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ABSTRACT

In this study, the fungal strains KNU-Gunwi 2B and KNU-SOT5 were isolated from root-soil in
a hillside and the cherry tree bark (Prunus serrulata), respectively from Gyeongbuk province
in Korea. The strain KNU-SOT5 produced dark brown chlamydospores that were smooth to
lightly rough-walled, globose to ellipsoidal, and the conidia were aseptate, guttulate, mostly
fusiform with a diameter of 5.3-17.6X4.2-7.0 um. Strain KNU-Gunwi 2B produced phialides
that were smooth-walled, cylindrical with semi-papillate apices and the conidia were pale-
green, broadly ellipsoid, and sometimes cylindrical with a diameter of 4.4-8.0X2.3-4.0 pm.
The strain KNU-SOT5 and KNU-Gunwi 2B were resolved based on cultural and morphological
characteristics, along with the phylogenetic analysis using the small subunit (SSU), large
subunit (LSU), and internal transcribed spacers (ITS) regions. The fungal strains KNU-SOT5
and KNU-Gunwi 2B were identified as Dothidea insculpta and Metarhizium rileyi, which have
not been reported in Korea.
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INTRODUCTION

The class Dothideomycetes is the largest and most diverse Ascomycota containing 11 orders, 90
families, 1,300 genera, and over 19,000 known species [1,2]. The order Dothideales, that belongs to
the class Dothideomycetes, was introduced by Lindau (1897) to provide a single-family of Dothideaceae.
Since then, the family Dothideaceae had numerous changes in its genera concept and inclusion from 1896
to early 2000, including ascomata developing nonostiolate loculi in stromata, opening by apical fissure
or dehiscence, displaying eight-or many-spored asci at the base of the locules with one or many-septate,
a different hyaline or brown appearance, and presenting guttulate ascospores [3]. Dothidea insculpta
is a fungal species in the family Dothideaceae. The family Dothideaceae is composed of fungi that are
biotrophic, necrotrophic, or saprobic. These fungi infect twigs and other plant parts, as well as sometimes

be found on leaves as a plant pathogen that causes serious crop loss [2]. Metarhizium rileyi (Clavicipitaceae,
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Hypocreales, Ascomycota) under the class Sordariomycetes is widespread, and commonly known as an
important entomopathogenic fungus [4]. Yeast-like hyphal bodies and a true filamentous growth phase are
distinct characteristics of M. rileyi [S]. M. rileyi was described as Botrytis rileyi Farlow in 1883 originally,
and later as Spicaria rileyi Farlow. In 1974, this fungus was re-described and transferred it to the genus
Nomuraea Maublanc by Kish, Samson, and Allen [6]. However, it was proposed as a new combination by
Kepler, Humber, Bischoff, and Rehner in 2014, moving it to the genus Metarhizium. It is also known as
Nomuraea rileyi Farlow [7], as it is a key mortality factor for caterpillar populations in various crops under
specific environmental conditions, including subtropical and tropical soybeans [8]. This study aimed to
identify fungi isolated from soil and cherry tree (Prunus serrulata) bark. We present the morphological and
molecular characteristics of two unreported fungal species namely, Dothidea insculpta and Metarhizium

rileyi in Korea.

MATERIALS AND METHODS

Sample collection and fungal isolation

The soil sample from hillside root-soil and cherry tree (Prunus serrulata) bark were collected from
Gyeongsangbuk-do (36°11'45.9"N, 128°34'10.8"E; 35°38'36.6"N, 128°37'31.2"E) in Korea.
Bark samples were collected from the cherry tree, placed in sterile plastic bags, and taken to the laboratory
for fungal isolation. A small piece of bark was cut and put onto potato dextrose agar (PDA; Difco, Detroit,
MI, USA) plates and incubated at 25°C. Soil samples were collected from between the surface and 20
cm below the surface, stored in a plastic bag, brought to the laboratory, and stored at 4°C until analyzed.
Then, the soil serial dilution was performed and roughly, 1 g of soil was weighed and suspended in 10 mL
of sterile distilled water to make serial dilutions (10" to 10°). Each soil serial dilution was vortexed, and
0.1 mL of each dilution was spread on PDA plates. Well-developed individual colonies were isolated and
cultured again on fresh PDA plates and incubated at 25°C until mycelium development. The pure cultures
were preserved in 20% glycerol at -80°C to produce a stock for future studies.

Morphological characterization

The morphological characteristics of the isolated strains were studied by growing on PDA, and malt
extract agar (MEA; Difco, Detroit, MI, USA) media. The KNU-SOTS strain was studied after 5 days at
20°C [3]. The KNU-Gunwi 2B strain was studied after 20 days at 28°C [4]. The cultural characteristics,
colony color, texture, growth, shape, and size were studied and mycological characteristics were observed

using a light microscope (BX-50; Olympus, Tokyo, Japan).

Genomic DNA extraction, PCR amplification, and sequencing

Fungal strains were grown on PDA plates and scraped mycelia was used for the genomic DNA extraction.
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Total genomic DNA was extracted using a HiGene Genomic DNA Prep Kit (BIOFACT, Dagjeon, Korea)
following the manufacturer’s instructions. The polymerase chain reaction (PCR) was carried out using three
partial gene portions in this study. NS1 and NS4 primers were used to amplify a region spanning the small
subunit (SSU) rDNA [9]. LROR and LRS5 primer pairs were used to amplify a segment of the large subunit
(LSU) rDNA [10] and internal transcribed spacers (ITS) were amplified by using the primer pairs ITSIF
and ITS4 [9,11]. The amplified PCR products were purified using EXOSAP-IT (Thermo Fisher Scientific,
Waltham, MA, USA) and sequenced by Solgent Co., Ltd. (Dagejeon, Korea). The PCR purification products
were deposited in the National Center for Biotechnology Information (NCBI) GenBank database.

Phylogenetic analysis

To make the phylogenetic tree, we analyzed the LSU, SSU, and ITS sequences for the strain KNU-
SOTS3, and ITS sequences for the strain KNU-Gunwi 2B and also retrieved the allied sequences from
the NCBI GenBank database (Table 1). The LSU, SSU, and ITS datasets were first analyzed separately
and then the individual datasets were concatenated into a combined dataset. The phylogenetic tree was
constructed based on the maximum likelihood algorithm using the Kimura model and the MEGA 7.0
software to bootstrap for 1,000 replications [12,13].

Table 1. GenBank accession numbers used in this study for phylogenetic analyses.

Species Strain numbers GenBank accession numbers
ITS SSU LSU
Dothidea berberidis CBS 186.58 EU167601 EU167601 EU167601
D. hippophaeos CBS 188.58 MHS857750 U42475 DQ678048
D. insculpta KNU-SOT5 LC591852 LC591853 LC591854
D. insculpta CBS 189.58 AF027764 DQ247810 DQ247802
D. muelleri CBS 191.58 EU167593 EU167593 EU167593
D. ribesia MFLUCC 13-0670 KM388545 KM388550 KM388553
D. sambuci CBS 198.58 AY 883094 NG 012432 AF382387
(=DAOM 231303)

D. sambuci AFTOL-ID 274 DQ491505 AY544722 AY544681
Metarhizium anisopliae ARSEEF 7487 HQ331446 - -

M. anisopliae ARSEF 7450 HQ331464 - -

M. flavoviride var: flavoviride FI-1170 (ARSEF 2025) AF138269 - -

M. flavoviride var: flavoviride ARSEF1184 AY 646383 - -

M. guizhouense ARSEF 5714 JN049829 - -

M. majus ARSEF1946 HMO055450 - -

M. pemphigi FI-72 AF139850 - -

M. pemphigi qcl1401 KT371489 - -

M. rileyi BUM9.24 MH 143805 - -

M. rileyi AMGSPA 1319 MG637450 - -

M. rileyi KNU-Gunwi 2B LC591851 - -

M. koreanum BCC16762 MN781905 - -

M. koreanum BCC30455 MN781904 - -
Dothiora viburnicola CBS 274.72 NR155058 KU728515 NG059134
Saccharomycopsis vini CBS 41107 NR163535 - -

ITS, Internal transcribed spacer; SSU, Small subunit rRNA; LSU, Large subunit rRNA.

Bold letters indicate fungal strains isolated in this study.
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RESULTS AND DISCUSSION

Dothidea insculpta Wallr., Flora Cryptogamica Germaniae 2: 864 (1833)
[MB#173197] (Fig. 1)

Specimen examined: Cheongdo-gun, Gyeongbuk province (35°38'36.6"N, 128°37'31.2"E), isolated
from cherry tree (Prunus serrulata) bark. The stock culture (NREFFGC000000241) was deposited in the
National Institute of Biological Resources (NIBR) as a metabolically inactive culture.

E 3 F P N { G

Fig. 1. Morphological characteristics of Dothidea insculpta KNU-SOTS5. A, colonies on potato dextrose
agar (PDA) after 5 days; B, large colonies on PDA after 2 wks; C, feathery mycelium and blackish
conidiomata-like structures observed under a stereomicroscope; D, E, conidiophores; F, melanized
hyphae developing into chlamydospores; G, conidia. Scale bars: C=50 pm; F=20 pum, D, E=10 um,
G=5 pm.

Morphological characteristics of KNU-SOT5

The colonies were rhizoid, flat, rough-surfaced, and had sparse to moderate aerial mycelium with
feathery rhizoid margins. Colony diameter reached 24 mm on PDA and 11 mm on MEA media after 5
days at 20°C. On PDA, the colony upper surface was white around the margin, which turned to greenish-
black as approaching the center; the back color was black (Fig. 1A). The rhizoid form colony was more
clearly observed after 2 weeks of incubation (Fig. 1B). Hyphae were sub-hyaline to brown, branched, thin-
walled, septate. The strain also produced feathery mycelium and blackish conidiomata-like structures on the
agar surface (Fig. 1C). Conidiophores were observed, which arise directly from the mycelia and short side-
branches with top swollen, smooth-walled, hyaline (Fig. 1D and 1E). Chlamydospores were dark brown,
smooth to lightly rough-walled, and globose to ellipsoidal (Fig. 1F). Conidia were aseptate, guttulate,
variable in shape, but mostly fusiform, and 5.3-17.6X4.2-7.0 um in size (Fig. 1G). The culture and
morphological characteristics of the isolated strain KNU-SOTS5 suggested that the fungus was most closely
related to Dothidea insculpta.
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Molecular phylogeny of the KNU-SOT5

Sequences containing 582, 991, and 829 bp were obtained which corresponded to the ITS, SSU, and LSU,
accordingly. According to result of Basic Local Alignment Search Tool (BLAST) in NCBI, the obtained
sequence showed 99.4, 99.9, and 99.9% similarities with the strain of Dothidea insculpta CBS 189.58
from the sequences of ITS, SSU, and LSU, accordingly. A phylogenetic tree was constructed based on the
combined sequences of ITS, SSU, and LSU regions by using a maximum likelihood method. The strain
KNU-SOTS5 was clustered together with D. insculpta CBS 189.58 showing 87% bootstrap values (Fig. 2).

Dothidea muelleri CBS 191.58

L Dothidea ribesia MFLUCC 13-0670
Dothidea hippophaeos CBS 188.58
Dothidea berberidis CBS 186.58

Dothidea sambuci DAOM 231303

100

‘ Dothidea sambuci AFTOL-ID 274

Dothidea insculpta KNU-SOTS

-
I Dothidea insculpta CBS 189.58

Dothiora viburnicola CBS 274.72

0.020

Fig. 2. Maximum likelihood phylogenetic tree based on a combined dataset of partial sequences of
internal transcribed spacer (ITS) region, large subunit rRNA (LSU) and small subunit rRNA (SSU)
gene. Dothiora viburnicola CBS 274.72 was used as an out-group. The strain isolated in this study is in
bold, and the bootstrap values are based on 1,000. Bar, 0.02 substitutions per nucleotide position.

In the previous study, D. insculpta was isolated from a dead branch of Clematis vitalba tree which is
under the family Ranunculaceae from Italy [3]. Dothidea species are widely distributed around the world,
especially in tropical areas [14]. And also, another species belongs to the genus Dothidea, namely D.
cladonema (=Clypeococcum cladonema) found on volcanic rocks from France [15], D. eucalypti on leaves
of Eucalyptus dalrympleana (Myrtaceae) in Australia [16], D. sambuci on Sambucus nigra (Adoxaceae)
in Austria [3]. Though, there are so many Dothidea species isolated from different countries, but still now,
there is no study in Korea. However, during fungal diversity surveys, there were two fungal strains, namely
Paecilomyces variotii and Talaromyces amestolkiae were isolated from samples of rat dung and fig tree leaf
collected at a garden located in Gwangju in Korea [17]. A disease also called "Brown rot" was discovered
to be present on cherry fiuits (Prunus avium L.) in the city of Hwaseong, Korea [18]. In this study, the strain
KNU-SOT?5 was collected from Gyeongsangbuk-do associated with the cherry tree (Prunus serrulata) bark
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in Korea. Thus, further research is being required for this species in future, not only a better understanding
of the fungal disease of cherry tree but also the classification and ecology that are mostly important in
Korean environmental conditions. To our knowledge, this is the first report of Dothidea insculpta in Korea.

Metarhizium rileyi (Farl.) Kepler, S.A. Rehner & Humber, Mycologia 106
(4): 824 (2014) [MB#807862] (Fig. 3)

Specimen examined: Gunwi-gun, Gyeongbuk province (36°11'45.9"N, 128°34'10.8"E), isolated from
hillside root-soil. The stock culture (NREFFGC000000235) was deposited in the National Institute of
Biological Resources (NIBR) as a metabolically inactive culture.

Fig. 3. Morphological characteristics of Metarhizium rileyi KNU-Gunwi 2B grown for 20 days on
potato dextrose agar (PDA). A, front colony; B, reverse colony; C, simple microscopic images of
conidiophores; D, E, conidia. Scale bars: C, D=10 pum, E=5 um.

Morphological characteristics of KNU-Gunwi 2B

The strain KNU-Gunwi 2B was cultured on PDA media for 20 days at 28°C to study the cultural and
morphological characteristics (Fig. 3A and 3B). The colony diameter reached 24 mm on PDA plates with
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the slow growth rate, and the color was white with irregular borders that turned to pale-green; the back color
was pale yellow. The hyphae were up to 2.4 um in width, hyaline, septate, and smooth. The conidiophores
were hyaline, erect, septate, originating from hyphae with two phialides (Fig. 3C). Phialides were smooth-
walled, cylindrical with semi-papillate apices, and 10.0-12.0 X2.0-3.0 um in size. The conidia were
broadly ellipsoid, sometimes cylindrical, and with the diameter of 4.4-8.0X2.3-4.0 um (Fig. 3D and
3E).

Molecular phylogeny of the KNU-Gunwi 2B

From the sequence analysis, a 632 bp sequence was obtained from ITS regions. The ITS sequence
had 99.8% similarities with the different strains of Metarhizium rileyi (MH143805, AB268359,
and MG637450). The ITS regions sequences were used to construct a phylogenetic tree by using the
Maximum Likelihood method with the retrieved allied species sequences from the NCBI database. The
phylogenetic tree revealed that the strain KNU-Gunwi 2B was clustered with different strains of M. rileyi

Metarhizium koreanum BCC16762

Metarhizium koreanum BCC30455

Metarhizium pemphigi qc1401

Metarhizium pemphigi FI-72

Metarhizium flavoviride var. flavoviride FI-1170

Metarhizium flavoviride var. flavoviride ARSEF1184

Metarhizium rileyi AMGSPA 1319

55| Metarhizium rileyi isolate BUM9.24

Metarhizium rileyi KNUF-Gunwi 2B

Metarhizium anisopliae ARSEF 7487

Metarhizium anisopliae ARSEF 7450
9

Metarhizium guizhouense ARSEF 5714

62
Metarhizium majus ARSEF 1946

Saccharomycopsis vini CBS 4110

0.050

Fig. 4. Maximum likelihood phylogenetic tree analysis based on Metarhizium rileyi KNU-Gunwi 2B
internal transcribed spacer rDNA sequences. Saccharomycopsis vini CBS 4110 was used as an out-

group. The strain isolated in this study is in bold, and the bootstrap values are based on 1000 replications.
Bar, 0.05 substitutions per nucleotide position.
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BUM 9.24 and M. rileyi AMGSPA 1919 with 100% bootstrap values (Fig. 4).

There are many new species were added to Metarhizium in the last five years [19-24]. Most well-
known Metarhizium species were identified as entomopathogens. Some were also reported as endophytes
(soil and rhizosphere inhabitants) [25-27], resulting in increased plant growth and providing increased
pest and disease tolerance [28,29]. Metarhizium were also reported in China, Japan, and Thailand mainty
from insects, soils, and plant roots [28,30]. Moreover, there are some species belonging to the genus
Metarhizium isolated from diversified hosts and habitats from different countries such as M. anisopliae
(insects from Orthoptera, Coleoptera-Brazil, India, Eritrea, Eastern Africa), M. flavoviride var. flavoviride
(insects from Coleoptera, Agricultural Soil-France, Germany, Netherlands), M. flavoviride var. minus
(insects from Homoptera-Philippines, Solomon Islands), M. frigidum (insects from Coleoptera, Soil,
Termite mound-Australia) [31]. However, the fungal strains were also isolated from environmental soil that
was found in various agricultural areas, namely Penicillium raphiae [32], Metarhizium guizhouense and
Mortierella oligospora in Korea [33]. In the present study, the strain KNU-Gunwi 2B was isolated from
hillside root-soil in Gyeongsangbuk-do also and identified as Materhizium rileyi.

In conclusion, further research is being required for these two species in the future not only to have a
better understanding of soil and cherry tree fungal diseases but also about these species classification and
ecology that are mostly important in agricultural production in Korean environmental conditions. To our
knowledge these two species, namely Dothidea insculpta KNU-SOTS5 and Metarhizium rileyi KNU-
Gunwi 2B, are the first reports in Korea.

ACKNOWLEDGEMENTS

This research was supported by a grant from the National Institute of Biological Resources, funded by the
Ministry of Environment of the Republic of Korea for the project on survey and discovery of indigenous
fungal species.

REFERENCES

1. Kirk PM, Cannon PF, Minter DW, Stalpers JA. Dictionary of the fungi (10" ed.). Wallingford:
CABI; 2008. p. 221.

2. Schoch CL, Crous PW, Groenewald JZ, Boehm EW, Burgess TI, de Gruyter J, de Hoog
GS, Dixon LJ, Grube M, Gueidan C, et al. A class-wide phylogenetic assessment of
Dothideomycetes. Stud Mycol 2009;1:64:1-5.

3. Thambugal KM, Ariyawansa HA, Li YM, Boonmee S, Hongsanan S, Tian Q, Singtripop C,
Bhat DJ, Camporesi E, Hyde KD. Dothideales. Fungal Divers 2014;68:105-58.

4. Alvarez SP, Guerrero AM, Duarte BND, Tapia MAM, Medina JAC, Rodriguez YD. First
report of a new isolate of Metarhizium rileyi from maize fields of Quivican, Cuba. Indian J
Microbiol 2018;58:222-6.

The Korean Journal of Mycology 2021 Vol.49

322



Two undescribed fungal species belong to Pezizomycotina in Korea

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

Humber RA, Hansen KS, Wheeler MM. Collection of entomopathogenic fungal cultures:
Catalog of species. Washington, D.C.,: ARS; 2011. p. 517.

Kish LP, Samson RA, Allen GE. The genus Nomuraea Maublanc. J Invertebr Pathol
1974;24:154-8.

Kepler RM, Humber RA, Bischoff JF, Rehner SA. Clarification of generic and species
boundaries for Metarhizium and related fungi through multigene phylogenetics. Mycologia
2014;106:811-29.

Kish LP, Allen GE. The biology and ecology of Nomuraea rileyi and a program for predicting
its incidence on Anticarsia gemmatalis in soybean. Florida University, Gainesville: FAES;
1978. p. 48.

White TJ, Bruns T, Lee S, Taylor JW. Amplification and direct sequencing of fungal ribosomal
RNA genes for phylogenetics. PCR Protocols: A guide to methods and applications. In: Innis
MA, Gelfand DH, Sninsky JJ, White TJ, editors. San Diego: Academic Press; 1990. p. 315-22.
Vilgalys R, Hester M. Rapid genetic identification and mapping of enzymatically amplified
ribosomal DNA from several Cryptococcus species. J Bacteriol 1990;172:4238-46.

Gardes M, Bruns T. ITS primers with enhanced specificity for basidiomycetes-application to
the identification of mycorrhizae and rusts. Mol Ecol 1993;2:113-8.

Kimura M. A simple method for estimating evolutionary rates of base substitutions through
comparative studies of nucleotide sequences. J Mol Evol 1980;16:111-20.

Kumar S, Stecher G, Tamura K. MEGA7: Molecular evolutionary genetics analysis version
7.0 for bigger datasets. Mol Biol Evol 2016;33:1870-4.

Cannon PF, Kirk PM. Fungal families of the world. Wallingford, UK: CAB International;
2007. p. 109.

Hawksworth DL. Three new genera of Lichenicolous fungi. Bot J Linn Soc 1977;75:195-209.
Crous PW, Wingfield MJ, Burgess TI, Carnegie AJ, Smith D, Summerell BA, Guarro J, Cano-
Lira JF, Houbraken J. Fungal planet description sheets: 625-715. Persoonia 2017;39:270-467.
Nguyen TTT, Paul NC, Lee HB. Characterization of Paecilomyces variotii and Talaromyces
amestolkiae in Korea based on the morphological characteristics and multigene phylogenetic
analyses. Mycobiology 2016;44:248-59.

Choi HW, Hong SK, Lee YK, Nam YJ, Lee JG, Shim HS. Characterization of Monilinia
fructicola associated with brown rot of cherry fruit in Korea. Kor J Mycol 2014;42:353-6.
Montalva C, Collier K, Rocha LFN, Inglis PW, Lopes RG, Luz C, Humber RA. A natural
fungal infection of a sylvatic cockroach with Metarhizium blattodeae sp. nov., a member of
the M. flavoviride species complex. Fungal Biol 2016;120:655-65.

Chen WH, Han YF, Liang JD, Jin DC. Metarhizium dendrolimatilis, a novel Metarhizium
species parasitic on Dendrolimus sp. larvae. Mycosphere 2017;8:31-7.

Luangsa-ard J, Mongkolsamrit S, Thanakitpipattana D, Khonsanit A, Tasanathai K,
Noisripoom W, Humber RA. Clavicipitaceous entomopathogens: New species in Metarhizium
and a new genus Nigelia. Mycol Prog 2017;16:369-91.

Chen Z, Xu L, Yang X, Zhang Y, Yang Y. Metarhizium baoshanense sp. nov., a new
entomopathogen fungus from southwestern China. Pak J Zool 2018;50:1739-46.

Luz C, Rocha LFN, Montalva C, Souza DA, Botelho ABRZ, Lopes RB, Faria M, Delalibera
1J. Metarhizium humberi sp. nov. (Hypocreales: Clavicipitaceae), a new member of the
PARB clade in the Metarhizium anisopliae complex from latin America. J Invertebr Pathol
2019;166:107-216.

The Korean Journal of Mycology 2021 Vol.49

323



Moe et al.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Yamamoto K, Ohmae M, Orihara T. Metarhizium brachyspermum sp. nov. (Clavicipitaceae),
anew species parasitic on Elateridae from Japan. Mycoscience 2020;61:37-42.

Keyser CA, Thorup-Kristensen K, Meyking NV. Metarhizium seed treatment mediates fungal
dispersal via roots and induces infections in insects. Fungal Ecol 2014;11:122-31.

Vega FE, Goettel MS, Blackwell M, Chandler D, Jackson MA, Keller S, Koier M, Maniania
NK, Monzon A, Ownley BH, et al. Fungal entomopathogens: New insights on their ecology.
Fungal Ecol 2009;2:149-59.

Clifton EH, Jaronski ST, Coates BS, Hodgson EW, Gassmann AJ. Effects of endophytic
entomopathogenic fungi on soybean aphid and identification of Metarhizium isolates form
agricultural fields. PLoS ONE 2018;13:¢0194815.

Liao X, Lovett B, Fang W, St Leger RJ. Metarhizium robertsii produces indole-3-acetic acid,
which promotes root growth in Arabidopsis and enhances virulence to insects. Microbiology
2017;163:980-91.

Liu SF, Wang GJ, Nong XQ, Liu B, Wang MM, Li SL, Cao GC, Zhang ZH. Entomopathogen
Metarhizium anisopliae promotes the early development of peanut root. Plant Prot Sci
2017;53:101-7.

Mongkolsamrit S, Khonsanit A, Thanakitpipattana D, Tasanathai K, Noisripoom W,
Lamlertthon S, Himaman W, Houbraken J, Samson RA, Luangsa-ard J. Revisiting
Metarhizium and the description of new species from Thailand. Stud Mycol 2020;95:171-251.

Bischoff JF, Rehner SA, Humber RA. Metarhizium frigidum sp. nov.: A cryptic species of M.
anisopliae and a member of the M. flavoviride complex. Mycologia 2006;98:737-45.

Paul NC, Mun HY, Lee HW, Yu SH, Lee HB. A new record of Penicillium raphiae isolated
from agricultural soil of Ulleung Island, Korea. Mycobiology 2014;42:282-5.

Lee HW, Nguyen TTT, Mun HY, Lee H, Kim C, Lee HB. Confirmation of two undescribed
fungal species from Dokdo of Korea based on current classification system using multi loci.
Mycobiology 2015;43:392-401.

The Korean Journal of Mycology 2021 Vol.49

324



