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Abstract

White button mushroom (Agaricus bisporus) has a special place in the food basket worldwide because of its high nutritional value and
medicinal properties. To identify bacterial species associated with brown spot disease of edible mushrooms symptomatic samples were
collected from Alborz province farms. Moreover, healthy mushrooms were sampled to isolate biocontrol bacterial agents. Sixty-one bacterial
isolates were isolated from symptomatic samples among which 19 isolates induced wide, watery and sunken spots on the surface of the cap
and necrosis of the middle part and the base of edible mushroom. Nine non-pathogenic isolates were isolated from healthy mushrooms
among which four isolated were selected for auxin hormone, siderophore and production of phytase, protease, lipase, lecithinase, cellulase
and chitinase enzymes production assays. Biochemical and molecular tests were performed to identify pathogenic and endofungal bacteria.
Based on the 16S rDNA sequence analysis isolates were classified into the pathogenic genera including Pseudomonas, Chryseobacterium,
Ewingella, Brucella and Klebsiella and endofungal species including Bacillus velezensis, Kocuria rhizophila, Bacillus wiedmannii.
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Fig. 1. Different symptoms of bacterial spot on collected edible
mushroom samples (A, B, D, G) wide brown and watery and sunken
spots on the surface or margin of the cap, (C) necrosis of the middle
part and the base of the mushroom cap, (F, E) small brown spots on

the mushroom cap
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Fig. 3. Protein pattern of soluble proteins of bacterial strains isolated
from Agaricus bisporus after polyacrylamide gel electrophoresis

separation and staining Coomassie Brilliant Blue
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Table 1. Grouping of bacteria isolated from Agaricus bisporus based

on the pattern of cellular soluble protein bands

Grouping based on the pattern Isolates with similar pattern of

of cellular soluble protein bands cellular soluble protein bands

A EMJ2, EMJ45

B EMJ43

C EMJ40, EMJ50

D EMJ1, EMJ47, EMJ48, EMJ52
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Table 2. Production of effective metabolites in the inhibition mechanisms of endophyte isolates in laboratory conditions

Code Species Chitinase Cellulase Lecitinase Lipase Protease Phytase Auxin Siderophore
production  production  production  production  production  production  production production

EMJ45 Bacillus . . . . . . . .
wiedmannii

EMJ52  Kokuria rhizophila - - + + + + + +

EMJ40  Bacillus velezensis - - - + _ + - -

EMJ43  Bacillus altitudinis - - + + + ND + +

bkl 5 Bl e slaalir allen 5 sboedsm S0 s03l ¥ Jgd
Table 3. Biochemical and pathogenicity tests of all selected pathogenic and endophyte strains
Isolate code Pathogenicity Gra.m Citrate Oxidase Catalase IT'Iuoresce.nt White.line
test reaction pigmentation reaction

EMJ3 + - + - ND R -
EMJ5 + - + ND + + -
EMJ9 + - + ND + + -
EMJ14 + - + ND + + -
EMJ16 + - ND - + - -
EMJL7 + - + ND + + -
EMJ19 + - + + + + -
EMJ20 + - + ND + + -
EMJ22 + - + + + + -
EMJ26 + - ND - + - -
EMJ27 + - ND - + - -
EMJ29 + - ND - + - -
EMJ30 + - ND - + - -
EMJ39 + - + + + + -
EMJ40 - + - + + - -
EMJ43 - + - + + - -
EMJ45 - + - + + - -
EMJ52 - + ND - + . -
EMJ56 + - ND - + - .
EMJ58 + - + ND + + -
EMJ64 + - + ND + + -
EMJ69 + - + ND + + +
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Table 4. Pathogenic and beneficial bacteria genera in edible
mushroom (Agaricus bisporus)

Pseudomonas tolaasii
Pseudomonas paracarnis
Pseudomonas koreensis i X
. Pathogenic bacteria
Chryseobacterium sp.
Klebsiella pneumoniae

Ewingella americana

Bacillus velezensis
Bacillus altitudinis .

. . B Endofungal bacteria
Bacillus wiedmannii

Kocuria rhizophila

A

- — m

&St Ll s (Pseudomo

nas reactans) EMJ69 4 |-

L}fc,;s-ids.z

white line & 5e31 ,3 King’s B o2 ke (5.5, Pseudomonas tolaasii

Fig. 4. Cultivation against isolate EMJ69 (Pseudomonas reactans)

against Pseudomonas tolaasii bacteria on King’s B culture medium

in test white line

NCBI o313 oL 53 edsd 16S IRNA 05 (sla JI 55 oo 23 o5las =0 J gidom

Table 5. Accession number related to 16S rRNA gene sequence registered in NCBI database

Species Isolate Accession number
EMJ5 0OP104195
EMJ9 OP104196
EMJ14 0OP104200
Pseudomonas tolaasii EMILY OP104202
EMJ20 0OP104204
EMJ64 0OP104208
EM20 0OP104185
EMJ58 0OP104186
Pseudomonas paracarnis EMJ22 OP104205
EMJ39 0OP104209
Pseudomonas koreensis EMJ19 OP104203
EMJ13 0OP104199
EMJ16 0OP104201
Chryseobacterium sp. EMJ26 OP104206
EMJ29 0OP104207
EMJ27 0OP104189
Bacillus velezensis EMJ40 OP104187
Bacillus altitudinis EMJ43 OP104190
Bacillus wiedmannii EMJ45 OP104192
Ewingella americana EMJ30 OP104191
EMJ56 0OP104188
Klebsiella pneumoniae EMJ3 0OP104193
Kocuria rhizophila EMJ52 OP104184
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& | EMJ20 (OP104204.1)
& | EMJ9 (OP104196.1)
EMJS (OP104195.1)
EMJ14 (OP104200.1)
EMJS58 (OP104186.1)
Pseudomonas tolaasii DSM 19342 (UYXX01000026.1)
- EM20 (OP104185.1)
EMJ64 (OP104208.1)
EMJ17 (OP104202.1)
Pseudomonas lurida DSM 15835' (AJ581999.1)
Pssudomonas simiae type OI (AJ936933.1)
Pseudomonas salomonil ICMP 14252" (LC486834.1)
Pseudomonas fluorescens ATCC 13525' (NR 114476.1)
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Fig. 5. Maximum likelihood phylogenetic tree based on partial sequence of 16S rRNA gene showing the taxonomic position of isolates pathogenic on
Agaricus bisporus (A, B and C) and endophytes (D). The tree was constructed using the HasegawaKishino-Yano (HKY+ G+ I) based on the lowest

Bayesian information criterion (BIC) score. Bootstrap values calculated for 1,000 replications are indicated.
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