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New Records of Fungi Isolated from Indoor Air of
Greenhouse Used for Shiitake Cultivation in Korea
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ABSTRACT : Mold contamination is one of the detrimental factors affecting sawdust media-based shiitake cultivation in
greenhouses. During mold monitoring of indoor air of greenhouses, several fungi were isolated. Among them, Aspergillus
pulverulentus and Cosmospora butyri were found to be new in Korea and Lecanicillium psalliotae and L. antillanum were known
in Korea without taxonomic validation. In this study the morphological characteristics and phylogenetic analysis based on the
internal transcribed spacer (ITS) rDNA region or B-tubulin gene of the four identified species were described.

KEYWORDS : Indoor air mold, New record, Sawdust media, Shiitake
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Faol] F5F A1 S ARS-shs Al 2 5 Al g
| wlsho Al 2o ezt vl 44al o
a3l A5 33Eo] FHos wErhs Ao
OlF olfFE U Aule} tiEo] T Fi wiAlE
St Al W2)e] MF=F EobA 7kar itk

A= Aok R A 25 Rl ofs AR vsiE
LS g Ao AL Aol JEE F= T8 AHeEe
Aspergillus, Penicillium, Trichoderma 45 59l &3h=
o] WETH3-5]. ofF AL FAEZ Bo WA 7]
Froll Wl A H-fralel 7] Fom ultel) vz ¢
WHOR B uj F AL U] 314 Bt e
sitt. ool wiet We] LS «rgslr] i AuiAk
W F71el T8kt EAte] thste] 2|49 RUE
Fo] a7EaL o}, & =Rellxe AL AuiAke] 5710l
EAdhe ArtE EUEE ke M £ F8 3
T Z oA = V718 F 233 tEe] Il o]&2
dA ot ekHo s SE o] 3R] %2 230l o)
Slo] Teha] RS RWarsiara} gt

F-lTe 20139 3ERE 20139 787HX] S
g b 8ol AAIRE Far AupAk e} A
7125E At 371 AFE 180 16000-18°] 719E
Z="oll W2} Andersen sampler (Single Stage Am- bient
Viable Sampler, Model 10-880; Tisch Environmental,
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Fig. 1. An example of indoor air sampling using Andersen-
samplers in a greenhouse for shiitake cultivation (A). An
example of fungal colony formed on malt extract agar (MEA)
after grown at 25°C for 3 days (B).

Cleves, OH, USA)E A83lo] 28.3 L/min FO0= 1%
2 ATt 6]. 71 AP 2L AEIAEY 7hH A
Aol R3SAIL Eol= 1.3 m FoollA 35S o]
T3 ATH(Fig. 1). MY HIXZAM = 42 (ampicil-
lin)& 100 g/mL ¥%=2 37}k MEA (malt-extract agar,
Difco, BD science, France)ZS A3t}

A F71E AR HIAE 3~5Y 52t 25°C 7)ol
A HiFetar, Alehd it gl BElE B3l o
& 3T oelE ] TR B
(Axioskop40, Carl Zeiss, Jena, Germany)= ©]-83f] &
ZEiint. 2ed #52] FEisH S57E Table 191 A
ST, B3 BAH 545 dotr ] fJ8l drilling
of] W2} genomic DNAE =33 [7], internal transcribed
spacer 1 (ITS1) (5-TCCGTAGGTGAACCTGCG-3')/ITS4
(5-TCCTCCGCTTATTGATATGC-3)[8]% BT12 (5-GT
TGTCAATGCAGAAGGTCTC-3")/T10 (5'-ACGATAGGT
TCACCTCCAGAC-3)[9,10] Zg}o|HE o]&3t ITS
region?} B-tubulin gene sequenceE polymerase chain
reaction (PCR) 533} t}. PCR S5 ITS region} B-

A AL A F71ellM 7t S vl7IE JdE 59

tubulin gene 55 Y3l Y3}, 94°CollA 587F
predenaturation 3l & denaturation 94°C 30%, annealing
56°C 303, elongation 72°C 303 10|14 F 30 cycle X
Patal mpREe 2 72°CollA 1037t final extensiond}d]
33519}, PCR SZH DNA AHE-S 1% (w/v) o=
A A719%5S 35t ERIgH F High Pure PCR Pro-
duct Purification Kit (Roche, Basel, Swiss)S AF&3}e] A
AStaL vl Z AR} (Seoul, Korea)ol] &l A7 ES
w819}, Aol B taxon] H71418E NCBI
9] GenBank (http://www.ncbi.nlm.nih.gov/genbank)l| 4]
Cheto} AR8-81913 MEGA 5 2R [11]E ©]-8-5}]
Q71X E9] FARE 2 phylogenetic analysisE S~3J 31T}
A'EE= neighbor-joining *H [12] 22 #4313 Als
= 7FA19] clade A1E] %= 1,0000 2] bootstrap resampling
= sl Frlsiaint.

ARSE Bl T Q7N Boll= Aspergillus pulverulentus
TS (CBS 558.65)2] B-tubulin sequence, Lecanicillium
antillanum EFT5(CBS 350.85)9} L. psalliotae ST~
(CBS 532.81)9] ITS sequenceE &3t F4131T. Cos-
mospora butyri 3T (CBS 301.38)x= ITS sequence’}
GenBankol| 5-=5|%] edo}r] 555 ATCC 52620 w52
ITS sequenceE ARE-ate] 493151t % DK8-5, DK
8-6, DK8-7, DK8-12 1+ T HAEALTl 7]€ste]
NIBRFGC000130016, NIBRFGC000130017, NIBRFGCO00
0130018, NIBRFGC000130022 502 Z}7} 7[EPi S W
k.

T3 DKS8-6(Aspergillus pulverulentus)

S g AL AiaE o F71004 2= AT Potato
dextrose agar (PDA) HR|ol| 25°CollA] 7 &2t st 2
I #E2] AL oF 72 mm BEO|RUAL AR e &
L35It (Fig. 24). TF EHO AV Heos g
AEEE HolA| it} vijA] S| T4 e =

Table 1. Morphological characters of the fungal isolates characterized in this study

Isolates Classification ~ Colony Conidiophores Conidia
(Phylum) color Color Shape Size (pum) Color Shape Size (um)
DK10-6 Ascomycota  Grayish ~ White (mycelium),  Large conidial ~ 980+200 x Brownish  Globose  2.3+0.1 x
Aspergillus black Black (conidial heads 23%03 black 23%0.1
pulverulentus heads)
DK10-7 Ascomycota White White unbranched 32+0.6x  Hyaline Oval,one 82%0.3x
Cosmospora 1.3£0.2 septate 42+0.2
butyri
DK10-5 Ascomycota White White Differentiated and 68 £ 8 x Hyaline Oval 46%0.1x
Lecanicillium erect, verticillately ~ 2.5+0.2 1.3+0.1
antillanum branched
DK10-12 Ascomycota Ivory White Aculeate, rather 38+6x Hyaline Ellipsoidal 7.5+0.2 x
Lecanicillium long 2.1%0.2 3.7+£0.1

psalliotae
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Fig. 2. Colony morphology on malt-extract agar (MEA) plate and optical microscopic images of conidia and mycelia of the four
fungal species isolated from indoor air of greenhouses for shiitake cultivation. (A) DK10-6, (B) DK10-7, (C) DK10-12, (D) DK10-
5. (scale bars: A-2, B-2, C-2, D-2 = 3 um), (scale bars: A-3, B-3, C-3, D-3 = 10 um).

olm 7PgARIE A5 &S wAS YERiIT. Coni-
diophorex= 980 +£200x 2.3+ 0.3 m Z7|2A A £
conidiophore headE ¥/J3}3TH(Fig. 2A-1, 2A-2, Table
1). Conidiax= 5% 249 23+0.1x23+0.1m 7]
9] T EgolRltt. o= 7| BarE A. pulverulentus
(McAlpine) Wehmer 72| 543} FAFSFATH 13]. DKS-6
= Holl BalE Aspergillus Nigri A4 &3= &
(14]53} gE0] Bl A. pulverulentus 1721 CBS
558.652] B-tubulin gene sequence (HE984408)} 99%2]
FAREE B3 A. tubingensis (AY820007)2= 97%
Al=E BATE WEAO A, pulverulentus vt (HE984
408)L A. tubingensis (AY820007)%} 98% FAF=S LERN
Ak, o] gk A= BA| phylogenetic analysis 23} 7]
B0l Al DK8-6= A. pulverulentus, A. tubingensis®} -2
x|l EASFAT (Fig. 3). A. pulverulentus B8 2h=
ol crown rot B=5 collor rotS YO 7= AEHATOE
U F71E Foloh[15]. AFHZ S 2= B-xylosidaseE A4
Sk, xylooligosaccharidesil?-ﬂ hydroquinone B-xyloside
£ dsk=dl ARS-E Bavt lthie).

T35 DKS8-7(Cosmospora butyri)

A 4ge] L ApAL W) Al 7)ol EejE AT
PDA Hj Aol 25°ColA 79 FF wjget Ao} 7F] A7
< °F 80 mm FEolH, TAFS] LT} 24| 3T of
% 3Ewie] AP SjRHloln] TRk e 39
U HEEEEIATH(Fig. 2B). A ZAR) BAEAE S #E

St A3}, conidiophore™ unbranchedd}al conidiax 53
3 8.2+0.3x4.2+02um 3719 BRI 17]2]
AL 7}A)aL ATk (Fig. 2B-2, 2B-3, Table 1). ©] T5
= C. butyri (ATCC 52620) 72| ITS sequence} 99%
o] fFAREE K31 phylogenetic analysis 23} A5l
M= C. butyrig} 22 X0l S8 (Fig. 4). =] 7]
715 &0 C. butyric ©1l Tilachlidium butyri J.EH.
Beyma= R ILE AT} Acremonium butyri (JJEH. Beyma)
W. GamsZ AEFE A= HE 201199 Cosmospora
butyri (J.EH. Beyma) Grfenhan, Seifert & Schroers= ThA]
5% ToltH17]. C. butyriv 22 DAREZEE orbuticin
S AAVSPH  Phytophthora infestans, Pyricularia oryzae<}
Erysiphe graminis p.v. hordei 32 2JEHAA TS oF
Al FAIRITh= Hare Qlu(18]. o]l wet &% DK8-7
7 F AL Aulel] delA 3Ear TAR] S Allehs
A et Hed Ao Aeit

T3 DKS8-12(Lecanicillium psalliotae)

S ¥ Fa A W AdE 7)ol EelE
PDA HjR]of| 25°CollA] 7 &< vt Ax} 72| A7
2 oF 55 mm =L TAR] e ZUSHA] AT (Fig.
20). T W] AL ofo|weMo]ar, AL ey
3Ft}. Conidiophore= aculeateZA] ThA~ 71 HE|RL
conidia® 7.5+ 0.2x 3.7 £0.1 um =Z7]¢] ERo|y &
3}t (Fig. 2C-2, 2C-3, Table 1). ©] TG Lecanicillium
psalliotae =715~ (CBS 532.81)2] 1TS G714 E (JN049846)
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Aspergillus tubingensis CBS13448
Aspergillus pulverulentus CBS 558 657
59| IDK8-6

Aspergillus acidus CBS 564.657
Aspergillus costaricaensis CBS 1155747
Aspergillus vadensis CBS 113.3657

90

100

89

100]

98

Aspergillus brasiliensis CBS1017407
100 Aspergillus awamori CBS557 657
i\VA spergillus lacticoffeatus CBS 1018837
5 Aspergillus niger CBS 554 657
Aspergillus ibericus ITEM 47767
Aspergillus carbonarius CBS 55665 7
Aspergillus sclerotioniger CBS 1155727

Aspergillus ellipticus CBS 482 657
Aspergillus heteromorphus CBS 117.55

100

Aspergillus homomorphus CBS 1018897

0.02

Aspergillus saccharolyticus ITEM 161597
91

Aspergillus aculeatinus CBS 1210607

ﬁ': Aspergillus uvarum ITEM 48347
Aspergillus violaceofuscus CBS 123.277

83

Fig. 3. Phylogenetic analysis for DK8-6 and related species inferred by the neighbor-joining method based on the B-tubulin
gene sequences. Bootstrap values based on 1,000 replications are shown above the node. Scale bar, 0.02 nucleotide substitution

per site. T means the type strain.

67 DK8-7

93|! Cosmospora butyri ATCC52620

Lels] Cosmospora consors CBS 328.77

- Cosmospora sp. CBS 328.77

Cosmospora chaetopsinae-penicillatae CBS 608.927

Fusarium oxysporum CBS 133023

95 Cosmospora viridescens CBS 102433
+— Cosmospora coccinea CBS 341.70
64
Cosmospora cymosa CBS 726.697
—

0.02

Fig. 4. Phylogenetic analysis for DK8-7 and related species inferred by the neighbor-joining method based on the internal
transcribed spacer rDNA sequences. Bootstrap values based on 1,000 replications are shown above the node. Scale bar, 0.02

nucleotide substitution per site. T means the type strain.

7 99%2] FAEE YERNSIIL phylogenetic analysis 2
HAXNE L. psalliotae} 7| Al'FE"doll Y1218+t (Fig.
5). L. psalliotae= ©1Z1 Verticillium psalliotae Treschew
2 BRI Zare S [19]0] I8l 2001 L. psalliotae
2 AEFE. L. psalliotae?} AJ2F8H= chitinase 2 se-
rine proteaset™ Ba)E 4321 root-knot nematode Melo-

idogyne incognita®| 3% @37} o] biocontrol O

= 7FsAde] Barso] )lth (20, 21]. Sl = A Al
HE3S L. psalliotae’} &S A= Bar[22)7}F ek
e 4ol 32 4 5 ERSHoE 749 5
AE kAl fstar tiEe] delRl 7 = Al o
F7F 7189 A ettt wEka] 2 Aol dekH o R F
¥ DK8-12 #F7}F =9 L. psalliotae N3E FFZ A}
449 7 s A= 7vdn

= T M=
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Lecanicillium saksenae IMI 1798417

Lecanicillium dimorphum CBS 363.867

Lecanicillium muscarium IMI 068689
Lecanicillium longisporum IMI 0211677

100/ DK8-12

Lecanicillium psalliotae CBS 532 .81
Lecanicillium fusisporum CBS 164707

100] DK8-5

99

| Lecanicillium antillanum CBS 350.857

| 10— Lecanicillium primulinum JCM 185257

Lecanicillium acerosum CBS 418.817

Lecanicillium araneicola NBRC 1054077

—95‘: Lecanicillium flavidum CBS 340.807
Lecanicillium fungicola var. aleophilum CBS 357 807

Lecanicillium nodulosum IMI 338014R

69
_‘— Lecanicillium tenuipes CBS 309.85

Lecanicillium kalimantanense BTCC F23T

—
0.02

Fusarium oxysporum CBS 133023

Fig. 5. Phylogenetic analysis for DK8-5, DK-812 and related species inferred by the neighbor-joining method based on the
internal transcribed spacer rDNA sequences. Bootstrap values based on 1,000 replications are shown above the node. Scale bar,

0.02 nucleotide substitution per site. T means the type strain.

5 DKS8-5(Lecanicillium antillanum)

5 A s ApAE B AdE 7oA EE = AT
PDA x|l 25°CollA] 7Y &<t vt A} o] A
< oF 65 mm G| TAR] L= ZUSIATH(Fig.
2D). % -2 FEHaL, kA S B Fao]
Conidiophore= Z4o]H] FAIF 0 & 712] FEjZ FA| =
o] 31, E}H 9] conidiaE Bo] F493FAT(Fig. 2D-2,
2D-3, Table 1). Conidia Z7]= 4.6 +0.1 x 1.3+£0.1 m%}A
t}. o] ¥ L. antillanum 510 (CBS 350.85)] ITS
7149 (NR111097)3 99%2] FAFES LFERHIAL phy-
logenetic analysis 2= AlF= gl L. antillanum>}
A YAISHATH(Fig. 5). L. antillanum= ©)3l| Verticil-
lium antillanum RF. Castafieda & G.R.W. ArnoldZ +r
HA7} Zare 5 [19]9] &3l 2001 L. antillanum (R.E.
Castafieda & G.R.W. Arnold) Zare & W. GamsZ A&7
=Tk FujollAe] 2] Xl Nguyen 5 [23]°0 o]
50 & WSk chitinaseol] tHEE A9 Harv} QU
Tepu o] Barelx PejE S tigh Aee gllew
ITS 34 G714 Es AL Als 2 o=
A&t ot Eio A= 18S rDNAY] oA A%
2 Buslar Qlojq 77} SR8 =3 GenBank B
AL B3l 94%2] FAES Belthar 313t} o]d)] Wkl
B Ao THE DKS-5 ¥+ L. antillanum Fw0

o} 99m] HAREE HolT 3l 2 AN Fehd 54
o] 7le veo] IyAEARddel 7]eE vk DK8-5
T IA] =9 L. antillanum & 752 ARgo] 7]t ETh

A O
b | AL

Zgtoll o7t L Auirtell M FHF viAIE o8] 3
3L Aol FHEE Y mIAI7] wizell 3£ AEIAF A
70l A= Zetel thdk Y-S 35 T o
2] i Belsisint. #eE A Fole =u m7Is<l

=

Aspergillus pulverulentus$} Cosmospora butyri & 2%
HIESt] 7|52 qlov} w#8h4 ggo] B3 Lecanicil-
lium psalliotae2} L. antillanum ‘s 25°] EASIATH £ =
oAM= ol Tl et Fel& 547 HE0] internal
transcribed spacer (ITS) rDNA region 5= B-tubulin 3
2 A7l 719k AlEehA £4 23S 7ol
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