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a b s t r a c t

A spontaneous mutant CanBc-3HV and its parental strain CanBc-3 of Botrytis cinerea were

investigated in terms of pathogenicity, colony morphology, hypovirulence transmissibility,

presence of double-stranded RNA (dsRNA), and formation of intra-hyphal hyphae (IH).

Results showed that inoculation of CanBc-3HV on detached leaves of Brassica napus did

not produce any visible necrotic lesions (20 �C, 72 h), whereas inoculation of CanBc-3

caused necrotic leaf lesions. Compared to CanBc-3, CanBc-3HV grew slowly, formed nu-

merous mycelial sectors, sporulated sporadically and failed to produce sclerotia on potato

dextrose agar (PDA) (20 �C, 15 d). Hypovirulence and the abnormal cultural characteristics

of CanBc-3HV were transmissible from CanBc-3HV to CanBc-3 in pair cultures on PDA.

However, the transmission was unsuccessful from CanBc-3HV to another virulent strain

CanBc-2 of B. cinerea. These results suggest that transmission of the hypovirulence and

the abnormal cultural characteristics of CanBc-3HV are strain-specific. No dsRNA was de-

tected in mycelia of either CanBc-3HV or CanBc-3, implying that the hypovirulence of

CanBc-3HV is caused by a transmissible element (TE) of non-RNA mycoviral origin. Forma-

tion of IH through self-infection was observed in CanBc-3HV, CanBc-3T1 (a hypovirulent

derivative of CanBc-3 trans-infected by TE in CanBc-3HV), but was not observed in

CanBc-3, suggesting that IH formation is associated with the hypovirulence of CanBc-

3HV. To our knowledge, this is the first report of dsRNA-free transmissible hypovirulence

associated with IH formation in B. cinerea.

ª 2011 The British Mycological Society. Published by Elsevier Ltd. All rights reserved.

Introduction

Hypovirulence usually refers to debilitated ability of selected

fungal strains to cause disease on susceptible host plants

(Anagnostakis 1982; Nuss 2005). This phenomenon has been

reported to exist in numerous plant pathogenic fungi (Ghabrial

& Suzuki 2009; Pearson et al. 2009) including Botrytis cinerea

Pers.: Fr. (Castro et al. 2003; Wu et al. 2007), the causal agent of

plant gray mold disease. Fungal hypovirulence can be caused

by mycovirus infection (Ghabrial & Suzuki 2009; Pearson et al.

2009), mutation of mitochondrial genes (Monteriro-Vitorello

et al. 1995; Baidyaroy et al. 2000) and/or spontaneous generation

of DNA plasmids (Charter et al. 1993; Monteiro-Vitorello et al.

2000). Hypovirulent fungal strains are potential biocontrol
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agents formanagement of fungal diseases by attenuating path-

ogenicity/virulence of wild fungal strains through transmission

of ‘hypovirulence element (HE)’ or mycoviruses (Anagnostakis

1982; Nuss 2005). Meanwhile, understanding of the interaction

between fungal hosts and ‘HE’ or mycoviruses, and between

hypovirulent fungal strains and host plants at molecular level

mighthelp tounveil theunderlyingmechanismsof fungal path-

ogenesis (Nuss 2005; Zhang et al. 2010).

Botrytis cinerea [teleomorph: Botryotinia fuckeliana (de Bary)

Whetzel] is a ubiquitous plant pathogen causing gray mold dis-

ease onmore than200plant species including oilseed rape (Bras-

sica napus L.) in temperate and subtropical climates (Williamson

et al. 2007). Botrytis cinerea is a necrotrophic pathogen (van Kan

2006) and no fully resistant crop cultivars to this pathogen

haveeverbeenidentified (Williamson et al.2007).Therefore, con-

trol of plant graymold disease depends greatly on application of

fungicides. However, public concerns over the potential risk of

fungicide residues in plant produces and formation of fungicide

resistance inpopulationsofB. cinereadue to theuseof fungicides

suggest a need to explore alternativemeasures includingbiolog-

ical control for management of plant gray mold disease.

Discovery and characterization of the transmissible hypo-

virulence of B. cinerea provide a novel strategy for control of

B. cinerea. Previous studies indicated that RNA mycoviruses

could infect B. cinerea. Some RNA mycoviruses such as the

6.8-kb-dsRNA mycovirus (Castro et al. 2003) and B. cinerea

mitovirus 1 (BcMV1), an ssRNA mycovirus (Wu et al. 2010),

can cause hypovirulence and hypovirulence-associated phe-

notypes, including abnormal colony morphology, reduced

sporulation and suppressed sclerotial formation, in B. cinerea.

However, information about the hypovirulence not caused by

RNAmycoviruses in B. cinerea is not available in the literature.

A strain of B. cinerea, designated as CanBc-3, was isolated

fromoilseed rape in our previous study (Zhou 2009). The strain

CanBc-3 had the normal colony morphology of B. cinerea on

potato dextrose agar (PDA) and was highly virulent on oilseed

rape. During successive mycelial sub-culturing of CanBc-3 on

PDA, a cultural variant, designated as CanBc-3HV, was

obtained. In the present study, strains CanBc-3 and CanBc-

3HV of B. cinerea were investigated for fulfilling the following

objectives: (i) to characterize cultural features on PDA and

pathogenicity on oilseed rape; (ii) to determine transmissibil-

ity of the hypovirulence and the abnormal cultural character-

istics of strain CanBc-3HV; (iii) to detect the presence of

dsRNA; and (iv) to observe formation of intra-hyphal hyphae

(IH) in strain CanBc-3HV and to establish the relationship be-

tween IH formation and hypovirulence in B. cinerea.

Materials and methods

Strains of Botrytis cinerea

Five strains including CanBc-1, CanBc-1c-66, CanBc-2, CanBC-3,

and CanBc-3HV were used in this study. Strains of CanBc-1,

CanBc-2, and CanBC-3 were isolated from field samples of oil-

seed rape grown in Wuhan of China in 2004 (Wu et al. 2007;

Zhou 2009). Strain CanBc-1 was a hypovirulent strain infected

with BcMV1 (Wu et al. 2010). A double-stranded RNA (dsRNA) of

about 3.0 kb in size was consistently detected in mycelia of

CanBc-1 (Wu et al. 2007). Strain CanBc-1c-66 is a single-

conidium derivative of CanBc-1. It became virulent on oilseed

rape and lost the 3.0-kb dsRNA (Wu et al. 2007). Strain CanBC-

3HV is a cultural variant of CanBC-3 through successive

sub-culturings on PDA. Stock cultures of these strains were

maintained on PDA at 4 �C. Working cultures were established

by transferring stock agar plugs containing mycelial mats onto

PDAinPetridishes,whichwere then incubatedat20 �Cfor4e7 d.

Hyphal growth rate and colony morphology

Strains CanBc-3 and CanBc-3HV were compared for hyphal

growth rate and colony morphology on PDA. Mycelial agar

plugs (MAPs) (6 mm diameter) were removed from the margin

area of 2-d-old PDA cultures using a sterilized cork borer and

transferred to the centre of Petri dishes (9 cm diameter) each

containing 20 ml PDA, one MAP per dish and three dishes

per strain. The dishes were incubated at 20 �C in dark for

2e15 d. Colony diameters were measured at day 2 and day 3

after incubation and the radial growth rate (RGR) was calcu-

lated with the formula: RGR (cm/day)¼ (D3�D2)/2, where D2

and D3 represent colony diameters at day 2 and day 3, respec-

tively. The experiment was repeated once.

Pathogenicity assay

Pathogenicity of strains CanBc-3 and CanBc-3HV was com-

pared in a detached leaf pathogenicity assay. Seeds of oilseed

rape (Brassica napus cultivar Zhongyou Za No. 4) were sown in

a field in early Oct. of 2009, and the plants were watered as re-

quired. Leaves were excised from the central part of each

seedling of oilseed rape in early Dec. of 2009. Eight leaves

with the average size of 10� 8 cm (length�width) were

placed in two lines on moist towels in an enamel tray

(45� 30� 2.5 cm, length�width�height). MAPs (6 mm diam-

eter) were removed from themargin of 3-d-old PDA cultures of

each strain and placed on leaves of oilseed rape with the my-

celial side down facing the leaf surface, twoMAPs per leaf and

four leaves per strain. Plain PDA agar plugs without mycelia

were used in the control treatment. The trays were individu-

ally sealed with transparent plastic films (100 mm thick)

(Gold Mine Plastic Industry Ltd., Jiangmen, China) to maintain

high humidity and incubated in a growth chamber at 20 �C un-

der fluorescent light with the regime of 12-h light/12-h dark.

Leaf lesion diameter around eachMAPwasmeasured after in-

cubation for 72 h. The experiment was performed twice.

Detection of dsRNA

MAPs of strains CanBc-1, CanBc-1c-66, CanBc-2, CanBc-3 or

CanBc-3HV were inoculated on sterilized cellophane films

placed on PDA in Petri dishes, four MAPs per dish. The dishes

were incubated at 20 �C in dark for 3 d for strains CanBc-1c-66,

CanBc-2, and CanBc-3, and for 6 d for strains CanBc-1 and

CanBc-3HV. Mycelial mats in each dish were harvested using

a sterilized spatula. Extraction and purification of dsRNA from

three mycelial samples (three replicates) for each strain were

carried out using the procedures described by Morris & Dodds

(1979) and Wu et al. (2007, 2010). Presence of dsRNA in the
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