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Abstract
White button mushroom (Agaricus bisporus) has a special place in the food basket of the people worldwide because of its high

nutritional value and medicinal properties. Therefore, it’s cultivation is expanding in the world. In order to identify the bacterial species
associated with brown spot disease symptomatic samples were collected from edible mushrooms farms in Alborz province. including
color change in the lateral margins and surface of the cap, wide spots, watery and sunken on the surface of the cap, small needle-shaped
and brown spots on the cap and necrosis of the middle part and the base of edible mushroom. In addition, healthy mushrooms were
sampled to isolate biocontrol bacterial agents. Sixty-one bacterial isolates were isolated among which 19 isolated were pathogenic in
edible mushrooms Nine isolates were isolated from healthy mushrooms that were not pathogenic on edible mushrooms and their
inhibition mechanisms were investigated. Biochemical and molecular tests were performed to identify pathogenic bacteria and
endophytes. Based on the 16S rDNA sequence analysis bacterial isolates were classified into the pathogenic genera including
Pseudomonas, Chryseobacterium, Ewingella, Brucella and Klebsiella and non-pathogenic genera including Bacillus velezensis,

Kocuria rhizophila, Bacillus wiedmannii.

Keywords: brown spot disease, edible mushroom, Pseudomonas tolaasii
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Figure 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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Figure 2-Pathogenicity test of pathogenic bacteria isolates on
edible mushrooms, (A) control (sterile distilled water), (B)
bacteria without symptoms and (C) positive pathogenic
bacteria with disease symptoms at the inoculation site.
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Figure 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 Isolates with similar
pattern of cellular soluble pattern of cellular soluble
protein bands protein bands
A EMJ2, EMJ45

B EMJ43
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OF 02 gaan 14/VE Jlaaa b EMIMS 4glas axi K
9 Bacillus wiedmannii FSL W8-01697 42laa L 16S rRNA

(0D J%s) i K ) s R S

adas L EMIB2 4o VS IRNA 05 s cosdle 4
Cwlad aa )3 39/V 4 «Kocuria rhizophila TA68T (Y 16264)

Aok
48 3l Las Cud gl glaanlaa 165 IRNA O ) 58 el
Shalia ()5 )53 L ilsas 2em 53 A4/A7 L EMIA0 4laa
o skd O 5y ) Bacillus velezensis NRRL B-415807 2

o8l a8 3 il (slaaglan (Kai s sl muatilSa 53 Sise (gla Cul gl ul g =Y Jgan
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 - - - + B + . _
velezensis
EMJ43  Bacillus - - + + + ND + +
altitudinis

Cud o) 5 ) g lan die gladglan o s bay 5 lbiandisn sl s 4 da g e il Y Jgaa
Table 3- The results of biochemical and pathogenicity tests of all selected pathogenic and endophyte strains

Isolate Pathogenicity Gra”? Citrate Oxidase Catalase F_Iuorescer_lt Wh't.e line
code test reaction pigmentation reaction
EMJ3 + - + - ND - -
EMJ5 + - + ND + + -
EMJ9 + - + ND + + -
EMJ14 + - + ND + + -
EMJ16 + - ND - + - -
EMJ17 + - + 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 + + +




AY

Pseudomonas koreensis
Chryseobacterium sp.
Klebsiella pneumoniae
Ewingella americana

Bacillus velezensis
Bacillus altitudinis
Bacillus wiedmannii
Kocuria rhizophila

Slen e slag 8L
S0

16S TRNA 05 s 5 (o yinad o jladi =0 Jgaa

NCBI 23a b\i_}\,g L PRWETY]

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

VENY g0 ) oyl A W i Al glacsley 5 U

L White line 2

S

(Pseudomonas reactant) EMJ69 4xlaa Jilie i€ -F 84
<3S dass (55 Pseudomonas tolaasii Sk Jilde )2

Species Isolate Accession
number
EMIJ5 OP104195
EMIJ9 OP104196
EMIJ14 OP104200
Pseudomonas tolaasii EMIL7 OP104202
EMJ20 OP104204
EMJ64 OP104208
EM20 OP104185
EMJ58 OP104186
Pseudomonas paracarnis EMJ22 OP104205
EMJ39 OP104209
Pseudomonas koreensis EMJ19 OP104203
EMJI13 OP104199
EMIJ16 OP104201
Chryseobacterium sp. EMJ26 OP104206
EMJ29 OP104207
EMJ27 OP104189
Bacillus velezensis EMJ40 OP104187
Bacillus altitudinis EMJ43 OP104190
Bacillus wiedmannii EMJ45 OP104192
Ewingella americana EMJ30 OP104191
EMIJ56 OP104188
Klebsiella pneumoniae EMIJ3 OP104193
Kocuria rhizophila EMJ52 OP104184

white line O3 )2 King’s B
Figure 4- Cultivation against isolate EMJ69 (Pseudomonas
reactant) against Pseudomonas tolaasii bacteria on King’s B
culture medium in test white line

Sss 8 aie 5 & jlen slag 8L s =¥ Jgaa

(Agaricus bisporus)
Table 4. Pathogenic and beneficial bacteria genera in edible
mushroom (Agaricus bisporus)

Pseudomonas tolaasii J§ Dlaw 951-%95 <L
Pseudomonas paracarnis
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EMJ20 (OP104204.1)

EMJ9 (OP104196.1)

EMJ5 (OP104195.1)

EMJ14 (OP104200.1)

EMJ58 (OP104186.1)

Pseudomonas tolaasil DSM 19342 (UYXX01000026.1)

EM20 (OP104185.1)

EMJ64 (OP104208.1)

EMJ17 (OP104202.1)

Pseudomonas lurida DSM 15835' (AJ581999.1)

Pseudomonas simiae type Ol (AJ936933.1)

Pseudomonas salomonii ICMP 14252" (LC486834.1)
Pseudomonas fluorescens ATCC 13525 (NR 114476.1)
Pseudomonas libanensis CIP 105460" (NR 024801.1)
Pseudomonas synxantha IAM 12356' (D84025)
Pseudomonas paracarmis VSIDABI2/S' (KX186983)
EMJ39 (OP104209.1)

EMJ22 (OP104205.1)

Pseudomonas marginalis ATCC 10844" (AB021401.1)

Pseudomonas chiororaphis ATCC 9446 (NR 114474.1)

Pseudomonas moraviensis CCM 7280" (AY970852)

K DSM 16610 (JAA 1)

100 EMJ19 (OP104203.1)

Psoudomonas glycinae Mss86’ (MG692779)

» Pseudomonas granadensis F-278' (HG764746)
l_ Pseudomonas putida ATCC 12633" (NR 114479.1)
12a” (NR 178366.1)
* [ stutzeri VKM B-975' (EUBB3663)

Azomonas agilis NBRC 102607 (AB681882)

Kiebsiella pneumoniae subsp. ozaenae ATCC' (11296 Y17654)

Klebsiella quasipneumoniae 01A030" (HG933296)

Kiebsiella pneumoniae DSMZ 30104" (X87276)

EMJ3 (OP104193.1)

Klebsiella pneumoniae subsp. rhinoscleromatis ATCC 13884 (Y17657)

Klebsiella quasiy subsp. iae 07A044"

Kiebsiella indica TOUT106" (MK942857)

Klebsiella aerogenes NCTC 10006" (AJ251468)

Klebsiella electrica 1GB' (AB762091)

Kiebsiella terrigena ATCC 33257" (MGB46020)

Kiebsiella oxytoca NBRC 102593' (AB681870)
Kiebsiella spallanzanii SPARK 775 C1' (MN091365)

Ewingella americana CIP 81.94" (JN175329)

EMJ30 (OP104191.1)

o | EMJ56 (OP104188.1)

ATCC 19061 (FJ515824)

C

At

bl Chryseobacterium gallinarum DSM 27622" (NZ CP009928.1)

C C-26' (I )

EMJ29 (OP104207.1)

EMJ16 (OP104201.1)

EMJ26 (OP104206.1)

EMJ13 (OP104199.1)

EMJ27 (OP104189.1)

Chryseobacterium cucumeris GSE08’ (KX146463.1)
Chryseobacterium flavum KCTC 12877" (MK116543.1)
Chryseobacterium indologenes DSM 16777" (CP065590.1)
Chryseobacterium bernardetii G229' (JX100816.1)
Chryseobacterium capnotolerans DH-B6' (NR 181349.1)
Chryseobacterium lactis Kc1864" (NR 126256.1)
Chryseobacterium joostei LMG 18212' (MGB46021)
Chryseobacterium oncorhynchi 7018-08" (FN674441)

cf ureilyticum F-F

— Chryseobacterium oranimense H8' (EF204451)

Cl ium defluvium B2' (AJ309324.1)
c lathyri RBA2-6" (DQ673674)
ot

Chryseobacterium elymi RHA3-1" (DQ673671.1)
Chryseobacterium populi Cf314" (NR 180196.1)

Chryseobacterium soli JS6-6' (NR 044299.1)

cl koreense Chj707" (AF344179)

Chryseobacterium anthropi NF 1366’ (KY973978)

F5649" (CP034161)

Bacillus toyonensis BCT-7112'(AJ310100)

Bacillus hominis BML- Bc0S9'(MWE74729)

Bacillus thuringiensis |AM 12077'(D16281)
Bacillus proteolyticus MCCC 1A00365'(KJ812418)
EMJ45 (OP104192.1)

Bacillus wiedmannii FSL W8-0169'(KU198626)

Bacillus cereus ATCC 14579'(MH806388)

Bacillus tianshenii YIM M13235(KF811034)

Bacillus suaedaesalsae RD4P76'(MW577350)

Bacillus 7'(AY603978)
Bacillus altitudinis 41KF2b'(AJ831842)

EMJ43 (OP104190.1)

Bacillus haynesi NRRL B-41327'(MRBL01000076)
Bacillus stercoris JCM 30051'(MN536904)

Bacillus subtilis IAM 12118'(AB042061)

Bacill NBRC 15535

Bacillus velezensis NRRL B-41580'(KY694464)

EMJ40 (OP104187.1)

Bacillus FUAT 27215'(KT362901)

Bacillus Tm1

Bacillus horti K13'(D87035)

composti K13/(KX298897)

A

D

0.050

(C 5B A) (Agaricus bisporus) S|, s> G)ts Shiolen SLAlAVISIRNA O JIg acslio a4 by 0 J55kd o y3 .0 K3

invariant s gamma distribution (Hasegawa-Kishino-Yano J.w 3l eslezwl L Maximum Likelihood %55 4 (D) b skl (slaasli o

sl okal 3 s OSSN v Lozl &g 3lie L(BIC) Bayesian information criterion jluie o zeS ulul site

Figure 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+ 1) based on the lowest Bayesian information criterion (BIC) score. Bootstrap values calculated for 1,000 replications

are indicated.
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