[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

St o e
VELY Bl Y oled N F 6y0s
> ISSN 2717-0632 S5y ~II ISSN 2716-9804
L (Agaricus bisporus) siw slaSs g6 bl 3 (25 S sLedo¥T )
oS g5 Sl 5l es il
p o5y llie ¢ 5
sl e desma T il il S LS g
Ol O Ol o830 1S Hall sy (ol St 03,5 6555 2305 )
Ol ! O 8 oS5 o she QEASLENS ¢ ol oy § 0S50 ¢ JpSe 5 S ghow 03,5 Lslensl-Y
Olnl Ol g5 ol8CEils cp she QEUSES (ol oy 3 0TS (65 Pm 5 S0 03,8 slewk-Y

inanloo@ut.ac.ir

PY-VA a0

ol

S >}S}¢.J.;§J':.L5.ub S303US by SN g il i sl ) e 2B S
Lﬁp 4S <l Agaricus bisporus S, s> G)\_'é R S5 sslizal (gdae slse 5 5 5 5 28 3l e
s S5 Lag B 5 Lags S el sl oA bisporus 15 Aol 3 Jsb s pd e axtlid (glaaSs 7B Olses
Slaclon sl 5 am 5 15 olassl S o i 15 o 05 Ol > B 5 2L S s S5 0T 5
! L;l_aéjléj Lag,Sbcslid o e St Ko siile o 31 glacs oy 553 G)LB 03 e
oslil Ly 58 Ol Sol candllas cpl 55 sl g8 saolen s 5 S50 25 gl OL sSes i
S e e oS3 T s 5 UTS) o5 5 5 168 1RNA 05 555
oS 0L s oL SL ufzj_ﬂ UJJ,CL..« L gduares (OTUs) Slhes gauaib sladsy 4 laesls
53, Ses SRl 4 e 250 Gl S oles 51 el S 0351wty A 3l ok sy 5 sl Lo s
Ol 53 5550 o SL 5 3 amslr (S5 5ke ST 5l eslanal b canlas ol 555 e g kS
3550 IO Gladils slasdi VT Gl (sl She (s3la il Sla iy (pomen b jasiie CiS Jgb s 26
A ot 5 g Ol A 5 6l eslial

7Y


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

"\f'* bb.w..tu 5“ GJL«‘:’ ‘\9 OJJQ ‘L;;'“:J. d:«wj 41?5.6"

Pl by ul 53 e s S o5 3,
S b v—<»)_<>: el o al
GRS 5 032 o ) s ke Sl eSSl S
ke s el pae s ) sl S
sl et 05 5 s, 5l
r S S ol sl i
slass 31y aml Aol sl e slas S
Lo Sk i o s annls Ak gl s S
Aol al; 20U sl 4 ks LSS
e Glacs Koo ) Gl Il b ails 5 S
Lo ol 2oL il b 250 o phevee
Suwannarach et al. ) 5,35 » A Jg c &S
Lo 5l S laaSs o5 LA (2022
5 Sl 2o o s M5 s e s ol
Lo Sopdl ;s L e toan o o s
Lo (Sl ool o o5 el mn 200 5 2k St
T8 o e 3 LSl B G L el es
Sl |y i o Ul e s anils o Iy
Netam et al. ) =S slanl 2L oluss g s
Fod g S e 5 ol slaal (2017
s gl Ll e ey s
o3 S i) 5 (e 5 k) o5 S
S sl Gds ca s Ll 256
GalS 5 0,8 e glawi S iS5 @ Ol e
Sl s CiS e s pde bl S

.(Carrasco et al. 2020)

7Y¥

4o

Agaricus  —oJe eL L slanss 251

Sl £ Olwe 3 old at bl 5,6 bisporus
pslads 5 Sl pasls poles il LS
20 ol el a8 S sl e e by
Lo 53 oo g slag B o 50 pas 51 (S
DY O BV VL 0T (ol 35, 4S el
Sl sbas s 53 0B &l G me ol
el e 5 S (aj_fj_l.:S\/Y Sed >
A s s (S glag B oBasal s

Ol ol s sl 35 Wikl cadn oSG el e

oml A s i oLl ey S cpl 51 ey
asdS s .(Royse et al. 2017) 5,05 15 J sams
Lo 5 o lresed 4 SlaaSs 2,6 W) 5
O3 5= p g o R e 53 Ao ) 0-V0 (s 50 ¢
e e ol 53 ke Gla s Ly o el
Ao s Sose e s WP Bl a
oded (amm e 53 Aoy o L YO) & St
.(Zhang et al. 2018) <!
el by S350 w26 s
SAesls a3 it 53 hins 3 035513 )
slyad as oS0 35S 5 SIS e 3l (g5, 5LAS
s LS el Sosl sle S L
e SlaSs 2 u) s LT S o
3 L SL el s Coanl 5 LB (sl e

5 sl el LGS Wy Ly, b Lz


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

"... L (Agaricus bisporus) ddw glaSs z,B Slal 53 g5 S Sl NT ) O 5 als”

3,5 A5 s s e 0 pler gduedb
(Brooks et al. 2015)
Sloe oLl 5 ctlis andlas ol 51 B
Ol o 2S hae L5 LSt
S sl b I ) eslaal U AL bisporus
53 168 FRNA =55 0513, 15 Gla aleny o

el L 3 TS =155 5 s St

by 9y 9 3lg0

digoi (S ol
o b LA S8l 2 b ciS glalass
O adyi L S e ol Ol s wdls 0l
LA el el 53 laSs g5 Olul o
NI QI PERSRTE P PRI PP S
Sla Lae 51 6515 a0 sad dn g Olol b ol
N ol elasl Sl an js ab e S
Lis) S0l o Sma s Wl slads y
Sled (Obal Oy bl ol wnsyy p S (51>
¥ olas 6,80 A e 0T lads sl Olul Y
S 7,U « 0331 Sk 5o Ol
VW AT Gl s e w0 L0 e Ol
Sl e n 53 ad oLl (s it g
SV el iy 5 eslial L (sl e o
Or sd sla¥ o5 o5 5o CiS Gla ks
sl JUisl ol sle0sSIB @ Ol oS

oo oa L 555 o0 abg e Gladised o

7o

Ol Sy e o JIs slagosts bonS L
oS o SLald ol o 1) s s
o 51 S dlesls 4yl Cidisee (sLa s
«S ol (metagenomics) S g5l s 5,
51 (high- throughput) YU (¢ ,56 g = —2es
NGS: next ) i o oL s ades
o= b= 5 a5 ..l (generation sequencing
LB (Gl Cadh o 3 S gndaze ldlae s
L oLl ol O SKia st 0 S g 5le el
52 05U ,8 glap i3 sl LG das
5t Slols s ol (S) Cilises glalass
2L el a1 s S Slelax| (o -8
Thomas et) LS v 5 5 easedd (83 Hsba
.(al. 2012
O3Sl oL 15 Lol s NGS (sla S
3l St g S e 1= 165 TRNA
55 wsn Sl 188 rRNA 0550l oL JIss
=l s gl 03 S s ban S
GOLss SIISAS L s e eslinal (g Ll
Lolss 13 00s o i) 4G 51 Lags8
95— (ITS: internal transcribed spacer)
ol mhw 3 Ghven) end Gl Slates
s slols slheslinul L aeS e eslinal
5o 3 S S Sl sed Sl edd 2l sl
el sl Sl el sla ST e

B Ls'iL**’L‘“:’ LS\J—" (ﬂ)‘y LgL.M:\: d\)—jgfd TS


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

"\f'* bb.w..tu 5“ GJL«‘:’ ‘\9 OJJQ ‘L;;'“:J. d:«wj 41?5.6"

0313 5113 o seeds a3 50 Glos 3 4i3s O
Al e s s LSS L a8l s L
a3 PO gles pa aids Ve e 4 badls
Yor ol o ol 53 LS esls L3 sk
Ll (pH: 5.5) ,V 40 0 ey ] Sl s S
o geedes a3 ¥ gles 3 dd35 0 Sl w5 LS
BEE A EEERD PV N INICIR VPSRN W AP
o gl G S Sk sl (4835 s
o R3S OF poe a5 A3 els JUisl L JL s
53 areal OB L cpiis Sl de ol bl
ey ¥ gles o ddds Ve Dl e V)
Jbs 6w o mle A3 5t Bl (G seds
a5 0lol dpls sl OF g o Jize Lo
D8 eseedr a5 =Y Gl y cell ) Sl
COPIV WP SOV P ENURNS U PRV PCINE I 4
Gl 53 aa3s Ve e 4 i3y g3y Vreee
3 o = 3B L el pesends s F
wni deo 3 Ve JSUTL sdel s 4y gy
Vo e ay egeed a0 Y s s 5 S
Sl s L ol pss mle A Sk Sl ais
Yoo ole 5 s s Sis sl sl o

A ol s Sl

=il ¢l —

)‘ \d‘d.} O "t;" 9 <
L sl peman 5 5581 J5 55585 2
NanoDrop™, 2000c model, o&Kiws ;I sslizul

slolgs & osle ol Thermo  Scientific

144

“Yodls @ bl el ol 0SB 5 el

A el Lol g Sl sl & slwesbel

1LOls2 g Al
oMl L abs oo (slaipad 31 L0153 ] il
L onls OLen 5 L sS sy 03 &S Sl
5! p_f 0 ,ldie s plnil (Gontia et al. 2014)
O g 5 A 4y 0B a5 Ol 46508
Cde 40 Ad Lol of 4 NaCl (IM) ) e
o313 OLSS aids 55 555 10+ g o L 4ids T
O Sl am aads 5o 5 Vo 5o e A
A gt Sl e geeds a0 ¥ ogles s adds
TEN 3L 55 ol 50 s ol ) wl
Sl s s A (Trise- EDTA-NaCl)
03 a3y Vv Sl 4 (05,8 b 5L s
90 @le A3 5 Sl e seeds a5 ¥ Gles
SU A st TEN 5L L oolss 5 2ol
Al e SG s el 5B s mle
Jls o 5o ol 5l 25 Sk YO 5 us | TEN
NaCl Jydos 25 SLa Yoo s al e 5o
ol s L3 Ve SDS 2l SLa Yer 5 (5M)
P s edd byl LS sba 5 Blal dl
Adesls Syl e 95 s Al A e g

o 5 b 0504 5o i3 Y e s adl


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

"... L (Agaricus bisporus) ddw glaSs z,B Slal 53 g5 S Sl NT ) O 5 als”

Bokulich et) a2 oslizwl QIIME2 oY b s
S IS (S hsn o |10 IS (al. 2018
3 SIS S £ o et 5 5 ST
Glassiws s b oy S8 4l gl

i ¢l Mothur 5 QIIME?2

165 rRNA b J195 Sbodld fuldxiga o
w3l esli ) Ly 168 FRNA s JI g
Schloss et al. ) was ;JGT Mothur V.1.47.0
LaSsls a La il o | sbay (2009
L ol 35 pamis sl 5 5 od Juats
Lds Ciysyes SILVA 138 L S a0
shoaib Wil o s JIg (Quast et al. 2012)
03 ey 5 KA o slaes S Laol
Sdoazws (OTUs) JSlles gluail slad>ls

TR
ITS §blo ouod 3l oolitw! b lagz )6 suwdab
g QUME2 5l esli ol L ol sba JIgs
Bolyen et al. ) L JUT Laz b Shoanl
Coals bl il OTU acwl=s ¢l (2019
Usearch 515 3la 5 5l el ol Ly s AV
o gLaOTU ghuard gl ad uuad =
s esliul QUME2 58l 5 51 sdel s
Slesbiaal U Ley g 5 Ll ¢y sla pa s
53 dmelr oS 5 as bl QIIME2 )l s5le

u_fi_ibj 44_5..19 cA;-LJI) 6.);...:4.:&14 el C}.k_..u

7V

=Yoo gbes 5 s s Ol B el gl

!.QL@& LY

CiS L Lok Sl p S5 S S i
sy oS e ol o b
JL,! (Macrogen Sequencing Inc.) 05,5l
GIISAS L g St stnank 5 oL JIg s
ol 1k gla ST 5l eslizul L 16S rDNA
O by 2w VA 5V3 L sxe 1y
lled g aalsl 53 A oLl 165 FRNA
—olarl gla ST SHITS b g,
o am am S L e IS gl Al eslinl
5 5> I s Sen el g sl
bl 5o ol J5 eupn 85 B )3 roman
5 H—o| i, Olsea 185 rDNA 5 16S rDNA
Aed ol 16S/ITS slads same = ne
¢DNA g 3l dn oL Iy anl ol g
Jlasl 5 aobuls g (Jlu,l glaas o 3
Lo sl ity 51 emlaas lgsl AN
Al sl 5l ey 5 i e3linal (Illumina)
FASTQ JG 5 JUT g baesls (oL JIs
L eslel
SrogiSlio SRoSS el § 4

FASTQ b )3 ol slaesls iliys 51 aa

Prinseq )\J-_élrj_} 3l Laesls Gl S ) g


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

"\f'* bb.w..tu 5“ GJL«‘:’ ‘\9 OJJQ ‘L;;'“:J. d:«wj 41?5.6"

CoiS Les Il SIS opl (5 A plonil NS 5]
PDA: potato ) ,LST 55 2 uSs e o
= ol sy 5 5 U 4 (dextrose agar
Loy edd bl glac i b O 5,
Cyo (S S ga ol LA esls 13 (IS S5
Loy 5 dos plosil bl a5l sslas
PEVPIENIN I SRV I RATIE SN [T K SN
ol (aL>,L}\ LI gt Kiws LIS a5 il
S Jlazml ) o ol (dns dm ]
S S gl s o8 lel Jasus
a3 ;3 54 PDA oS b g5l
U1 Ol 35 55 aker 51 oKy lesT Cilosee
o313 5l 3 mdls BLSI 5 sdns S BLS1
Sl 4 Lac sl rlﬁﬁgjzmﬂ..bm
o aebe SO sl 5 Ll sl cele S
ol 3L SO e s 5 S s Loy
(U5 s 51,5 0T 3 o L 0 5 b
Lacdy 0wl sl 51 s i (1S
s L st plebd Gl ead |5 gl IS
ol Wdlaze 5 0 8 515 s 350 LSS
Cillas p g5l SIUT 51 ol = L baasl
Sydigaedns ) S s S sboks s
PP PRTRE Gt HISPS PR PYCRE

Lals olis uf:_,ﬂ @LLJ

7A

Sl = 5t eslaal Ly (555 5 i oal s
cob e Sl sl ad e QIIME2
QIME2 Jlsle 5 51 eslinal b guuaib il

.(Kodljalg et al. 2020) & ags

-

ol
I 51 <Ky 5 9aike

sl 5 (Sl St s p8 sl
G b Sl IS sl s S L) O -
USRIV SRS S VOO JUv iy B - Py |

Loyl sheslial U olawdgn sla iabesT

a3 WYY ol slabes s K ) S )
Al e (s a0 VY 5 e
L s oy s planil 9IS 51 IS s
polie bl 5L sl sladls 5 eslinal
25 p S GlhaS oslre o3 ol e s
3 o A il IS 51 il sla oS
sbabes 53 5L sl sadl s O gl 5k 2]
S S A5 Sl s el 4SSl il
S sl plis K_Z))_:.}_? pls LA )y
3o fie L ol 05 e Sl s OIS )
i AU S g1 s Shae G
I SIS - Iy Ft C.x;f 5l 6 S ses


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journalofbiosafety.ir on 2025-12-27 ]

"... L (Agaricus bisporus) diw leeSs g8 bl > 5 Ss Sl NT ) O 5 als”

oS Kis 3L

Yok o

U T

o5 abl

)j’\sj.?‘ QKZMJJ )lS U’;’L‘M [SwE s cé)bl.ﬁ )Ju C.:;Llj )‘ JA.; ol JJ..)':“"‘ r.l.f &jk} 6&&;.:1«& -\ JS.:

Sialesl Calises glaediS Jsieds 55 3 5dous
GlaediS Jgded s 4 Ald jasie 5 LA
el Loglaonis Jaied s b aslie 53 18
A 2l St (ST 00 il 5o el
L LS e blasl ol gl 51 e s
e 53 At s eyl e sl glacis
At 3 5 S S sl s JalS b
Oley coad8 Lot sl oL xsL Sa )i
celey b sl gl st Sy T
S 51 psle eslizal milig be Jonll 52
oS GG plde (¢ pinns 5 odiS S sieds
Sl Bl palS U ho 4 eSS
bioe o b ool S s 4 S
OF e Lol o2 5 o 51 oS sbay 3505 55

74

S 3 Lo (5299
S e dan S5 ,0T b <blie 515
Olpeay a5 5ol Olul s 5 plnil 300z
b S oS s Jee ol L
ol s (S I osu A el
A g e Lo L s glacs
03501 Gadlul 5 03507 (slaansS (onl posdle
Il okl 45 Jl s i ails
Gl il b e s i Gl
VEEPRN TR WA TIPS S PRI R EAN LN WP
At il La la i L i ol il
oS g gie ds 3l ge 3l eslizal L ol&iulesT Lo
e Sl b an sanSastslge 5 S L L
Sl S 9 Dde a e diS Spdeds edle 5 A

s O_il): o@bji@cjﬁ)b‘})j Ll


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journalofbiosafety.ir on 2025-12-27 ]

"yfay QMU Y OJLQ-\:I NF 0795 (g ) J"‘?J A.kqu"

7B ol
il LT 51 ol slaesls 4 ax 5L
S S8 el slaanS Camer o 2
3 e e [ SIS 0T Jos 5 p sk
23 e e glaSSS Sl (ple IS (Y IS8
Lo IS e e el el sdaliie Lol

L s 5SSt pakr b 5 sl S/

B3> ssbas el SL IS b, (-l
) 58 plalis 1 Lol Comar 5 SIS g5

(Y

Penbcilium

Agaricus Bisporus

Fungi

Aspergillus

=

e A0

Crbe ool gl (S oSl il
53 el sdalie (S p T as plosil (Ss ]
i losl Jases 4S5 Sloy b avslis 53 il
534S s g ek o0l bl 5 55U L g
s e il g |y Slmdo mhaw IS e S O
GalS og G5 50 UG S 48 S alis 4
S d e te ol e adS ) LSSl
515U Obl GlaanS 53 ol sbel S
S ol i b el opl ol s wlee
Sl gt plals G o5l (sla LT

LS Jﬁ.;U (D97 g0

&0 BO

Relative Frequency (%)

B v

B wv: I m3

s o3l Ol sl di sud o ch.w 5 (OTUs) zob Shles auaab gladsly ol Sl =Y IS

o3l> otf.ltg: )‘ oalazu! Lv aOTU (\f BEB) ‘M3 A BEB) ‘M2 ¥ BEB) Ml) VY }/\ Al le.hj}) BL) (La&:S) G)B

LAs ghuaad UNITE


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal of biosafety.ir on 2025-12-27 ]

"... L (Agaricus bisporus) diw leeSs g8 bl > 5 Ss Sl NT ) O 5 als”

)l

dl I

13,000 14,000 15,000 16,000 17,000 18,000 19,000 20,000 21,000
Frequency per sample

6% 107

§ 3

§

Number of features

107 10* 104
Frequency per feature

(&) Sis bl 5 Sl Oy 5 (G 250 €sad Sa 53 Slsls Ol Y S

orlattl La ol 4y Comar S5 0 2o
slpe ol 5 Los ol S LUl 5l ls
Cpmer alS s ol od S Jgieds
M“—!'W‘V—Pﬁl’»f&%’wﬂudi
a1 oS Jsdeds 1 il gl ¢ L)

Al el L slaca

"gcf;}i}_l )
UV glacwe¥ 5 8 4l L glasais Jsiens
A eslanwl lag Sl O S Sl ¢l

Lasa

S Sl S il O o
b el 2l 3 IS 0l b slaodisS s sie s
Sy oS s i sban s e e sl

Llazs S 513 eslinad

\A

e g ptias 5l (S pals gl

SUT (mils GUT ados Sl Ciliiee (sLn Lo
Lsu.b.:;u EJS S duéu‘ ol S s
L Ssieds onl pesdle Ld ol AT
> 9 ol CA_AS QT d.))_a JS}_A aS 4.1}:..\.5‘ g_)T

S ST

313 0L p 3k LT 1 fol =B o
0351 slaanaS 55 Lo SU Comer (p 2iy oS
F USE) Wlesls LS5 s sl 1

dposls S giloe ol 4 ar 5 L e

(082 650 4 o3 1 slaanS ga el 3


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal of biosafety.ir on 2025-12-27 ]

AR OL".WAU Al o)w NF 0793 ¢ gwms ) ‘;'.o.ﬂ dqu"

Bacilhs
Spsh rig et i

Ermerobamer

e |
Stenctrophomonas
COMMamanas
Peudomonas
Acinatobacter
=,
r

Khebsiala

Bacteria

Sphirgobium

Bch omobacer
Agrobacterium
10 0 30 40 50 &0 mn 80

Relative Frequency (%)
v v I ms

3leslazsl L LOTU (V¥ 55, :M3 A 55, M2 X 55, ML) \Y 5 A X clajs, 5 L;J.‘Sb.‘u.n_,ﬂ Olews!

Ads gduaid Silva esls oKL

1.0

o o
-] @
L L

Number of samples
-]
a

0.2 4

2,600

10! -

Number of features

2,800 3,600 3,2'00 3,4'oo 3,600 3,800 4,000 10! 102 10
Frequency per sample Frequency per feature

() el (Shus bl Sl Olen 5 (D) ol SL €5 a5 Ss18 Ol 0 S5

Lo, S 5l a0 LY Ly i oS 5 i el a4 ST Il ol
¢4_>r.:.:.$ BL) S S W ‘_;"\_..»L..:u .]a.:_>u); dl_.euuh oJJS ‘J._:._[ u;.hlj Léa.l_...sv.;).ﬂ.&.l_.p )‘ v
m&&bbo@UJTdﬁw;M C«—a“wbcb.kmd)‘ﬁ%d}b‘)bu‘cw‘

vy


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

"... L (Agaricus bisporus) ddw glaSs z,B Slal 53 g5 S Sl NT ) O 5 als”

&

S
L5 Al e Sl A o See el
ks 14aS> 2,55 (McGee. 2018) 1> =,
r,\;falsj'lam«:@wxém&{éwﬁ
Sole sla a3l Lol o vl i
FF—an D50 il o gy (e S 055 5
Gupta et al. 2018; Suresh ) J_=S . A, Cf F
ek il oS 51 asy cal s (et al. 2021
23 laaSs gLl i b sl L S e ol
S amaS L Ol s elinad cn paS
ot 2,5 an alres Gl Jelse n rees
.(Singh et al. 2009) ol glasS> G)LE
Sheslial Ly ISy sbay s oo el s
O Ly il ceis 5l Jre gls s,
Karstens ) &35 o Jd=3 5 4 325 165 rRNA
s S el ot 5 (et al. 2019
165 IRNA SLa35 255 5 sdes bty asms
Rosselli et ) cul St b S Slolis Cg
Sl psilae SIUT 51 adllas ol )3 (al. 2016
=S s 26 glaea VT J s 5 oLl
A sl wl 4. bisporus Ol—wl W55 J b s
Eo s bealEls S S LG e
5L ol (La ulgags s Jald oS
o L alpen e Y15 US55 Ll
Lo s S| 51458 s 5 Yo iaas)

.Xiang et al. 2017) Loea

vy

ssban di, QLIS 5 o5l wey e sk e
3103 S5l gl 3 Jsb 5o st el JulS
A eslan Wl YU cble b IS suS Sgdeds
5 sl ol 5l e 1, BBl esle
A el (oS ey ol atis G5l g
eyl 3y GBI s same Sl 51 ey
Lok S0 53 pwsbel (ST €658 mn o
SIS S 315 0L ¢ b pe ol S edalie
Sre om 3L b St Jhe ssba Jadens
Ao Y pame 5 b 4t S ) IS a3
S Wl olas oL xsU Ss T 51 gaal s &=
p‘y ol sSainy i la S sdas oL
sip s F JSE el S el S5y
5 oliposd s bl 5V G G S
bl Rl 3 45 S S G sdeds (ol
LS g o el s Logole 53 o ke
s Loaerlpe 5l v s A3 a8 S
L Soudl s ad g a5 B slaok
A SUa IS5 S A it o
sSSPl g oeps Ll s ke Ll Jsene
ol e OISk L 4 (ST e
33 V"l“" cilig s ool gla 1S5 5 o
sdoen OIS ol 5 s Sole, s oKL
pslis psba (ST L osske Ad pluil Siin
5l s 4 (So T G 5l A plnl

A S sl A B 5L ) e s


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

"\f'* bb.w..tu 5“ GJL«‘:’ ‘\9 OJJQ ‘L;;'“:J. d:«wj 41?5.6"

o—! .(Siyoum et al. 2016) % 4 _.U
Sl oAl sl So 815 S
Sl s 535,50 sl s 4 i Ll o
.(Gonzalez et al. 2012) cul oils a-lis zob
o VJL" 6‘-"*@)5 S » E americana s s> 4
s S slagol Gl (il
Jsmame CodS 58S o5 S sba Sole ¢l 5]
Largeteau ) S oo aiwr 35l e ;50
.(and Savoie, 2010

Sl—= 2l S s (oL slag)len J s
J,=s o = ol (o9 2 G)l_é S
O Ol Jsames 51 (o5L 5 i Ll e (goles
J=bo s edeas b B Olul (S5 T o
3y e glaasls bl 05 5 Ll
Earanna et) Jas - zo Ol 1 55 (gl 5 onlaal
L e b ke 80y (al 2010
s s eslald ool s ) 5 sl clilug
sSh s OB S s Sledd S
.(Fletcher and Gaze. 2007) s,ls u.{.,.u
o T jlnilpia 9 Bwdguo

lasd s Saied b 5l (g3 9d e il 5y
3NS5 5 eslial g ol UGG
ol .o wleoje o> ol gl acussd >
AS b Crs s gl ediS Jskeds
b gl S el (V'J"'l_'” S IS sen)

uuuﬂjﬂjj_g‘ﬁjb JJ_{L»&)\ 6\ebj’2_m§

V¥

s VT allas S 55 (258 5 5wy
Ol s b ooaly oL st s 200 edes
by Sl doys ks S 5,058 A bisporus
o= @l o YN LY/ (g3 sl Yi
A by 48 015 DL (riomen dalllas
OF JLss a5 cosls i Lo 3 1, (S
9 Aspergillus sp. (Rhizopus sp. Mucor sp.
5251 g el s Diehliomyces sp.
.(Rossouw and Korsten, 2017) aoils ,l,3
5 pake sl Lo G 5 e S
4 dien 758 Oll ol oot VT s
e ol dpame G o3l 0bnd G b |
.(Kumaran and Pandey, 2010) LS o ol
Sheslial U asles S s 0, Kas 5 Ll
5l (S sl S
Bacillus ) o ptboo sy slol $ 7SU ( J5S 5
Ol sdiSes J1 slas SU ol e ws |, (pumilus
.(Earanna et al. 2010) s S sl G)l_"e
Ol it 5 Lo e 53 canlin [ 5bay
b bl sloanS 53 LSL s b JSs
B skl g paben b b S 5
slazs oy ol sl 0T G35 el
Bl Y PTGV ERVI I VE BT P TP
53 &S ol esls QLS |y Ewingella americana
il 350 55 O 5 el b s 518

Cils sl s VJLN 6u€)5 RESRPTE


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

"... L (Agaricus bisporus) ddw glaSs z,B Slal 53 g5 S Sl NT ) O 5 als”

S5 Blces er 5 0B b )
(ol 4oz 5 Laz,b s Lag st
10 D el 5 e o Uisas s
Sl i Ol il 2y S =
Sl eslitals e SO Slakils 03,5 el
ol et il g 5l Ol A8
S gls pilSo 3550 53 Lo i0ls iy
ol s e slalioben pln 5 s
5 bl Lol 2B S kS il
2 2l St 2l Sl el ple Sl
U_;“U\.b & S Olgea |, LAGJLS Ol 55 oo Ol
Lodu VT o e 3550l b3S B ome SlAL
e 3 S o3 Sl s bl s
= s s clasls s bossa oS

N R S N L - Y VRN

S Rl

<ab (PEGAH) 0,1 oS 2,6 4y &5 5 5

ol S ol ol 5 058 el b

Vo

et Sl LSS 5 La asen (La g SL
03 3, 8das 5l sl 1S ik gl s,
ador Sl Lozl s Lo sbdla sy il
53 (O'Neill et al. 2015) oo Lgl 5l
s LaS ol s WSt O (ol anlas
Fheosban S e glasdnS G pden s
Sy w3 mbe Ol s 3 1y bl

La bl 51 eslinal Jols 50 sla s,
Jolse Ol 4 e ST L SL glaa S 5
Berendsen et) ol axw 5 Jb>= 3 en s J S
(opl e de (al. 2012; Milijasevié et al. 2017
plasma activated ) Ll L o Jlxs ;.JT
b Sie ssban AP e 50 (water: PAW
Xu ) 55 15 aelS S0 51 e
S se sla,Kaly coman (et al. 2016
5 Sl p LSR5 Garh i sl 5 4 i
U alS s pslie 2,0 slaas S Ol
Savoie ) Cuul ($)5 2 03 1S G136l Jolse
(et al. 2016

G R
Gl 4 e Ol 5,8 S 4lT 2alS

WJH‘_;A 6\4..«5: G)LB J)...,a:u Jj.il.o.f«


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

"\f'* bL:.....aU 5“ GJL«‘:’ ‘\9 OJJQ s;;.m.}_j d;a.;‘ 41?5.6"

References Ko S 58

Berendsen RL, Kalkhove SI, Lugones LG, Baars JJ, Wosten HA, Bakker PA. 2012. Effects of
fluorescent Pseudomonas spp. isolated from mushroom cultures on Lecanicillium fungicola. Biological
Control. 63(2): 210-21

Bokulich NA, Kaehler BD, Rideout JR, Dillon M, Bolyen E, Knight R, Huttley GA, Caporaso JG.
2018. Optimizing taxonomic classification of marker-gene amplicon sequences with QIIME 2’s q2-
feature-classifier plugin. Microbiome. 6(1): 1-17.

Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC, Al-Ghalith GA, et al. 2019.
Reproducible, interactive, scalable and extensible microbiome data science using QIIME 2. Nature
Biotechnology. 37(8): 852-857.

Brooks JP, Edwards DJ, Harwich MD, Rivera MC, Fettweis JM, Serrano MG, Reris RA, Sheth
NU, Huang B, Girerd P, Strauss III JF, Jefferson KK, Buck GA. 2015. The truth about
metagenomics: quantifying and counteracting bias in /65 rRNA studies. BMC Microbiology. 15: 1-14.

Carrasco J, Garcia- Delgado C, Lavega R, Tello ML, De Toro M, Barba- Vicente V, Rodriguez-
Cruz MS, Sanchez-Martin MJ, Pérez M, Preston GM. 2020. Holistic assessment of the microbiome
dynamics in the substrates used for commercial champignon (Agaricus bisporus) cultivation. Microbial
Biotechnology. 13(6): 1933-1947.

Earanna N, Sajeevan RS, Nataraja KN. 2010. Identification of mushroom spawn contaminating
bacterium using morphological, biochemical and molecular approaches. Mushroom Research. 19(2): 62-
67.

Fletcher JT and Gaze RH. 2007. Mushroom pest and disease control: a color handbook. Elsevier.
https://doi.org/10.1201/b15139

Gontia-Mishra I, Tripathi N, Tiwari S. 2014. A simple and rapid DNA extraction protocol for
filamentous fungi efficient for molecular studies. Indian Journal of Biotechnology. 13: 536-539.

Gonzalez AJ, Gea FJ, Navarro MJ, Fernandez AM. 2012. Identification and RAPD-typing of
Ewingella americana on cultivated mushrooms in Castilla-La Mancha, Spain. European Journal of Plant
Pathology. 133: 517-522.

Gupta S, Summuna B, Gupta M, Annepu SK. 2018. Edible mushrooms: cultivation, bioactive
molecules, and health benefits. Bioactive Molecules in Food. 1: 1-33.

Karstens L, Asquith M, Davin S, Fair D, Gregory WT, Wolfe AJ, McWeeney S. 2019. Controlling
for contaminants in low-biomass /65 rRNA gene sequencing experiments. MSystems. 4(4): 10-1128.

Kadljalg U, Nilsson HR, Schigel D, Tedersoo L, Larsson KH, May TW, Abarenkov K. 2020. The
taxon hypothesis paradigm—on the unambiguous detection and communication of taxa. Microorganisms.
8(12): 1910.

Koéljalg U, Nilsson HR, Schigel D, Tedersoo L, Larsson KH, May TW, Abarenkov K. 2020. The
taxon hypothesis paradigm—on the unambiguous detection and communication of taxa. Microorganisms.
8(12): 1910.

Kumaran GS and Pandey M. 2010. System management for enhancing production of mushroom
spawn. In National Conference on Production of Quality seeds and planting material-Health Management
in Horticultural Crops, New Delhi March (pp. 11-14).

Largeteau ML and Savoie JM. 2010. Microbially induced diseases of Agaricus bisporus: biochemical
mechanisms and impact on commercial mushroom production. Applied Microbiology and Biotechnology.
86: 63-73.

McGee CF. 2018. Microbial ecology of the Agaricus bisporus mushroom cropping process. Applied
Microbiology and Biotechnology. 102: 1075-1083.

Ve


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

"... L (Agaricus bisporus) ddw glaSs z,B Slal 53 g5 S Sl NT ) O 5 als”

Milijasevié-Mar¢i¢ S, Stepanovi¢ M, Todorovi¢ B, Duduk B, Stepanovi¢ J, Rekanovié¢ E, Poto¢nik 1.
2017. Biological control of green mould on Agaricus bisporus by a native Bacillus subtilis strain from
mushroom compost. European Journal of Plant Pathology. 148(3): 509-519.

Netam RS, Yadav SC, Mukherjee SC, Kumari P. 2018. Cultivation of button mushroom (Agaricus
bisporus) under controlled condition: An initiative in Bastar Plateau of Chhattisgarh. International Journal
of Current Microbiology and Applied Sciences. 7(10): 782-787.

O'Neill T, Lole M, Drakes D, Irving R, Baars JK, Grogan H. 2015. Use of chemical disinfectants in
mushroom production. Agriculture and Horticulture Department Board.

Quast C, Pruesse E, Yilmaz P, Gerken J, Schweer T, Yarza P, Peplies J, Glockner FO. 2012. The
SILVA ribosomal RNA gene database project: improved data processing and web-based tools. Nucleic
acids Research. 41(D1): D590-D596.

Rosselli R, Romoli O, Vitulo N, Vezzi A, Campanaro S, de Pascale F, Schiavon R, Tiarca M, Poletto
F, Concheri G, Valle G. 2016. Direct 16S rRNA-seq from bacterial communities: a PCR-independent
approach to simultaneously assess microbial diversity and functional activity potential of each taxon.
Scientific Reports. 6(1): 32165.

Rossouw W and Korsten L. 2017. Cultivable microbiome of fresh white button mushrooms. Letters in
Applied Microbiology. 64(2): 164-170.

Royse DJ, Baars J, Tan Q. 2017. Current overview of mushroom production in the world. Edible and
Medicinal Mushrooms: Technology and Applications. 5-13.

Savoie JM, Mata G, Largeteau M. 2016. New prospects in pathogen control of button mushroom
cultures. In Mushroom Biotechnology (pp. 93-110). Academic Press.

Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann M, Hollister EB, Lesniewski RA, Oakley
BB, Parks DH, Robinson CJ, Sahl JW. 2009. Introducing mothur: open-source, platform-independent,
community-supported software for describing and comparing microbial communities. Applied and
Environmental Microbiology. 75(23): 7537-7541.

Singh A, Varshney A, Upadhyay RC. 2009. Studies on incidence of spawn contaminants and economic
losses in spawn production of button mushroom, Agaricus bisporus. Mushroom Research. 18(1).

Siyoum NA, Surridge K, Van der Linde EJ, Korsten L. 2016. Microbial succession in white button
mushroom production systems from compost and casing to a marketable packed product. Annals of
Microbiology. 66: 151-164.

Suresh M, Srinivasan M, Shankar SG, Karthikeyan D, Nakhul V, Kumar AN, Maniraj P. 2021.
Monitoring and automatic control of various parameters for mushroom farming. In IOP Conference
Series: Materials Science and Engineering. 1055(1): 012011. IOP Publishing.

Suwannarach N, Kumla J, Zhao Y, Kakumyan P. 2022. Impact of cultivation substrate and microbial
community on improving mushroom productivity: A review. Biology. 11(4): 569.

Thomas T, Gilbert J, Meyer F. 2012. Metagenomics-a guide from sampling to data analysis. Microbial
Informatics and Experimentation. 2: 1-12.

Vieira FR, and Pecchia JA. 2018. An exploration into the bacterial community under different
pasteurization conditions during substrate preparation (composting—phase II) for Agaricus bisporus
cultivation. Microbial Ecology. 75: 318-330.

Xiang Q, Luo L, Liang Y, Chen Q, Zhang X, Gu Y. 2017. The Diversity, growth promoting abilities
and anti-microbial activities of bacteria isolated from the fruiting body of. Polish Journal of
Microbiology. 66(2): 201-207.

Xu Y, Tian Y, Ma R, Liu Q, Zhang J. 2016. Effect of plasma activated water on the postharvest quality
of button mushrooms, Agaricus bisporus. Food Chemistry. 197: 436-444.

Zhang K, Pu YY, Sun DW. 2018. Recent advances in quality preservation of postharvest mushrooms
(Agaricus bisporus): A review. Trends in Food Science & Technology. 78: 72-82.

vy


https://journalofbiosafety.ir/article-1-533-fa.html

[ Downloaded from journal ofbiosafety.ir on 2025-12-27 ]

"\f'* bL:.....aU 5“ GJL«‘:’ ‘\9 OJJ.} s;;.m.}_j d;».;‘ 41?5.6"

Unveiling Microbial Contaminants in Agaricus bisporus
Mushroom Spawns using Metagenomics Approach

Shahnaz Shahi!, Kolsoum InanlooRahatloo*?, Mohammad Ali Amoozegar?

1- PhD Student, Department of Biology, Kish international Campus, University of Tehran, Tehran,
Iran.

2- Assistant Professor, Department Of Cell and Molecular Biology, School of Biology, College of
Science, University of Tehran, Tehran, Iran.
3- Professor, Microbiology Department, School of Biology, College of Science, University of
Tehran, Tehran, Iran.

inanloo@ut.ac.ir
Abstract

Mushroom production is a practical circular economy model, leveraging agricultural by-products like
wheat straw and chicken manure to yield nutrient-dense, protein-enriched foods. The edible mushroom is
Agaricus bisporus, commonly known as the button mushroom. Throughout the production process of A.
bisporus, a variety of bacteria and fungi are involved. The presence of bacterial and fungal contamination
in mushroom spawn can lead to substantial economic losses and the development of harmful diseases in
the mushrooms. Recent advancements in metagenomics have played a crucial role in identifying the main
bacteria and fungi present in mushroom spawn. In this study, the contamination of mushroom spawn was
analyzed using /6S rRNA and internal transcribed spacer sequencing. The data was classified into
operational taxonomic units. The most frequent bacterial contamination was caused by Bacillus, while
Penicillium was the most common fungal contaminant. Gaining a comprehensive understanding of the
biocontrol of mushroom pathogens has the potential to enhance mushroom yield and quality. This study,
utilizing metabarcoding techniques, reveals the fungal and bacterial community present in mushroom
spawn during cropping. It also highlights the importance of effective sterilization procedures to eliminate
contaminants from cereal grains used for spawn production.
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