHEFEE 50%2L 1)

B : 7372 D IRBED L B AV T D IABIEIR & BT D (R BE HFE R 20%FREE)
C:REER2 0 Aoid (FBEE R 10%F )
D BN DTN D (PBEE R 0.5%F2 )
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E : B2 L

2. FER

0821 HRDIEEAIRE A XD BIFE O a1 & DIRAHFEIC L 2RI EORHE LT
7o ZOREFR., XX E L THWE PS kIR I HFHE L7 10 f5HRMER Clx, 1 XICH
T B IIFEE T 95.0+7.3% T dh > 7= (Fig. 4-1 B), — 5, 0821 HIEDEHE AKX T, 5 7%
TR, 2 (AR, 1%, 2 f5U0E, S A5 IRME & O 10 f5 IR HE C ORI IXZ N1 10.0£7.3%,
5.7£4.6%, 0.240.2%, 0.240.0%., 0%} X 0% T > 7=(Fig. 4-1 B), *fHAX & thie LT, 0821
BAE DB ATROIR SR CIE S (AR CH R E SR & i LT 1/9 LA T s
L7z, SHIT, 5 RFRME R O 10 5 L 723588 AR OLER X CIIRBEE I EBE ST,
T FEE R B A7 o 72 (Fig. 4-1 A),
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Fig. 4-1. Effect of treatment with the ethyl acetate extract of culture filtrates of isolate 0821
(O821-CF) on blast lesion formation by Magnaporthe oryzae in rice leaves. Rice leaves were
inoculated with M. oryzae in the presence of O821-CF and kept in a moist chamber for 24 h
at 26°C in the dark. PSB was used as a control. 5 days after inoculation, lesion formation (A)
and the extent of disease severity (B) was measured. The experiments were independently
repeated three times. A total of 15 rice plants per experiment were examined. Bars represent
+ SD. Means followed by different letters indicate significant difference (Tukey-Kramer test,
p <0.05).
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H2H 0821 HERDERAWMDA F~DRLEIZ X 54 X\ b BIROFRFMHILE

1. SE ROk
a)BERREE & UM RAE Y

HEE & LTA R0 BIRE RO 0821 WEAZ S 2 &, 5 2 i, la)y Tk~ HIEIC KDY
Wl L7, e e LT A R(H: v e D )EF 4T, H1HL lay TR LIS
EVAEFIHE, ERICHW,
b5 AR DR

R AWOTRITE 3 57, F 28, 1)y TR~ HEIC L VAR L, B A% 100 5
BE L= o0& BERIZHW -,
oA R~DEEFEITIE & IR EORE

FERZIT VB D72 0 >y — L 2 MUCAETE S 7oA (20 fEHR) & Tz, A (20 1)
12 0821 EHED 100 [H5IRAE L 725588 AR A ATALER U7, xR X & L C PS IiRIAE 2 V=,
ATALEE 24 BRI, A RV BIRE O a7 R %R (1x10%spores/ml) & 2 ml "EFEHEFE L 7=, ALER
L7oA RITIREE, R T 24 BRI B, Z 0%, 1T AREMECHES Uiz, 86515 AIC,
1 XH7=0 15 EEDE 2 OB T 2RI EZRE L, 45, F1H, lo)y Tk HE
2D RIRE AT LT,

2. FER

A RIT 0821 BRDEEAE A 2 ALFR L T 24 FEEIR IS A R IR @I 2 % L=,
PERE 5 BARICRE 2 0 LR SR, xHIRX & bl LT 0821 HkE DR 2 Ak A i AL L
7oA 2T, JRBEERIIH] S U7 (Fig. 4-2 A), RPRXOFRIFHE L 99.3£1.1% T &H - 7= (Fig.
4-2B), —47.0821 BRDEEEE A UROMLBE X CIE 8NN IT 22.2412.5% T & - 7=(Fig. 4-2 B),
XFHRX & Lhile LT, 0821 BERRDEFHE AIRILER X CIIRWEE A 1/5 LU FITAR T L 7= (Fig. 4-
2A. B),
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Fig. 4-2. Effect of pretreatment with the ethyl acetate extract of culture filtrates of isolate O821 (O821-
CF) or PBS medium (control) on blast lesion formation by Magnaporthe oryzae in rice leaves. Rice leaves
were pretreated with O821-CF or with PSB medium for 24 h, inoculated with a spore suspension of M.
oryzae and maintained in a moist chamber for 24 h at 26°C in the dark. 5 days after inoculation, lesion
formation (A) and the extent of disease severity (B) was measured. The experiments were independently
repeated three times. A total of 15 rice plants per experiment were examined. Bars represent = SD.

Asterisks indicate significant differences compared with the control (#test, p < 0.05).
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FI3E 0821 HRDERAIICL D% =2 U VIREORIFMEHEIZIE
1. MEIROHE
a) LR & OVt RAE Y

PR & L THWEF o 0 UBBEHNE K ORI E X5 3 &, 2 5 8. la)y Tl 5k
IZR D REFE L7z, 0821 BRRIZES 2 %, &5 2 i, 1la) Cib 7o HIEIC L 0 ¥l L7z, HEaly
ELT, Fav UG ki) 2 ERICHWZ, $2 v ) o2 < Abv=y ERZER -
1 B (AARMEEERSANCER L, N—IF 2 T4 MAAREERASAL) TEV, 10-14 A
Hebr L7, 2BEMOFX 27 ) 2 FZERICHW,
b)IEE AR DI

B AWMOTRBIIEE 3 7, F2 i, 1) TR HFIEIC L AR Lz, IRAEFEFERIIT
R AURITFIR(L £5). 2 5. 5SRO 10 f5iRiE L2 b D& Fv o, BT 10 FRiRAE L
TR AW A -, KR E LT, PS HRIEAE 2 Wz, 72, #EErn~ 7774
—(TLOWZ & 2 Jii ' D4y BiEiE 100 15406 L 7= 5538 A& Tz,

OF 2V U ~DEFESE L IR OFE

FERITIT 1B X B2 0 2 RO F =7 U 2w,

RGBTl 0821 EIRD & 1538 AURIZ 1x10°spores/ml D = 7 U & BE R K OVRIEIR B 12
JarE L C, 2 VOH 1 EROFE 2T 20 ul T2 1 FEH72 0 10 AT FERE L
72 WX E LT PSR I Z RO FIE TR L7z, #L7-X 2y VIE=s, HET
224 BFEIER D, D%, H T AETHE Lz, #f 6 HIZIZ, 1 WEX BTV 40 D> FTO
BE o 3 R W &2 O & L . LIA32 Y 7 k  (http://www.agr.nagoya-
u.ac.jp/~shinkan/LIA32/LIAMan.htm) % F N C, 1 JRBEY 72 0 OJRBEHifE 2 i L 7=,

ATALER TIE 10 f58HE L7 0821 BROEF R AR % 1 l{KH 720 2 ml 372, 2 EEDOF =
7 UICHETE LTz, 24 FET% . 1x10%spores/ml D % = &7 U #GBEE & ORI H I &2 = 7
UOFE 1T HEROE 2 HEIZ20 Wl 372, 1DV 10 2FTICH FEEREL7-, xHRXE LTPS
TRARREH A (R OO 55 CHERE L7z, R8I IR LR OV BE I R IR A Bl & [k 72 B2 L0
A LT,

OEE7 v~ 7T 7 4 —(TLC)IZ L B

Choma and Grzelak (2011)? J5{%E% F\WC, TLC L TOMBNEMEZFHA L7z, 0821 kD
B ARG Wak g7 v~ 277 7 4 —H 7 L — K(TLC) (Silica gel 60, Merck KGaA,
Darmstadt, Germany)IZ A4 > h L, R~z BT /L =1 : 1 (v/v) OEFREEEZHWT
JEBE &8 7-, BB, TLC 7' L — M IZ PDA 5139 g/L)\Z i S H-72 5% = v U 48 B 1 i -
ZWEFE LT, [AERIC TLC 7' L — RMZ PSA B5ii(7 = 7 A7 = == —)L 2 mg/100 ml)|Z ki <
B RIEREE T E2EE LT, 7T — NMIBEIC LT T AT v 7 r—ARNITHDT2%, 7
JVIETHEW, 26°C, BEERSMETTREL, Y'L— b LOABRIEHFOAELZ A L,
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2. KR

XU BT, 0821 HIEOREARO X = 7 U BBEE & ORI E IS5 5% %
RGP L ORI AR LA Lz, ZORR, tRIX & L THWE PS #RIAE: HiD
IREHFRTIX, =27 UBEEHE OB EEIT 63.7427.9 mm?> TH - 72023 LT, 0821
RO ARAFEX ORBE X2 1 5, 2 f5. 5 5OV 10 5T 9.3+21.1 mm?,
9.5+22.2mm?2, 0.5+3.1 mm? }2 O 0.0+£0.0 mm? T & - 7=(Fig. 4-3 A), PS {ZIAESHI O FITLERX T
IR BEE RS 151.04294.9 mm? T - 7=(Fig. 4-3 B), —J7. 0821 HEKDEEE A% RiALEE L
72% 27 U OJFRBEEFEIE 66.3£76.3 mm? T o 7= (Fig. 4-3 B), 0821 HkkD 13 AHIFALEEX T
(F. IR & Hele U CRBEE R 3 L ARF L. JWBEEAREAS -0 LU FICisid LTz,

F7o. F 2 U U RIER Tl PS IIARET LD RS HEFE O R BE i fE1 L 86.8+76.6 mm? Tdh > 7=
(Fig. 4-4 A), —J7. 0821 HHRORBRARAIRAHERE LT-F 2 v U OB EEIEZNZh 1
&, 245, 545 ON0 f5 T 45.8467.3 mm?, 5.3+27.5 mm?, 0.0£0.0 mm? } 08 0.0£0.0 mm? T
& > 7= (Fig. 4-4 A), BIALERTIX PS {RIKEF IO AL X DR BE S 1L 145.2£75.7 mm2 Tdh - 7=
DIZXF LT, 0821 HHEDE:HE AWK X OJRBEHEIFE L 113.2442.9 mm? T & - 7= (Fig. 4-4 B),
0821 HIE D AWALERX CTl, xHHRX & il U CRBIEZRAME T L, JRBEEAE 2 L
TNz,

TLC 7L — & HWT, BB ARTPOMEIWE Rt Lz, EBR%, L— R MI¥ay

U RS BEIF B & OVRIER 1 DO N1 2 W85 LT, T ORER, 8538 2 BRIZITF = 7 U BB &
OVRIEIR B & 02 REAE 0.5-0.6 T (242 BRI 2568 ) S 7= (Fig. 4-5),
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Fig. 4-3. Effect of treatment with the ethyl acetate extract of culture filtrates of isolate O821 (0821-CF)

on Corynespora leaf spot lesion formation by Corynespora cassiicola in cucumber leaves. (A)
Cucumber leaves were inoculated with C. cassiicola spore in the presence of O821-CF and kept in a moist
chamber for 24 h at 26°C in the dark. PSB was used as a control. (B) Cucumber leaves were pretreated
with O821-CF or with PSB medium for 24 h, inoculated with the spore suspension of C. cassiicola and
kept in a moist chamber for 24 h at 26°C in the dark. 6 days after inoculation, lesion area was assessed.
The experiments were independently repeated three times. A total of 40 lesions per experiment were
examined. Bars represent = SD. Asterisk and letters indicate significant differences compared with the
control (z-test, p < 0.05). Means followed by different letters indicate significant difference (Tukey-
Kramer test, p < 0.05).
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Fig. 4-4. Effect of pretreatment with the ethyl acetate extract of culture filtrates of isolate 0821 (O821-

Lesion area

CF) on anthracnose lesion formation by Colletotrichum orbiculare in cucumber leaves. (A) Cucumber
leaves were inoculated with C. orbiculare spore in the presence of O821-CF and kept in a moist chamber
for 24 h at 26°C in the dark. PSB was used as a control. (B) Cucumber leaves were pretreated with O821-
CF or with PSB medium for 24 h, inoculated with the spore suspension of C. orbiculare and kept in a
moist chamber for 24 h at 26°C in the dark. 6 days after inoculation, lesion area was assessed. The
experiments were independently repeated three times. A total of 40 lesions per experiment were examined.
Bars represent + SD. Asterisk and letters indicate significant differences compared with the control (#-test,

p < 0.05). Means followed by different letters indicate significant difference (Tukey-Kramer test, p <
0.05).
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Colletotrichum orbiculare Corynespora cassiicola

Fig. 4-5. Thin layer chromatography (TLC) bioautography of the ethyl acetate extract of culture filtrates of
isolate O821 (0O821-CF). The O821-CF was spotted onto a TLC plate. After development, the TLC plate
was sprayed with a concentrated spore suspension of Colletotrichum orbiculare (left) and Corynespora
cassiicola (right) in presence of potato sucrose agar medium or potato dextrose agar medium. Inoculated

plate was kept in a moist chamber at 26°C for 2 days.
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B4t BE

0821 HHRDEEE A & A RV D BIREFE O & DIRAHREZ A R To T2, EORER,
0821 WIRDIEHE AHRITA Rk LT, Mimttz =3 2 & < BB Z #iil L 72,
ZHVE T Biscogniauxia JEE S Biscopyran, phenylacetic acid, 5-methylmellein &% O} 6-
methoxymellein D K 9 22 MM EE R A EFET D Z & M3 S 41TV 5 (Evidente et al. 2005 ;
memdamnobﬁb KREROEEE AR PIIEA R8st 2~ T X 5 2B &
FESNhoTz, ZOFEEINDL, 0821 HROE#EAETICITZNE TALN TV AN
PEZTRT X O B L IX R D2WERA 20D BIRE O D > TW D AlREtEZ R L
72, 0821 R DEEE AT L DA FTOA R BIRORIFITIREERIFANCINH S, 5 6%

BHELL E DR AR OMFX TIIIRBE TR SR o7z, 2D LiX, 0821 HikED
P%%M¢@%Ei4%%i?%ﬁﬁﬁ%%ﬁ%é EER LTz,

F7z. 0821 HEEDKTE AIRDA R ~ORILIITI T 50 b BIF OFIFIHN DUV T A
L7z, & DRER, %%6W®mkﬁﬁ%r%%&iMﬁénto_@#%ﬂaowlnﬁ@
BB AP OMBIWE LA RMELETHLETH Y, 24 B THIERMFEL, A X0 D BIREH
DREGLZ I L= et 2 s Ui, — 05, FEIRIRME Pyricularia grisea |34 R\ b IR DJGL
AL, A 20D BIFE IS DM 27559 5 2 L 23 54TV D (Filippi etal. 2014),
0821 HREDEEEE AN A b BIREE T D IRFUIE L FHE T D Atk b b D72, IRE
TIHEZEDFIZOWTHFE LT,

S HIZ, 0821 HRRDOKTEE AR A FVNTH = v U A8 B & OVRIE B & DOIR-AHERE KL O
AR AT o T2, E ORGSR, IREHEREZ T T < AT TH 0821 HKDEGE A
2RV % =20 VBB & BRIEN O BETERC N IR B A el S, 85 3 &, 8 5 HiT
X, 0821 HHKDEEFE AU = U U ABBERT I M ONRIAIN B O -6 3 2 il U 72, ABFZE
2L, 0821 HHRORERAIRIZATA KA T A LT, F=2v ) ETHiimtts
RYZE L HEIRBE R I TTE D 2 E N LMo T, ARIORAHEREIZBWT
X, R FEOMENZ LY | JREEEAA IR S B2 b5, L, 0821 EikDOE:
BTAHRERLEL, 24 FEtL, = v VBRI R ORI ER T2 B Lo %2 v U 2
ECiE, WE E IO IED R T X 7=, Shimizu et al. 2013 X Penicillium simplicissimum
GP17-2 DR AWKNF = 7 U ICRIAIF B 5T DI A 38T 2 2 & 28 L7z, 0821
BEROR R AR ABLEE L= X 2 v U TS ARSI T ICEER R 529, T8
LD BPEZER T 2 303 = 7 VI 2358 T 5 e B 2 biv,

K%%Ti’mcifo&l.%@?%%%%@%b X2 U U ABBER B M O I i &

T RfH 0.5-0.6 fHTICAEBHIEE DS S 47z, 20 Z &3 2 v U BB B & OVRIA
l%%ﬂﬁé% IRE—OWMETHDH LW RBI N, ZRHORERNG, 4 X0 H BHIR
72T TlE7e <, 0821 WROEGFE AR HIZ ¥ = v U OEELLRE T H 2185 & ORI
DIRBEI AL b IHIT 2 WENFET D2 EnBE 2 b,
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FBSE 0821 BROBERABDA F~DEGTHEFHE

TP R O 580~ & Bl S VT UE O ZRARETE DS IR IME 23553 5 2 & ViR
H IS (Hossain et al. 2007; Kojima et al. 2013; Shimizu et al. 2013; Spence et al. 2014), Hif
BT, 0821 EHRDEHE AL 2 BILEL L7 A R TA R b BIR OB A I S iz,
% ZT.0821 RO EFEE SR A RG22 7585 22OV TIA Lz, TR E T,
WER K FE DR F WP ERE I W TEE R 7T A THL Z EhRESNTND
(Chamnongpol etal. 1998), F£7=. VU F/LEEOEEN R FERGIMEFERIE > 7 F 1 &5 2
LIZOWVWTHHA BTV (Kessmann et al. 1994; Sticher et al. 1997), %= Z T, 0821 EED
BERAIRICE D4 20 S BIROIMGIEREZ B 52T 572012, bk FEAERK, U FL
1 D 8 K QY E RIS S RE B R T DR BU OV TIRA L 72,

BI1E A R~OREARLIIC L 5 BBLAROAER
1. MEIROFHE
) AED

A (EfE: a2 e DEFERICHWZ, A EE 43, 1HL la) TR FIEICK
AT S THERICHW,
b)BEE AR DIRB K O A FEE~DILFRE

BB AWRILE 3 &, 5 2 i, 1b) TR FIEIC K VR L7c, K58 AT 100 [FIRMEIR
Z EERIZ T2,

ARFT Y=L DOREZEWT LRV E S ITHRERY , BoEF v F o= =2
27T AF w7 r— A TEIET O~z BRL T L7258 Al A 1 324720 3-5 2
Spl T2 HICH T Lz, X & LT PS iR bl Ui-ik 4 v -, B,

A L 26°CT 12 WM OCEHNOREF U7z, B 12, 24 JOF 48 FFfE# I IEER (LK FE D4
Jifc % A L7z,
C)iE R KR DAL SRR H

Thordal-Christense et al. (1997) O 51k % T A AR OIS ER{L 7K 38 D A2 R % LA L 521
\ZFHA L7z, 3.,3'-diaminobenzidine (DAB, Mo, USA;# D-8001, Sigma)% HC1 C pH 3.8 (2%
L 7= R BEKICIAfR S E 7=, 2 mg/ml OFEED DAB B2 L, Z D DAB IAIKICARE K
(PH38)MZ CTAIR L. 1 mg/ml DFLED DAB IR A FHHL Li-, £, @ AKEEETS
%5 50mM 7 AV E U EE S AT D DAB IR BIRE L, FEERICH W, LB x3EIT R
FLO DAB RN T AV B U EEE AT D DAB IAIRIC 8 REFIRIE S W72, RiEk. Th
ZWDABBEIREREL, =& ) — NV EMx TEEITolz, Bk, BERISOH 8%
L7,
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2. KR

0821 HFRDOBEFE AUE(100 £5) 2 WUEE L C, 12, 24 JON 48 FEf#4 OBk HE DL %
DABIEIC L VA L7z, ZORER, XX E LTHU = PS IIRE: H(100 £5)LBED A R 3E
TIRAEL 12 BRI G 48 W[ & Tl bk O AR & R T B O SUS I3 BLEE 72 1> o 7= (Fig.
5-1), —J7. 0821 HHRDKEHE AWK % MUER L 7o A RIE TITALER 12 K[ 2> BB D DAB i
DB S, Rk & T @D ST < 72 o 72 (Fig. 5-1), 7 AV E VA5 H LTz
X TlE, W b EDORIS b B S 720 - 72(Fig. 5-1),
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Fig. 5-1. Histochemical detection of H>O, generation using 3,3'-diaminobenzidine (DAB) in rice
leaves treated with the ethyl acetate extract of culture filtrates of isolate 0821 (O821-CF) or PSB
medium (control). Rice leaves were pretreated with O821-CF or PSB medium and maintained at
room temperature for 12, 24 or 48 h. Treated rice leaves were immersed in DAB solution in the

presence or absence of ascorbic acid (AA) for 8§ h.



B2E AR~ DERARLEICL D PBZI BIE T DFBL
1. #RRO T
a)BEEAEY)

A% (fE: ave B NEERICHNZ, A RIFE4E, F1H, lay TR HECE
VAR SETERICAV,

b)353& S DB O A RIE~DILEIE

BB AWITE 3 B, H 26, 1b) TR AL VPR L7, 5538 AT 100 fERAEIR
ZEBRITHNT, A R~ORFTH 5 &, 5 1Hi, 1) TR HEIC I vITo T,

o)A RDIEEN D Total RNA DHIH K OF cDNA & HK

Total RNA Extraction Kit (RBC Bioscience) % Fi\ T, Total RNA Z i L7z, LB L 74 %
DEF2HELLIMW L, HONITHSRIC AL, IRIREFRLMZ T, Wikl

PRB /N 7 7 —(500 pul) & B-mercaptoethanol (5 pl)ZiBA L., M L7244 REEZMZ T, 5
SFEIRNT v 7 2 Uiz, 74 NE—H T W L, 15400xg T2 45iED L, L&k
L, ¥4 70 Fa—TIZMAT, FooEO=Y ) —LvE iz, &L, ZDiK%Z RB 7
T LT L, 20,600xg T2 plEL Lz, ZA4VE—I T hEH LV~ 70T 2—7 |2
Ty hLT

/N7 7 —RDD (70 pl)& DNase (10 u)2MEA LT2iKE 1T LD 7 4 V2 —|ZAE LT,
#126°C, 30 fH=EN - R T THHE L. DNA 250 ¥,

DNA % /3f 7%, R-W1 (400 pul)Z RB 5 7 AITHIZ, 20,600xg T 1 2y L7z,
A ENTBEREREL . RBA T L& aL s v arFa—TICR LTz, R-Wash Ny 7 7 —
(600 uh)Z ANz, 20,600xg T 1 77l Lz, AlINIcBERZRE L, FHE 20,600xg T 3
Sy L,

RBA T L& LW~ A 70T 2—7I2 L, RNase free water (30 u)Z %, 3 47 flEfE
L7z, 20,600xg T 1 47 L, RNA ZR5H L7-,

Y L7z RNA 2 W T, USHE {dNTP Mixture (10 mM) (1 pl), Random 6 mers (20 pM)
(1 ul), fliHi L72 RNA & RNase free water (8 ul)} i L7-, HEFOT 2 —7 2 —< 1
YA 77—y hL, 65CTS55, 4COT 0T T ATEMN - T=—V VT EIToT,

B« 7 =— U OGN (10 ul), 5xPrimeScript Buffer (4 pul) . RNase Inhibitor (40 U/ul)
(0.5 ul). PrimeScript RTase (0.5 ul)}% Of RNase free water (5 u) & iE& L72, F2—7 &% —~
NYA T2y L, 42°CT 304, 95CT 540, 4COT 1T A CTHIRGRIGETT
UM, cDNA Z& kLT,

d)J 7 V%A 5 PCR

PBZI (5-GGTGTGGGAAGCACATACAA-3' and 5'-GTCTCCGTCGAGTGTGACTTG-3")D 7
FA~—%HNT, UTI/VHA L PCR %177, Master Mix 2x conc (10 pl), H,O, PCR Grade
(3 ul). PBZI Primer forward (1 ul), PBZI Primerreverse (1 pl), > 7"/ cDNA ¥i% (5 ul) (Total
RNA : 10 ng/5 pl)% &4 L. LightCycler Nano. (Roche)Z WV C., U 7 /L% A & PCR %175
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776

2. FER

0821 FEIEDEGH AIK(100 fi5) % A REEZALEE L, 12, 24 KOV 48 FEf% O A FEETORE
EHMFH SRR+ CTh D PBZI B TORBEL Y 7 V4 A A PCRIZEVFE LT,
ZOFER, 0821 HkkZWHR L= A RHE TP PBZI BEin T DORBEEITMIX & il LT, &
PR 12 BRI 550 7 BHSEIIN L 72 (Fig. 5-2), 24 BERIALERX TIIR X & el LT, 25 {5128
L. 48 FFfIZ7e D LK 8 fFDHEIN & 72 > 1= (Fig. 5-2),
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Fig. 5-2. Quantitative RT-PCR analysis of the PBZ] transcripts in rice leaves treated with the ethyl
acetate extract of culture filtrates of isolate O821 or PSB medium (control). Rice leaves were
treated with O821-CF or with PSB medium. RNA samples were extracted from rice leaves treated
for 12, 24 or 48 h. The experiments were independently repeated three times. Asterisks indicate

significant differences compared with the control (ztest, p< 0.05).
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BIH A R ~DOERARLIIZL 5V ) FABROER
1. MEIROHE
a)HESAEY

A% (fE: ave B NEERICHNZ, A RIFE4E, F1H, lay TR HECE
0AEFR S ETERBRICHW,
b)iEEE AR DFRB K O A FREE~DILFEE

B AL 3 8, 28, 1) THRARZFIEC I VR L7z, A R~OWNBLEE 5 =,
F1EL 1) TR FEIC LV T T,
oYY FABROEEEDHE

RO FETEEFR AR Z LR LT, 24 Bl DA R EEZ ERBRITH W=,

LER U724 R(0.3g) &0 ELYD . BHCCHSRIC AL, IR EREIMZ T, WLz, i
WeLToA 2% 90% A & 7 —/LQ2mIZ AIVT ARAT v 7 A% 13100 xg T 5 4rfilio L7z,
FIEEBEIN LT, KIZ90%AZ —(Im)E Mz T, @I EiFEEIN Lz, B LT
FEAREASL, B—X ) —T K L— X — CHE S 7,

HZ[E . 5% Trichloacetic acid (TCA) (1 m)Z Mz, KT v 7 AL, fiig#EEE=T L -
vomR Ry -7k —)=50:50: D& Iml Nz T, HFORLT v 7 2%,
i U7z 2 [EfHH 2470 EEORIRAZEIN L, v —& U —x R b— % —Clz[i S E 7z,
300 pul D 20% A 4 /) —EZMZ T, 7 4/ —(02 um)Z @i S, VU FOLBRORITEE
K7 v~ k77 7 (Prominence UFLC LC- 20 AD Shimadzu, Kyoto, Japan) T 40% A % / —
J0.1% Y R & BENE & L CHWT, 295nm TRE S, 400 nm OFEEHRET 5 2 &
\Z L D MIE L7-(Raskin et al. 1989), U F/EEIL 1 g FEEEHZV OEZFH LT,

2. MR

0821 RO AHE(100 )2 LFE L, 24 B0V U FAMOERHELZHE LT, ©
DFER, RBXTH 2 PS IRIEEHIZ L L 7= A FEETOY U FILEEO R 121.5+44.0 ng/g
YT T dh o = (Table 5-1), —J7. 0821 HEEDEERE AR DUFLIX TlIA RETOY U F L
D EE 107.7827.4ng/g AIERE TH VD . RPRX L G LT, 0821 FHEE DL AR DMLELX|Z
KUY Y FOUBEOEREEITHIIN L 72 - 7=(Table 5-1),
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Table 5-1. Total salicylic acid levels in leaves treated with the ethyl acetate extract

of culture filtrates of isolate 0821

Treatment Salicylic acid (ng/g fresh weight)
PSB (Control) 121.5+44.0
O821-CF 107.7£27.4
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WA A X~DOHF T —EONENEERABOEMICE X B

1. MEIR O

a) LA K OMEERAEY

HEE & LTA R0 BIRE RO 0821 WfkZ S 2 &, 5 2 i, la)y Tk~ HIEIC KDY
Wl L7, e e LT A R(H: v e D )EF 4T, H1HL lay TR LIS
X VAF S TERICHN,
b)iEEE AR DB

BB AMROMBILEE 3 &, FH2Hi, 1b) TR HFIEIC K VTR Uiz, 555E AL 100 %
AR 2 FEBRIZ AWV e,
oA R~DEEFEITIE & IR EORE

FEBRITIT 1 BRI 72 D) 2 — L 2 80 TR AT S /T A & V72, 100 56 L
7= 0821 HRKDEGHE AR A1 % 7 —F (1300 unit/ml) (Wako Pure Chemical Industries, Ltd) % s
ML, ABF S VA RITHMLEE L7z, EE 24 FERZICA 20 S BIFRE O a7 58T
(1x10°spores/ml) % 20 fE{AD A RIZ 2 ml AR L7, BEfdite, MR, BER T 24 Rffe
b, FO%, HIARTHRE L, 22 ha— & LTIEPS kAL S FHH L7 100 2
BRI 2 A=, B S HARIS, 1 KB 0 15 ERDOEE 2 O BIT D RIRIL 2 HA L,
WA, F1HEL 1 o) TR FEIC K VBRI Z A L7,

2. MR

0821 HIKDEEHE AR OIMHIFEREIZ SOV TIRET 272012, # ¥ 7—EEWI LT 0821
PR DEEFE AR 2 A B LTz, 24 BFEIIRIC, A RS BRI O 2% B L, 595
FEOPREEIT -T2, TOFMER, SHHX & LTHW PS IR 12> 5% L 7= 100 (5451
DIBEX & ZUCH Z T —BZ2 M UK T, BIEEITENZ I 98.9£1.9% K T
98.9£1.0% Cd - 7=(Fig. 5-3 B), —J7. 0821 HHED 100 {f5HE L 7= 5558 A DO MPEX Tl
BRI 15.511.1% TH - 7= (Fig. 5-3B), LML, ¥ T —PZIFM L7- 0821 HkkDks#%
AR DIERX CIL, FE 1T 66.7+13.0% & 72 D 0821 HIRDEGHE AR DA DX L bz LT,
B ME % R L7=(Fig. 5-3 A, B),
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Fig. 5-3. Effect of treatment of catalase to inhibitory activity of the ethyl acetate extract of
culture filtrates of isolate 0821 (O821-CF) on blast lesion formation by Magnaporthe oryzae
in rice leaves. Rice leaves were treated with O821-CF in the presence or absence of catalase
(1300 unit/ml). After 24 h, rice leaves were inoculated with spore suspension of M. oryzae
and maintained in a moist chamber for 24 h at 26°C in the dark. 5 days after inoculation,
lesion formation (A) and the extent of disease severity (B) was measured. The experiments
were independently repeated three times. A total of 15 rice plants per experiment were
examined. Bars represent = SD. Means followed by different letters indicate significant

difference (Tukey-Kramer test, p < 0.05).
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BSE BE

T ISR D B H &2 5F 5 12O DR x 723 7V F AR BN LTZB A B = X b %
Ff o T % (Tomiyama 1963), @BER{L/KFEN S 7 F 05+ & L RIS B2 5] 2 F 7=
LTWDZ 2T <<HBILTUD(Jabs 1999 ; Levine etal. 1994 ; Thordal-Christense et al. 1997 ;
Chamnongpol etal. 1998), AMFFETIL, A FFIZ 0821 HIKDEGEE AHK(100 {EHM) 2 LB L
T.o12, 24 KON 48 Wit OB /K FE O A DABIEIZ K VA L7z, ZORER, B
AR ZALER L 7= A FHETIIE OO DAB GBS BE S, 202 LIk, B3 ATRILERIC &
0 A FEITEIRILKENERSND Z & 2R Lz, @b /KSE O LR IT ML C O BUH
JEZFHEET HZ LML TWD, — 7, FEDTERETH DA 20 S BIFEI MR
AT B72D121E, —EHRHEMIaN E X TWDREMNRS S, 14 T —ERN b /kFEDIH
ERITHLZ EnMbN TN D, AEIOFEFRTIL, 0821 KO EAKE 14 T —E DM
RELERIZ LD A RS BIFOMBIZNRIE T L7z, 2D Z &2 6% 0821 ERRDEEHE AR
X 1 SOERE L GREBEKFEDOAERZIE L, MIIEICZL D A 20 S BIREOMIE~DR
ANZEMHILTWD EEZ BT,

FTo. AR 0821 WRDEEE AR AR L, 12, 24 KU 48 WE[#1% D PBZI Bin+ D3
BEaA L, ZORE, 0821 HRDEEE AT LD A REETD PBZI Binf D%
BB Uz, PBZI B TI1X Y RF L7 —8, $FF—ER EOREHEICESE L TR
0., B IIMEZTEE L ST T 4 X0 BRICHT A2 FET L Z RN mbhn
TW5, 0821 HIEDRGFE AR & UEL L 7= A % T b AIBRIC &S 72 BT 23 B 5 U7 4Ktk
NFE SN D ATRetE %2~k L=, Kim et al. (2011) [X PBZ1 ¥ > /37 EF ORI Z A F TIEH
JAZERFFESIND Z 2wt Lic, £, A SHIBIZIEBFINERIE Acidovorax avenae %
95 Z Lk > CREIMEKFEOAER E I PAL,  Cht-1 } O PBZI &f51 O3B &34
T 5 2 LA STV D (Tanaka et al. 2003), A XS BIFEIZ A T TIIAEFETDH
DO, JEGEEL D LT 0IZIEE B & O — B ARG ALE TH D T LAVRER
TU 5 (Koga 1994; Suzuki 1965), ZALH DFERD G, 0821 HIEDE:HE AR A ALBE L 7= A X
TiE, WERL/KE DN ER S A, IBBUSGHIISEDFEEIZ L0 | FAEBRD AN & 7o 2720
T72< . PBZI 72 E DA R OIRERPIMEREFORELDEM L, A RS BIRE DR AZ
filcxbEBLHNT,

B U FERIL Y v A X F X FIZEBVT Pseudomonas syringae pv. tomato N Peronospora
parasitica \ZRT DHPIERF = 7 VIZB W TIRILIFICR T2 25 R PE 2 HET 5
ZERMLENTWS, ZRETIZ, 7TV =L R OF VT =LA RITA X0 S BIFE
X9 DRPIME 25895 2 & VI B AL TV S (Iwata 2001 5 Yasuda et al. 2004), 7' 123>/
—UiE, 2 DDORRHEHZE L CORERFIELZFET 5 2 LIS L, 1 DI3EEO
RS EER T ORBAZFHFET HEH, 9 1 237 e XY — b A L T4 Uk BIT
\Z & D 1ER T& % (Midoh and Iwata 1997), 71 XF>/ — )L OALEE T, @MLK ENFHE X
. U FABOEREER L, VU F AR L ay KRGS, PBZI a1 O3B EN
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L, \EPESHEE IS, L, 0821 BEDOEEAROWMIZ L ) A 3R TOY
U FOBEOEMNED e nolz, 20O &1 0821 BkOEEAHRIC L 5 A F TOHHL
PEFEIZIE Y U FAEBBBEBR L TWRNWZ E 2R LT, ZRETIZ, FUT7 =/VOMBETIL,
U FNEEE I STRWVRPIMERNFE SN D 2 L REHE STV D (Yasuda et al. 2006), 0821
WE DB AL T VT =V R U FABO FRICER L, A RITEPEZFHE L
TWHAREME S & 2 D VT, PIHEF SRR 2 0 5 22T 572D, o HRHTIER R 1
WZOWTHHET L2MERNH D,
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FOFE 0821 EHRDIERAITAER S D HHIME DB OFE

ATEE I, 0821 EREDKEGFE AR A XS BIFEE ORYTEICR L L CORRAET 24
22 2L LIz, £i2, A 3D 0821 HIEDORE AR DOBTERIZ XD A 2
IR ORBE R IH] S vz, S 51T, 0821 WEDREE A TIZA RV b HIF B 2 13-
LWENPEAE L, T OWEDPEIRT T /WA T, VZERME ThH Z L 2 BN L,
ARFETIE, 0821 HEIE DB AWK AEPE S LD W O 3l B DR EIZ DN TR 5,

B1H 0821 EHRDHEER AIRITAR S 5 ENHIE O 5
1. MEIROFHE
a) PR R UER AR DOFR R

MR & LCA RS B, 0821 BEFRIZER 2 B, 5 2 fi, 1a) TR~ 7= HIEIC K 0 #Efig
L7,

0821 HEkk % PS RS HI(500 m)BSA->7- 1 L =7 F A3|2 7 mm 2V 7 R—T7 —TH
HEa D&, 25 i LT, B, 14 B, 130 [Bl65/5 CHRGR & L, IR R%,
B % 7 1 /v 4 —(No. 101 Advantec Toyo, Tokyo, Japan ) CAils L, E5E AR Z AR L 7=,
b T AT a~w NI T T 4 —IZ X DEEEARD B

W7 v~ 77 7 0 —(10x45%3 cm) T KT U J1 47 L(Silica Gel, ODS-Q3; Wako
Pure Chemical, Osaka, Japan)% 10cm Bl L TE X, 2O LE2 T T AT — /L TE-T-, &S
K400 mY &AMz, >V AT WMTRAE SETZRIT, 80% A &/ —/LEEHR(100 ml) &2 VT, %
H L7, Bit4L OREERAWRE AWz, TEHIRIT= AR L —2 —% T, 45CTE- KD
I T2 D F CWIE T CRME L7z, 40ml D A X — VI HHKIEIRICTREL L . Bt —F L% H
WCHAM L7z, A& O T V202 CTolidhlit L7z, 2 OfHE/EZ 3 B0 K L7,
54 5T W = TV AT RERIC AR KGR 45 m) &2z, BT F 2 az N T, =R L —
H—\Z X0 JUE T CHRME LT, BERR =T L2 BRE L7 KIAIRA0 ml) 2 FH8L U | 55458 A IREFR
TF U & L CERBRIZH W=,

OFBEIRIE I n~ N T T 4 —IC K BEERAKRDITHE

Bede AR =T VRl & 0.22 pm 7 « /L% —(RephiLe Bioscience, Boston, USA) T A1
L& igis 7 v~ k75 7 4 —(HPLC: H 7R > 7 L-6000 % HPLC 77 F A Fe H#5] Wakosil-
I15C18 AR column size 4.6/250 mm, BEE : 80% A ¥ / —/ L Jiik : 1 ml/min, MHFEE :
204 nm)Z VT, 0821 R DREEE AR OIS E D438 21T - 72, HPLC DL D
E—7 &R L, =KL — & — 2L 0T R TR L, EBRICHW,

YRR ERBR

H2E, H 2. Ib) RO HFIEIC LY . HPLC THBfE L7 RT4.26 110 & — 7 ik
B0 20 BIFEOK TR FRBRE1T - 72,

Fro. HA4E, FHIHL 1) AEROFIEEZ W T, TLC ETomfiiEtzMa Lz, &
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SRl SOpl g 7 v~ 7 7 4 —H 7 L— b TLC (Silica gel 60, Merck KGaA, Darmstadt,
Germany)IZ AR > b L, MLz FfiE=F L =1:1(v/v) OEREEZHWTER S,
JEBRfL. TLC 7' L — MZPSA BiH(Z7 BT A7 = =2—)L 2 mg/100 mI)|Z k) S H 724 10
HOREOTE2EE L, 7L— MIBRIZ LT T RATF v 7 r—ARNITHD Tk, TV
JETHEY, 26C, BESKMETCHEEL, 7L— b EOAFHILTOFREZTHE L,

2. fER

BTy va~ 777 4—KONHPLC & AW T, 0821 HEKDEFE ATRICIFE L TW D40
HIME DO NEEIT -T2, ZOFER, HPLC (21X 2 DO K E 28— 7 S &, RT 4.26 f+F
DB =712 320G BIRE O FIRFLIHIT 2 2 &R S22, RT 4.26 fir D
v— 7 ZEI L, ERICHWZ, SRIOEBRICIT 0821 EkkDOE; & A IKEEE = F /U iR &
O HPLC CorBE L. B L7- RT4.26 fHEOE— 27 ZHWT, FEICA R0 BIRE
DIATFEIE R O AR G- 2 DB E A L=, ZORER., 0821 EikDOE: & A IKEEE
TF U & OVRT 4.26 fHE O B — 2 TidA 10O S BIFE OFa 75 3 M O B g O 4
HIRN R HERR S AL7e, HRRIX E U THIWW 2 2R AL B IX TN - J8 23R e O B A TP AR
IXENZEH. 100£0.0% KON 99.9+0.5% T 7= (Fig. 6-1A, B), —J7, 0821 EikDOH;ZE A
TRHERE = F LRI & RT4.26 fHE 0 B — 7 Tid, K133 O S SE I 52 2] &
7= (Fig. 6-1A, B),

T, ENEhOMK SO g7 o~ N7 T T ¢ — RS, BRE%, S L— b
A XS BREON T 2EHET 5 & 7 BHEIZ REH 0.5-0.6 (TIZAEBRIEFESES b
7= (Fig. 6-2),
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Fig. 6-1. Effect of the high-performance liquid chromatography peak (RT 4.26 peak) from O821-CF
on infection behavior of Magnaporthe oryzae. Spores of M. oryzae were suspended in RT 4.26 peak
and dropped on glass slides. Distilled water (DW) was used as a control. After 24 h of incubation in a
moist chamber, the spore germination (A) and appressorium formation (B) were observed by light
microscopy. The rates of spore germination and appressorium formation per germinating spore were
calculated. Experiments were repeated three times and a total of 300 spores per experiment were
examined. Bars represent + SD. Means followed by different letters are significantly different using

the Tukey-Kramer test (p < 0.05).
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Fig. 6-2. Thin layer chromatography (TLC) bioautography of the ethyl acetate extract of culture filtrates of
isolate 0821 (O821-CF) and the high-performance liquid chromatography peak (RT 4.26 peak). The O821-
CF and RT 4.26 peak were spotted onto a TLC plate. After development, the TLC plate was sprayed with
a concentrated spore suspension of Magnaporthe oryzae in the presence of potato sucrose agar medium.

Inoculated plate was kept in a moist chamber at 26°C for 7 days.
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28T 0821 EHRDEERARITAER S D IHIME DRE
1. HEROGE

EEH L LA 20D BIFRE RO 0821 WA 2 3, 55 2 fi, la)y Tk 7= HikIZ LY
el L7,

0821 HWHEDEEE AWM OINHIME TS 6 =, 55 1 i, 1 TR HEIC L0 HEE L7z,
0821 HEkk DB AR — F VI T 2 HPLC (2 & 0 438 L. HERE - B3 L 7-, NMR 2EE
(Agilent Unity INOVA700 K O} 500)% FV > C "THNMR, “CNMR Z & LT, &M 217 -
7. F72. GC/MS/MS HTIC & 273 FBEORIE & FT-IR IZ L Dt $17 - 72,

2. fER

HPLC TOBEAAT > 725 F. RT 4.26 (LD E— 27124 R0 BIFE O 17383 K OV
Eon TR I D W E N FAE L Qe £ 2 C, HPLC Z AW T8t L 7= RT 4.26 T
U — Z AL 2 WE & B BTG R ARG 40 6 iE . (NMR) M OV B/ AT I5(GC/MS/MS) I
L VAT L, fERICEES W TSI 21T o 12, Z OFE R, REHR OKBE N HETE,
HH COSY HSQC HMBC, INADEQUATE —RJCAXY FAUITIZ LD . ZRENDITLHED
DIRMMY MM LEMNI 5T, 72, GC/MSMS IZ LV 4318248 TH Y, FT-IR I LV /KEE
End D Z ERBH LN o7, RERIZARYE )3 (3aS,4aR,8aS,9aR)-3a-hydroxy-8a-methyl-
3,5-dimethylenedecahydronaphtho[2,3-b]furan-2(3H)-one TH Y | /315 248 OWETHHZ &
DB BT 72 572 (Fig. 6-3),

63



H2C—CH2

/N

H,C C=——=CH,

HsC

T

H,C CH,
N/

H e C —— C —=m OH
[\
O\ /C§CH2

C
I
0

Fig. 6-3. The structure of inhibitory compound from culture filtrate of isolate O821.
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FEIH 0821 BHRDERAKICERINIMBEIMEIZ L 514 30 E BIFEDOBRGATEI O
g lBAIE S
1. MEROHE

B & L TA R0 S B RO 0821 HRRIZE 2 B, 55 2 fi, 1la) TR~ 7= FIEIZ LY
Yefig L CHV=,

0821 HWFRDREHE AU & Bl - KR S N7 MfIWE 1T KT 1, 2, 5. 10, 50, 100 &
U200 ppm (ZFHBL L 7=, B2 3, H2Hi. 1b) & [FRRDOTETA 20 h B E O 138 3R
BRA1T o7,

2. RER

0821 EIRDRGHE AU H & Bl - R S 7= i E % 1-200 ppm (IZHHR L T, 4 300D
HIR B ORI TEN 2 A L 7o, 2 ORGSR, 288K & I 7o BRIX O fla 138 2R 38 [ O 75 2R
BN ZINZEI 99.9 £ 0.5% KT 99.8 +0.6% T > 7= (Fig. 6-4 A, B), —J. 1 XT'2 ppm
SLBRIX CIIAa TR RN EN T T1.2+£35.8% K R20.2+27.4% T - 7=(Fig. 6-4 A), 7=,
FAEMIEERIL, £ 709 £35.8% KN 18.2 +27.5% T - 7-(Fig. 6-4 B), L/L. 5
ppm PLETIEA RS BIREE O 738 R O A S ACRILE L < #ifl &4, 2 ToL
FIXT0%& 720, A 2GS BIFEE O & OB TEINH 2558 6 6 4172 (Fig. 6-4 A, B),
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Fig. 6-4. Effect of 0821 inhibitory compound on infection behavior of Magnaporthe oryzae. Spores
of M. oryzae were suspended in O821 inhibitory compound and dropped on glass slides. Distilled
water (DW) was used as a control. After 24 h of incubation in a moist chamber, the spore germination
(A) and appressorium formation (B) were observed by light microscopy. The rates of spore
germination and appressorium formation per germinating spore were calculated. Experiments were
repeated three times and a total of 300 spores per experiment were examined. Bars represent = SD.

Means followed by different letters are significantly different using the Tukey-Kramer test (p < 0.05).
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WA 0821 BHRDEER AW DAY S NI-MHMEIZ L B4 R TOA RS BIEDFRF
BN EIEES
1. MER O
a) LA K OMERAEY

HERE & L THW A R0 BIFE &L 0821 BRKITES 2 32, 45 2 fi. lay T 7= 5k
RV HEfE L7, M E L CA R . v e B DB ERICHW., 4 R E5EH 4 3=,
B 1E, 1a) TR IR L0 H i L=,
b)0821 MR DKFER AR A b Bl - R S h -1 E OFRR

0821 FIRDEEHE AU O B - KR S - Mk E I8 6 3, 4 3 81, 1 THlR~7= 5k
IZE DR L 72,
o)A R~DEREITIE L FHIREORE

A FDOEEFEITVE L RIFEOREITES 4 B, B 1 Hi TR HFEC I EREITo 72,
FRITIT 1 WX HT2 0 > v — L 2 B0 BT SH 7oA & o, 1x10%spores/ml
DA NS BIRE D% 0821 HIRDEEFE AR )~ b HEfE - MR SN 7= MHImE S KO 10
ppm) I AR LT, 20 EHARD A RIZ 2ml MR L7z, X & U CTARBKIZA R0 D
JRE 2R L C, [AERO FIEIC L VEEEM Lo, WH LA R3mE, R TIC 24
REIR D, 2Dk, H7 A TG Ui, #/ 5 B&IZ, 1 Kbz 15 EEROE 2 ok
TR ATE L, F4E, F1EH, o) TR FEICI D BHRELZTHE LT,

2. MR

0821 FHIRDIEEE A6 Bl - I N7ZMHmE & A XV b BIFEOIRSERIZL D
FIFEDOREEIT 70, TOFER, MK E U THWZAREKUEX TIE, A RICBT 5%
LT 98.6 £ 3.4% Td o 7= (Fig. 6-5 B), — 4. 0821 HIKDEFHE Ak H b Hifff - R S 7z
A E OMLPRX TIE, 5 LT 10 ppm THIFEILLNEI 22.2 £9.7% KT 9.7 +10.3% T
& - 7= (Fig. 6-5 B), RFRX & bz LC, 5 ppm ALFLX T HIIEEITHK 1/5 LIS L, 10
ppm ALEE X CIX 1/10 12984 L7 (Fig. 6-5 A, B),
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Fig. 6-5. Effect of treatment with O821 inhibitory compound on blast lesion formation by
Magnaporthe oryzae inrice leaves. Rice leaves were inoculated with O821 inhibitory compound
or with distilled water (DW) mixed with a spore suspension of M. oryzae and maintained in a
moist chamber for 24 h at 26°C in the dark. 5 days after inoculation, lesion formation (A) and
the extent of disease severity (B) was measured. The experiments were independently repeated
three times. A total of 15 rice plants per experiment were examined. Bars represent = SD. Means

followed by different letters are significantly different using the Tukey-Kramer test (p < 0.05).
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ES5HE 0821 BIROEERAN O BES NI MBIME DA F~ORIMBIZE 54 X VDB
IR DREIR NI LR~
1. MEIROHE
a) HER T & UMt AE

HERE & L THW A R0 BIFE &L 0821 BRKITES 2 32, 45 2 fi. lay T 7= 5k
WX DY L7, M E L CA RGWFE - 2o e 1 D)) EFEBRICH W, 1 RITE 4 7,
1. 1) TR~/ FIEIC K 0 i L=,
b)0821 MR DKFER AR A b Bl - R S h -1 E OFRR

0821 HKDEEFR AU D HEE - R I MfilwE XS 6 B, & 3 i, 1 TR~ HE
IZE DR L 72,
O A~DEBFER ORIREORE

A ROFEFEST 15 & FHRE ORI 4 7, 5 2 B TR HIEIC LY EREITo 7,
FEBRITIT 1 EEX 720 20 EROA 2 &2 iz, 100 & O 200 ppm @ 0821 HEIEDE#E A
W & B - R S T I E & 20 EED A RIZ 1 ml BIAEE L7, RIALER 24 REfEI# IS
A G B A RRETE (1< 105spores/ml) & 20 fEARD A FIZ 2 ml MEFERERE L T-, BEFETL.
MR, BERTIC24FEERD, TOBT T AETHRE Lz, S BRIC, 1 K70 158
KOFE 2 EORBTHREFRNEZFEL, F4E, F1H., 1o) TR FHEIC LV RFEZ
AL,

2. MR

0821 HRDREHE AR & HLHE - RS S N7 I E D 24 FERIRIAERIC LD . A 20 b
ROIIREDOREZAT o7, ZORER, MK E U THWE AR KLBX T, 4 R8BI
ZHIFREIL 99.6 £ 0.9% T dh o 7= (Fig. 6-6 B), —J7, 0821 HIEDE & A7) 5 HEfE - /X
NI E OALELX T, 100 }2 O 200 ppm TOFRIFEILLNEI 534+ 1.9% KTN45.8
£2.9%& 720 | RPRRIX & Bl U T WL b IR EE DRI 0 R R I L 72 (Fig. 6-6 A, B),
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Fig. 6-6. Effect of pretreatment with O821 inhibitory compound on blast lesion formation by
Magnaporthe oryzae in rice leaves. Rice leaves were pretreated with O821 inhibitory
compound (100 ppm or 200 ppm) or with distilled water (DW). After 24 h, rice leaves were
inoculated with a spore suspension of M. oryzae and maintained in a moist chamber for 24 h
at 26°C in the dark. 5 days after inoculation, lesion formation (A) and the extent of disease
severity (B) was measured. The experiments were independently repeated three times. A total
of 15 rice plants per experiment were examined. Bars represent £ SD. Means followed by

different letters are significantly different using the Tukey-Kramer test (p < 0.05).
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Hof 0821 BROBERAWI DO SNIZIHIWEIZ X 5 A F TOBBLAKTEDER
1. MEIROFHE
a)HESAEY

ARG 2 e B V) EEBRICH W, 4RI 43, F1HIL 1la) TR HEIZ LY
EH S ETERICHW,

b)0821 EREDREE AW H O Bl - BRI N MFEIHE OFRMK A RE~DINHELE

0821 HKDEEFR AR D HEE - BRI MfwE XS 6 B, & 3 i, 1 TR~ HE
IZE VAR L 72,

ARNFET Y — U DOREZGIW L 2NE S IZHEIRD | BOETZF v F o _R——Z 8
e T T AF 7 — R T ERT Oz, ERETHHR L7 100 f5IRHED 0821 HEik D5
A, 100 ppm K T8 350 ppm (ZFAEL U 72 0821 FERRDEGEE A H & B « KR S 7= 40 4
BEH 2T 1HELT0 S pl 370 3-5 00 F Lo, xPRIX & UTHRBEAKRE iz, st
%, A FIX26°CT 12 B O CTHE UTe, K53% 24 BRI ICRIRIL K SE DA K OF 4
BIT o7,
oEER LK R DR LR
Thordal-Christense et al. (1997)D J5£% HWN T, A Rk OEER LK SE O A Bk & MR L
WA Lo, FEBRIIE S &, 5 18, 1o) TR HFEEZHWT, 17272,

2. MR

0821 HRDE:ZE AHR(100 f5), 100 ppm [ O 350 ppm D 0821 EAK DL Ak /) 5 B -
FERL S - I & UL L CL 24 BRI OB bk FE O LR A DAB EIC L Vi LT,
Z OFER. 0821 HKDOREHE AR ALHE U7 A R EETITIRERLKFE DA E 7R T 18 D DAB
FOGEER ST (Fig. 6-7), — . ®IRX E U THWZZARBKLELD A4 R IEClIdiRb Kk 5E
DA & R T A O RUSITEE S e h- 72 (Fig. 6-7) 100 ppm. 350 ppm K T8 100 {5 ki
L7z 0821 HREDEGE AWH & BB - FEHR S 7= Ik O HLIX ClE RIS B DAB
SOBDBIEE ST (Fig. 6-7), 7 AV E VEEZEH LXK T, WivbBao SO 38l
SNy 7= (Fig. 6-7),
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Fig. 6-7. Histochemical detection of H>O> generation using 3,3'-diaminobenzidine (DAB) in
rice leaves treated with the ethyl acetate extract of culture filtrate of isolate O821 (0O821-CF),
0821 inhibitory compound (100 ppm or 350 ppm) or distilled water (DW). Rice leaves were
treated with O821-CF, O821 inhibitory compound, or DW and maintained at room
temperature for 24 h. Treated rice leaves were immersed in DAB solution in the presence or

absence of ascorbic acid (AA) for 8 h.
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WTEH 0821 BROBER AW LS NI-MEIME L 5 A FTD PBZI B FDHEH
1. MEIROHE
a)HESAEY

A (TR 2 e DEERICHWZ, A RITE4FE, F1HL la) TR FECED
EH S ETERICHW,
b)0821 EREDEEE AW H b /3B S i I E OFARLR O FEE~DALEE

0821 HKDEEFR AU D HEE - BRI MfiwE XS 6 B, & 3 i, 1 TR~ HE
RO L7, A R~DORFRITH 6 =, 56 Hi, 1b) TR HIEIC I VITo7,
o)1 FDIEN D Total RNA O], ¢DNA S K% O RT-PCR

A X DN G Total RNA Offitt, cDNA ARUTE 5 &, 5 2 i, lo) T2 HiEEZ AW
T, fTo7,

MiliQ (14.9 ul), 10x/X> 7 7 (2.0 ul), 2.5mM dNTPs (1.6 pl), 77 A ~—1(02ul), 774
~—2(02ul), Taq(0.1 ul), H > 7/ DNABEKQuEIRE L, —~AH A7 F7—%HN
T. RT-PCR #1772, RT-PCR DZfF:1% 95°C T 3 43 DBEZENER 2, 98°C T 10 B, 50°C
T30 B, 72°CT 1 A 30 A Z VDR L, RZIZ T2°CT 10 & LT, BisT
DFBUL 1% T H o — 2T )V TEKIKEI LT, AN FOEWTHR L7,

2. fER

0821 FFEDEEEE AHR(100 %) M OV - KR S 72 Bl (100 ppm M OF 350 ppm) % A
AL L, 24 FEEH O A X EETOREFRIIMFEREER - Ch D PBZI EIE D%
BlE% RT-PCR ICE D FAE L7z, ZOREE, 0821 HIEOR;E A OHEE - FRl X =i
HIE (100 ppm K Of 350 ppm) % ALEE L 7= A RZETD PBZI BInDIRBUIAR K Z LB L
7oA REETO PBZI BI5 T DOFBLE & L LT, &) - 7= (Fig. 6-8),
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Fig. 6-8. Effect of 0821 inhibitory compound on PBZI expression by RT-PCR in rice leaves.
Rice leaves were treated with O821-CF, O821 inhibitory compound (100 ppm or 350 ppm) or
distilled water (DW). RNA samples were extracted from rice leaves treated for 24 h. The

experiments were independently repeated three times.
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FeE BE

NI LY a<w N5 T 4 —KOVHPLC 2 MW T, 0821 HEEDE:E AIRITAFAE L TV ST
HEDBEZIT > Tc, ZDFER, HPLC THH L 72 RT4.26 fHED E— 27124 2 BHIR
B DR 733 R O G e il Il T 2 BN FEL T, 72, DBIL7EWE%E TLC
2L BEL 7S F. REAE 0.5-0.6 T A 2V b BIRE OEFRRLIEH 3589 bz, TLC
DOREAEBZIX, bry FERTF (1) Z W2 &6, HEIBUKEDOWE Th 5
ZENEBEZLNT, F72, 254 nm TOWRIBIZEALERBD NIRRT MmN UEB Y
BRZFfo T ZRWAREME bR S e, —T5, B4 FETIE, TLC Z W RIZ XY | [Fkk
O REAEIZ 3 = & VASBEINEE M ORI B O /EFILIE B Sz, 20 2 L% 0821 Btk
DEEEAWHNCE TN D EHIPIE AT AR H—OWEBA 20 H BIRE, ¥ =
7 U RSBEE B M ONRIEIR B & il L 72 &35 2 BTz,

AIE TIX, 0821 EIRDIGEE AURIZA RS HIF B O Y TE) A il 3 2 B L O %I
EPEZFHET 2MEBGFEL TS Z EZH LM LIz, 4Bl 0821 HEDR:TE AR+
W O E S ML 2 i oH O B S (3aS.4aR,8aS,9aR)-3a-hydroxy-8a-methyl-3,5-
dimethylenedecahydronaphtho[2,3-b]furan-2(3H)-one TH 5 Z & LT Lo, AMEITZ Z 1
ETIZ, WESN TV RWHFHOME CTH 5 Z ENHERISNT=, AWE S L WD
E LT, A7 N~ @O (Inula helenium L., Inula japonica)iSEPET DT 7 877 o Kk
WTAYT I T2 Nobb, 2 OWEITHIRIENE, FLEEMER OIS TGN &
O FRPLAA 7R ME D A X 71TV 5 (Picman and Schneider 1993 ; Khan et al. 2012 ; Kataria and
Chahal 2013 ; Rasul et al. 2013), 77> F 77 N ROTA VT 7 877 b i34 100 4
ANZAEIE DS R E S 4L, 10 ppm DIRED BHLETEMEZ <9 2 & 238 6 40TV 5 (Picman 1983),
AlEl 0821 WK DGR AT AEPE S A I E L 5 ppm DL EDIRENS A 20 B
WEaEMEl Lz, AWEILTA YT 7 877 FoO#EED 1 DOKFE(—H)RE Re ik
(—ON)ICEH SN DO THDH, B FaF i (—OMICERIND Z LICK Y AWEILT
AVT T 877 b XVERELLT < BUSHEREWATREMEN B 2 bivlz, £72, EAF
TR e T N DEYTEMEILXT 7 P UBRO CEEANEETHY . TAVYT T NT Y
oD Cy DALEIZERIN EREGOFEICRY, 7AYT T 8T 7 b AXT 7 877 B
> K0 PUETEMED EV 2 & 28E S 40T S (Kataria and Chahal 2013 ; Klochkov etal. 2011), A
WEINTA YT T 877 b ERERIC Co DNLEIZESN _EREGH D Z LIV Emnt
TGS & D FTREMEAS IR STz,

INETOAL TV BIREICTHHEAE LT, BHX a» b A I RRAERTE
HWETHHA IR ENLY A RDBRHIBILTEY | 10 ppm LA 2> HHEE & OSRIREIC
X9 5 Ml 2 7R3 (Anke et al. 1977), F7o, EERICT T (HHD - 7T A R 150
ppm. HAI (AT ~A T NE20 ppm, & /(T 4 7 =R A)E 300 ppm, X
L— R L) 500 ppm KN ST A E— LY (Y 27 5 Y —/)iE 200 ppm D
JETA RN BFRORIEL LTHEDIL TS, 0821 WikDOHHE AIRH & ik - il Xz
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PHIEIL 5 ppm LLET, A RELETA FOLBIRORBEMHNT 52 Lo, BikSh
TWD BRI FAIERNREZRT I ENTED LB X DI, 0821 HIKDE:ZE AUk b HiE-
R SN mBE R A 20 S BIROBABRICHI A T & 5 AlREME 7 R_I2 S 7z,

—J7. 0821 BIKDE:HE AU H & HEE - R S 7= E 0L ClL, mf bk FEOE
2 AT 5 LD RISNBIE ST, Jabs (1999) T (LK FE A 7 F 45+ & LTHI
FasBIZ B R EE 2RI L TWAHZ LA MEL TS, S HIZ, 0821 HRDOHEE AR D
OyBE L, B R S N2 IR A R BT O PBZI WIn - ORBLEBIMS T2 L b,
TEHEGFE L TV D AMREMENE 2 b LTz, —77, 0821 BHRDEEE AR OB L, HHE -
FES S 72 B OALHR X TIEES 4 52, 55 2 £ T 0821 ERDREFE A K O ITLELX D i
PR LI U THRBENE N 00D, A R L CHEBRARTICAWE EHEDREZ =T
WENFE L, T OWE N EHIES I D D M 72 5B 2 - argerEn B 2 S iz,
T OFERNG | 0821 FEkDEEEE AR IR SN MHIMEIXA 2V b BIRE IR
D EHNAERTT T | A X TOMBMLKEDOEREZFE L, A R ORFRIUERS T
OFBE LRI ST H1EAZ R > T D alfErEs R S iz,
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BTE HR21 EHROBER AL A XV HLREICRIET &

AARENT MEEZ0Z ) 28 ML T, 20 ZICHFAEITAEL T DHEE] 278 L.
ZNOOERAREANT, A XS BHEICKTT 2 MGl R4 HHE L T& 7z, ZhETIC
REFFN TR L 7= & D 2 B4yl S 7= 0821 R DIHI N RAC SV Tl 72, K3 T,
RSN TERIR L2 &E D 2B STz H921 ERROER A2 A WT-A 20 b BIFRHE
OIHNZ DN TFEL L BB,

FBI1E H2 BRORERAEBA XD BRE ORLATENC 5 2 D8
1. MEIROFHE

) PR R U R &

ARG BIFE MO H21 BEHRITE 2 2, 52 i, la)y T~/ HIEIC L0 Hefi L7,
b5 AR DR

BB AWROTRETE 3 &, 52 i, 1b) Tl EIC K0 K i L7z,
o) Z ANz

ko 5k TS L 7= 5558 AWK % Disposable Culture Tubes(13x100 mm) (Thermo Fisher
Scientific Waltham, Massachusetts, USAWZ /X C, 7/ I KA NV THEEZL T, A—F 7 L—7
ZRWT, BV L7, VLT 105C RN 121CT20 ol & L, sPfRX L L CaveEZ L
Wz,
A EMRRES

HF2E, FB2H, ) EFBEOAFETA RN BFHFEMFIRERZRE L, 130D B
H O RO BB A B LT,

2. MR

H921 HFRDOE:FE AR 51EH) 2 105°C X 121 C CRMLER 24T > 72D A 2 b B
DILTFEFE R OB~ O BERE L=, ZORE, PS AR Z 7= X T
(E, LXK, 105C AR 121 CELE X OJF-FEHFRITLNEI 94.7 + 6.2%, 98.1 +2.3%
KON 982 £2.0% Td > 7=(Fig. 7-1 A), —J7. H921 HHEDOEEHE AREAVLEE72 L, 105C KL WY
R21ICEULE X ClE, TR ERIZNTIN 6.0+47%, 48+£3.8% KMUN42+£29%L720
B O IE T FEIEO I N BIEE ST (Fig. 7-1 A), H921 FERE D AIRA~OEULEE (105C I WY
121C) 1%, BTRFOMBENCHEL G 2 ehoTo, £io. MNEBERE LR T-REFERLFH
FRICHTRK X, 22 79.6£25.1%. 91.1+15.6% KN 97.8+2.6% T > 7-DIiZxf L, HI21
HIROEEE AR TITBLEOFEIZE DL 6, TR EN DL X DO ELFEAED 0.3 +
0.8%. 0.1£0.5% KT0.1+0.5%&E 720 | f[FEEEROMEI MBI S/ (Fig. 7-1 B),
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Fig. 7-1. Inhibition by heat-treated the ethyl acetate extract of culture filtrates of isolate H921
(H921-CF) on the infection behaviors of Magnaporthe oryzae. H921-CF was treated at 105°C or
121°C, 20 minutes. Spores of M. oryzae were dropped on glass slides in the presence of heat-
pretreated H921-CF and kept in a moist chamber at 26°C. As a control, potato sucrose broth (PSB)
was used. After 24 h of incubation in a moist chamber, the spore germination (A) and
appressorium formation (B) were observed by light microscopy. The rates of spore germination
and appressorium formation per germinating spore were calculated. Experiments were repeated
three times and a total of 300 spores were examined per experiment. Bars represent = SD. Means

followed by different letters are significantly different using the Tukey-Kramer test (p < 0.05).
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28T HI21 EHRDOER AT L 54 320G BIRE OMFIZh R

1. MEIROHE
R R O R &0

ARG BIFE L H21 RIS 2 %, 52 i, 1la) TR~ BT LY ¥ il L7z,
b5 AR D FRR

HO21 BEfRIL PS iRIARK T 1-7 HMIREEE Uiz, Bk, R AMROPFRILE 3 &, §2
fi, 1b) Tk ~_7= LT L 0 i L 7=,
OEYRRIELE

FRERAORITE 2 3, 52 #i, 10) TR HEIC LU A RS BIFE IS 5 M b5
A LT,

2. fER

PS iR RES T 1-7 A2 L= HO21 HEkkD DM L 72 8538 AIQ FMm &2 VT, A
Y BIFREOBGATEN T 2R A2 A L, ZOMER, PS RIREH % 7o X
TlE, MFFREERKL O ERIERRIT 99.4£1.1%M O 98.0+2.8% TH - 7= (Fig. 7-2 A. B),
H921 EkkZ 1 HEGHR L7 B35 AR O 732413 99.3 £ 1.3% (Fig. 7-2 A). ZAUZXF LT,
H921 itk 3.5 V7 ARG EZICHE LR AIROR TR IERIIZN TN 1.7£2.7%,
6.5+ 4.8%K1N6.0+47%Tdh-o7-(Fig. -2 A), F7-. H921 Hkk% 1 HREE#EZICHI L -
B AW DA B o P RIE 98.9 £ 1.7% CTd - 7= (Fig. 7-2 B), —J7. H921 Hikk% 3. 5 N7
AR R ISR LB A CIEZ NI 0.5 £ 1.5%, 4.8 £ 9.4% % (V0.3 £ 0.8% CThH -7
(Fig. 7-2 B), H921 BROEREE AR CIEHTEE 3 H URRISHI R 2 R~ Il E 0 M ET 5
ZEDIRENT,
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Fig. 7-2. Time course of inhibitory activity of the ethyl acetate extract of culture filtrates of isolate
H921 (H921-CF) on spore germination and appressorium formation of Magnaporthe oryzae. Spores
of M. oryzae were suspended in H921-CF for different time periods and dropped on glass slides.
After 24 h of incubation in a moist chamber, the spore germination (A) and appressorium formation
(B) were observed by light microscopy. The rates of spore germination and appressorium formation
per germinating spore were calculated. Experiments were repeated three times and a total of 300
spores were examined per experiment. Bars represent = SD. Means followed by different letters are

significantly different using the Tukey-Kramer test (p < 0.05).
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W3 H921 EHRORE
1. MHEIROFHE
- HERE
HO21 ERRkIE PSA 55 A K 20 ml i L7727 T A v F 7 v — L(BEA Tem)ITBAE L, BEE
T, 26CTK 14 HREERE L7o b O & FZBRICHW -,
- HEROKRTF OB
PSA Bl -C 7 HREJEEE L7 H921 EHROBEE O 2812 Lo, KFMEEL T
TERBRY R R A BIEE LTz, £7o. HO21 EHROBEEIZ IV Z AT AT b REMEbA A I Y
2 XD ZHEEE L, E BN H SO S 5 AR B SR A T BASEE S-4800. kR
RSN, T 7 /v —X) e HNTHEIZE LT,
* DNA O K OVITS $8IRD v — 7 = AT
DNA i 1T Suzuki et al. (2006) DO FIEITHES TITo7-, 25, 93 Hi. 1b)& FkER S
E% HWT HI21 EIRDFEIE 21T - 7o, Ffhitld Saitou and Nei (1987) (ZHDWTHER L7z,

2. fER
* H921 BHROEEK URaF OB
H921 HEHEDEHE N O T OB 41T > 7-, HIIEEOL@EM 4 B BE)ICIZAE
THoTN, WEIZAGONSEEAICE(L LT-(Fig. 7-3 A, B), MHIX@E#ENEAICER LT
B DI S RO T-, JEFBEMEE(Fig. 7-3 C. D)X OVE 1-BAfSSE(Fig. 7-3 E. F)IZ X > TER
WROMMEFNBREINTZ, 2O DORSIL. Trichoderma J&H O HE#E DIEEE N O+ & AT
& - 7= (Fig. 7-3),
- H921 E¥ED ITS §EIkD S — 7 = o A g7
H921 FERED ITS KD v — 27 = AD#IZ, BLAST %% & GENETYX % H\ 7= it %
1Tz, TDORER, H921 E I Trichoderma koningiopsis & &\ MFHTAEIMA(100 %) % 7~ L 7= (Fig.
7-4),
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Fig. 7-3. Morphological characteristics of isolate H921 on PSA medium. A: Colony of isolate
H921 grown on PSA for 4 days. B: Colony of isolate H921 grown on PSA for 7 days. C, D: Spore

(Light microscopy). E, F: Spore (Scanning electron microscopy).
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— Trichoderma viride (NBRC30546)

H921
Trichoderma koningiopsis (FR670342)

Trichoderma ovalisporum (NBRC101778)

- Trichoderma gamsii (KM491886)
_ Trichoderma atroviride (NBRC30543)

Trichoderma aeroaquaticum (NBRC108034)

— [ Trichoderma asperellum (NBRC101777)

Trichoderma yunnanense (NBRC108643)
— Trichoderma hamatum (NBRC31932)

Trichoderma piluliferum (NBRC104992)
Trichoderma brevicompactum (NBRC107663)
Trichoderma longibrachiatum (NBRC5720)

Trichoderma rossicum (NBRC9065)
Trichoderma crissum (NBRC100846)

Trichoderma virens (NBRC6355)

Trichoderma harzianum (NBRC9066)
— Trichoderma spirale (NBRC30544)

Fig. 7-4. Phylogenetic tree based on ITS sequences of strain H921. A bootstrap consensus Neighbor-
Joining tree for the Trichoderma strain H921 was created based on the Kimura 2-Parameter distance
matrix (1,000 replicates). The Trichoderma viride (NBRC30546) was used as the out-group. The scale

bar represents 1% sequence dissimilarity.
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W4 H21 ERROERAENA X TOAL XL LRORIKICE X 5 HE
1. MEIROHE
a) LR & OVt RAE Y

ARV S BIFE LK OVH21 BRRITE 2 2. 5 2 81, la) & RO FIETHER L7, 444
FOFE: T RYNER)ILHE 23, FH28i. o) FEOFETEET I, ERICHW:,

IRABFOFERITH N DA R 2> e 7 U)X 43, 5 1 Hi, la)& [AERO L THE
i L7z,

S R(EFE . 2 h Y ) A RIER A~ HO21 HERED R AR O BT EBR I -,
T, BESELFEI7) - VA0 (HES ) —v =Ry 7St E Mo — R
Vo7 —2Z, 1 7—RTR 20T FE L7, BTV —v YA NVBLHESY
— Ry 7 RS E W, ERtG, T AENTI ABG ERE OEESEELD
D % FERIZH W,

« H921 BERODEGEE AU O G B I e 1SR o i il

HO21 BEMkDEEFR AHRITE 3 35, 45 2 fi. 1b) & R i TR L, 2 R R, R %),
2RO S R IRAE L 7258 AW e FEBRICA W2, A 320G BIRE R RREIRIIE 2 3, §2
i, la)& [FREDTIETHENK L=,

b) FF LF~D H21 R DR AR L A XD BIREDORT L DRGEREN A X VDD
WHE OB B 2 D E

QEMOAF LXE T — R 7 —ANGIREYE L2 K DI E Y, AR
KLz, 20k, BOHEEX v T LR R=%5|\ 2T T AT v 7 r—AZ 7T ERT 2
Rz, BEERAEQ FRMNCA 20 S BIEE O 7-(1x10° spores/ml) Z 8% L, Sml 37 >F
A LARICEFERE Lo, *HRX & U TR O PS IR MOk — T L KSR % 2
fEIRME L7 IRICA RS DI O T2 IRE S ET b O EFEEE L., Y7 AT v o7
— RIS EHD, Erar T =7 TEA L, ATREEN(LIB-302(H), IWAKDIZ AL,
T C 24 el 54, 12 RERDESRME TIRFF L7z, B3 HiZ. W BIRBEOTER &8l
=217,
¢) A RX~D H921 HHEDKEERAKE A XS LIREDORT & DIREGERENA XV IR
BOBYc 5 2 D8

3EEHOA 2% TP HT20 2 2 v — L QRO AR H W, 4 20 d BIFE OfE 1% H921
BRRD 2 (AR, 115, 2 (5K ON5 (5 L 2B A ERA L, 20 iADA %122 ml §°
OMEFERERE L7z, WIRX E LC, MRRED PS RIREF ML OB = T /LA H K VATR 5 (556 L
TR EA XN BIREO 28 L2 0% EBRICHW -, B U721 R ITEN, KR
TC 24 WEEIRER L. BARSME RIS U7, BERE S B, BRI EEH 4 =, 5§ 1 i, lo)&
[FER72 FVEIC L - CHlRA L, FIREE RD T,

d) A FIEEE~D H21 IR DR ABROAILELR A RIS BIFRE OREITENC G 2 58
- A RIEM A~ OWEIR B ILER K O
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HO921 EREDEEZE AR (2 F5I1EAE) 2 38R (24x 130 mm)iZ 7ml I %, A REERE 2 K ALEE X &
720 5. 6 AT O L, BEMICHEARECIRES Yo, MRXE U TERERED PS KIkE:
Hit 2 WElR = T /L CHITHY U 72 KVSIR (2 (5IRAE) &2 V>, AR 1L CRUR U 7o, ZERE IR
B A 10 4. 3 [ERD I L C, EHNICSLHIRARZES S, £0%, EHZIY
U, KBTS L, BRI ZBRE L CREE RIS T AT v 7 r— R 21
Too TESTERZ N A R0 DI O o IREIR 2 BEENICEEfE L, IFR T, 26CO ALK
SesPN(LIB-302(H), IWAKI)C 48 BEfiL5 2 L7z,

- EEHY A OAERLE O 20 GBI BIR YA TE) D81 2%

48 WifilEE %, W IV VMW CERERREUA Z/FRL, 797 7=/ =17 1=
—/MZi L, PSRN OR AR R 28152 Lo, RABSREIL, K+ 50 EH o
MESBER LR THPORAFEREZFER L T D525 L, RAREREREZHH
L7, 3D IRL, A7 650 fu12@lss Lz,

2. fER
a) A LX~D H21 BRDOEEAKR LA XD BREDIT & OREGEEN A XD H
RE OB KT T RE
A LFIZ H21 ERES R AR & A Wb BIRE O+ 2R L, MEEEZITO, W
b HIRBEDO R 2 BlE2 L=, ZORES. *HRIX T, ﬁﬁb%@%#%@ (3 [ AP
DG BIFBENRRITTER ST W e, —F, H921 RO EE AWRAEIX TlL, a7k
REDA A LAXOENBE I, W BIREEOIAITI X & il LT LT 7= (Fig. 7-
5)e
b) A X~D H21 HKEDOEERAKR L A XN SBIREOIT & DRASERERA XV D BIRE
DR RITTE
H921 BRDEEBR AR E A XS BIRE DO ZIRA L, A RICEFERERE L, FWE %
L7, *IRIXO 5 L7z PS MRIAE; HALER X Tk, RIHEIE 99.5+0.8% T & - 7= (Fig.
7-6B), —J7. HO21 HEFEDEEH AROMEEX CTIEL 2 AR, 145, 2 5% 085 5HE L 72k
ITZENZFI31.9+189%, 16.7+12.7%., 7.6+ 12.6%K% 1 3.3 + 7.4% T & - 1= (Fig. 7-6 B), %t
FRIX & e LT, H921 RO EGHE AR OIRGHERE T 2 5 IR T HIIRED 1/3 LU T IZH
b 7= (Fig. 7-6 A, B),
c) A FIEE~D H21 BIE DGR ABROAILIES A RIS BIFE ORI TENC RIETHE
H921 FEDEEHE AR % A FEEFITIHTEIRGAEL L, A R0 S B O 7RI & Bl
LTA RS BIFEDA RN ~ORAZTE LTZ, EORA. PS KRG 2 F 723t
FRIX TR AR RIERERIL 98.6+ 1.7% ThH - 1= DITRF LT, H21 Fkk D Ak D ALFEX
TlE, 8.0£9.7% Cd o 7= (Fig. 7-7)o A X\ b IR DR AR REREEDS 1/10 LT IS L,
A 2D BIFE O A MR N~OR A O 23852 S 7= (Fig. 7-7)
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H921-CF

Fig. 7-5. Inhibition of Magnaporthe oryzae blast lesion formation on barley leaves by the ethyl
acetate extract of culture filtrate of isolate H921 (H921-CF). Barley leaves were inoculated with M.
oryzae in the presence of H921-CF and kept in a moist chamber for 24 h. 3 days after inoculation,

blast lesion formation was observed.
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Fig. 7-6. Inhibition of blast lesion formation on rice leaves by the ethyl acetate extract of the culture
filtrates of isolate H921 (H921-CF). Rice plants were inoculated with Magnaporthe oryzae in the
presence of H921-CF isolate and kept in a moist chamber for 24 h. 5 days after inoculation, lesion
formation (A) and disease severity (B) was measured. Data are representative of the mean values of
the results from three separate experiments with 15 rice plants in each treatment per experiment. Bars

represent = SD. Means followed by different letters are significantly different using the Tukey-
Kramer test (p < 0.05).
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Fig. 7-7. Effect of pretreatment with the ethyl acetate extract of the culture filtrates of isolate H921
(H921-CF) on infection behavior of Magnaporthe oryzae in the rice leaf sheaths. Rice leaf sheaths
were pretreated with H921-CF, inoculated with M. oryzae and kept in a moist chamber at 26°C in the
dark. 48 h after inoculation percentage of infection was determined. The rates of infection hypha
formation per appressorium were calculated. The data are the mean the results of three experiments.
A total 650 infection bites were examined. Bars represent + SD. Asterisks indicate significant

differences compared with the control (ztest, p< 0.05).

88



B5ET HI21 BIROEER AN DDA T BIRE OHIME DB

1. MEIROHE
a) B R U R AR DOFR R

HEEE & L CA R0 b BN K O HO21 BERRITES 2 55, & 2 Hi, 1la) ik 7= HIEIC LY
el L7,

A ZEFERIFE (Bipolaris oryzae)| X5 3 B, 5 S Hi, 1a) Tl ~72 HIEIC K0 ¥ L CTH
Ay

BB AT 3 7, 28, 1b) TR HEIC KD % L7z,
DEEI v~ T T 4 I K DBERATRDIRE

100 {5784 L7= H921 HRRDOE:E AHR(S0 W)z #g 7 o~ 77 7 4 —(TLOH 7 L— b
(Silica gel 60, Merck KGaA, Darmstadt, Germany)iZ A7~ > b L, ~Lxy @ Bifgp=F/1=1:1
(vIv) DREBHEEZ AVWC, B S 7,
A EWRRERBR

JEBH#% . TLC 7L — BT PDA B5H1(39 o/L)IZWVE SH7- B. orvzae M T 25 L=, [FEE
{2 TLC 7' L— FIZ PSA K5 (7 10 5 7 = = 21—/ 2 mg/100 ml)\Z k8 SH7- M. oryzae I
TEWEHFE L, 7L— MIBRIC LT T AF v 7 r—ARNICHD %, TV I{HETEND,
26CHERETFTREL, 7 L— b EOAFHIEH O EAFAE L -,

2. MR

H921 BR DB AR EEE 7 v~ N7 7 4 —RBIASETZ, A XV LBHEROA 1T
FIERIFE ST MBI E 2 Uiz, TORE, 4 20 d BIFE T, TLC O RfE 0,
0.13, 0.19, 0.25 K TX0.56 (T2 EH B A3 R S A7 (Fig. 7-8), S BT, A T FZERL
i C b Rk D BRRIE A 2B S v7- (Fig. 7-8),
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Magnaporthe oryzae Bipolaris oryzae

Fig. 7-8. Thin layer chromatography (TLC) bioautography of the ethyl acetate extract of the culture filtrates
of'isolate H921 (H921-CF). The H921-CF was spotted onto a TLC plate. After development, the TLC plate
was sprayed with a concentrated spore suspension of Magnaporthe oryzae (left) and Bipolaris oryzae
(right) in the presence of potato sucrose agar medium or potato dextrose agar medium. Inoculated plate

was kept in a moist chamber at 26°C for 1 (B. oryzae) or 7 days (M. oryzae).
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Bofi B

H921 EREDRTE AR PITIZA K b BIFE Ol 1 ORYATEY & HHil 9- 2 WE A FAE L T2
ZEmh, ZOMBE~DBULEL | A 2GS BIF E O a3 27 K O A5 28 R O il 0
Rl ’%ﬁﬁ“%‘f%ﬁzé?ﬁ)%ﬁ)ﬁﬁbko Z OFER, HI21 HIRDOREE AR TIAAES 2 IHIE T
105C RO 121ICOBULERIZ K » THIHI I T Lo, ZRH ORI G, HI21
ERRDEEEE AR O E R Z X7 ED K D BN ZEIRME TIT RN ENE R
b7z,

ARFFETIE, PSRRI VT, 1-7 AIEGEE L7z H921 Bk b i L 7= 548 AR D
A RS BIFE 5T 2 IR 2 RIS Lo, H921 R OEEE ARITE: %% 3 A
HELBEDN DA 2 BIRE O 138 3 K O A& FRIE R O Ml 258122 Sz, H921 WRRDR;
BABRPICE L ORFEMDEEINTND EBZ LI, L7 Eb 1| DL EOWENA
FNE BIRE OB TENIZME L TWH EEB X b b, B8 7 BRIIEFERIEH2ICEST
LTS ZENDLREAREFRICE  OIFE P EE SN TV D ATREMNE 2 b,

H921 HERD B M O+ DR 2 BlEi 21T > 7= & 2 A, Trichoderma JEH & FALLE D
% FE Lo, F£7o. H921 WEROD ITS kD v — 7 > o Xty D #E R Trichoderma
koningiopsis & OAFIMED e b @ >7c, ZHH D Z &vB, H921 BERRIZ Trichoderma J& T
Th D AREMEN R STz, ZAVE TIZ, Trichoderma koningiopsis 73355 / 2\ ZEYT %
FERRE SN TWDEE - HAJE 2010), —F4 T, Trichoderma J&H 132 < OREWIFE DB
FRICFIH SN D Z ERFBITWD, Trichoderma virens 1XAZPE LTt PEMIZ L - T
AT UBERIR AR T E A 2 &N & 47 (Intana et al. 2005), F 7=, Trichoderma
harzianum O3 W STV AT 7 U A X Fusarium moniliforme,  Phytophthora
infestans N O Sclerotinia sclerotiorum % #)ifi] L 72 (El-Hasan et al. 2009),

HO21 EWRROEER A AN T, A RS BIRE & ORGEMEZIT o1 R, A4 LF%E
T BRI A R 2 &7 RBUERICEV IR biviz, TORERND ., H921 HEROE;
BTAWRPITIHDENFIE L, EOMEIEITA R0 b HIFE ORI TEN B E 5.2 5
TEITEY, MBI AR LTV D I L AVRIR S L7, & HIT, HI21 WEKORTE SO
WEIZ LD | A 20 b BIRE O ORABATERPIH ST\ e, A7 A4 FHT A LT
DRI FFEF BT, H921 WIROEER AR L A 20 BB ZIRE LIZBR, BHFR O
BRI A VT B L Cuie, & LT, H921 BRRORTEE Ak % A 1 JEHE I T 2B AL
LU, A 30 S B E O 7B 2 8 L TA R0 S B O A SN ~DR A % 3
L7, HI21 WHROEEE A% A RHINAPICIEIR BFE L7272, A 20 BIFE DA
FHBEPNIZRA LB IHIIREZ R LB 2 6D, ZNHDORERNL, HI21 EHik
DEEE AL, A 2N S BRE O T OBIATH O~ 2BEZIH T2 2L hBA 60
7o

ZIETYH. Trichoderma JEBEDAEFE LT-WE %Fﬁb\fdﬁﬁ%rilﬁﬁ‘@?&ﬂ: %2\ (John et
al. 2010), AWFZE Tl H921 FEIRDRGE AR HIAHIET 2 0$IE % TLC 12XV 5B L ., 2
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DL EDAEFHEIER 2B LT, £72 H921 WHROEEE SHRITA RS BRI T2 <
Colletotrichum orbiculare X° Corynespora cassiicola 7¢ £ D13 2F 2 #1f] L 72 (Nguyen et al.
2012b), T D DFERN B HI21 WROREE AT APE SN D WEITIRHE TR 2R
L. HEWIREOBERICHIA TE B r[Reth 2~ LTz, Z3VE TIT. Trichoderma harzianum DE%
BARENRTFER N~ AEIOWE, 727 — &2 BB, SRIER. TSR OB,
Trichoderma atroviride D535 AR % N2 ¥ H A FIZE1T D Rhizoctonia solani AG3 DR
AROME], BRI T2 A &4 TV % (Burmeister and Hau 2009 ; Sivakumar et al.
2000 ; Lahlali and Hijri 2010), £7-. Trichoderma J& & D538 AR\ AFAET DML S =
LS HRAVIRE O F R AR 2 HT 285 S & D (Zafari et al. 2008), 23 L L THERI N
7= Trichoderma J&E DEMRNFET D Z LI BNTWD (NI 1998), ABFFEIZ LD |
Trichoderma J&W T % HI21 WIRDOEFE AR S . MR E OBIFRICHIN T & 2 alaEME2 7R
eIz,
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BT MEEBHE

A XN G BIRIRIRE O FEFAIZE T D Magnaporthe oryzae (Hebert) Barr(/ 522 AL,
Pyricularia oryzae Cavara)lZ X > THIEH Z SNDHA X OEHEIREFED 1| D Th D, AFOP)
BRITHRGUE AR ORI AL B R IEOE N — A TH 523, FOREMEL — 2D
BUoHEAIMME R O HBLAE & 72 > T\ D, £ 2T, ffE, MM Z R U7 AWBERICEE
T DRI IS AT L I E 2RI L T2BIBRICEE T 25803 B A AT b T b,

— 5 BAZOZIIWMEND 1 DTHLHEET, BRICZSAERELTVDLIN, Z<DHD
MAKFETHY | RIOGHBREDFET DAREMENRZ 2 b d, £ 2T, AFZETIE, H
AENTEIRLEBAZOZ0D EOZICTHFAITHEL TWHEE] 208 L . HBfE
DA MNT, OA 20 S BIFES 2 13 5 0 BEs 02k &Y T oIz R,
@il L 72 B 0 [FE K O QMBI E DRI « [FEZATV, BiER~OFFIZ DN TELR LT,

Al iR, SEL RS, RIR, @H R OREARRAN TERILL 72 46 fE{ED E D Z v 5 PSA
Hith 2 RO TC R 2R (2 L0 105 Bk TR S iz, T b OBEREICIE, & O ZIZFAEX
FEAELTWEEHERGENR TS EEZXDBND, T T, A3V b BIFE QKRG TEI A2 fif
FEIZ, PS WRAREEHZ U CRABRL U 72 0 Bl O3 AT D Il R 2~ ot 2 A 7 Y
—=U 7 LT, FORER, A R0 BIFE O3 K O A a2 32 20 Bk
A7) ==y 7 E T, BB LY 26 O0BERE O AHRITA R0 b BIFE O
FEIE N O AR & IZHH L2 W7 v—7 1, A4 20 S BIRE O g 158 2 M O & w2
Rl & T HfIT D 7 v—7 2, P RF MG TE RV RSB IS 5 7 v—T
3D3ODTN—TIIHES NI, ZRHDT END T N—T L ITBRLERMHWE., 7
=T 2IIENE R T MNEIME ., 7V — 7 3 IRV EAARZZE, b L <X, BN E MY
B L BERR I E O 2 AET DR TH D ZENBERA LN, ZHET, Z<D
FE IR E DPIBRICIRA R BRZERWE & U CiE, FEWIE R O Al BE K& Ol AR5 4
A=THEHEZ DX T T —EBRRB-1,3 V7NV —ERMLNTEY, b ZAET DML
WNZHOWTOHENH 5 (Lorito etal. 1994 ; Shoresh and Harman 2010 ; Sakdapetsiri et al. 2016),
F 7. Bacillus subtilis NSRS 89-24 ORFFE AT, A RS BIF R M ORORE I £ #11H] 9
LELZERWE OIRLZER B-1,3 JAHFT—EBLLEENTN L ERWESNTND
(Leelasuphakul et al. 2006), #fA4= & O Z X HIELE K Ol E % £ PE L. Hypholoma
fasciculare } O Cantharellus cibarius @ A % ) — VI 7)S Bacillus cereus,  Bacillus subtilis
K O Staphylococcus aureus % 3 L < Jifil 95 Z & 23375 S 4172 (Barros et al. 2007 ; Barros et al.
2008), =B, WAEDOEH E D ZTh % Lycoperdon perlatum, Pleurotus pulmonarius, Clavaria
vermiculris }2 O° Marasmius oreades D A % ) — AR )N Escherichia coli 2 O Bacillus subtilis
Z A3 D& H & % (Ramesh and Pattar 2010), ABFIEOFE R G [FERICE A E O 200640
SNTCHEBA XN BIRE 2T W E L EE L, BVEELRYE VAL ERME S b
TFHETDHZ AR LTZ, E5IT, Annulohypoxylon sp. (S9). Nigrospora sp. (S5)% O Penicillium
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sp. (O1 JOY O3)i&, A A LF ~DEEFE AR OATLELIZ LV A 12UV BIR OJRBE AL 2 #il
L 7=, Penicillium spp.7> =7 % Mycophenolic acid, Patulin, 3-omethylfunicone & Decumbenone
A (IHEW I B O IR Ge Z2 J i 920 & L L CTans i A (Fujii et al. 2002; Nicoletti and
Stefano 2012), %7, Nigrospora sphaerica (Sacc.) E.W. Mason 7>047BffS#172 Phomalactone |
FEY 995 ) DI T B A H1H] -5 (Kim et al. 2001), — 5, Nigrospora oryzae (Berk. & Br.) Petch
DEFEAIRICAEFESH1LS Nigrosporin A L VB 1T 1ili#) 7 3 Th D (Tanaka et al. 1997), LA, A
92 ClL Nigrospora sp.DEGEAWRITIA A LFITHRIL T, #MEA2 /RS T, Phomalactone & 54725
PEEDOME Tholz, ZNODFERNG FT- 2 MGl E 2 EFEL TS ATREMEL RIS T, £
72 Annulohypoxylon sp\Z- 2O\ Tld, ZHETITHEERAIRIZ LD IR I O BRI 28 &
D372\, Annulohypoxylon sp.i3 Xylariaceae FHIJEL, WAEREEL THHI TS, Xylariaceae [
36 LLEDENEEN TNDHKE72FTHY, Whalley and Edwards (1995)i2&0 . Xylariaceae D%
<D 2 TRMHENRE SN TND, 2D DOHFITIE, 4 30 E BIRE % & iR E 123 L
THMHINREZ R ITWEDNEENTODAREMERH D, 5. Annulohypoxylon sp. D EFET
LIHEIZONWTHRET D22 LITLY ., 430 S BIROBLERICHIH T & 2 Hriz 72 #0iH|
WEPRERTELLEZOND, ZNHDOREREY | BAEZ O 60 S L BEEMET
BB BRCA IR RO BHFE IZFIH T & D rlReMEZ R LT,

AHFFETITEEE AR A O TR R 2 R T W OBK 21T > 7o, EMOREE A1 % ]
W TR IR IR D BEBR I DWW U9 R B 2 2RI 3 2 2 R 2~ T b 0721 T2
<, W 2GR B EFEST 252 LI XV BiBRERATHEBFET DTS
2003 ; /N B 2006 ; 7 RE S 2005 ; Kock and Loffler 2009 ; Li et al. 2011 ; Lai et al. 2012 ;
Zhang et al. 2013), AWFFE Tor B S 4172 0821 EREDOEE AIRIZA 20 S BIFE 21T T <,
9 TE K O R T 2 5 | & 2 IR O RE IR TR B e 2 S T BN R R 2 R LT
ZZT AREARNEBIRE, ¥ 2v U &% 2w VBB R & OBRIHHN B OS5 HoE T,
0821 HHROHER AMONR A LT, TORER, W ORI &IFFE OM A S DRI
BWTH, IREEMEICLY ERICE @itz 2 &< FERa Ml L7z, 0821
PROEERE AU E 2 MG E 1IN — T VI AR R B E IR ME Ch o T-, £ 2 T, i
o mu~ 757 4—(TLO)ZMAWT, hrxy : BT =1 : 1 (v/v) OEBRIEE: Tk
BICENZNOWEEFZET 52 & T, AFHIEH AR L7z, TORE. 0821 Hkori#
AN E EN D IMHNRZ R THOHZRWEIL 1 DTHY . TOWEB B TH
0. HEETF )V RIS IR BN TE TR B T db D FIREMED R ST,

—J7. 0821 BRDREE AWM E~DRILEETH A R b BIF, F =7 VBB LD
PRIEIR 2 30l L7, 2V E T, A OER AT I IS 2Bt 258 2WE b S
FNTWNDZ ERHE LTV D (Hossain et al. 2007; Kojima et al. 2013; Shimizu et al. 2013;
Spenceetal. 2014), = Z T, A4 R&EZHNT, A ML ETOWBEORTREM A A LT, £ D
FEFL. 0821 WARDEGFE AR A AL LT A R TlE, ERb/KFE O LRI HUES E B E R
FD 15 Th % PBZI BT ORBENPEMUT, S5IT, WBRILKEDOHEERTH DN X
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7 —BEHWHEITIE, 0821 HROEGE AR X D InHilzh RiTE L KT L7z, @b
KFBN TN+ LTHIREICEE R TR Z R L TVWD Z L3 E<HMbh TS
(Jabs 1999 ; Levine etal. 1994 ; Thordal-Christense etal. 1997 ; Chamnongpol etal. 1998), F7-.
A AU IEBIFIE IR Acidovorax avenae Z#HFE3 5 2 L IZ K o Tl bk E DA AL & 36
\ZPAL, Cht-1 % U* PBZI BAnFDORBLZFHFET 5 Z L 3 STV % (Tanaka etal. 2003),
& 512, Kim et al. (2011) 1L PBZ1 # L /87 B OMAHZ A 2 TN FEIN D Z &
BEE Lo, — T, AR EREMEOFFEIZITY ) FOBRKESAREE L TnD Z b
NTWb, Ll ABFEICEWT, 0821 WHROEEASRDWLIE LIA T, ¥ U FLlk
DEMBEOWEMMPHER CE R0 o7, EHE, U FARO FRICERT2HE L LT, F¥

TEZNANRT IR TN S AFARRESNTWD, £z, U FEEE I SR G
FHE DA B & % (Yoshioka et al. 2001 ; Nakashita et al. 2002 ; Lin et al. 2008), Z L 5 D 5
D6, 0821 HIRDE: R AR A AL LT A X Tl MflE OFIR I T 5 EER 7250 5
RONEVEREEBFE T H DI {LAKFE D ERK L, PBZI 72 £ DA X O ERPUEE R TR ELFHE N
RV CEHEMTFEETH DA NS BIFRE & A X OFIHIILAERRAHE S, RAZFHIL
TEDEBZ b,

ITS fEIk D v — 7 = AT OFE RN D 0821 HIEDS Biscogniauxia J& T 5D Z L N HEE
STz, 0821 WHRIX Albizia sp.7> & 53 S 4U72 Biscogniauxia sp. HHP54 & @\ WHEIMEZ R L
72 LM L. Biscogniauxia sp. HHP54 2B 2372 5 # AN 72\ N, Biscogniauxia JEH X, —
YRZ A M LTSN Z 3% AT STRELL ERRR SN TND, FEED
o b A STV D28 0821 WK TIEF RO AR TE THaRy, ThET,
Biscogniauxia mediterranea <° Biscogniauxia nummularia N AMIEFTH & L CTHRE SN TEY
Wt % R34 & L T, Biscopyran, Phenylacetic acid,  5-methylmellein % T} 6-
methoxymellein 23 [F]7E 41TV 5 (Evidente et al. 2005 ; Luchi et al. 2006 ; Cheng et al. 2011),
0821 HEDFE L~V TOREIIFE > TE O T, FREREBM, 151/, LEISNLIWE

ZEEANZHAONCTHZ 2L, 0821 WIRDFELWRIENITR DB X Hvd,

AWFSE Tl Biscogniauxia J& T 5 0821 FIKNEGE AR ICAPET D8 O Hif - f5id
FOWEBIT o7z, ZORE. NMR, GC/MS/MS K U FT-IR (T X 2 ffbT70 5 43 15 248 @
(3aS,4aR,8a5,9aR)-3a-hydroxy-8a-methyl-3,5-dimethylenedecahydronaphtho[2,3-h]furan-2(3 H)-one
THDHZENMALNITRY  FHOME ChoTe, AWE L EBELILTWIMEL LT,
7 N~ J@ONEY) (Inula helenium L., Inula japonica))>EFEST DT 7 N7 7 R KOT A Y
TIURTT RUBHONT VD, 2D OWEITHIRIENE, FUEEMER OHI AT &
SRR 72 E MED R S 40TV D (Picman and Schneider 1993 ; Khan et al. 2012 ; Kataria and
Chahal 2013 ; Rasul etal. 2013), AWEILT A V7T N7 7 N OREED 1 DDKFE(—H)
ﬂthm%v%ﬁom BEHINT-EELR-oTWV5, b Fax s E(—OH)ICERIND

CEOARWEIITA YT T 8T 7 X DEMLOT K, RIGMED BV ATRENEDN S
Z b o = BB L 7= (3aS4aR,8aS9aR)-3a-hydroxy-8a-methyl-3,5-
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dimethylenedecahydronaphtho[2,3-b]furan-2(3H)-one X1 R & B O a1 DR TE) 2 )
il 9% & AT A R TOFRRFH R A K TOWMBRIL KT DA & PBZI BT DI
BN & 72, (3aS4aR,8aS,9aR)-3a-hydroxy-8a-methyl-3,5-dimethylenedecahydronaphtho[2,3-
blfuran-2(3H)-one DHEWIH AT~ 2 1F A & REA) ~ DIREUPERS SISV TIEEEMIS
et T o BN D D,

AMFZETIL, E OMUTIR S RN TR L 7285248 & O 275 43 BE S iz Trichoderma J& T &
% H921 WER D A DA A S BIFE O R b L, A 204 L F TOMZ)
REINBIZHEEGT D LB DN D BLERBEOMEMEDOAEELHRB LT, Zhbd
WEIZOWTHREELEABEZA LT 52 LT, PIBRICHIHATRERE L 70 b &
EZoib,

AMFFRIZEY  WAEZOZIE TED ZICFAETLEL TWHFE] LEX DN HEE
W AHE L, 2D ORFE AT, WEDFRICHA T 2 /[Retkn & 2 FHimE b 4
FEINTWVWD I ENHELNCRo T2, BAEEZ OB RS- EEIMEFERIBL RS EY
HIBABR DB IR 2 AIREME A 7~ LT,
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WE

FEA P DOBGBRIZIE, BREUPE SR L 2B BRI ORI — R TdH 505, & BB AL
T D R A b0t B2 7 R LT & 2 BEAIMHE B O (M BLSRTEIC 72 > TV D, T4 A &
WA 99 5 OBABRICEA T 2 e AT O TW D, B EE O ZIcFWAE - ET 5 H
BTV, RIEZICREED S O < | W ERICHIH TR R OF HRE N FIET 5 L&
2 HND, AFFRITEAEZ O 206 0B L7 EREIC L AP IEIRE OPHIZ OV CHA L
Too BONTRRITLLTO L S IZEKI SN D,

I BEZOIPLOHESEEAT Y —=27

HAREIN TEREL L 7246T DI A& O 20 b 105SERA B S iz, 2 b OS5k 2>
HA NG BIREORKGATEN 2 FREIC L CTHfII R 2 "I oBiE 2 27 ) —=0 7 L, %
DFER. 9057 BEH D 9 H20FE K DEEAR AURD A R B B O R 138 2 & O & # gk &
Pl Uiz, 206 OB OB AR OB AT S o iR, A R0 b B E O 7- 3823 &
OMEZIER &l LW 27— A 20t BIRE QORGA TV A 652 7 v—7 ) Ja+
FEEEZ P L722Ws | (AR a B A 32 2 v —T7 O3 2D 7 V— 1T S s, £z,
AALFHE LT, 01, 03, SSKUN SOBER DHEEARDOATNIET 5 Z LIck v A 20b H
I DIRBETE R 2 B U7, ITSFEUSROEFTIC L VU . 23S OB ILdnnulohypoxylon sp. (S9).
Nigrospora sp. (S5) O Penicillium sp. (O1 K U03) & @mWHIEIMEEZ R LT, 20D Ohk
Bs | WAZO NGRS IVTZEHENA X0 S BIROBFRICHIH TE 5 AlRgtkEdr S
7o

2. 0821 HRRDIEFE AR OREWIFR I H K 2 N RO\ T

b ARG BIFEORGAMHI IR O S WEER A E LT, 0821 WHKIZIER L THI%ER
DT, ITSFEIKD > — 7 = > ZfREATIC KV . KRERKIIBiscogniauxia&H T 5 2 L DB HEE
iz, BVLE(121°C, 2043fH]) L720821 Rk DKEG# Ak (0821-CF)IFHEALEE > 0821-CF &
[FERICA 2 BIR B O 136 23 K O B 2RI A A Ji U 72, O821-CRILIRERFHIZ A X%
W BIREORECRAEFTZIHI L. A 200G BRSSO H O M 15 H K O 85 E OHEY)
P B O LA TN 2 YR FEAR AT RO I L 7=, 72,0821 H#ikk & PSRRI C1-7 H R 2% L.
O821 R DIEFE AL DA 1N b BIF I x T 2 Mfil R R 2 A L7k, 55840 B2 508
2IFEROEEE AT A 20 BIRE O3 L O SRR EIHI Lz, ZhboZ &
5. OR21-CFHICIZMHIMENFIE L, EOMENLERWE TH DL Z LRI,
A 20 E BIRE & OIRAEERETIE, 0821-CFIXW\ b B OB AL Z Il L, AiLEEIC
WCHIHEAIIH STz, S5, O821-CRiEF =2V VR ECTHFX 2 U OEERFETH
2 4GB M ONRIEIR DIRBETZ A S IR 2R LTc, ST B ORERN S, 0821-CFHIZA
FWVHBHFEIET TR, F 20 ) OBEBARIFFE T d 5185w B KX OVBRIAIR B 2 il
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DWELEEIND ZLREZ DN,

3. OR2IEKDETE AR & A R ~DIFUMETFHE

O821-CF& LB L7 A X FETIL, B KFE DAL % 7~ 31840 3,3"-diaminobenzidine 5 i
MBI ST, [FERICA R O ERGUEF SRR & LT LN TWDHPBZIIZ DN T
b, TR & L LT, BEESBEMNL T\ e, B4 7 —EOUING X 0 553 AR O IS
PEDIZE L < Hifl S v, I bk 3R 230821-CFOMfilgMEIC o T, BB &R 2 K72 LT
L2 ENRBRENT, ., Y TFABPRIMEFEICEETH D Z ERMBLATND A,
T U FABROEREIIEM U2 o7, ZHHDZ ENBHO821-CFHIZIEY U F iR &9,
A FET 2MENGET H 2 LB REnT,

4. O821DEEFE AIRITAPE S 1 5 il E O /3B X ORI E

717 L JOHPLC & JHV T, O821-CFHIZAERE S 2 M E 043 BE X OY, NMR, GC/MS/
MSK OFT-IRIZ K D RIEZIT o T2, Z DRGSR, KWE D77 152480 (3aS,4aR,8aS,9aR)-3a-
hydroxy-8a-methyl-3,5-dimethylenedecahydronaphtho[2,3-b]furan-2(3H)-one T, HHle¥E Th
52 ENHLMMNI o7, BEEED vy BT =1 : 1 (viv)Z W T=85EIT,
TLC ORf fH0.5-0.6FFUTICZ DWVE ML TE . 5 ppmH H A LW E BIFE O fa 152 . Y
B A T 5 Z L 2B LT o7z, o, KPEZRILE LT-A RIZB N THA 3R
Wb BIROIRBEE R Z BT 5 2 & DR S Tc, RWE A ALBE UT- A R Tl g b KE D
Al O'PBZ IR nF DI BLE O TR S v, RISk 2 E R R I R 721 ¢
72 < ARWEITA FTHEGUE B FFE T & S AR R STz,

5. HRUFEHEDEEEE AN A 2 S BIFE I T 5%

H21 R D1FHE A (HI21-CE)FUZITA 2 S BIp I O a7 DG T8 2 $ifil 5~ 2 B
WIFE L. Z OIEIWEIIEFRE = F VIR CRLE CTh o7, £72, H21-CFIEA A A F
FOA 2 ETHA RN BIFOIFBEZ A A H] L7z, ITSHE O > — 7 = ZEHTIZ LY |
AREED Trichodermal@& Tod % Z L DRBR STz, BEEEL.O vy Fifg—Fi=1:1 (v
W& WA IZ, TLCETIEL, R fE 0, 0.13, 0.19, 025& TR0.56DMLEIZA R HIF
B MO R D FERREOAB I NRO bz, 2 b0 2 EMHBHI2I-CFHIZA R
b IR R U CHHTEE 2 R~ 35 OW - AMFAET D ATREME D RIS STz,

ABFEDFRERNS, BEZO BN TIE, TE0ZICHE - SHETLEE 1% FE
L. TN 5 ORIANEFET 5 WHEBEYRIEE OPERICH A T E % ArgerEvR S vz,

98



Summary

Resistant cultivars and chemical fungicides are important in plant disease management. However,
the durability of genetic resistance in improved rice cultivars is often short-lived in the field and excess
using of chemical fungicides is concerned. Recently, studies that use microorganisms and microbial
metabolites to control disease have been remarked. In this study, fungal strains isolated from the fruiting
body of wild mushrooms were evaluated for inhibitory activity against plant pathogens such as

Magnaporthe oryzae causes rice blast disease.

1. Isolation of fungi from wild mushrooms and screening

Fungal isolates (n = 105) were obtained from 46 samples of wild mushrooms. Infection behavior of
M. oryzae was assessed in the presence of culture filtrates from 90 fungal isolates, of which 20 fungal
isolates inhibited spore germination. Heat-treated culture filtrates of these isolates were classified into
3 groups according to biological activity. Blast lesion formation by M. oryzae was significantly
inhibited by pretreatment with culture filtrates from 4 fungal isolates. Internal transcribed spacer (ITS)
region sequence analysis indicated these isolates shared similarities with species of the genera
Annulohypoxylon, Nigrospora, and Penicillium. This result suggested that symbiotic and parasitic
fungi from wild mushrooms produce inhibitory compounds for control of plant diseases such as the

rice blast disease.

2. Inhibitory activity of culture filtrate from isolate O821 on plant pathogens

The ethyl acetate extract of culture filtrate 0821 (O821-CF) significantly inhibited spore germination
and appressorium formation of M. oryzae. ITS region sequence analysis indicated that this isolate
shared similarities with fungal species of the genus Biscogniauxia. The inhibitory activity of O821-
CF was heat-stable. To investigate the effect of incubation period on the inhibitory compound
production by isolate O821, O821-CF was prepared at different incubation periods. The presence of
inhibitory compounds in O821-CF increased over time of culture of isolate O821. 4-days-incubated
O821-CF inhibited spore germination and appressorium formation of M. oryzae. Additionally,
infection behaviors of air-borne and soil-borne plant pathogens were inhibited by O821-CF. Blast
lesion formation was significantly suppressed in the presence of O821-CF. Also, blast lesion formation
by M. oryzae was significantly inhibited in rice plant subjected to 24 h pretreatment with O821-CF.
Furthermore, Corynespora leaf spot and anthracnose in cucumber leaves inoculated with Corynespora
cassiicola and Colletotrichum orbiculare spores were suppressed by O821-CF. These results
suggested that Biscogniauxia sp. O821 produce a broad spectrum inhibitory compound in culture

filtrate.
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3. Induction of resistance in rice by culture filtrates of isolate 0821

We demonstrate that O821-CF treatment elicited the production of hydrogen peroxide (H20:), and
increased transcription of the PBZI gene in rice leaves. A time course analysis of H,O» production
indicated an increase with time after O821-CF treatment. The expression of the PBZI gene similarly
peaked at 24 h after O821-CF treatment. Inhibitory activity of O821-CF on blast lesion formation was
decreased by treatment with catalase. It showed that H,O, production play important role in inhibitory
mechanism of O821-CF. However, no accumulation of Salicylic acid (SA) was observed at 24 h after
0821-CF treatment. These results suggested that SA-independent resistance to rice blast is induced by
0821-CF.

4. Purification and identification of inhibitory compound produced by isolate 0821

Inhibitory compound was purified by using column chromatography and high performance liquid
chromatography. Partial chemical structure determined by NMR combined with data concerning
GC/MS/MS and FT-IR. In the result, chemical analysis identified the structures of new compound as
(3aS,4aR,8aS,9aR)-3a-hydroxy-8a-methyl-3,5-dimethylenedecahydronaphtho[2,3-h]furan-2(3 H)-one
(Molecular weight: 248). This new compound was detected at Rf 0.5-0.6 on the thin layer
chromatography (TLC). Also, this new compound concentration greater than 5 ppm significantly
inhibited spore germination, and blast lesion formation of M. oryzae. Furthermore, blast lesion
formation was inhibited even in the new compound-pretreated rice leaves. H>O, generation was
observed in rice leaves pretreated with new compound, and PBZI gene was significantly expressed in
the leaves. These result suggested that this compound has strong inhibitory effect against M. oryzae,

and has the potential to induce resistance in rice against M. oryzae.

5. Effect of culture filtrate from isolate H921 on rice blast

Spore germination and appressorium formation of M. oryzae spores were completely suppressed by
an ethyl acetate extract of the culture filtrate of isolate H921 (H921-CF). Heat treatment of H921-CF
did not alter its inhibitory effect on M. oryzae spore germination compared to non-heat-treated H921-
CF. Blast lesion formation inhibition by H921-CF was dose-dependent in the rice and barley plant.
ITS region sequence analysis indicated these isolates shared similarities with species of the genera
Trichoderma. In the H921-CF the growth inhibition zone of M. oryzae and Bipolaris oryzae were
observed at Rf 0, 0.13, 0.19, 0.25 and 0.56 on TLC. These results suggests that H921-CF contains

some inhibitory compounds that could be promising candidates for control of rice blast disease.

In conclusion, studies of symbiotic and parasitic fungi from fresh fruiting body of wild mushrooms

may yield potential control agents for plant diseases such as the rice blast disease.
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