Acta Microbiologica Sinica

2017, 57(3): 422-433
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20160293

-] b

Research Article IRt A=

W16 3 TR TR B 9 Y A T 1 72 B 9 JR = ROAR AR A 55
kA2, GRS HEE' $E7

1 130118
: 130200
e
DAPI (4',6-
2- )
> > >
3 mm
| 1

IT 1 2 2 1

2 2 1-2

1-2 0-2
KEEA:
Hypomyces
perniciosus Magnus Delacr
] 21 Lambert

E&£mMA: ““973 77(2014CB138305) ( ) (201503137)

"BIE1EE . E-mail: 966yuli@126.com
kS BEHEE: 2016-07-20 fEEIHHE: 2016-09-13 MKEHAEH: 2016-12-05



,2017, 57(3)

423
31 CCMIJ1131 CCMIJ1139
1.1.2 PDA (g/L) 200 20
15 1L
1 1.2
10.0:6.0:0.5 (W/W) 64%—66%
1%
( 30 cm 50 cm)
15 cm
23-24 °C 90%—-95%
( 3—4 cm 2/3
426 em) 16.5-17.5 °C
88%-92% B
| 1.3
(4] 1x10°  /mL
DAPI (4',6— 2 1
)

AR
1.1

1.1.1
As2796
Sylvan A15

Compost

1. BRRREBELIEARREEMAETRBAERE TR
BE

Figure 1. Illustration of inoculation of Hypomyces
perniciosus on the different depth of compost and
casing soil. 1: surface of casing soil; 2: center of casing
soil; 3: below the casing soil under the compost; 4:
center of the compost.
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2. GEEFHERBIBNARRAEEMBERRSFNAEENLARIER
Figure 2. Inoculated Hypomyces perniciosus on the different depth of casing soil and compost. A: inoculated H.
perniciosus on the surface of the casing soil; B: inoculated H. perniciosus in the center of the casing soil; C:
inoculated H. perniciosus below the casing soil above the compost; D: inoculated H. perniciosus in the center of the

compost.
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B3 EREHTARERMENRAEE FRAEMEERRSEARIER
Figure 3. In vivo inoculation of Hypomycese perniciosus on the surface of Agaricus bisporus at different stages of
fruit body development. A: fruit body of A. bisporus 3 mm; B: puftball like tissue of A. bisporus; C: fruit body of A4.
bisporus 5 mm; D: inoculated H. perniciosus on the surface of 5 mm diameter fruit body 7 days; E: inoculated H.
perniciosus on the surface of 1 cm diameter fruit body 2 days; F: inoculated H. perniciosus on the surface of 1 cm
diameter fruit body 4 days; G: inoculated H. perniciosus on the surface of 1 cm diameter fruit body 9 days.
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B 4. FEREHNHMELEFEERS

Figure 4. Different stages of Agaricus bisporus fruit body. A: primordium 3 mm in size; B: primordium 5 mm in
size; C: fruit body with a cap size of 1 cm; D: fruit body with a cap size of 2.5 cm; E: micro-morphology of
primordium 3 mm in size; F: micro-morphology of primordium 5 mm in size; G: hymenium of fruit body with a cap
size of 1 cm; H: hymenium of fruit body with a cap size of 2.5 cm. Bars=20 pm.

E5 XFRHMRETUARAERABRINAEFEMESEL
Figure 5. Observed diseased symptom changed of Agaricus bisporus fruit body by light microscope. A: center
part of cap mycelium; B: chlamydospore germinated after 36 h; C: mycelium of H. perniciosus grown on PDA. D:
H. perniciosus invaded into fruit body of 4. bisporus; E: H. perniciosus covered the surface of 4. bisporus gill. mh:
mycelium of H. perniciosus. Bars=10 pm.
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Figure 6. SEM photographs of Hypomyces perniciosus invading Agaricus bisporus. A: center of healthy 4. bisporus; B:
clamydospore of H. perniciosus adhered on the surface of A. bisporus 12 h after inoculation of H. perniciosus; C:
clamydospore of H. perniciosus germinated 24 h after inoculated H. perniciosus; D: lots of H. pernisiosus covered A.
bisporus fruit body; E: H. perniciosus hypha infection of A. bisporus gills 4 d after inoculation; F: 4 days after
inoculation, center of A. bisporus is filled with H. perniciosus and the mycelium of A. bisporus with hydropic
degeneration. h: clamydospore of H. perniciosus; a: mycelium of A. bisporus; mh: mycelium of H. perniciosus.
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7. WAELHFRAZRERER
Figure 7. Symptoms of wet bubble diseased on Agaricus bisporus fruit body. A: diseased symptom of A. bisporus
on the cultural bed; B: 3 days after Inoculation of H. perniciosus on the surface of A. bisporus; C: 4 days after

inoculation of H. perniciosus on the surface of A. bisporus; D: center of A. bisporus fruit body 3 days after
inoculation of H. perniciosus.
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E 8. HBHEEBERIZLIE

Figure 8. Nuclei of Hypomyces perniciosus. A: conidia and conidiophore. a: conidia; b: conidiophore. Bars=

10 um. B: conidia. a: conidia without septa; b: conidia with septa. Bars=1 um. C: conidia with septa. Bars=1 um.
D-F: chlamydospore. Bars=5 pum. G: mycelium. Bars=1 pum. H: conidiophore. Bars=5 pum. I: conidia germinated in
one germinal tube, mitosis of the nucleus in conidia. Bars=1 um. J: conidia without septa germinated in one tube,
mitosis of the nucleus in the germinal tube. Bars=1 um. K: chlamydospore germinated in one germinal tube from
the apical cell. Bars=10 um. L: chlamydospore germinated in one germinal tube from the apical cell, two nucleus in
the germinal tube. Bars=10 pm.
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The development of Agaricus bisporus wet bubble disease and
the nuclear phase of pathogen
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Abstract: [Objective] We studied the dynamic nuclear behavior of Hypomyces perniciosus on axenic culture and
its disease progression after infection on different growth stages of Agaricus bisporus. [Methods] Infection process
was initiated by inoculating different stages of 4. bisporus fruit body, and different depths of compost and casing
soil with H. perniciosus. Disease progression was studied by observing symptoms on the fruit body using light
microscopy and scanning electron microscopy. The nuclear behavior of H. perniciosus was determined by
observation using fluorescence light microscopy after binding of DNA specific fluorochrome dye (DAPI: 4,
6-Diamidino-2-phenylindole dihydrochloride) to the nuclei. [Results] Inoculating H. perniciosus on different
depths of compost and casing soil resulted in different disease rate as follows: on the surface of casing soil>in the
center of casing soil>between the casing soil and the compost>in the center of compost. H. perniciosus can infect
any stage of fruit body development, when young primordial (up to 3 mm) was infected, large, irregular and
tumorous fungal masses were formed. H. perniciosus directly penetrated 4. bisporus without the formation of
appressorium—like structures. The germination of the conidia led to a necrotic brown lesion symptom on A.
bisporus at the beginning stages of disease development. The mycelium of A. bisporus plasmolysed, hydropically
degenerated, cytoplasmolysed, emptied of mycelium cytosol and eventual death as the disease advanced. H.
perniciosus produced two types of conidia. Group I conidia had no septa, colorless and smooth containing one
nucleus. Group II didymoconidium had septa, containing two nuclei, separated by septa. The first round of mitosis
occurred in conidia with no nucleus in the germinal tube. Another kind of asexual spore for thicker cell wall wart
convex chlamydospore, chlamydospore had two cells. The upper cell had two nuclear while the basal cell had one
or two nuclear, when germinated, it produced one or two germinal tubes. The number of nuclear in the germinal
tube was irregular, usually contained 0 to 2 nuclear. [Conclusion] H. perniciosus can infect any part of the 4.
bisporus fruit body and can cause tremendous cytology changed. If we perform single spore isolation to do genetic

analysis, one must isolate conidia with no septa.
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