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gk (Pleurotus eryngii (DC.) Quél.) By = & B TIRG e Je B4kl » F IR IT 2.6 BN » FEELY 20
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REEHZEZHPE  HERLEKRTRERBEESG AR - B P oiEk s FE0 lZEEA &
f& 155203 um ~ EEifig 4 (biverticillate) 2 Fik 47 4= fi 18 (conidiophore) » H 34 3-5 {EfHEL (metulae)
EfEE: EREA 3-5 (@75 (ampulliform) 7z {0 (phialide) ; RimEES - 73 4T KB - HBEIPZEE
E - IR R B SR EIIRIE (internal transcribed spacer; ITS) YR B 2 - R BEEPREE B
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B AR T EERER S - 45 REE TR 2,000 f2 27 50% #ETERIEE (AR R 5,000 (%>
35% BESCRL (FLAED) > T 53 BRI 32.16 81 24.43% TARI-PePO1 7 % 4 & » FIEEHE] X & DIFiFE 1,000 {5 0] 81
EMHESRER - BURZWEEER A a2 BT - AR hE S Ekmet B indt 2 HREETE 9 a 2
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T hagE (Pleurotus eryngii (DC.) Quél.) B
IERARER » FERFE - e
B - HERBEEWEMAE  E&5
EHE - ZHAEYE > HEEE/ (Yan
et al. 2002) » ¥ HA LRI - A% %
B~ R B RS B ONE PR R R
B 5 #2255 U158 (Lindequist ef al. 2005) > K I

AT BER PR EELE > FILEE
Ry T B AR EE A B4RV B R (Peng et al.
2001) - Bl MEEEEEFIER I E 2.6 B
W - EEMELIR 20 (BT - RBEBEREEI K
ZHEE > EEE AN E P R HER - Rt
& ALRRAIESE ~ 040 DUREE RS ot
FDEE P HE (Chen et al. 2016) -
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A i 466 3% B A0 A A0 2 BR B P R TR RN A
SHEESS gENERBAHERNER T
LM > SRS B Ry gk AR A Y B IR A
Al¥~ (Ruan et al. 2008) - 5 fifg 4 55 HA ) £ %0
MEREEZHEEEERE fEKEH
% HE 2 P eryngii Spherical Virus (PeSV)
ZHETENTHEERGERREHETER
i JE (Ro et al. 2007) 5 i & 5 &= Al & & H
Pseudomonas tolaasii 75 BY% 2 41 B M 18 B 9%
(Gonzalez et al. 2009) ~ Pantoea sp. 5|#2 2 4l
M E R (Kim et al. 2007) K Burkholderia
gladioli 51HEZ HE MG HH (Lin et al. 2010)
% BHE W ERIA @ Cladobotryum varium
C. mycophilum 52 #a%E A #EUR (Arima &
Suyama 2000; Back et al. 2012) ~ Gliocladium
roseum 5|t 2 & & 45 PEK (Chen & Huang
2004) ~ KE & (Trichoderma) 55 1] i ik B
252 5 E (Sasi¢ Zori¢ et al. 2023) o 4k
PSR G E B ERNRER > WHBE
W& B (Penicillium) Ble3REE (Aspergillus)
(Komon-Zelazowska et al. 2007) ; DL K #5 f%
HA 552 BEEE (Mucor) ~ 4174 £, {#E
(Neurospora) ~ Fi B & (Cladosporium) It
HREE (Phomopsis) % (Kim et al. 2013) »

KEFEE (Trichoderma) ~E#H & (Peni-
cillium) = E B (Aspergillus) HEEHE
AR ZEE - WINRZEE LIPS
RGO ZBUR o BUF BT R Sk BUW - I
BRITEZEEFRENREANZEE
EERE AN REHEEES
NEEHRT  EbEREBLEFERERZ > B
R~ TE - RREKEmL > EEEREKEE
A oy BEAETS  ED o0 W e B AT A R M A B A AR
HEEY)EEE (Tzean et al. 1994; Visagie et al.
2014)  FERRBEHERTER R EE - 5#
W2 BRI T XEE R “brush” o {4 A uk
HyEAFEOFaRAN T ABEFEBE
RYIRE BT » HA MR A 4
YL By ELEEEERMERE > Kt
Houbraken et al. (2011) ZH A4 T B2 LB
YIRS - WY B HE R} Aspergillaceae
(B1& Aspergillus ~ Penicilliopsis . Penicillium

rere

]

75%  H21

J&E) o B AR A XU B B S A YA
ZHGHG > FBhialEBEeEZ FERE
TRl S 5 TP RE R B R B AR B T R R Ry
M MDA B 7y T % o3 A7 (multi-locus
sequence analysis; MLSA) » 5] B8 A J& 4l o7 By
2 {E5EJ& (subgenus) Aspergilloides ¥ Penicillium
DL R EH & 2 Y 25 {iE section (Visagie ef al.
2014) -

AWTFER 2024 F£AE 2 AT AL T fl 46
G BTN FEE  BEE TR
bl a0 2 B F AR B EE A& o L
G E G T KRS - BB R B
REJT o HEIMHEE & T - LA ITEI$ %
T B2 RS R o EERA L ER
- ETIVRREE - G ohEe - A&
ik BLf v R 2 B e > DAME ReR 2R P a R
HEMNSF MK -

M7 E

HEBERC DREERERE

DL K OR 3 2 IS ST BRI 4Rk 1 2 18
JRECK » WHUE R potato dextrose agar (PDA;
BD Difco, Franklin Lakes, NJ, USA) 5% & £
ERE - FESGEREDIBHE V) HE %R
Ui AL B 3 2K 0 MR BB R 4R 5% S TARI-
PePO1 - DL PDA 5% 7 H1&LL 5 mm §TfL.g8t))
H{Z TARI-PePO1 &8 4% » E N E K
ORIFIN 24°C - H gk IR N R sl 1 75 =
{Rf7 2 &gk (P. eryngii strain TARI-PEOI) o
PRaEEAl - FrA EEE R DL PDA R 24CTF
EITEbEE 7 H&REH -
SHRESHEECHITIEE

AT RHETBE AT REE 0 DL
Visagie et al. (2014) 8% 7 J/ABITELE - #
TARI-PePO1 ¥ ¥ §* malt extract agar (MEA)
&AL (50 g malt extract (Oxoid, Basingstoke,
UK) > 1 mL trace elements stock solution (0.5
g CuSO, * 5H,0 > 0.1 g ZnSO, * 7TH,0 > 100
mL distilled water (D.W.)) > 20 g agar> 1 L
DW) il 24Csg&E7TH - L1 mL&F
30% (v/v) glycerol ~ 0.05% (v/v) tween 80 Ei



A i < BT

0.05% (w/v) agar Z (& K » R E &4 2
MEA sk - W% T AEf T FHBEORE
B 10° spore mL™ 2 i T 0% - E 202
uL TARI-PePO1 115 %K > PDA ~ MEA
KB EER (sawdust medium; SDM; 85% (w/w)
FEARTE - 15% (wiw) SR > 27KE 65%) Z—f
(PEBEEEA T OR 15 cm &) > 59— I A#
fE > PDA £5% 7 H{& 2 5 mm TARI-PEO1
GUR - BERESCERE  BEIISER 24C R
RO E T Hig o 3 B E TARI-
PeP01 B TARI-PEO] F% K/NEK - B HE
F 5o AGERHETT 3 NEE -
SHEEREEEERREAIE

B % T R 8 0E (68 2 B 8 B A A A KT
e 7 AT (0dds 1991; Tzean et al. 1994;
Visagie et al. 2014; Andrade et al. 2021) °
4% B A1 2 uL TARI-PePO1 1 + & 3% % (10°
spore mL™") &5 35 & BR & I 2 PDA ~ MEA
Sabouraud’s agar (SA) £5& XA (40 g glucose » 10
g peptone » 20 g agar > 1 L D.W.) ~ Czapek yeast
autolysate agar (CYA) 5% # % (10 mL Czapek
concentrate - 30 g NaNO, 5 g KCI -5 g
MgSO, « 7H,0 ~ 0.1 g FeSO, « 7H,0 > 100 mL
D.W.) »30 g sucrose * 5 g yeast extract (BD Difco,
Franklin Lakes, NJ, USA) > 1 g K,HPO, 1
mL trace elements stock solution > 20 g agar >
1 L D.W.) ~ Czapek yeast autolysate agar with
sodium chloride (CYAS ; CYA /51 5% (w/v)
NaCl) ~ dichloran 18% glycerol agar
(DG18) &AL (31.6 g dichloran-glycerol-
chloramphenicol-agar (Merck Millipore,
Burlington, MA, USA) > 1 mL trace elements
stock solution » 175 mL glycerol » 20 g agar » 1
L D.W.) ~ oatmeal agar (OA) £5& 4 (30g
oatmeal (flakes) > 1 mL trace elements stock
solution » 20 g agar > 1 L D.W.) ~ yeast extract
sucrose agar (YES) 52# AL (150 g sucrose > 20 g
yeast extract »0.5 g MgSO, « 7H,0 > 1 mL trace
elements stock solution » 20 g agar > 885 mL
D.W.) ~creatine sucrose agar (CREA) &L (30
g sucrose * 3 g creatine - H,O > 1 g K,PO, -
7H,0 > 0.5 g MgSO, « 7TH,0 > 0.5gKCl» 0.01 g
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FeSO, + 7H,0 > 1 mL trace elements stock
solution » 0.05 g bromocresol purple » 20 g
agar > 1 L D.W.) 4k O fEIE &AL - R IHBEER
MEEE Fy 20 mL - HEfE TR TR » RFITRFIER
REEM  HELNAUABRESE  HER
25SCE M P EOC & - H CYA B E A
SRER30CH 37CHEEREE - NETHR
HEBEEZEHERE S ERELE - Btk
i ILEMEE B I RBEAER
BERERESAFZECAELMN - & OA &
MFAHER 25 CERFAETEE 3 EH - A=
Epfgpa B4 5 M > G#ETT 3 REWE -

R BB =8y » DI HE BT S U &
# MEA A4 £ 7-10 H 2 TARI-PeP01 4% »
MR 60% (viv) HFE (lactic acid) /KB
HEITHR B o AR EE A 70% JERE L
L ERT o LERP G 2 8 XY
#% (Axioskop 2, Carl Zeiss, Oberkochen,
Germany) 3§ JF B85 R 0 100 (85 470
F (conidia) ~ 47 A fT-## (conidiophore) K &%
ARZE fI4HAE (phialides) AN
HEHSHEERITZEANE

RAEREHEBEESERZEZE > 77
A0 2 uL TARI-PePO1 {8 &% & 1> PDA ~
MEA k. SDM | » 53 & JL 16T ~ 20T »
24°C~ 28°C R 32°CrE A T AR IE IS - A&
7THEBEWNEHFEEEK - GRS I AR
BifE(T 3 NEH -
S#E < B o T BRSO E L1

Ry E— T i E 0 AT EIE MEA
_F TARI-PePO1 B 4% » L Maelstrom Switch 8
Automated DNA/RNA Purification Platform
(TANBEAD company, Taoyuan, Taiwan) 5g %
B 48 E RS DNA (total genomic DNA; gDNA)
L » ZEHZ gDNA fREFIR -20°C » AR EHE
SRR - gDNA 1 uL ~dH,0 22 L ~ 57 $#%
1 uL:ITS4 (5’-TCCTCCGCTTATTGATATGC-3")
BLITS1 (5°>-TCCGTAGGTGAACCTGCGG-3’)
(White et al. 1990) ~ 2x Advanced Taq Master
Mix Fast-Run™ (ProTECH, Taipei, Taiwan)
25 uL» W FERTE Ky 50 L - R &A%
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B A BEEERZH 28 (ABI GeneAmp” PCR
system 9700, Applied Biosystems, Foster
City, CA, USA) 1 H#E 17 5 & B # 85 2 &
(polymerase chain reaction; PCR) » DL 3% g 3%
B 2 NS [EIfF & (internal transcribed spacer;
ITS) o [ FERAE Fy OSCIIE 3 77 88 » 35 KAE
2 95CR JE 30 #b ~ S8°C S JiE 30 #b ~ 72°C
[RHE2 535 > 3 12CIRRIE T 778 > FERE
25'CIZE 10 738 - &CEEIKIERL PCR EVIRE
EASERMETR » BHAROR T ET YRR A
[E 7\ ©] (Genomics Ltd., New Taipei, Taiwan)
HEITER > P& 2 7% F3EL National Center
for Biotechnology Information (NCBI) 4guk [
AT % < BT BLASTn 71 73 firEL ¥ -

1B E 1k TARI-PePO1 B NCBI B R E &
& 7 5 &R LT AL AT o B SR
Bioedit V. 7.0.5.3 (Hall 2011) % F 51kl 1T
ClustalW multiple alignment » 52 5% 1& i# % %]
Bk L MEGA X1 (Tamura et al. 2021) #Es
frs et oo A - B & R OL2A0L (maximum
likelihood method; ML) 753 > F§ LA bootstraps
method # 1T 1,000 Z¢ 5 8 HU B g B > 15 =
(model) #E £ & GTR + G + I (General Time
Reversible model with a proportion of invariable
sites and a gamma-shaped distribution of rates
across sites) * 2 HUHAGK A& R o FEAMIELL
MrBayers V.3.2.7 (Ronquist & Huelsenbeck 2003)
#E$% Markov chain Monte Carlo (MCMC) JHHE
72 #E1T Bayesian concordance analysis (BCA) »
[F]fE ZE R H] GTR + G + 1 #5= » MCMC
1T REELE Fy 1,000,000 generations » j& LA
53 #t LLAF 100 generations HURE 12X > 6 #% 5t
B A% 4 = (average standard deviation of spilt
frequencies) /NFY 0.05 o SERR B EETERT 25% JE
{EA B 45 2R - DL FigTree v1.4.4 §UAG HE 208
B Al & SOSR R 73 S AT RE 1 (posterior
probilities; PP) Wi AFEEE A8 (LA -
BB #E < EEHIE

A E Al i i B P 1 e 7S A
LB (EYREF I — H3ER) LlE—8
R BHABUREIE2 B EER — JF4E
DARe B 51 e 25 R 77 A A 75 0% (Penicillium

rere

]

75%  H21

digitatum) ZBETCHL ~ BETE AL HETT SERHIEL
(Zhang et al. 2021) - ZEH {5 H K B (RRT
R EYRET — GXR) T 2%
PP & 4 4 U B3 V6 It T 2 1 B B AR 1T 7
R BEET - 0 IR 1,000 ~ 2,000 K2 5,000
f5 (Fei & Wang 2007) - % J& 4% [B /i 5 5 70
PDA DUl & > A0 50 uL #ikEZ 41.8% J&
BT ~ 35% BETC AL AL ~ 50% £E ST ALk
AR A B R SR K 0 B PDA A i 2
uL TARI-PePO1 Z i /%K 5 55E 5 mm
TARI-PEO1 E 4458 % PDA B & A Pl > FBE
HETTEERDAIGS - DAMESE A i dh 2 SE R R AZ 1 -
a7 H®%  HESE 4 (ERE 2 EAE R
Wt FE R IR AN HIR > HIHR A S ¢ (a -
b)/a x 100% (a B /Kl 2 B &R 1€ > b Fy 8
Pl B 2 B 4R K - BB S I Al
EEHETI R -
METBUBRDATTIA

AR TREHEBEERZZEHE,
B TaE B 2 SR SRS EE
LUR 4.5.1 fR&EETHEGRET 0 BXREBZ
A S M B A AR BEE > FHERM
Fo | Rkl 2 8% - (T 3 RERESE - I
i 3 Kk g Bz DL A 1 8 B Hr 0% (one-
way analysis of variance; one-way ANOVA) 47
e W LA S HEE 722 k@ E (Tukey’s honestly
significant difference (HSD) test) > 95% {S#&
5 ) HE 1T 2% B LR > 5P Al % i B 4H [A] A i B
EER REARFEIHIRRAEFEE

ER

SRR YT S

2024 A E Rt S IR A S AN
P R 4R HIR B E G EE £ K B EEK - B E
PEHTERESNES  HEMEES%ET
Ji B L R 2 Ok (B 1A) » Ry R g i 4h
TARI-PEO1 25 & &k TARI-PeP0O1 [EAYAC
B {E IR > 75 W0  E [E RE & > PDA - MEA
J¢ SDM L i#efT ¥ sE » ERBRER T H
% > 7 PDA 81 MEA o] &, > fH# A 7 -



7 T s 2 8 B AR 311

1. Ff#fliE TARI-PePO1 iR A fifldh 4k 2 Uik Bl fifggh TARI-PEO1 Z X H B {4 © (A) 27574 2 A sk F 4%
PR B R RS (L - RFELECEK FiEHFTER) > BEPELTHERER & (B) EFEERRZ ]
HEE 2 BUR (FHEFERE ) ¢ (C) I ZEA47 5B potato dextrose agar (PDA) ~ malt extract agar (MEA) KK
JEHE AL (sawdust medium) SUEELER - 558 7 H1& » j° PDA B MEA b7 ffifgsi &k R 2 2
Fig. 1. Symptoms of green mold caused by TARI-PeP01 on king oyster mushroom and its interaction with Pleurotus
eryngii strain TARI-PEO1. (A) The brown mycelium and exudate (red arrows) were presented on contaminated
king oyster mushroom during the development of fruiting bodies. The yield of mushroom was also affected. (B)
Penicillium signs (red arrows) were observed on the mycelium. (C) From left to right, the images showed the dual

culture results on potato dextrose agar (PDA), malt extract agar (MEA), and sawdust medium (SDM) after 7 d
incubation. The mycelial growth of king oyster mushroom was affected on PDA and MEA.

BANT TARI-PePO1 W36 > B HGAEEZE  EREM BER MEA ZE%EE AN T
PIEEEE T SDM HIRBEF P EN 5268+ 03 mm HEBLEE A6 %

W o RIEE R R (H 1B) - LRI o BRI A E T 28
- 5 I OA ZHI% & RANFAI S 241 +

=/ 2B

SHEZERE 02 mm > EHBGEE - HE > REDZERK

AT EEL FHE TARI-PePOL SEE (R 44 GIEARHE  EESEALHEE B
FEHBMIPRBE DL TR ST - B heamsEnE 3 HA s LB EK
MBI E LA 9 I A T HZ - 1 s A M 8 TARI-PePO1 ¥ YES F &% H
&7 Hi& 2 &R %R » TARI-PeP01 J* PDA Rk B A/NFEE B 413 £0.9 mm o #
EERANESE 286 £02 mm e FEEE HERGO BGEE O6@ FHEHE
TR A REIZFEKGE  JHERHE HHUREOBERME  DGIS BN E2E R
FHEEFOHUBEEFGE BN SA Y HBEERE . ¥ ANEEJERKTBELE
R ERANEE B35+ 04 mm e F%E ENEE  AEER DGI8 H% K/NEHEE
GoowE > TG E - EHE FERFEE 304 +0.6 mm RIRLEEE2ERYERE
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T4E S CREA ZEZE AN FESE B 194 £ 0.3
mm - FERERMS - FEARE =G &3
THEARERE (B 2A) 5 CYA 2 H% K/
Fy34.1 £0.3 mm > FERE /KD BE
TE - At BERLGRERE > SHeRED
FpEmEEOGE  CYAS EXE%R/NEY
B33.8+ 0.2 mm % FE S EELCYA BT -
T R KA BGOEERIAE > SEHEA
ERREEHNR > FANRECOREE
KEETE > CYA Bl CYAS B2 E 7% R/NEL B A
0.94-1.07 ([ 2B) : £ 30°CHL 37 C FHs& »
CYA KRB Z R F A4 & ([H 20) - &Kk
P00 W E Z 3 BT (conidiophore) fy& &
155-203 pm - B H 2 83 Rk 28
B £ (biverticillate) » R 2 47 71K 77 52
BESY  HEZE4A3-S5SHEBEEHEZHE
(metulae) » & 12.2-15.7 um x 2.0-3.1 pm -
6 F 3% B 35 {8 % R (ampulliform)
A fE (phialide) > K /)N 8.1-10.3 pum x
2.2-3.6 um - 3EHH H R g £ A& -
BEEE 2B > R/N 1.9-2.6 um ([& 2D-H) -

1 TARI-PeP01 ITS E Fp 45 5 I {8 NCBI
BERLE (accession number: PV523142) » i A
51 #E T BLASTn » 45 52 88~ TARI-PeP0O1
J& B WE B (Penicillium) H i AHATY) R Ky
P. sumatraense Svilv. (Identity: 100%) o Fyfgt iz
K B Houbraken ef al. (2011) FRi&EEEEFH
il & J& Section Citrina V)T 2 1% B (% >
PRI IF 758 Y I section Bk 2 TS o1 #E T8 (b
BT 45580~ TARI-PeP01 Ei[F] section 2
Series Sumatraensia E.F (Wang et al. 2023) T]
SIEE—EE(LSE (clade) » & P. sumatraense ~
P. jenningsiae ~ P. cerradense ~ P. qii ~ P. vulgatum
Ko P. rarum ([&] 3) o #E— P ILEFR ST Y HE
ZIRERFEE R - 45 R EUR TARI-PeP01 7 [
EIDRE - BRARAEY - EREPAEEP
sumatraense iz Ry AT (= 1) o KL Pt 70
2 EREEE By P sumatraense Svilv. o

AEHESHREERITE
RESFME N TSRS BRE D 24

SO > AR FEH B A B 5 R R 3 TARI-
PePO1 f£ 3 7 5% % %t (PDA ~ MEA K, SDM)

rere

]

75%  H21
FERERZZE (B 4) - 828~ FHEH

BRXNEEZREFE HIEEBEENK
JEASFFR[E o £ PDA | » 28°CHl 24°Cl% 2 i
EEAR R 0 A 25 mm o {H R R R
EAER0CRZ > EHHEEREL 23 mm ;5 7]
16CZ B % EEMEL 7 mm o £ MEA 1> [§
SEIN 28 C Y H R HIR B S AR R
ifi 16-24°C[H » E%& 0] %2 15 mm DL | -
SDM > e fEA fORE Fy 24-28°C > BERE T
b BV BTN/ AR 16 CZEEER
A= EDR R T E PDA h 2 & & BRR
MEA 81 SDM 1 » B & AT o] 75 HECRIR T 4
£ o JbAh > 1E 3 R AT > 1Y 32 CH EE]
FHEEKCHE TR  HRERFEIRERZ
TEH o 445 R &1 > TARI-PePO1 B A 4
16-28CRAI4 € » WL 28 C ik £ -
SRIE 32°C T A R 2 BHEEIN ] -
SHEaZEE < ERE

BRI R e 2 S REUR R T HIR
H#E PR TARI-PePO1 F7E F N2 IGEE
ARG RE 1,000 (5T » HANGRME R 512 +
1.71% ; SR & 55 8 2,000 % 2 3 o fiy B 3%
SeRIgh 2 B E A b HE PR 8.0 £ 0.41 B
6.75 + 0.48 mm > H[IHIZ 4RI E 28.98 + 2.52%
B132.16 + 3.59% > B % HE4H (11.25 + 0.25 B
10.0 +0.71 mm) EAEZE > H¥H$ 5,000
B il 2 B E ik b TR PEH 8.5 +
0.29 mm - [FfFHH IR EFHEE =R - Kig
#E TARI-PEO] [ 7% F & E 42 1,000-5,000 {3
FRRET » PRV 3.19-12.43%; A & FFE 2,000
% 2 B e BB v F B > BRI R L T A 22.5
+£0.29 81 19.75 + 0.85 mm - {[HIR 5T R E 8.97
+ 1.78% 81 12.27 + 2.79% > ¥HB4H Y B B 4 B
24.75 + 0.63 B122.5 + 0.5 mm > 57 M i i £
B E s E R A R 2 HHPERER
HK (% 2) - &% LATil > BUREE v fi BB ST i
i E B B A BR800 A A A
ZEZTBS]

SE

AT 7T E B ELIR A g B SRR # R EE
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2. Penicillium sumatraense strain TARI-PeP01 JEEEFSE - (A) B IPRERE > HEES ARl EEEE T H 2
potato dextrose agar (PDA) ~ Sabouraud’s agar (SA) ~ yeast extract sucrose agar (YES) » malt extract agar (MEA)
% oatmeal agar (OA) ; (B) EY%IPRERE » A ZE A4 A FiEE 7 H 2 dichloran 18% glycerol agar (DG18) ~

creatine sucrose agar (CREA) 5z Czapek yeast autolysate agar with 5% sodium chloride (CYAS) (_ {7 A& AL E
I > N{TAE#ZEE)  (C) 12 25°CF Czapek yeast autolysate agar (CYA) B8 7 HI&E % RERME > DUHEIR(:
Bl 30°CHL 3TCRIME RS & 5 (D-G) AT 5 (H) 734485 - (Scale bar = 15 pm)

Fig. 2. The morphology of Penicillium sumatraense strain TARI-PePO1. (A) The colony morphology on different
medium of 7 d culture under 25°C, the mediums were potato dextrose agar (PDA), Sabouraud’s agar (SA), yeast
extract sucrose agar (YES), malt extract agar (MEA) and oatmeal agar (OA); (B) dichloran 18% glycerol agar (DG18),
creatine sucrose agar (CREA) and Czapek yeast autolysate agar with 5% sodium chloride (CYAS) (medium on first

row were obverse, and second row were reverse); (C) The colony morphology on Czapek yeast autolysate agar (CYA)
of 7 d culture under 25°C, 30°C and 37°C. (D-G) Morphology of conidiophores and (H) conidia. (Scale bar = 15 um)
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BEEENTE HT5E B2 W

GU944578 Penicillium sumatrense strain CBS 281.36T

TARI PeP01

60/0.97 0Q870878 Penicillium qii strain CS18-09
'l OR565219 Penicillium jenningsiae BRIP 75936a"
AY213677 Penicillium sumatrense strain CBS 416.69
37/-]| OQ870884 Penicillium vulgatum strain CS15-03

MH864546 Penicillium sumatraense strain CBS 127365
83/- | MTO006127 Penicillium cerradense strain DCFS6b

85/-

86/0.97

36/-

47/0.85

57 MTO006126 Penicillium cerradense strain DCFS6a
NR 177502 Penicillium cerradense UB 23977
0Q870881 Penicillium rarum strain CS15-04
MHB865789 Penicillium tropicum strain CBS 130379
21/0.59| GU944583 Penicillium tropicoides strain CBS 122436
GU944584 Penicillium tropicoides strain CBS 1224107
MH862897 Penicillium tropicum strain CBS 1125847
54/0.98| MH858522 Penicillium sizovae strain CBS 139.65
GU944588 Penicillium sizovae strain CBS 413.69
95/0.99 ; GU944558 Penicillium hetheringtonii strain CBS 1223927
GU944560 Penicillium hetheringtonii strain DTO 32E3
MH855952 Penicillium citrinum strain CBS 232.38
MH856132 Penicillium citrinum strain CBS 139.457
89/0.711 GUg44563 Penicillium citrinum strain CBS 241.85
MH857476 Penicillium steckii strain CBS 260.55NT
GU944594 Penicillium steckii strain CBS 325.59
38/- GU944581 Penicillium gorlenkoanum strain CBS 408.69NT
95/0.99 ' GU944580 Penicillium gorlenkoanum strain CBS 411.69
JNB617708 Penicillium anatolicum CBS 479.667
99/1, GU944577 Penicillium paxilli CBS 360.48
JN617709 Penicillium paxilli CBS 547.77
JN617685 Penicillium copticola CBS 1273557

82/1

97| JN617711 Penicillium sanguifluum CBS 685.85
MH855066 Penicillium roseopurpureum CBS 266.297
MH856015 Penicillium roseopurpureum CBS 281.39
AY313616 Penicillium decaturense NRRL 29675

95/~ JN617689 Penicillium sanguifluum CBS 148.83
0. |

26/0.78 517 IN617663 Penicillium atrofulvum CBS 109.667
9711|094 'L MH863908 Penicillium atrofulvum CBS 126332
JN617673 Penicillium raphiae CBS 126234
91(0.95 ; GU944599 Penicillium manginii CBS 253.31
04/088 JN617662 Penicil_liL_lr_n mang_inii CBS_108.66
y /1 MH863997 Pgr_nc:lllum chns{_ensenlae CBS 1262367
GU944600 Penicillium miczynskii CBS 220.28NT
MHB863987 Penicillium miczynskii CBS 126222
GU944604 Penicillium decaturense CBS 1175097
GU944601 Penicillium westlingii CBS 231.28NT
39/0.75 1 IN617665 Penicillium westlingii CBS 118051
81/ 99/-  KP016846 Penicillium novae-zeelandiae CBS 546.77
_I I— MH854988 Penicillium jensenii CBS 216.28
95/- JN617697 Penicillium raistrickii CBS 261.33
I JN617706 Penicillium atrosanguineum CBS 380.75
63 IOT 98/1 GU944557 Penicillium corylophilum CBS 330.79
; L JN617705 Penicillium rolfsii CBS 368.48
63/0.95 JN617710 Penicillium inflatus CBS 682.70
NR 135337 Aspergillus glaucus NRRL 1167
0.050

3. Penicillium sumatraense strain TARI-PeP01 7 [Nif#i§# & (internal transcribed spacer; ITS) JH4% /8 L8
A maximun likelihood (ML) ;7 Bayesian concordance analysis (BCA) & X E MR % 0 Wit >
bootstrap value/posterior probabilities » FL{F] K A% S 1975 (L3R (nucleotide substitution per site) © T Z£775 type
strain ; NT 27 neotype strain °

Fig. 3. Phylogenetic analysis of Penicillium sumatraense strain TARI-PeP0O1 based on internal transcribed spacer
(ITS) sequences. Molecular phylogenetic analysis performed using the maximum likelihood (ML) method and
Bayesian concordance analysis (BCA). Bootstrap value (BP)/posterior probabilities (PP) were presented at the nodes.
The bar indicated the number of nucleotide substitution per site. “T” means type strain; “NT” means neotype strain.
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4. CHEFE¥ TARI-PePO1 FAR[EIEFEE £ B2 o HPk TARI-PeP01 55& i potato dextrose agar (PDA)

malt extract agar (MEA) K REEFEEL (sawdust medium; SDM) 7 H Z E% HE AN » 28°C Ay 3 fEEFERE 7 &
BAERRE - BEEEZ RIGE LTSRS HEFRR DAL IR 2 SR E (P < 0.05) s8EAEE -

Fig. 4. The effect of temperatures on mycelial growth of TARI-PePO1 in different media. The colony diameter of
strain TARI-PePO1 after 7 d of cultivation on potato dextrose agar (PDA), malt extract agar (MEA), and sawdust
medium (SDM). The optimal growth temperature on all three media was 28°C. Values on the bars of different medium

followed by the same letter are not significantly different according to Tukey’s honestly significant difference (HSD)
test at P <0.05.

=541
Pz

2. DURRERANGE 3 HEERIE T st S M R R R R
Table 2. Using filter paper-disk method to investigate the effect of three fungicides with different dilution folds on
colony radius and inhibition rate of Pleurotus eryngii TARI-PEO1 and Penicillium sumatraense TARI-PeP01.

Penicillium sumatraense strain TARI-PeP01 Pleurotus eryngii strain TARI-PE0O1

Treatment Colony radius (mm) Inhibition rate (%) Colony radius (mm) Inhibition rate (%)
Thiabendazole
CK* 14.50+0.29 a - 23.50 +0.96 ab” -
5,000% 14.50+0.29 a 0.00+0.00d 22.75 +0.95 abe 3.19+£1.08b
2,000 1425+048 a 1.79+1.79d 22.25+0.75 abc 519+1.89b
1,000x 13.75+025a 5.12+1.71d 20.50 +0.87 bed 12.43 +4.60 a
Prochloraz
CK 11.25+£0.25b - 2475+0.63 a -
5,000% 8.50 +£0.29 cde 2443 +2.15¢ 23.50 +0.65 ab 497+240b
2,000 8.00 £0.41 de 28.98 +2.52 be 22.50 +0.29 abc 8.97 +1.78 ab
1,000 7.00 £ 0.41 def 37.88 £2.62 ab 20.25 +0.25 bed 17.94+3.17 a
Prochloraz-Mn
CK 10.00 +0.71 be - 22.50 +0.50 abc -
5,000 8.75+£0.48 cd 11.82+4.61d 21.75 4+ 0.63 abed 336+1.13b
2,000% 6.75+£0.48 ef 32.16 £ 3.59 abc 19.75 £ 0.85 cd 12.27 £2.79 ab
1,000 575+£025f 42.10+2.00 a 18.50+0.29d 1770 £ 1.53 a

“ CK means water control.

Y Data (means + standard error) of single column with different letters are significantly different according to Tukey’s honestly

significant difference (HSD) test at P < 0.05.
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B Bk WA P RBE S ZEEGEE
wKZEE REgBHNEEEMRLE -
B2 R VIR E A e E
4 —MEE R E A R EOR B B S B
i & (Kim et al. 2007; Gonzélez et al. 2009;
$asi¢ Zorié e al. 2023) » i Tian et al. (2017)
Bl Liu et al. (2018) EH%&4E (Grifola frondosa)
BLGRERE (Sparassis crispa) T B R 7B H
B - HEPTERAEIR S AR ZE 2
EAEEL > I1E Kim ef al. (2020) tf5 58]
I PN HIIE 24k 2 TR 40 AE R B R B RS TP RC »
I HEHI @ A E AT BRI 4R 0 TR AT 4
BrERENEE AMRAERFHEFERE
e fpdh H e miR g EE - HEEEEE
R EETERE RS EE
Fo WNHERZ ZEHRED > RItESE
— S ERETHE BIE R TARI-PePO1 B A& gt 4 &
2B DR R R M e 2 -

R 2025 £ Mycobank &R 4T -
= H B (Penicillium) H & 7% (legitimate)
i A HEE R EHA 1,239 [@ )7 (Mycobank
n.d.)  KELEFEERNEREREE - HREE
SHAACFE LA BRI TG 1T
JiRE B AL MR R & Bl 1 o ARSI R
77 Bl Pk TARI-PePO1 #E1T ITS 4347 »
1% B L R 4% R (1 A o (5 A 20T B R R AEE 1T BT
PR A RREER LR (& 1) SEEEK
Z oy BT B N R A (biverticillate) - 24
[ P. cerradense 73 4 fil F 18 20 2% Fs B 4F
(monoverticillate) » TARI-PeP01 ‘A & 1 1 &
BREEARTT » B OA L& 3 HHEENER
REB B E A » NILEL P. cerradense B
HABE 7 Wi E & % (Andrade ef al. 2021) - TARI-
PePO1 434 i) ¥ £ & £ 155-203 um > &1 P,
vulgatum (175-425 pm) § P. rarum (285-515
um) N[E > #EEL P, vulgatum & & B EHAERH
» IR AR 92 {22 5] TARI-PeP01 73 4 fi 1
i KMEZ 203 um > BEHELECN[H (Wang et
al. 2023) ; SEEWMEEEEPAE - P MEA
K24 7 H 1% > TARI-PePO1 & 7% K /N By 25-28
mm - 81 P. gii (19-20 mm) EAHZ=HE ; FHIb5t
[ 7% P B BLEA R 8 /5 &KL » TARI-PePO1 B P,

sumatraense ¢ P. jenningsiae Wi B R B HHIT
HEP=EhrEMrE&E - TEF
RERFEUAEL - HE P. jenningsiae 4 1 T-1HER
% (200-315 pm) - HY CYA B R EARVIPREME
iR o P. jenningsiae 153 7 HIE A M=
M P. sumatraense 81 TARI-PeP01 H| A fF g
= ARBAEFERE - REAEEE
B2 W FEEEMRER - TARI-PeP01 EL P
sumatraense Z JUREWE Ry MHTT o BEZR Visagie
et al. (2024) % #EH RNA polymerase Il second
largest subunit (RPB2) ~ calmodulin (CaM) fz
B-tubulin (BenA) #E{T MLSA » H 4% 5 P.
cerradense ~ P. jenningsiae §. P. sumatraense
#Hor R E—H{E (clade) < 2R P. cerradense 1F
HERG L EEL P. jenningsiae i P. sumatraense
Wi & 72 Bk > H Visagie ef al. (2024) B A
LT MLSA 73 #f » HiEsFA P BB &R
PR It d A Tl R EL Pl 2 P cerradense BA1% i
Yt BRI E 2 o 1 P. jenningsiae Y1 P.
sumatraense Z I REFF EUMER Ry AHAT (R 1) »
B Wang et al. (2023) % AWF5TH & IR dR D
P. jenningsiae E57r H & B E R EER - 4
J* CREA ZEE 2 Fi1k 5 - Nt A T
W R ELS P. jenningsiae BFHE » F] FiE
Tl IR g - BEAMKIR Wang et al. (2023)
MLSA &R BRI R RIE & A - KR A A
Febt HH MLSA JA3#E— 20 B 7E AW 2 o3 B
fir - MRHGH AT REEE B &5 5 - Y120 #E TARI-
PePO01 & P. sumatraense - FH H Fij 2 45 H B EH
s 2 e tHR TSR rT 53R o FRE IR AR
B ESEEE (Penicillium) % E 8K 0]
E7

P. sumatraense 275 # & J& Section Citrina
ZHBE » & section Z FH#E % rEEE 148
el H=EANREBE Y b oy sk (Pitt &
Hocking 2009) » H 1 P sumatraense 7 12 %
PR (type strain) B H LIESHEMZE © 55A L
RAIE 2 B v BE Ry &) (Vitis vinifera) Z N4
G H AT R AR EZE B (Serra et al. 2008;
Houbraken et al. 2011) [ ARFZEfEA > B &
gt &N A EEE A EEEE - NIRRT
W ERARE R Z &R E AR - MM
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LB o WA AEEFEETE L
FEIREE T 2 I RE R A R AN IR ST BRI B
HEs4d RHEETAR DRSS HEEER
R E BB ERRE (FARESTEE
H22% G5 1ER > RER28CTAEEHR
FE BB 2R S MEA B2 SDM | > B 445 A
P16 CHEA AR - H#EE 2 mm d' > BER
Pt 77 Bl < 75 U5 o] AE A gk A 2 R IR
(16°C) & » AT FAE fif ik B 4 B0 B A R o G 2R
Rl &GS FEREE  HILERER
ZEHEHEHE  KESHEEBRREZHEMK
224 e

HE— L EREH LB EE I I R 2 a3
T3 AT i SR Rz s B o DAEEAS A
7] 5 751 B A 8 8 B3 75 B B 4 A R 2 AT A1
RA o SRR 0 H A ek U e — HE
| JE4: (FRACI, BI1) » A TARI-
PePO1 Z W& A& (2 2) » L EEERT WSS
F DB 06 1 i 75 i 2 #E v fi (FRAC3, G1)
EA P50 HIL 4 (FRAC3, G3) #EAfTHIH - H o
5,000 & 7 FE 2 35% $ESEAL (KYFE R 175 mg
L") Bl AT B8 0% TARI-PePO1 4 £ - ifi £ 3
A i 4 R R AR R IE K 4.97 + 2.40% Z {1 -
B H A9 20 SE R A 58 5 BB AT 15 2 TARI-PePO1
HNHIZAE 24.43 £ 2.15% » ZR1 HE I R S 7
BUEEE B R N 2 3 B AH o R 4 i B 4R A EE
HH B2 B - R BR A o7 e 2 Bl B2 5 2
BT BRI AT EE R AR B v S LR
2 H A & (median effective concentration;
ECy,) » 55 f) #% Hatvani (2008) & & &5 5 &1
7R HiFH 250 mg L BESTRINE > R 2 H B
(Pleurotus spp.) 6T EREE R - HE—FLM
EN % T EREERIREE - SIERR N
FIH A 0.095 mg L' BE5Eh 2 588 - B{ER
AR Y EHE NS ERH
I A & 0.5 mg L™ (https://www.mohw.
gov.tw/cp-16-72181-1.html)  [fj 75 S LK [E] B
HIE S 2 48 BEARAARUI R BB FURE H A%
BRI aR S mGEEGE  BRED
FEFF GG - DAGT 28 O S B 7 e RS > [
B fpEE Ak > W HEERRE & - DIE
REAR Bz %2t - HATEE A IR N

rere

]

75%  H21

AR A S gE 2 BB > {H FH A AR ST LA
FT 7 BERG BR 4 IR BUR - BETCHL B H & 4 5
GEBET > BEZFEBEEANEE T
T T L R ER 7 180 A T P PR B 6 15 i i
FHVRHE RS - A E SRS T RE R
AR E L - o AW HRT 2 RS
Fo RARTTAE Ky U BE A7 a¥Ad A% A (o8 P B v hir
TERVIGERN 2 2% -

— R RERZEBESEREREZEF
BNy - BIER 2 A5 - I B AR 4 5
BRI AT 8% A 2 B 8 E i gR A D o EAE
2% 1 E 2 2 B4k (Komon-Zelazowska
et al. 2007; Sagi¢ Zorié et al. 2023) » A 5%
Ry BB R A g B S e 8 E L
Fr oy 8 2 P sumatraense > 1 8 3 # B 0] &
EBRE (Sparassis crispa) T &H#8 (Liu ef al.
2018) > BnmEH S EESHERERE
[PE R R B 15 2 — 2 10 i 2% B0 3 7 B P LAt 46 5
ZEAER o AN AHFRESREERE
GhEEURIE— B DA% — J§E > HH
HEHARUR o (K8 B ATsERAS R T A > BEre il
MO (E B P e EBE 2 BELEEM - A%
T 6 AT 2R 2 B A B B e EE PR > R
RAT FERE MR B 25 SR (L2 R EE[ VA E M WIHEY)
MRS S L& - B AHKAMEER S
iy - FRFBGEEHER » DA & ias
SEBAZKENHERLRNE -
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Identification and Fungicide Evaluation of Penicillium
sumatraense from King Oyster Mushroom

Cheng-Yu Tsai', Shiang-Shiuan Yu', and Yun-Sheng Lu™""

Abstract

Tsai, C. Y., S. S. Yu, and Y. S. Lu. 2026. Identification and fungicide evaluation of
Penicillium sumatraense from king oyster mushroom. J. Taiwan Agric. Res. 75(2):307-321.

King oyster mushroom (Pleurotus eryngii (DC.) Quél.) is a commercially important cultivated
mushroom in Taiwan with annual yield of 26,000 Mg and market value about 2 billion NTD. The
major production areas include Taichung and Changhua. In 2024, abnormal symptoms were observed
during the development of P. eryngii fruiting bodies in Xinshe, Taichung. An unidentified fungus
caused mycelium of P. eryngii turn brown and produced brown exudate. The yield and quality were
also affected. Signs of green mold were observed on the surface of P. eryngii mycelium. This study
isolated a fungus (designated TARI-PeP01) from the signs and conducted dual culture assays with
P. eryngii mycelium. Results showed that P. eryngii significantly reduced mycelial extension toward
TARI-PeP01 on potato dextrose agar (PDA) and malt extract agar (MEA). It suggested that TARI-
PePO1 had effect on mycelium of P. eryngii. Microscopic examination showed that conidiophores
of TARI-PeP01 are 155-203 pum in length, biverticillate, and bear 3—5 metulaes per branch. Each
metula carries 3—5 ampulliform phialides that produce transparent, oval to round conidia. Based on
morphological characteristics and internal transcribed spacer (ITS) sequence-based phylogenetic
analysis, TARI-PeP01 was identified as Penicillium sumatraense Svilv. Temperature assays on PDA,
MEA and sawdust medium showed that TARI-PeP01 can grow at 16-28°C, with optimal growth at
28°C. However, mycelial growth was significantly inhibited at 32°C. A fungicide sensitivity assay
was performed to develop potential control strategies. The results revealed that 50% prochloraz-
manganese wettable powder (WP) with 2,000-fold dilution and 35% prochloraz emulsifiable
concentrate (EC) with 5,000-fold dilution inhibited 32.16% and 24.43% mycelial growth of TARI-
PePO01, respectively. These two fungicides with 1,000-fold dilution showed significant inhibitory
effect on mycelial growth, suggesting their potential as control agents. This study is the first report of
identification and control of P. sumatraense isolated from mycelium of king oyster mushroom. The
selected fungicides provide promising options for this fungus management. Future work will focus on
the physiological effects of P. sumatraense on P. eryngii and further investigation into the impact of
other Penicillium on the mushroom industry.
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