
(reactive oxygen species, ROS) 

(hypersensitive response, HR) 

(pathogenesis-related proteins) 

ROS

ROS 
(1)

ROS 

(11, 13)

ROS 

(biotrophic pathogens) 
(7, 15)

(2) (necrotrophic

pathogens) 
(8)

ROS 

Pseudomonas

syringae pv. phaseolicola (strain NPS3121)

(HR-cell death) NPS3121 

diphenylene iodonium

(DPI, inhibitor of ROS production) 

NPS3121 

ROS (14)

(Botrytis cinerea Pers. : Fr.) 

ROS 

B. cinerea (22) ROS 
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[Botrytis elliptica (Berk.) Cooke] 

0.7 mM 

0.9 mM 

diphenylene iodonium 



(3, 4, 9) B. elliptica 

2', 7'-dichlorodihydrofluorescein

diacetate 4'-amino-5-methylamino-2', 7'- difluoro-

fluorescein diacetate 

(calcium flux) 

(sphingolipid) (nitrous oxide) 

(oxidate) 

HR (20)

B. elliptica

B. elliptica

(Lilium 'Star Gazer') 1%

10 (

=1 : 3) 70-80% 

12 (20-23 ) 30 ( 45-55

)

B. elliptica B061 B. cinerea B071

V-8 (20% V-8

juice, 0.3% CaCO3, 1.5% Bacto agar) 

(PDA, Difco) (23-25 ) 5-7 

5

104

Trypan blue

Zimmerli (23) B. elliptica

95% 100

1% SDS (sodium

dodecyl sulfate) 

5 

0.01% trypan blue (Sigma, USA) /lactophenol 

3 (Leica DMR, Wetzlar,

Germany) 

DAB 

DAB (3,3-diaminobenzidine-tetrahydrochloride,

Sigma, USA) 

Thordal-Christensen (18) B.

elliptica DAB (2

mg/ml) 12-16 95% 

1% SDS 

(Leica DMR, Wetzlar,

Germany) 

Schouten (17)

30% (Nacalai Tesque, Inc, Japan, 0.88

M) V-8 ( 30-40 ) V-8 

0.03, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,

0.7, 0.9 1.9 mM 0.5 0.5 cm2

3 

0.03, 0.1, 0.2, 0.3, 0.4,

0.5, 0.6, 0.7, 0.9 1.9 mM 12 

(Leica DMR, Wetzlar, Germany) 100

3 2 

DPI B. elliptica

0.68% 10 M DPI

(diphenylene iodonium (Sigma, USA) 0.05%

dimethyl sulfoxide, DMSO) (2) 2 

( 5 104 )

95% 

1% SDS 80 12 

Jana Choudhuri
(10) 6 

24 (50 mM

phosphate buffer, pH 6.5, 10 mM 3-amino-1.2.4-

triazole) 50 (Labcon Inc.) 

6,000 g (MRX-152, Tomy Seiko Co., Ltd.,

Tokyo, Japan) 25 25 8 

0.1% titanium sulfate solution (in 20% sulfuric acid) 

6,000 g 4 (MRX-152, Tomy

Seiko Co., Ltd., Tokyo, Japan) 15 1 

(OD410) (Spectrophotometer microplate

reader, SpectraMax 340, Molecular Devices, Sunnyvale,.
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0.03-0.7 mM 

B. elliptica

0.9 mM 
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20% ( A) B. elliptica

3 0.03-0.4 mM

B. elliptica 

0.4 mM 

2.4 0.7 mM 

2.0 0.9 mM 

1.9 mM 

B. elliptica

B. elliptica B.

elliptica

B. elliptica

B. elliptica 

( A, A-1) 

B. elliptica 3 

( B, B-1) 0.2 mM 

B. elliptica 3 

( C, C-1)
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Botrytis elliptica
Fig. 1. Induction of cell death (necrosis) by Botrytis elliptica on lily leaves. Trypan blue staining revealed that B. elliptica-
infected leaves showed dead cells (green arrow) near penetration sites 24 hr after inoculation (A) and colonization by B.
elliptica on necrotic lesions on the leaves as that shown at 72 hr after inoculation (B). Germinated spores (black arrow) and
penetrating or invading hyphae (red arrow) were observed on the leaves. Bar = 50 m.



DPI 

2 B. elliptica 3 

( D, D-1) B. elliptica 

B. elliptica

B. elliptica 

DPI

B. elliptica

12 0.7 mM 18

0.8 mM ( )

DPI 

DPI 2 B. elliptica 

B. elliptica 

( )

DPI 

ROS 

(20, 22) B. elliptica

17 4 2008310

Fig. 2. H2O2 accumulation caused by Botrytis elliptica infection on lily leaves. Control, water treatment on lily leaves
before (A) and after DAB staining (D). B. elliptica-infected leaf showed necrotic lesions on the inoculation sites (B) and
dead cells (green arrows) around infection sites 24 hr after inoculation (C). DAB staining revealed H2O2 accumulation in B.
elliptica-infected lily leaf which showed necrotic lesions (E) and dead cells around inoculation sites (F). Germinated
spores (black arrow) and penetrating hyphae (white arrow) were observed. Bar = 50 m.



( ) ( ) B.

elliptica

B. elliptica ( B)

0.7 mM 

( A) B. elliptica 

Gil-ad (2000) B. cinerea

(catalase,

CAT) (5)

B. cinerea Van der Vlugt-Bergmans 

(1997) cat B. cinerea 

B. cinerea

(oxidative stress)
(21) Schouten (2002) 

B. cinerea CAT 
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Fig. 3. Effect of H2O2 on spore germination and mycelial
growth of Botrytis elliptica. Spore suspensions of B.
elliptica (105 conidia /ml) were mixed with equivalent
amount of different concentrations of H2O2 solution (final
concentrations indicated); spore germination rates were
recorded 24 hr after incubation (A). Mycelial disc of B.
elliptica was placed on the center of V-8 agar and
incubated at 23-25 . The diameters of colonies were
recorded 3 days after inoculation (B). The error bars
represent the standard error of the mean.

DPI 

Fig. 4. H2O2 suppression by DPI against Botrytis leaf
blight of lily. Control, water treatment on lily leaves (A,
A-1) showed no symptom. B. elliptica (B, B-1) and B.
elliptica + H2O2 (0.2 mM) (C, C-1)-inoculated leaves
showed necrotic lesions 3 days after inoculation. DPI-
treated lily leaf showed less symptom development (D, D-
1) than that without DPI pretreatment 3 days after
inoculation. The leaves of A-1, B-1, C-1, and D-1 were
cleared with 1% SDS solution before observation.



(17)

B. cinerea

Lee dicarboximide 

(iprodione) B. cinerea 

(superoxide dismutase, SOD) B.

cinerea (12)

B. cinerea 

B. cinerea 

(peroxidases) 180 mM 
(6) B. cinerea

B. elliptica

0.2 mM B. elliptica

DPI

B. elliptica 

B. elliptica

B. cinerea 

B. cinerea 

ROS 

B. cinerea (16, 19, 22)

B. elliptica 0 12

18 

B. elliptica 3 6 24 

B. elliptica

B. cinerea 
(17)
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17 4 2008312

DPI 
Fig. 5. Effect of pretreatment of DPI on accumulation of H2O2 in lily leaves after B. elliptica infection. Control, water
treatment on lily leaves; Be, B. elliptica-inoculated leaves; DPI, DPI-treated leaves; DPI+Be, B. elliptica-inoculation on
DPI-treated leaves. The leaves were homogenized and performed H2O2 extraction. The amount of H2O2 was assayed by
spectrophotometer at OD410. The error bars represent the standard error of the mean of H2O2 concentration.
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ABSTRACT

Liu, Y. H., Huang, C. J., Yang, K. H., and Chen, C. Y. 2008. Effect of hydrogen peroxide on infection

of lily by Botrytis elliptica. 17: 307-314. (1 Department of Plant Pathology and Microbiology, National

Taiwan University, Taipei, Taiwan, R.O.C.; 2 Corresponding author, E-mail: cychen@ntu.edu.tw)

Botrytis elliptica (Berk.) Cooke, a pathogenic fungus of necrotrophic type, causes necrotic

lesions on lily leaves and is able to grow on necrotic lesions. When the leaves of Oriental lily cv. Star

Gazer were inoculated with B. elliptica, brown spots were observed at the inoculation sites and brown

cells appeared around the infection sites. Although hydrogen peroxide accumulated in lily leaves after

B. elliptica infection, it did not retard the fungal growth. In vitro assays showed that hydrogen

peroxide did not inhibit spore germination at a concentration of 0.7 mM or less and it did not inhibit

mycelial growth at a concentration below 0.9 mM; moreover, enhancement of mycelial growth was

observed. In addition, when hydrogen peroxide was added in the inoculation fluid of B. elliptica,

symptom became severer than when inoculation was done singly with B. elliptica. Pretreatment of

diphenylene iodonium inhibited accumulation of hydrogen peroxide and reduced the disease severity,

indicating the role of hydrogen peroxide as an enhancing factor for B. elliptica infection. In this study,

a difficulty of clearing the thick leaves had been resolved to examine the accumulation of hydrogen

peroxide in the leaves of lily cv. Star Gazer. 

Key words: hydrogen peroxide, Botrytis elliptica, lily


