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1  

 

1 (Ou 

1985) Magnaporthe oryzae (Hebert) Barr (

Pyricularia oryzae Cavara)

( 1964 2009)

(Couch et al. 2005)  

(Ohtaka et al. 2008)  (

1977)

(QoI )

 

(

)  

2

1 Bacillus subtilis  (Asaka and 

Shoda 1996 Montealegre et al. 2003) (Phae et al. 1992) (Sadfi-Zouaoui et 

al. 2008)  (Lee et al. 2008) Fusarium

 (  1984 1997) Pyricularia spp.

(Arase et al. 1990) Streptomyces

 (Errakhi et al. 2007 Wan et al. 2008)

(Boukaew and Prasertsan 2014)  (Chaiharn et al. 2009 Liu et al. 2009)

 (Li et al. 2010) (Palaniyandi et al. 2011)

Trichoderma virens

(Intana et al. 2005) B. subtilis  Fusarium  Trichoderma lignorum

( ( )) ( ( ))

( ) (  2003  1998)  

Bipolaris sorokiniana

Pyricularia oryzae B. subtilis IK-1080 Streptomyces sp. PM5

(Manandhar et al. 1998 1990 2003 Prabavathy et al. 2006)

(Kawamata 

et al. 2004 Ohtaka et al. 2008)



 
6 

 

(Shimoi et al. 

2010 Lucas et al. 2009 Naureen et al. 2009 Yu et al. 2013)  

Irpex lacteus 2 5-pentyl-2-furaldenhyde

5-(4-pentenyl)-2-furaldehyde F. oxysporum f. sp. lycopersis Oidium sp.

(Koitabashi et al. 2004 Koitabashi 2005)

5-pentyl-2-furaldehyde Oxyporus latemarginatus EF069 Alternaria alternata

Botrytis cinerea Colletotrichum gloeosporioides F. oxsporum f. sp. lycopersici Rhizoctonia 

solani B. cinerea R. 

solani

(Lee et al. 2009) Lentinula edodes Cryptococcus 

laurentii Penicillium expansum (Tolaini et. al. 2010)

Sterium ostrea C. gloeosporioides Cochliobolus miyabeanus B. cinerea 

(Imtiaj and Lee 2007 Imtiaj et al. 2007)

14 10%

(Wasser 2002)

 

(Nguyen et al. 2015

Nguyen et al. 2016 a Nguyen et al. 2016 b Nguyen et al. 2017)

(Nguyen  2011 2012 a 2012 b 2012 c 2013 2014 Nguyen 2014 2015 2016)
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2  

 

(Parada et al. 2012 Nishino et al. 2013 Oka et al. 2015)

 

 

1  

1  

a)  

( ) 7 8 10 5

4 12 46 (Thermo Fisher 

Scientific Waltham, Massachusetts, USA) (Fig. 2-1)  

b)  

(PSA )

(200 g) 800 ml 1 L

(105 40 )

1 L 300 ml

(4 g) (4 g) (200 ml) 

121 20  

PSA 200 ml (20 ppm)

( 9 cm) 20 ml

 

c)  

5 mm

80 % 2 1 % 2-3

20 ppm PSA

26

PSA

( 6 mm) PSA

20  
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2  

46 (Fig. 2-1)

17

11 9 15 13 40 105 (Table 2-1)  
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Fig. 2-1. Collection of fresh fruiting bodies of wild mushrooms from a paddy field in Japan.  
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Shimane  

Tottori 

Hiroshima 

Osaka 

Fukui 

Kumamoto 

17

11

9

15

13

40

Place (Prefecture)                              Number of isolated fungi strains

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

1.  

a)  

69-150 ( 007 )

(φ 1.8×18 cm) 20 ml PSA

PSA 20 ml ( 7 cm) (As one, Osaka, 

Japan) 26 14 20 ml

( 7 cm) ( 50 g 20 

g/ 1 L) 14

Black light blue (BLB) (FL20s BL-B; Panasonic, Osaka, Japan)

2

(1600×g 10 )( 4000 )

 

2 1 (105 ) PSA

PSA 20 ml

( 7 cm) 26 14

 

b)  

(PS) PS

(φ 3×20 cm) 20 ml 121 20

PSA 7 mm PS

(20 ml) 1 7 120 /

(0.22 μm)(RephiLe Bioscience, Boston, USA)

PS  

1×105spores/ml

PS

2 30 μl 6

26 (LIB-302(H), IWAKI) 24

1 50

1

50 3

900  

(121 20 )
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c)  

( : )  (

0.9 g 1.1 g 1.0 g/3.3 kg)( )

1 20 (

) 2

 

2

(2.5 cm× 20 cm×10 

cm) 7 5 ml

PS 24

1×105spores/ml

(LIB-302(H), IWAKI) 24

12 3  

 

2  

(105 )

90 20 50%

90.9 ± 5.7% (Fig. 2-2)

F5  K7 K24 K36 O1 S5 S8 1.8 ± 5.3%  12.4 ± 21.0%  

34.7 ± 35.5%  18.7 ± 7.3% 2.9 ± 5.9% 0.9 ± 2.0%  27.3 ± 19.2% F1  

F2  F3  H2  H5  H7  H9  K1  K9  K21  O3  O6  S9 

0% (Fig. 2-2)   

50% 20 (F1 F2  

F3 F5 H2 H5 H7 H9 K1 K7 K9 K21 K24 K36 O1 O3 O6 S5 S8  S9)

3

1 F3 H2 K21 K24 S8

(Fig. 2-

3) 2 F2 F5 H9 K1 O1 O3 O6 S5 S9

(Fig. 2-3) 3 F1 H5 H7 K7 K9 K36

(Fig. 2-3)  

F2 F5 H9 K1 O1 O3

O6 S5 S9 24

(Fig. 2-4 A) O1 O3 S5  S9
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19.0 ± 4.1% 26.2 ± 4.1% 28.6 ± 7.1% 9.5 ± 4.1%

(Fig. 2-4 A B) F2 F5 H9 K1 O6

(Fig. 2-4 B)   
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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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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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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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3  

1  

a)  

O1 O3 S5  S9 2

2 1a)  

b)DNA ITS  

DNA Suzuki et al. (2006) TE(10 mM Tris-Cl pH 8.0 1 mM 

EDTA) PCR (PCR-02-C AXYGEN) 20 μl PSA 1

TE (500 W)

30 2 (20,600×g 4 15 ) ( 3500

) DNA

PCR ( 34.75 μl 10×Buffer 5 μl 2.5mM dNTPs 4 μl Taq DNA polymerase 0.25 

μl) ITS1(5’-TCCGTAGGTGAACCTGCGG-3’) ITS4(5’-

TCCTCCGCTTATTGATATGC-3’) PCR ITS 95 5

94 1 62 1 72 1 30

72 5 DNA DNA

(RBC Bioscience) DNA DNA

DF Buffer(500 μl) 10 (56 ) Collection 

DF Column 20,600×g 30 Wash 

Buffer(600 μl) 20,600×g 30 20,600×g 2

DF Column 1.5 ml Elution (10 μl) 2 20,600×g

2 DNA  

(6.8 μl) (0.2 μl)

5× (1 μl) (3.2 pmol)(1 μl) DNA(1 μl)

96 2 96 10 50 5 60 3 30 25

10 DNA 125 mM EDTA(1 

μl) 3 M NaOAC(1 μl) (25 μl) 4 20,600×g 15

70% (25 μl) 4 20,600×g 15

HiDi (20 μl) DNA (ABI 

PRISM®3100 Avant, , Applied Biosystems) BLAST

(http://www.ddbj.nig.ac.jp/Welcome-j.html) GENETYX  

 

2  

O1 O3 S5  S9 ITS

S9 Annulohypoxylon sp. S5 Nigrospora 

sp. O1 O3 Penicillium sp.  (Table 2-2)  
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Table 2-2. Identification of fungi isolated from mushroom by sequences of rDNA ITS regions 
 

  
O1           Penicillium sp.         

O3         Penicillium sp.       

S5 Nigrospora sp.             

S9  Annulohypoxylon sp.        

Isolate Candidate fungus       Sampling location     Sampling year  

Japan (Osaka) 

Japan (Osaka) 

Japan (Shimane) 

Japan (Shimane) 

2010 

2010 

2009 

2009 
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4  

46 PSA

105 (Table 2-1)

105

 

PS (105 )

20

20

F2 F5 H9 K1 O1 O3 O6 S5 S9

β-1, 3

 (Lorito et al. 

1994 Shoresh and Harman 2010 Sakdapetsiri et al. 2016) F2 F5 H9 K1 O1 O3

O6 S5 S9

β-1, 3

F3 H2 K21 K24 S8

β-1, 3

F1 H5 H7 K7 K9 K36

Hypholoma fasciculare Cantharellus cibarius Bacillus cereus  Bacillus subtilis 

Staphylococcus aureus

(Barros et al. 2008)

2  

O1 O3 S5  S9

S9 Annulohypoxylon sp. S5 Nigrospora sp. O1 O3 Penicillium sp.

Penicillium spp.

Penicillium spp. Mycophenolic acid Patulin

3-omethylfunicone  Decumbenone A (Fujii et al. 2002 Nicoletti and Stefano 



20 
 

2012) Nigrospora sphaerica (Sacc.) E.W. Mason  Phomalactone

(Kim et al. 2001) Nigrospora oryzae (Berk. & Br.) Petch 

Nigrosporin A B  (Tanaka et al. 1997)

Nigrospora sp.

Annulohypoxylon sp. 

Annulohypoxylon sp. Xylariaceae Xylariaceae 

36 3 1 2

(Whalley and Edwards 1995) Xylariaceae Xylaria longipes 

Xylaramide Nematospora coryli Saccharomyces cerevisiae

(Schneider et al. 1996)

Annulohypoxylon sp.
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3  O821  

 

5 15 (15 )

O821 O821 

O821  

 

1 O821  

1  

a)  

O821 2 2 1a)  

b)  

PSA 7 O821 

O821

( S-4800

)  

c)DNA ITS  

DNA Suzuki et al. (2006) 2 3 1b)

O821 Saitou and Nei (1987) 

 

 

2  

a)O821  

O821 PSA O821 7

28

(Fig. 3-1) (Fig. 3-1)  

b)O821  

O821 ITS BLAST GENETYX

O821 Biscogniauxia sp. HHP54 (98 %) (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). 

10 μm 5 μm 
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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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2 O821 ( ) 

1  

a)  

O821 2 2 1a)  

b)  

O821 PSA 7 mm PS

(20 ml) 1 7 120 /

20 ml 1 2

( 40 ml)

(NA-1 SGS )

( )

20 ml (1 ) PS

 

c)  

( 1 ) (121 20 )

 

d)  

2 2 1b)

 

 

2  

O821 

PS

98.7±1.7% 99.8±0.7% O821 

1.4±1.8% 1.3±1.5% (Fig. 3-3 A)

PS O821 

97.9±1.6% 99.1±1.2% 0.2±0.6% 0.0±0.0%(Fig. 3-3 B) O821
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Fig. 3-3. Inhibition by heat-treated ethyl acetate extract of culture filtrate of isolate O821 (O821-

CF) on the infection behaviors of Magnaporthe oryzae. O821-CF was treated at 121 , 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 . 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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3 O821 ( ) 

1  

a)  

O821 2 2 1a)  

b)  

O821 PS 1-7 3 2

1b)  

c)  

2 2 1b)

 

 

2  

PS 1-7 O821 ( 1 )

PS 99.1±1.4% O821

1-7 98.4±2.6% 98.4±2.6% 99.4±0.9%

35.0±47.3% 30.9±44.3% 0.8±1.0% 0.3±0.8% (Fig. 3-4 A)

PS 98.9±1.4% O821 1-7

98.2±2.6% 97.4±3.0% 99.1±1.0% 33.6±48.1% 25.1±38.1% 0.0±0.0% 0.0±0.0%

(Fig. 3-4 B) O821

4 6 (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 

O821 (O821-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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4 O821 ( ) 

1.  

a)  

O821 2 2 1a)  

b)  

3 2 1b)  

c)  

2 ml

PSA 20 ml ( 7 cm) 20 μl

(Heathrow Scientific ® LLC. Delta™Disposable Cell 

Spreader ) (

8 mm)(Advantec ®. Filter paper ) (1 ) 2 5 10 20 O821

(Palaniyandi et al. 2011) 20 PS

26 5 28

1 6

3  

 

2  

O821

5 1

2 5 10 20 O821 0.0±0.0 mm 0.0±0.0 

mm 0.0±0.0 mm 4.6±6.7 mm 14.9±2.8 mm 20.8±3.2 mm (Fig. 3-5)

28 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 15.6±2.1 mm (Fig. 3-6) 5 5
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Fig. 3-5. Effect of the ethyl acetate extract of culture filtrates of isolate O821 (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 , 

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 O821 (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 , 

growth inhibition zone was measured. Bars represent ± SD. Means followed by different letters 

are significantly different using the Tukey-Kramer test (p < 0.05). 

 

  O821-20  

PSB-20  O821-1  O821-2  

O821-5    O821-10  

  O821-20 PSB-20  O821-1  O821-2  O821-5   O821-10 

G
ro

w
th

 in
hi

bi
tio

n 
zo

ne
 (m

m
) 

zo
ne 20 

hi
bi

ti

15 

w
th

i

10 

G

5 

0 a          a          a  

b  

c  

d  

m
m

)

25 

30 



31 
 

5 O821  

1  

a)  

O821 2 2 1a)  

(Bipolaris oryzae) (Colletotrichum gloeosporioides)

(Colletotrichum orbiculare) 20 ml ( 7 cm)

26 7-10

 

(Corynespora cassiicora) (Alternaria alternate Japanese 

pear pathotype) 20 ml ( 7 cm)

26 7-10 BLB 2

 

(Ceratocysts fimbriata) (Fusarium oxysporum f. sp. 

spinaciae) (Fusarium oxysporum f. sp. conglutinans) 

(Cylindrocarpon destructans ) PSA 26 7-10

 

(Botrytis cinerea) PSA 26 BLB 7-10

 

(1×105spores/ml)  

b)  

3 2 1b) (1 ) 2

5 10  

c)  

2 2 1b)

 

 

2  

O821

10 PS

99% O821 1

2 5 10 52.9±36.0%

26.8±38.6% 0.1±0.5% 0.0±0.0% (Table 3-1) 85.3±11.4%

80.3±15.2% 2.9±3.2% 0.1±0.5% 28.0±28.0% 27.7±32.1%

0.1±0.5% 0.2±0.6% 4.9±11.4% 0.9±1.7% 0.2±0.6%

0.0±0.0% 27.1±22.0% 2.0±2.8% 1.1±1.6% 0.4±0.9%
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0.0±0.0% 0.0±0.0% 0.0±0.0% 0.0±0.0%

0.6±1.5% 0.0±0.0% 0.0±0.0% 0.1±0.5%

4.7±7.3% 0.7±1.2% 0.7±1.4% 0.1±0.5% 5.0±13.6%

0.6±2.4% 0.0±0.0% 0.0±0.0% 22.8±33.0%

25.3±39.9% 1.8±2.8% 0.6±1.1%  
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Botrytis cinerea 

Alternaria alternate Japanese pear 

pathotype

Bipolaris oryzae

Colletotrichum orbiculare 

Corynespora cassiicora

Colletotrichum gloeosporioides

Ceratocysts fimbriata

Fusarium oxysporum f.sp. conglutinans 

Cylindrocarpon destructans 

Fusarium oxysporum f.sp.spinaciae

Table 3-1. Effect of the ethyl acetate extract of the culture filtrates of isolate O821 on infection 

behaviors of plant pathogens.

Phytopathogens                Treatment

PSB-10   O821-1      O821-2     O821-5  O821-10

s 

99.8±0.6 a   52.9±36.0 b  26.8±38.6 c  0.1±0.5 d  

99.7±0.8 a   85.3±11.4 b  80.3±15.2 b  2.9±3.2 c  

 

99.3±1.2 a   28.0±28.0 b  27.7±32.1 b  0.1±0.5 c  

99.4±1.1 a   4.9±11.4 b   0.9±1.7 bc   0.2±0.6 bc  

99.8±0.6 a   27.1±22.0 b  2.0±2.8 c    1.1±1.6 c  

99.2±1.6 a   0.0±0.0 b    0.0±0.0 b    0.0±0.0 b  

99.7±1.4 a   0.6±1.5 b    0.0±0.0 b    0.0±0.0 b  

100.0±0.0 a  4.7±7.3 b    0.7±1.2 c    0.7±1.4 c  

99.8±0.9 a   5.0±13.6 b   0.6±2.4 b    0.0±0.0 b  

99.6±1.3 a   22.8±33.0 b  25.3±39.9 bc  

 The pecentage of spore germination (%)  

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

 

c 

0.0±0.0 d

0.1±0.5 c

 

0.2±0.6 c

0.0±0.0 c

0.4±0.9 c

0.0±0.0 b

0.1±0.5 b

0.1±0.5 c

0.0±0.0 b

0.6±1.1 dc  0.601.8±2.8 cd 
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6  

O821 ITS

Biscogniauxia sp. HHP54 98% Biscogniauxia sp. HHP54 Albizia sp.

Biscogniauxia

Biscogniauxia 57

O821

Biscogniauxia Biscogniauxia mediterranea

Biscogniauxia nummularia (Evidente et al. 2005 Luchi 

et al. 2006) Biscopyran  phenylacetic acid  5-methylmellein

 6-methoxymellein

O821

 

O821

O821  

(Leelasuphakul et al. 2006) O821

1

pH 4

 

PS 1-7 O821

O821

4 6

2 1

O821 6

2

(KNO3 0.6 g NaCl 0.3 g MgSO4.7H2O 0.3 g Ca(NO3)2 0.3 g Ca3(PO4)2 0.3 g FeCl3 0.6 mg

1.2 g 600 ml) O821 PS
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(TLC)

O821

PS

 

O821

1 2 O821

5 O821

28

O821

 

O821

10 1

O821
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4 O821  

 

O821 

O821

 

 

1 O821  

1  

a)  

O821 2 2 1a)

 

( ) Ashizawa and Zenbayashi (2005)

 ( )

( 5 cm) 1 10

( ) PS 20 1 6

500 P P (

) 25 12  

b)  

3 2 1b) (1

) 2 5 2 5 10

 

c)  

1 2 (20 ) 1×105spores/ml

20 2 ml

PS

24

5 1 15 2

(Sato et al. 2013)  

{(4A+3B+2C+D)/(4×15)}×100 

A ( 2 ) ( 50% ) 

B ( 20% ) 

C ( 10% ) 

D ( 0.5% ) 
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E  

 

2  

O821 

PS 10

95.0±7.3% (Fig. 4-1 B) O821 5

2 1 2 5 10 10.0±7.3%

5.7±4.6% 0.2±0.2% 0.2±0.0% 0% 0 % (Fig. 4-1 B) O821

5 1/9

5 10

(Fig. 4-1 A)  
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Fig. 4-1. Effect of treatment with the ethyl acetate extract of culture filtrates of isolate O821 

(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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2 O821  

1.  

a)  

O821 2 2 1a)

( ) 4 1 1a)

 

b)  

3 2 1b) 100

 

c)  

1 2 (20 ) (20 )

O821 100 PS

24 (1×105spores/ml) 2 ml

24 5

1 15 2 4 1 1c)

 

 

2  

O821 24

5 O821

(Fig. 4-2 A) 99.3±1.1% (Fig. 

4-2 B) O821 22.2±12.5% (Fig. 4-2 B)

O821 1/5 (Fig. 4-

2 A 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 (t-test, p < 0.05).   



41 
 

3 O821  

1  

a)  

3 5 1a)

O821 2 2 1a)

( )

1 ( ) ( ) 10-14

2  

b)  

3 2 1b)

(1 ) 2 5 10 10

PS

(TLC) 100  

c)  

1 2  

O821 1×105spores/ml

1 2 20 μl 1 10

PS

24 6 1 40

LIA32 http://www.agr.nagoya-

u.ac.jp/~shinkan/LIA32/LIAMan.htm 1  

10 O821 1 2 ml 2

24 1×105spores/ml

1 2 20 μl 1 10 PS

 

d) (TLC)  

Choma and Grzelak (2011) TLC O821

(50 μl) (TLC) (Silica gel 60, Merck KGaA, 

Darmstadt, Germany) 1 1 (v/v) 

TLC PDA (39 g/L)

TLC PSA ( 2 mg/100 ml)

26  
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2  

O821 

PS

63.7±27.9 mm2 O821 

1 2 5 10 9.3±21.1 mm2

9.5±22.2 mm2 0.5±3.1 mm2 0.0±0.0 mm2 (Fig. 4-3 A) PS

151.0±94.9 mm2 (Fig. 4-3 B) O821 

66.3±76.3 mm2 (Fig. 4-3 B) O821

 

PS 86.8±76.6 mm2

(Fig. 4-4 A) O821 1

2 5 10 45.8±67.3 mm2 5.3±27.5 mm2 0.0±0.0 mm2 0.0±0.0 mm2

(Fig. 4-4 A) PS 145.2±75.7 mm2

O821 113.2±42.9 mm2 (Fig. 4-4 B)

O821

  

TLC

2

Rf 0.5-0.6 (Fig. 4-5)  
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Fig. 4-3. Effect of treatment with the ethyl acetate extract of culture filtrates of isolate O821 (O821-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 (t-test, p < 0.05). Means followed by different letters indicate significant difference (Tukey-

Kramer test, p < 0.05). 

60

100

40

20

0

80

PSB-10  O821-1   O821-2  O821-5 O821-10

60

40

80

Le
si

on
 a

re
a 

(m
m

2 )
Le

si
on

 a
re

a 
(m

m
2 )

PSB-100 O821-10

m
m

2

200 

Le
si

100

0

300

A 

B 

* 

a 

bb 

c c

250

n 
ar

ea 150

50



44 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 4-4. Effect of pretreatment with the ethyl acetate extract of culture filtrates of isolate O821 (O821-

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 (t-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

FRONT

ORIGIN

Rf 0.5-0.6

Fig. 4-5. Thin layer chromatography (TLC) bioautography of the ethyl acetate extract of culture filtrates of 

isolate O821 (O821-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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4  

O821 

O821  

Biscogniauxia Biscopyran  phenylacetic acid  5-methylmellein  6-

methoxymellein (Evidente et al. 2005

Cheng et al. 2011)

O821

O821 5

O821 

 

O821 

O821

24

Pyricularia grisea

(Filippi et al. 2014)

O821 

 

O821 

O821 

3 5

O821

O821 

O821

24

Shimizu et al. 2013 Penicillium simplicissimum 

GP17-2 O821 

 

TLC O821

Rf 0.5-0.6

O821 
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5 O821  

 

 (Hossain et al. 2007; Kojima et al. 2013; Shimizu et al. 2013; Spence et al. 2014)

O821 

O821

 

(Chamnongpol et al. 1998)

 (Kessmann et al. 1994; Sticher et al. 1997) O821

 

 

1  

1  

a)  

 ( ) 4 1 1a)

 

b)  

3 2 1b) 100

 

7 1 3-5

5 μl 2 PS

26 12 12 24 48

 

c)  

Thordal-Christense et al. (1997) 

3,3'-diaminobenzidine (DAB Mo, USA; D-8001, Sigma) HCl pH 3.8

2 mg/ml DAB DAB  

(pH 3.8) 1 mg/ml DAB

50 mM DAB

DAB DAB 8

DAB
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2  

O821 (100 ) 12 24 48

DAB PS (100 )

12 48 (Fig. 

5-1) O821 12 DAB

(Fig. 5-1)

(Fig. 5-1)  
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Fig. 5-1. Histochemical detection of H2O2 generation using 3,3'-diaminobenzidine (DAB) in rice 

leaves treated with the ethyl acetate extract of culture filtrates of isolate O821 (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. 

PSB

 

O821-CF

DAB DAB+AA   

PSB

 

O821-CF

PSB

 

O821-CF

12h 

24h 

48h 
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2 PBZ1  

1  

a)  

 ( ) 4 1 1a)

 

b)  

3 2 1 b) 100

5 1 1b)  

c) Total RNA cDNA  

Total RNA Extraction Kit (RBC Bioscience) Total RNA

2  

PRB (500 μl) β-mercaptoethanol (5 μl) 5

15,400×g 2

RB 

20,600×g 2

 

RDD (70 μl) DNase (10 μl)

26 30 DNA  

DNA R-W1 (400 μl) RB 20,600×g 1

RB R-Wash  

(600 μl) 20,600×g 1 20,600×g 3

 

RB RNase free water (30 μl) 3

20,600×g 1 RNA  

RNA dNTP Mixture (10 mM) (1 μl) Random 6 mers (20 μM)  

(1 μl) RNA RNase free water (8 μl)

65 5 4  

 (10 μl) 5×PrimeScript Buffer (4 μl) RNase Inhibitor (40 U/μl)  

(0.5 μl) PrimeScript RTase (0.5 μl) RNase free water (5 μl)

42 30 95 5 4

cDNA  

d) PCR 

PBZ1 (5′-GGTGTGGGAAGCACATACAA-3′ and 5′-GTCTCCGTCGAGTGTGACTTG-3′)

PCR Master Mix 2x conc (10 μl) H2O PCR Grade  

(3 μl) PBZ1 Primer forward (1 μl) PBZ1 Primer reverse (1 μl) cDNA  (5 μl) (Total 

RNA 10 ng/5 μl) LightCycler Nano. (Roche) PCR
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2  

O821 (100 ) 12 24 48

PBZ1 PCR

O821 PBZ1

12 7 (Fig. 5-2) 24 25

48 8 (Fig. 5-2)  
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Fig. 5-2. Quantitative RT-PCR analysis of the PBZ1 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 (t-test, p< 0.05).  
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3  

1  

a)  

 ( ) 4 1 1a)

 

b)  

3 2 1b) 5

1 1b)  

c)  

24  

(0.3 g)

90% (2 ml) 13100 ×g 5

90% (1 ml)

 

5% Trichloacetic acid (TCA) (1 ml) (

2- 50 50 1) 1 ml

2

300 μl 20% (0.2 μm)

(Prominence UFLC LC- 20 AD Shimadzu, Kyoto, Japan) 40%

(0.1% ) 295 nm 400 nm

(Raskin et al. 1989) 1 g  

 

2  

O821 (100 ) 24

PS 121.5±44.0 ng/g

(Table 5-1) O821

107.7±27.4 ng/g O821

(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 O821 

Treatment  Salicylic acid (ng/g fresh weight) 

PSB (Control) 

O821-CF 

121.5±44.0 

107.7±27.4 
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4  

1  

a)  

O821 2 2 1a)

( ) 4 1 1a)

 

b)  

3 2 1 b) 100

 

c)  

1 2 (20 ) 100

O821 (1300 unit/ml) (Wako Pure Chemical Industries, Ltd)

24

(1×105spores/ml) 20 2 ml 24

PS 100

5 1 15 2

4 1 1 c)  
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98.9±1.0% (Fig. 5-3 B) O821 100

15.5±11.1% (Fig. 5-3 B) O821 
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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 O821 (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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(No. 101 Advantec Toyo, Tokyo, Japan )  
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(10×45×3 cm) (Silica Gel, ODS-Q3; Wako 

Pure Chemical, Osaka, Japan) 10 cm

(400 ml) 80% (100 ml)

4 L 45

40 ml

3

( 45 ml)

(40 ml)

 

c)  

0.22 μm (RephiLe Bioscience, Boston, USA)

(HPLC  L-6000 HPLC Wakosil-

5C18 AR column size 4.6/250 mm 80% 1 ml/min

204 nm) O821 HPLC

 

d)  

2 2 1b) HPLC RT 4.26

 

4 3 1d) TLC
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50 μl TLC (Silica gel 60, Merck KGaA, Darmstadt, 

Germany) 1 1 (v/v) 

TLC PSA ( 2 mg/100 ml)

26  

 

2  

HPLC O821

HPLC 2 RT 4.26

RT 4.26

O821

HPLC RT 4.26

O821

RT 4.26

100±0.0%  99.9±0.5% (Fig. 6-1A B) O821

RT 4.26

(Fig. 6-1A B)  

50 μl

7 Rf 0.5-0.6

(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 O821 (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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 (Fig. 6-3)  
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Fig. 6-3. The structure of inhibitory compound from culture filtrate of isolate O821. 
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2.  
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99.9 ± 0.5%  99.8 ± 0.6% (Fig. 6-4 A B) 1 2 ppm

71.2 ± 35.8% 20.2 ± 27.4% (Fig. 6-4 A)

70.9 ± 35.8% 18.2 ± 27.5% (Fig. 6-4 B) 5 
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Fig. 6-4. Effect of O821 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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98.6 ± 3.4% (Fig. 6-5 B) O821

5 10 ppm 22.2 ± 9.7% 9.7 ± 10.3%
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Fig. 6-5. Effect of treatment with O821 inhibitory compound on blast lesion formation by 

Magnaporthe oryzae in rice 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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1 20 100 200 ppm O821
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O821 24

99.6 ± 0.9% (Fig. 6-6 B) O821

100 200 ppm 53.4 ± 1.9% 45.8 
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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). 

 

b 
b 

a 

A 

B 



71 
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7 100 O821
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2 1 5 μl  3-5

26 12 24
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Thordal-Christense et al. (1997)

5 1 1c)  
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O821 (100 ) 100 ppm 350 ppm O821

24 DAB

O821 DAB

(Fig. 6-7)

(Fig. 6-7) 100 ppm 350 ppm 100
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(Fig. 6-7)

(Fig. 6-7)  

 

 

 

 

 

 

 

 

 



72 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 DW    O821-CF  100 ppm   350 ppmpp pp
O821 inhibitory compound

 DAB+AA

 DAB

 Fig. 6-7. Histochemical detection of H2O2 generation using 3,3'-diaminobenzidine (DAB) in 

rice leaves treated with the ethyl acetate extract of culture filtrate of isolate O821 (O821-CF), 

O821 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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c) Total RNA cDNA RT-PCR 

Total RNA cDNA 5 2 1c)

 

MiliQ (14.9 μl) 10× (2.0 μl) 2.5mM dNTPs (1.6 μl) 1 (0.2 μl)

2 (0.2 μl) Taq (0.1 μl) DNA (2 μl)

RT-PCR RT-PCR 95 3 98 10 50

30 72 1 30 72 10
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Fig. 6-8. Effect of O821 inhibitory compound on PBZ1 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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Chahal 2013 Rasul et al. 2013) 100
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(Kataria and Chahal 2013 Klochkov et al. 2011)
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H921 
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3 2 1b)  
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Disposable Culture Tubes(13×100 mm) (Thermo Fisher 

Scientific Waltham, Massachusetts, USA)

105 121 20

 

d)  

2 2 1b)

 

 

2  

H921 (2 ) 105 121

PS

105 121 94.7 ± 6.2% 98.1 ± 2.3%

 98.2 ± 2.0% (Fig. 7-1 A) H921 105

121 6.0 ± 4.7% 4.8 ± 3.8% 4.2 ± 2.9%

(Fig. 7-1 A) H921  (105

121 ) 

79.6 ±25.1% 91.1 ± 15.6% 97.8 ± 2.6% H921

0.3 ± 

0.8% 0.1 ± 0.5% 0.1 ± 0.5% (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  or 

121 , 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 . 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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H921 PS 1-7 3 2
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2 2 1b)

 

 

2  

PS 1-7 H921 (2 )

PS

99.4±1.1% 98.0±2.8% (Fig. 7-2 A B)

H921 1 99.3 ± 1.3% (Fig. 7-2 A). 

H921 3 5 7 1.7 ± 2.7%

6.5 ± 4.8% 6.0 ± 4.7% (Fig. 7-2 A) H921 1

98.9 ± 1.7% (Fig. 7-2 B) H921 3 5 7

0.5 ± 1.5%, 4.8 ± 9.4% 0.3 ± 0.8%

(Fig. 7-2 B) H921 3
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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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3 H921  

1  

 

H921 PSA 20 ml ( 7 cm)

26 14  

 

PSA 7 H921 

H921

( S-4800
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DNA ITS  

DNA Suzuki et al. (2006) 2 3 1b)

H921 Saitou and Nei (1987)  

 

2  

H921  

H921 ( 4 )

(Fig. 7-3 A B)

(Fig. 7-3 C D) (Fig. 7-3 E F)

Trichoderma

(Fig. 7-3)  

H921 ITS  

H921 ITS BLAST GENETYX

H921 Trichoderma koningiopsis (100 %) (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)
0.01

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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H921

H921

(Fig. 7-

5)  

b) H921 

 

H921 

5 PS 99.5 ± 0.8% (Fig. 

7-6 B) H921 2 1 2 5

31.9 ± 18.9% 16.7 ± 12.7% 7.6 ± 12.6% 3.3 ± 7.4% (Fig. 7-6 B)

H921 2 1/3

(Fig. 7-6 A B)  

c) H921  

H921

PS

98.6 ± 1.7% H921

8.0 ± 9.7% (Fig. 7-7) 1/10

(Fig. 7-7) 
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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.  

PSB          H921-CF
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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 (t-test, p< 0.05). 
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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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Pyricularia oryzae Cavara) 1

 

1

 

46 PSA

105
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20

1
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3 3 1

2 3

β-1, 3

 (Lorito et al. 1994 Shoresh and Harman 2010 Sakdapetsiri et al. 2016)

Bacillus subtilis NSRS 89-24

β-1, 3

(Leelasuphakul et al. 2006) Hypholoma 

fasciculare Cantharellus cibarius Bacillus cereus  Bacillus subtilis 

Staphylococcus aureus (Barros et al. 2007 Barros et al. 

2008) Lycoperdon perlatum Pleurotus pulmonarius Clavaria 

vermiculris Marasmius oreades Escherichia coli Bacillus subtilis

(Ramesh and Pattar 2010)

Annulohypoxylon sp. (S9) Nigrospora sp. (S5)  Penicillium 
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(Picman and Schneider 1993 Khan et al. 2012 Kataria and 

Chahal 2013 Rasul et al. 2013) 1 ( H)

( OH) ( OH)
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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 O821 (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 O821  

We demonstrate that O821-CF treatment elicited the production of hydrogen peroxide (H2O2), and 

increased transcription of the PBZ1 gene in rice leaves. A time course analysis of H2O2 production 

indicated an increase with time after O821-CF treatment. The expression of the PBZ1 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 H2O2 production play important role in inhibitory 

mechanism of O821-CF. However, no accumulation of Salicylic acid (SA) was observed at 24 h after 

O821-CF treatment. These results suggested that SA-independent resistance to rice blast is induced by 

O821-CF.  

 

4. Purification and identification of inhibitory compound produced by isolate O821  

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-b]furan-2(3H)-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. H2O2 generation was 

observed in rice leaves pretreated with new compound, and PBZ1 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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