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Unrecorded Fungal Species Isolated from Greenhouses
Used for Shiitake Cultivation in Korea

Geum Ran Ahn', Hyuk Woo Kwon', Han Kyu Ko* and Seong Hwan Kim'*

'Department of Microbiology and Institute of Biodiverstiy, Dankook University, Cheonan 31116, Korea
*Forest Mushroom Research Center, National Forest Cooperative Federation, Yeoju 12653, Korea

ABSTRACT : Fungal contamination is a detrimental factor affecting sawdust media-based shiitake cultivation in greenhouses.
During fungal monitoring of greenhouses used for shiitake cultivation, eight fungal species were isolated and identified from
indoor air and mushroom flies collected in the greenhouses. The current study reported five species as new in Korea, viz.
Ascochyta hordei, Discosia artocreas, Mucor nidicola, Perenniporia medulla-panis, and Pseudozyma prolifica, and confirmed two
species, Penicillium charlesii and Penicillium brevicompactum, which were previously recorded in Korea without molecular
taxonomic validation. The morphological characteristics and phylogenetic relationships based on nucleotide sequences of the
internal transcribed spacer rDNA region or calmodulin gene were described for all identified species.

KEYWORDS : Ascochyta hordei, Greenhouse used for shiitake cultivation, Mucor nidicola, Perenniporia medulla-panis
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Fig. 1. An example of indoor air sampling using an Andersen-sampler in a greenhouse used for shiitake cultivation (A). An
example of fungal colony formed on malt-extract agar after grown at 25°C for 5 days (B). Morphology of a mushroom fly collec-

ted in the greenhouse (C).
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Fig. 2. Colony morphology on potato dextrose agar plate and scanning microscopic images of conidia and mycelia of the seven
fungal species isolated from indoor air of greenhouses (A-F, H) and a species isolated from mushroom flies (G). A-1, A-2, DK9-
1; B-1, B-2, DK9-2; C-1, C-2, DK9-5; D-1, D-2, DK9-6; E-1, E-2, DK9-9; F-1, F-2, DK9-10; G-1, G-2, DK9-11; H-1, H-2, DK9-
12 (scale bars = 10 pum).
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GC000138374, DK9-10= NIBRFGC000138375, DK9-11
+ NIBRFGC000138378, DK9-12= NIBRFGC000138376
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Table 1. Morphological comparison of conidia between the Korean isolates and reference species

Isolates of this study/

Diameter size

reference species Color Shape (um)
DKO9-1 olivegreen ovate, ellipsoidal 1.6 +02x1.3+0.2
Penicillium charlesii [21] darkgreen ovate to slightly elliptical, roughened 25+£05%x20+05
DK9-2 greyish ellipsoidal 49+01x48+0.1
Mucorn idicola [17] greyish ellipsoidal 3.0~10.0 x 2.0~6.0
DKk9-10 brown ellipsoidal 43+02x25%0.1

Discosia artocreas [22] olivaceous-brown

DK9-11 ivory
Pseudozyma prolifica [23] -
DK9-12 olivegreen, green

Penicillium brevicompactum [21] green

sausage-shaped (3-septate)

ellipsoidal, yeast-like

narrowly ellipsoid, or narrowly obclavate, yeast-like
ovate, ellipsoidal

ellipsoidal

14.0~24.0 x 2.0~3.5
23+02x1.6+0.1
7.0~15.0 x 1.5~2.0
0.6+0.1x25+0.2
3.0~4.5 x 3.5~4.0

Table 2. Molecular identification of the fungal isolates using ITS rDNA or calmodulin gene sequences

Isolates Nucleotide sequence GenBank accession No. The Closest taxa in GenBank Maximum identity (%)
DKO9-1 Calmodulin gene KU933585 Penicillium charlesii 100
DK9-2 ITS rDNA KU933579 Mucor nidicola 99
DKO9-5 ITS rDNA KU933580 Perenniporia medulla-panis voucher 100
DK9-6 ITS rDNA KU933581 Ascochyta hordei 99
DK9-9 ITS rDNA KU933582 Cochliobolus kusanoi 99
Dk9-10 ITS rDNA KU933583 Discosia artocreas 100
DK9-11 ITS rDNA KU933585 Pseudozyma prolifica 100
DK9-12 Calmodulin gene KU933586 Penicillium brevicompactum 100

ITS, internal transcribed spacer.
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Fig. 3. Phylogenic relationships of DK9-1 Penicillium charlesii (A), DK9-2 Mucor nidicola (B), DK9-5 Perenniporia medulla-panis
voucher (C), DK9-6 Ascochyta hordei (D), DK9-9 Cochliobotus kusanoi (E), DK9-10 Discosia artocreas (F), DK9-11 Pseudozyma
prolifica (G) and Penicillium brevicompactum (H) inferred by the neighbor joining analysis based on internal transcribed spacer
rDNA (B-G) or calmodulin gene (A, H) sequence data. Bootstrap value was given above/below the node. The Korean isolates
were in bold.



A ApjAtell M 27 S w71 X B

78| Ascochyta hordei HQ882800

99 | Ascochyta hordei NIBRFGC000138371
Ascochyta hordei var. hordei GU237887
Ascochyta sorghi KF638273

99 Ascochyta skagwayensis AF520640
100 1 Ascochyta dolomitica HM754628

Ascochyta anemones HQ898650

Ascochyta rabiei DQ822479

Ascochyta pisi DQ383954

66
98 L Ascochyta lentis AY131201

4,7 Ascochyta manawaorae GU230751
40 Ascochyta maackiae EF600979

0.05

Ustilago maydis KF278464

Cochliobolus pallescens KJ922380

Cochliobolus geniculatus KJ207417
Cochliobolus hawaiiensis KF018919
Cochliobolus dactyloctenii AF071322
Cochliobolus lunatus JN107740

Cochliobolus sp. KF840791
Cochliobolus intermedius AF071327
Cochliobolus heveicola JQ517481

Cochliobolus bicolor AF120260

86

w Cochliobolus sativus KC354580

39 Cochliobolus heterostrophus AF071325

76 L Cochliobolus heliconiae AF163073

Cochliobolus cf. kusanoi KP734246

99 | | Cochliobolus kusanoi KJ572135

95 | Cochliobolus kusanoi NIBRFGC000138374

0.05

Ustilago maydis KF278464

95 | Discosia artocreas ABS94773

Discosia artocreas NIBRFGC000138375
Discosia brasiliensis KF827434
Discosia sp. JN689956

99 | Discosia pseudoartocreas KF777161

Discosia sp. KT804146

Discosia neofraxinea KR072673

100 | Discosia fraxinea KF827435

Ustilago maydis KF278464

A
0.05

13

Fig. 3. Phylogenic relationships of DK9-1 Penicillium charlesii (A), DK9-2 Mucor nidicola (B), DK9-5 Perenniporia medulla-panis
voucher (C), DK9-6 Ascochyta hordei (D), DK9-9 Cochliobotus kusanoi (E), DK9-10 Discosia artocreas (F), DK9-11 Pseudozyma
prolifica (G) and Penicillium brevicompactum (H) inferred by the neighbor joining analysis based on internal transcribed spacer
rDNA (B-G) or calmodulin gene (A, H) sequence data. Bootstrap value was given above/below the node. The Korean isolates

were in bold. (Continued)
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Fig. 3. Phylogenic relationships of DK9-1 Penicillium charlesii (A), DK9-2 Mucor nidicola (B), DK9-5 Perenniporia medulla-panis
voucher (C), DK9-6 Ascochyta hordei (D), DK9-9 Cochliobotus kusanoi (E), DK9-10 Discosia artocreas (F), DK9-11 Pseudozyma
prolifica (G) and Penicillium brevicompactum (H) inferred by the neighbor joining analysis based on internal transcribed spacer
rDNA (B-G) or calmodulin gene (A, H) sequence data. Bootstrap value was given above/below the node. The Korean isolates

were in bold. (Continued)
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