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ABSTRACT

Oak mushroom is cultivated using logs and sawdust media as substrates. In this study, fungi
were isolated during a monitoring of indoor air in the oak mushroom cultivation houses
located in Cheongyang-gun of Chungnam, Geoje-gun of Gyeongnam, Gumi-si of Gyeongbuk,
Jangheung-gun of Jeonnam and Yeoju-si of Gyeongggi-do. Identification of the fungi based

O.) on morphology and molecular analysis of the internal transcribed spacer region and 28S
rDNA, translation elongation factor translation elongation factor 1 a gene, and B-tubulin gene
Check for . . . . . . . ..
updates revealed that six fungi, Cenangium acuum, Neopestalotiopsis surinamensis, Metarhizium
marquandii, Periconia macrospinosa, Trichoderma petersenii, and Trichoderma paratroviride
ﬂ OPEN ACCESS that have not been recorded previously in Korea.
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A= 2227} vigo] ofsl 4] F-foto] Huke]7] 42 50| 0]F HH Z-2 Qo] -3l
3FF0 2 HAE|Qict BlEo] Iujol] BalE|7] QQtd n|7| & Ad-E= HaEQlct. o]of w2
A ollAE A&A 0 & 07| & M-S Wrastr] oA FaHA AfeiAre] Aula7] 25E Xt
HUEd S $8sto] A= ZskL 22)oilt). 2efe 22 5793 2t = uof] Balx|z|
%2 10715 24t 650] 4EE| 0] o 5ol thish Earskarar gkt

7|5 A3 = 2016 49 HePd e A5, 59 AR E A, B EE ARA, 68 7]
T oA A7f0] PE 02 HAS Aulsh= U743 (Fig. 1A)2H EREC & BAE Afuliste A7t
120161 62 FHFE HFT) (Fig. 1B)S] BIAAuIAL A Aa7|E ZAsI Au7]
243 "2 1SO 16000-189]) 7|Hket Z=*of| w2} Andersen sampler (KAS-110, Kemik Corporation,
Seongnam, Korea)E- A-8-510] 28.3 L/min -0 & 127+ ZRSIATHE-10]. 37| -2 HariA
AEiALe] 7H2-el Aol A ZI35HAAL 1.3 m ool 4=785 B5=0] =35}t vl Bl A 24
+ 4}l = (ampicillin) - 100 pg/mL &% & 347} malt extract agar (Difco, Detroit, MI, USA)S AH&-
Siich AUE7|E A-SH HIAE 5Y B 25°C Bl 7oA vl s, Afehd Xt Tzt
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transcribed spacer (ITS) tDNA regions Z2235}7| QJ3A{= TSI (S“TCCGTAGGTGAACCTGCG-3)/
IT$4 (5“TCCTCCGCTTATTGATATGC-3)[12] Zelo|HE o] 8sto] Z3ha AN RES (polymerase
chain reaction, PCR)-& 4>3§5}C}. PCR 32 DNA AH2-2 196 o7 k2 A70j| A 27|52 43
5lo] 7)== Bl o] 5715 EH0lgH & NAVIGen™ PCR Purification Kit (NAVIBIOTECH, Korea) S
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Fig. 1. Example of indoor air uptake using air samplers in two different oak mushroom cultivation houses. A, log bed-based
mushroom cultivation houses; B, sawdust media-based mushroom cultivation houses.
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ncbi.nlm.nih.gov)2] il 1= BLAST 2 1815 A[8-51] DNA Hjo]EfH|o] 0] 5-55o] 9=
X-52] DNAL}&-5/d S HIWSIQIT. ITS rDNA region 7148 A5 1202 & & A4
R 2t F3 A7IM DY) Aol B2t =S Boto] L Fo] &3 &2 BT
AREE of2] ThE AR o4 meto|H S o] 85to] SESIITH ARG 528 Eol4 mefo|m 2
L2888 =351 malo]m LROR (5-ACCCGCTGAACTTAAGC)/ LR7 (5-GCAGATCTTGGTGGTAG-3)
[13], Pwbulin geneS ZFESh= IZzto] BTI2 (S-GTTGTCAATGCAGAAGGTCTCS3)/ TIO
(5-ACGATAGGTTCACCTCCAGAC-3)[12], translation elongation factor 1 a (tef-1a) gene2 SE5h= I
2}o|m TEF728 (5-CATCGAGAAGTTCGAGAAGG-3)/ TEFI (5-GCCATCCTTGGAGATACCAGC-3)[14]
£ 0|85l AlFEAE oM Ee| et e taxon®] 74182 NCBI2] GenBankol|A] T
2ol ohE7E g & MEGA 6 2 13H[15]2 0]-&-510] 7|4 F 2] -FAHE H phylogenetic analysis
£ ). AlE- == neighborjoining 1 [16] 2= A5 Al e 7HA]9] clade A2 ==
1,00082] bootstrap resampling2 4=3sto] FAISIRIT. 578 A 5 17|15 #5221 DKI2-2,
DK12-3, DK12-4, DK12-5, DK12-6, DK12-7:H-2 - A 21l PH(National Institute of Biological
Resource)ol| 7|E}5le] SEHGE HRQIE DKI22&=  NIBRFGC000499879, DKI12-32
NIBRFGC000499880, DK12-4= NIBRFGC000499881, DK12-5= NIBRFGC000499882, DK12-6-2
NIBRFGC000499883, DK 12-7-2 NIBRFGC000499884H 0 & S2H 5 = HIQMC] twé} o] 5 #+59]

ez

Fig. 2. Unrecorded fungal species isolated from mushroom cultivation houses in this study. The fungi were grown on potato
dextrose agar at 25°C for 7 days. A, Cenangium acuum; B, Periconia macrospinosa; C, Neopestalotiopsis surinamensis; D,
Metarhizium marquandii; E, Trichoderma petersenii; F, Trichoderma paratroviride.
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B5] o7]4 G2 NCBIQ] GenBank DNA databaseo]] 5235191 S2H 5= Table 10]] #4151

.—?~

T DK12-2 (Cenangium acuum)

20161 59 73/dH5 FHa|Afol] f1x|5t 31 A= AuiAL Ul A7 ol A 2]3 -2 PDACIA 10
Q71 ufopsie o 4te] FAMALE eIl Fool B4} 2elAlo 2 B a0 2 wsleich
(Fig. 2-A). 3g5F3in| 7 0 2 P52 wf, AFEol| 5-7 X 2.5-3 um 7]9] 21E Hge] 225
I3 9151 Fig. 3-4). 1340 2 ITS rogion EAISHAS 1] Cenngiom 402 53J0] gl
], 37} LSU tDNA regionS £+ 23} Cenangium accuum Cooke & Peck, Grevillea (KX090828)
7} 98% /55t THFig. 4-A). Cennangiunyg: 5:01| C. ferruginosum- AUHF-R-0] w5712 |nkgH &
FEAZ e Aoz A Q1T

Fig. 3. Microscopic image of unrecorded fungal species isolated from mushroom cultivation houses in this study. A, Cenangium
acuum; B, Periconia macrospinosa; C, Neopestalotiopsis surinamensis; D, Metarhizium marquandii; E, Trichoderma peterseni; F,
Trichoderma paratroviride. Red arrow is important feature (scale bar =2 pm).

Table 1. List of the fungal species isolated and identified in this study from mushroom cultivation houses in this study

Cultivationtype ~ Sampling site  Isolate from this study Identified species muxgmgg Accession no.
Log Bed Jangheung DUCC5186 Neopestalotiopsis surinamensis B-tubulin MH&844695
Gumi DUCCS5184 Cenangium acuum LSU MHS819183
Geoje DUCC5197 Periconia macrospinosa ITS MHB&09377
Yeoju DUCC5183 Trichoderma petersenii tefla MK178278
DUCC5181 Trichoderma paratroviride tefla MK178277
Sawdustmedia ~ Cheongyang DUCC5194 Metarhizium marquandii B-tubulin MH&844693

LSU, large subunit; ITS, internal transcribed spacer; tefla, translation elongation factor 1-alpha.
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T3 DK12-3 (Periconia macrospinosa)

20161 5 e AAA Q] T A5 AfujAL L Auig7]0A] 23t -2 PDACA] 67 v
Fotle o FAPE A RS e sl on A2 7| e S| FALR AYRe)
cHFig. 2-B). ataln| 7 o 2 Wast Anp FAF 2o 1- 1.5 X 1- 1.5 um 37]9] 718 meke] i
27} A1) 2 EA) 5 THFig. 3-B). ITS regionS 2415+ A3} Periconia macrospinosa Lefebvre &
Aar.G. Johnson (JQ781723)2}+ 100% AF551 CHFig. 4-B). Periconia macrospinosar-& QA4S

T a-l-=

x
thAkgollM AR S she wo2 HalE ] om[18], n|aat vt Sl F/dshe do =

LA ATH19].
" Cenangium acuum DK12-2
100 Cenangium acuum KX090828
Cenangium ferruginosum KX090840
r 98 Cenangiopsis quercicola KX090811

Bisporella citrina KR094159
Chlorociboria clavula IN939941

82 Chlorociboria argentinensis IN939940
94 | Chlorociboria poutoensis KR094164

100' Chiorociboria aeruginosa KR094165

—
0.01
B 100| Periconia macrospinosa DK12-3
50 Periconia macrospinosa JQ781723

_17 Periconia digitata 1.C014584
6"’

& Periconia pseudodigitata LC014589
— Periconia homothallica AB809645

Periconia byssoides KP686151

100 4|:Periconia submersa KY 794702
86

Periconia pseudobyssoides KY364628

0.01

61 Pestalotiopsis paeoniicola FI975603
—ni Pestalotiopsis versicolor DQ333585
Neopestalotiopsis clavispora KY568918
[ Pestalotiopsis gracilis HM573302
97! Neopestalotiopsis piceana KM199451

— Pestalotiopsis ixorae JQ762258

99 Neopestalotiopsis surinamensis DK12-4
8

Neopestalotiopsis surinamensis KM199465

—_
0.002

Fig. 4-1. Phylogenic relationships of the six fungal isolates inferred by the neighbor joining analysis
based on 28S rDNA (A), internal transcribed spacer rDNA (B, D), -tubulin gene (C) or the translation
elongation factor 1a gene (E, F) sequences. A, Cenangium acuum (NIBRFGC000499879); B, Periconia
macrospinosa (NIBRFGC000499880); C, Neopestalotiopsis surinamensis (NIBRFGC000499881);
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23 DK12-4 (Neopestalotiopsis surinamensis)

2016\ 49 e gto] Bl A5 ZuiAF U AUg7]ollA] E2fh 72 PDACIA] 6247} Hi
Gotoe wf Se] FARAIZ st X7 o H-Roto] At lthFig. 2-0). et o
Zstgle wj 27ie] T ol 37)e] AW S 7HA) A1 9l 7-8 X 3-3.5 um 7)) ZALE FRISI3ITt
(Fig. 3-C). IX}Z 9.2 ITS region2 24151912 W] Neopestalotiopsis<: O 2 =A% O, Bubulin

D [ Metarhizium pemphigi KP455741

Metarhizium anisopliae KJI398592

Metarhizium frigidum KI398590

— Metarhizium novozealandicum KJ398584

Metarhizium cylindrosporum KJ398587

Metarhizitum pinghaense EU248820

—— Metarhizium majus KJ398571

———— Metarhizium brittlebankisoides KM527870

Metarhizium marquandii KJ398548

Metarhizium marquandii DK12-5

P
0.0100

Trichoderma dorotheae KI665471
Trichoderma dingleyae KI665467
Trichoderma caribbaeum KJ665443
Trichoderma petersenii DK12-6
100" Hypocrea petersenii DQ289004

Trichoderma istrianum KI665522
Trichoderma koningii AF456909
[ Trichoderma atroviride KJ786838
100 Trichoderma paratroviride KT149301

99

0.02

F 100|Trichoderma paratroviride DK12-7
431{ Trichoderma paratroviride KT149301
29 Trichoderma atrovivide KI786838
—— Trichoderma subviride KU529132
Trichoderma viride KJ665771

Trichoderma dingleyae KI665467

0.02

Fig. 4-2. Phylogenic relationships of the six fungal isolates inferred by the neighbor joining analysis
based on 28S rDNA (A), internal transcribed spacer rDNA (B, D), B-tubulin gene (C) or the translation
elongation factor la gene (E, F) sequences. D, Metarhizium marquandii (NIBRFGC000499882); E,
Trichoderma petersenii (NIBRFGC000499883); F, Trichoderma paratroviride (NIBRFGC000499884).
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region2- F-415}0] Neopestalotiopsis surinamensis Maharachch., K.D. Hyde & Crous (KM199465)2} 100%
35319 CHFig. 4-C). Neopestalotiopsis42] Th2 F-5-2 EntEof 225[20] = Xl o] Qloj
HES o7 |A7]E A o= AR o2l

T DK12-5 (Metarhizium marquandii)

2016\ 69 S\ el Qe Tl 55 AiAF U AulE7 oA 2213 7= PDACIA 6
2 25Ol B9} o ofl Fig. 209} 720] Aol o LFIch, FAR: QAuahy] e B
Xjo] FAR AAEIGICE FEHI0| A0 2 FALE T ATk BAEA Aol 05-1 % 05-1
pm =719] 15 mFo] 2k BAYIARS 7FA 11 QLI THFig. 3-D). Y & AHiAF U Auig7 ol
Al B9t F-2 Btubulin regionS- 415192 W Metarhizium marquandii (Massee) Kepler, S.A. Rehner
& Humber (KJ398548)2} 99% 4355} THFig. 4-D). MetarhiziumZ;:2] M. viride'= 7 FHIz]| &, Bl =
opl 5ol XetS-2 Yo7)= o= Bk ofQiri22].

T DK12-6 (Trichoderma petersenii)

20161 69 737|%= ofFA9] AL A= AuiAF U Aug7]ollA] Z2]3F w5 potato dextrose agar
(PDAJOIA 3% 2 loF}A o ofole) sk elat slle] A} mA ASIICHre. 26).
eI 02 FAIG B 2R Ree) BAEAZ) R0 2225 X 225 um 2710)
T4 Rofo] BAIRAIE 71X 1L QA THFig. 3E). teflaregionS F-A15193-2 W Trichoderma petersenii
Samuels, Dodd & Schroers (FJ860670)2+ 100% 355t THFig. 4E). Trichodermads-2- 7|5 th2 =1
of o}l SEA Ak Lol AH2 W7l 21o]cH7, 23], £ T. potescnii 9} B 201 £h2.)
T, paratroviide 7o) e AR o} BR8HY B g Alelatie A7 vz} ik 2 Aol
I FIeA ALl A] 2] Eut oS w Aol tish ofwiet JeRS EAof| theh A7t Al
5| B stk gz,

T DK12-7 (Trichoderma paratroviride)

20161 6 77| %= of Al 2] A = AuiAL ) Auig7]oll A 28 oS PDACIA 3 7l
5191 ) ofo| H 2] Ei= St Ao AR k2 A| 7St THFig. 2F). FaEn|E O = AL
TS AT A1 Bl FAY A el 3+3.5 X 3~3.5 um A7 9] 715 meFe] AR}
7FA) 11 A TH(Fig. 3F). teflaregionS EA15191-2 w Trichoderma paratroviride Jaklitsch & Voglmayr
(KT149301)2} 99% Al5-5}ICHFig. 4F).

=
=

=
=

e
2016 4278 6271 T A=A A7k 45 B AR A7F 1522 AHEiAF U Ad] 57
od Mt 24 9 £ S F 671 =l mI71E X(Cenangium acuum, Periconia
macrospinosa, Neopestalotiopsis suriamensis, Metarhizium marquandii, Trichoderma petersent, Trichoderma
paratroviride) & 2513 0 H 0|5 w7 tisto] e E4J 9 intemal transcribed spacer rDNA
region, large subunit region, B-tubulin F=4= translation elongation factor 1o:3-8A} 7| A Hoj| 7|Hkslo] A

F512 24 23 7|l

o B By |
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