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ABSTRACT

Reishi is a medicinal mushroom widely cultivated in East Asia and is valued for its bioactive
compounds. However, fungal contamination during postharvest storage can cause
discoloration and mycotoxin contamination, threatening product safety and quality. Despite
its economic importance, fungal communities associated with stored dried Reishi have not
been studied in Korea. In this study, 35 fungal strains were isolated from stored dried Reishi
collected in Korea. Based on internal transcribed spacer regions, B-tubulin, and calmodulin,
the strains were identified as 17 species within five genera. Aspergillus and Penicillium were
predominant, with A. chevalieri, A. montevidensis, A. fumigatus, Coniochaeta velutina, and
P. citrinum being the most frequently detected species. Several Aspergillus and Penicillium
species detected in this study are known producers of mycotoxins, indicating potential
risks to product safety. This study is the first to examine the fungal communities associated
with stored dried Reishi in Korea. These results suggest the importance of effective
postharvest management practices to control contamination and maintain the safety and
quality of Reishi products. In addition, detailed morphological descriptions of Talaromyces
macrosporus, a previously unrecorded species, are provided.
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INTRODUCTION

Reishi (Ganoderma sichuanense) is a medicinal mushroom that has been valued for centuries in East
Asia, including China, Korea, and Japan. Across different regions of the world, it is referred to by various
synonyms and names reflecting its long history of traditional use [1]. Owing to its various bioactive
compounds, Reishi has been widely used in the development of cosmetics, health supplements, and
functional foods [1,2]. Therefore, it is one of the most extensively cultivated and consumed medicinal

mushrooms worldwide.
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In recent years, fungal diseases have emerged as a major concern in the commercial cultivation and
postharvest management of Reishi. Several fungal pathogens have been reported during cultivation,
including cobweb disease caused by Cladobotryum mycophilum [3], green mold disease caused by
Trichoderma spp. [4,5], and yellow rot caused by Scytalidium ganodermophthorum [6]. Postharvest
changes in environmental conditions cause a shift in the fungal community as field-derived fungi are
gradually replaced by fungi associated with postharvest diseases, particularly Aspergillus and Penicillium,
which can lead to discoloration, loss of dry matter, and contamination of dried mushrooms with mycotoxins
[7-9]. Aspergillus flavus, A. ochraceus, and Penicillium citrinum have frequently been reported as
contaminants in stored Reishi [8,10], posing a potential risk to both product quality and consumer safety.

Despite the clear importance of postharvest management, fungal communities associated with stored
dried Reishi have not yet been studied in Korea. Therefore, the aim of this study was to explore the fungal
diversity in stored dried Reishi. In particular, Talaromyces macrosporus, a previously unrecorded species,
was identified through phylogenetic analysis of the B-tubulin (BenA) and calmodulin (CaM) sequences,

together with comprehensive morphological characterization.

MATERIALS AND METHODS

Materials

Fungal-contaminated samples were collected from dried Reishi stored at Dongguri Farm, Jinan, on June
23,2023 (Fig. 1). The samples were cut into discs of approximately 5 mm in diameter and transferred to
dichloran rose bengal chloramphenicol agar (DRBC agar; Difco, Becton Dickinson, MD, USA). After
incubation at 25°C for 7 days, fungal mycelia grown from the discs were subsequently transferred to
potato dextrose agar (PDA; Difco, Becton Dickinson, MD, USA) for isolation. The purified cultures were
preserved in 20% glycerol at -80°C in the culture collection of the Korea National University of Agriculture

and Fisheries.

DNA extraction, amplification, and sequencing

Genomic DNA was isolated from mycelia cultured on PDA using AccuPrep Genomic DNA Extraction
Kit (Bioneer, Dagjeon, Korea). For species identification, the internal transcribed spacer (ITS) region, BenA
and CaM were amplified according to previously published protocols [11]. PCR amplicons were purified
using Expin™ PCR Purification Kit (GeneAll Biotechnology, Seoul, Korea) following the manufacturer’s
protocol. PCR products were sequenced by Bioneer (Dagjeon, Korea) using the corresponding PCR primers.

Phylogenetic analysis

The obtained sequences were assembled, manually corrected using MEGAS [12] and submitted to

GenBank (accession numbers are listed in Table 1). Multiple alignments were generated using MAFFT v7
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Fig. 1. Stored dried Reishi contaminated with fungi.

[13]. Pairwise sequence similarities of unrecorded species were calculated for both loci using MEGAS [12].
Phylogenetic analysis was performed with RAXML [ 14] using the maximum likelihood approach under the
General Time Reversible (GTR) + GAMMA model with 1,000 bootstrap replicates performed on CIPRES
web platform [15].

Morphological analysis

The morphological characteristics of the unrecorded species were examined using standard procedures
[16] with four different media: Czapek yeast autolysate agar (CYA), malt extract agar (MEA), yeast extract
sucrose agar (YES), and oatmeal agar (OA). Colony colors were described using color names and codes
from the Methuen Handbook of Color [17]. The micromorphological characters were observed from 7-day-
old MEA culture incubated 25°C, using Leica DM2000 light microscope (Leica Microsystems, Wetzlar,
Germany).
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Table 1. GenBank accession numbers of fungal strains isolated from stored dried Reishi

GenBank accession numbers

Genus Species Strain Sample name
ITS BenA CaM

Aspergillus A. chevalieri MF0442-2 A PX236697
A. chevalieri MF0446 C PX236698
A. chevalieri MF0456 G PX236699
A. chevalieri MF0463 L PX236700
A. chevalieri MF0468-1 N PX236701
A. chevalieri MF0469 (0] PX236702
A. chevalieri MF0470 P PX236703
A. creber MF0447-2 C PX236704
A. fumigatus MF0448 D PX236706
A. fumigatus MF0458 I PX236707
A. fumigatus MF0473 S PX236708
A. montevidensis ~ MF0445 B PX236709
A. montevidensis ~ MF0447-1 C PX236710
A. montevidensis ~ MF0449 D PX236711
A.montevidensis ~ MF0455 G PX236712
A. montevidensis ~ MF0467 N PX236713
A. pseudoglaucus ~ MF0435-2 G PX236714
A. sydowii MF0459 I PX236715
A. terreus MF0457 H PX236716
A. westerdijkiae MF0466 M PX236717
A. westerdijkiae MF0471 Q PX236718
Aspergillus sp. MF0451 F PX236705

Coniochaeta  C. velutina MF0443 B PX226322
C. velutina MF0453-1 F PX226323
C. velutina MF0464 L PX226324

Penicillium P, citrinum MF0444 B PX236689
P, citrinum MF0450 E PX236690
P, citrinum MF0452 F PX236691
P, corylophilum MF0472 R PX236692
P, sumatrense MF0460 J PX236693

Scytalidium S. cuboideum MF0461 J PX226325
S. cuboideum MF0462 K PX226325

Talaromyces  T. flavus MF0454-1 G PX236695
T. macrosporus MF0442-1 A PX236694  PX236719
T. trachyspermus ~ MF0465 L PX236696

ITS, internal transcribed spacer region, BenA: B-tubulin, CaM: calmodulin.

RESULTS

Species identification and diversity

A total of 35 fungal strains were isolated from stored dried Reishi. Based on sequence analysis of the
ITS regions, BenA, and CaM, these strains were identified as 17 species within five genera, including one
previously unrecorded species (MF0442-1) (Table 1).

At the genus level, 62.8% of the species (n = 22) belonged to Aspergillus, 14.3% belonged to Penicillium
(n=15), 8.6% belonged to Coniochaeta (n = 3), 8.6% belonged to Talaromyces (n = 3), and 5.7% belonged
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to Scytalidium (n = 2) (Fig. 2A). The dominant species were A. chevalieri (n = 7) and A. montevidensis
(n=15), followed by A. fumigatus (n = 3), C. velutina (n = 3), and P, citrinum (n = 3) (Fig. 2B). Each
contaminated sample contained one to four species (Table 1).

The previously unrecorded strain MF0442-1 (NIBRFGC000510857) was reconfirmed using
concatenated dataset of BenA and CaM gene sequences. MF0442-1 grouped with the type strain (CBS
317.63) of T. macrosporus (bootstrap support = 100%; sequence similarity for BenA = 100% and CaM =
100%) (Fig. 3).

Taxonomy

Talaromyces macrosporus (Stolk & Samson) Frisvad, Samson & Stolk, Antonie van Leeuwenhoek
57: 186. 1990. MycoBank MB126704.

Colony growth (7 days, diameter in mm): CYA at 25°C: 28-30, at 30°C: 40-42, and at 37°C: 30-35;
MEA at 25°C: 46-47; and YES at 25°C: 40-42 (Fig. 4).

Colony characteristics: On CYA at 25°C for 7 days, colonies were slightly elevated at center with entire
margins. The mycelia appeared white, orange-white (5A2), and grayish-orange (5B3). The texture was
floccose, with poor sporulation. No exudate was produced. The soluble pigment was orange-white (5A2).
The reverse color was dark brown (6F6). On MEA at 25°C for 7 days, colonies were flat with entire
margins and formation of pale yellow (3A3) ascomata at center. The mycelia appeared white and reddish-
white (7A2). Pale yellow (3A3) ascomata formed at the center. The texture was floccose, with sparse
sporulation. Exudates of brown droplets were produced at the center. The soluble pigment was grayish-
orange (5B4). The reverse color was light brown (6D6). On YES at 25°C for 7 days, colonies were low and
sulcate with entire margins. The mycelia were orange-white (SA2) and pale yellow (4A3), with a floccose
texture. Sporulation is sparse. Exudates of small, clear droplets were also observed. Soluble pigments
grayish orange (5B4). The reverse colors were brownish-orange (5C5) and brown (6E6).

Conidiophores were monoverticillate and biverticillate with smooth stipes. Phialides were ampulliform,

8-12(-15) X 2-3 um. Conidia were smooth-walled, subglobose to ellipsoidal, 2-3 X 2-2.5 um diam.
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Fig. 2. Composition of fungal strains isolated from stored dried Reishi at the genus level (A) and species
level (B).
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Fig. 3. Maximum likelihood phylogenetic tree based on the combined dataset of -tubulin (BenA)
and calmodulin (CaM) gene sequence used to identify 7alaromyces strains from stored dried Reishi.
Bootstrap scores of >70 are presented at the nodes. The scale bar indicates the number of nucleotide
substitutions per site. “T” indicates the ex-type strains. Strains reported in the current study are
represented in bold.
Ascomata formed abundantly within 10 days on OA at 25°C, globose to subglobose, 100-450 X 100-400
pm, yellow in color. Asci measured 13—-16 X 11-13 pm. Ascospores were subglobose to broadly
ellipsoidal, thick-walled, ornamented with spiny, 56 X 4.0-5.5 pm.

Strain examined: MF0442-1 (NIBRFGC000510857)

Note: Talaromyces macrosporus shares morphological features, such as ascomata and rapid growth, with
T. muroii and T. liani, but is clearly distinguished from them in phylogenetic analyses. The Korean isolate of

T. macrosporus exhibited a higher growth rate compared with the type strain CBS 317.63.
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v ~

Fig. 4. Tularomyces macrosporus MF0442-1 (NIBRFGC000510857) in 7-day-old cultures at 25°C. A—
C: Colonies grown on Czapek yeast autolysate agar (CYA), malt extract agar (MEA), and yeast extract
sucrose agar (YES) from left to right (top = obverse, bottom = reverse). D: Ascomata on oatmeal agar
(OA) after 2 weeks of incubation. E, F: Asci and ascospores. G, H: Conidiophores. I: Conidia. Scale
bars: D, 1,000 pum; E-1, 10 um.

DISCUSSION

Edible and medicinal mushrooms are vulnerable to fungal contamination during harvesting, processing,
and storage. Such contamination can lead to discoloration, nutrient degradation, and mycotoxin production
[7,8]. We isolated 35 fungal strains from stored dried Reishi and identified 17 species belonging to five
genera. Importantly, one previously unrecorded species was confirmed based on multilocus sequence
analysis (BenA and CaM) and morphological characteristics. Among the isolates, Aspergillus and
Penicillium were the most dominant genera, indicating that these genera play a central role in shaping
the fungal community of stored dried Reishi. These results are consistent with previous reports that fungi
associated with postharvest diseases frequently colonize mushrooms, with Aspergillus and Penicillium
known to be the major contaminants [7-9].

Within the genus Aspergillus, A. chevalieri, A. montevidensis, and A. fumigatus are among the most
frequently isolated species. Members of this genus can tolerate low water activity and high osmotic
pressure, which are commonly encountered in dried and semi-dried mushroom products [9,18]. Aspergillus
chevalieri, A. fumigatus, A. terreus, and A. westerdijkiae detected in this study are known to produce

secondary metabolites such as aflatoxins and ochratoxins [19]. Penicillium citrinum was one of the most
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frequently isolated species in this study and is known to produce citrinin and other mycotoxins [20]. These
results show that Aspergillus and Penicillium are the predominant storage fungi in Reishi and play major
roles in mycotoxin contamination.

In addition to the dominant genera, Coniochaeta velutina and S. cuboideum have been isolated from
stored Reishi [21,22]. These species are associated with wood staining and are likely to contribute to surface
discoloration and reduce product quality during storage. The detection of T. macrosporus in stored dried
Reishi is particularly interesting. Although phylogenetic analysis confirmed its identity to the type strain,
the Korean isolate showed slight morphological differences, such as faster growth, which may indicate
ecological adaptation to storage conditions [23]. Talaromyces macrosporus produces heat-resistant, dormant
ascospores that can survive under extreme environment [24,25], its detection in stored dried Reishi suggests
a possible role in long-term persistence and product quality decline during storage.

This is the first comprehensive investigation of fungi associated with stored dried Reishi in Korea. These
results reveal that careful monitoring and effective postharvest management are important for preventing
fungal contamination, lowering the risk of mycotoxin production, and ensuring the safety and quality of
Reishi products.
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