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ABSTRACT

We report two previously unrecorded endophytic fungal species belonging to the order
Xylariales—Hypoxylon vinosopulvinatum and Apiospora sasae—collected from Torreya
nucifera and Phyllostachys nigra var. henonis, respectively, in Korea. Morphological
characteristics and phylogenetic analyses based on internal transcribed spacer region, large
subunit ribosomal RNA gene, 3-tubulin gene, and translation elongation factor 1-a region
confirmed the isolates as H. vinosopulvinatum and A. sasae, respectively. These findings
expand our knowledge of the fungal biodiversity in Korean forest ecosystems and highlight
the ecological significance of endophytic Xylariales.
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INTRODUCTION

The order Xylariales, belonging to the class Sordariomycetes, plays a key ecological role as wood
decomposers, endophytes, and pathogens [1]. Early taxonomic studies on this order were primarily
based on morphological characteristics. In the 19th century, the Tulasne brothers provided foundational
systematic records of asci and ascospore structures [2]. However, morphological characteristics alone
were insufficient to resolve interspecific variations within the order. The advent of molecular techniques
has significantly reshaped Xylariales classification. Initial phylogenetic analyses have revealed fluctuating
numbers of families within this order [2]. More comprehensive, recent multilocus studies have confirmed
the monophyly of the order as well as led to major systematic revisions [2,3]. Continued phylogenetic
investigations have resulted in the reclassification of several genera and new genera and species continue to
be described [4,5].

Xylariales are generally characterized by darkly pigmented stromata and embedding perithecia [6]. For
instance, the closely related families, Xylariaceae and Hypoxylaceae, typically produce brown, unicellular
ascospores, often bearing a mucilaginous sheath or a conspicuous germ slit [7]. In contrast, species
belonging to the families Diatrypaceae and Apiosporaceae frequently exhibit hyaline ascospores and
poorly developed stromata [2]. These morphological characteristics are key diagnostic features for species
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identification. Recent phylogenetic studies using genetic markers such as internal transcribed spacer (ITS),
large subunit (LSU), [3-tubulin (TUB), and elongation factor 1-at (EF1-q) regions have been actively
conducted [8].

Endophytic fungi colonize the internal plant tissues without causing apparent disease symptoms and are
found in a wide range of host plants worldwide [9,10]. These fungi engage in mutualistic interactions with
their hosts, contributing to plant growth, resistance to pathogens, and environmental stress tolerance [4,11].
Several members of Xylariales play important roles in these relationships [10].

Despite the diverse forest ecosystems and favorable climatic conditions for Xylariales in Korea, studies
on endophytic fungi within this order remain limited and are often limited to a few genera or species,
thereby highlighting a considerable gap in regional mycological research [12]. In this study, we report the
morphological and molecular phylogenetic characteristics of two previously unrecorded endophytic fungi
in Korea, namely Hypoxylon vinosopulvinatum and Apiospora sasae.

MATERIALS AND METHODS

Sample collection and preparation

The samples were collected between December 2022 and July 2023. Leaves and twigs of Torreya nucifera
(L.) Siebold & Zucc. were collected in December 2022 from Seoqwipo-si, Jeju-do (33°18'51.484"N, 126727’
51.962"E). The leaves and twigs of Phyllostachys nigra var. henonis (Mitford) Stapfex Rendle were collected
in July 2023 from Hwasun-gun, Jeollanam-do (35°9'17.899'"N, 127°10'8.353"E). Healthy leaves and twigs
without disease symptoms or damage were collected and transported to the laboratory within 24 h.

Surface sterilization and fungal isolation

The plant samples were rinsed with distilled water and surface sterilization was performed by immersion
in 35% hydrogen peroxide for 1 min and 70% ethanol for 2 min, followed by rinsing with sterile distilled
water [13]. Sterilized plant tissues were cut into 1.5 cm segments and placed on potato dextrose agar (PDA;
Difco Lab., Detroit, USA). The samples were incubated at 25°C in the dark to promote fumgal growth.

Culturing and morphological characterization

Mycelia emerging from the plant tissues were subcultured to obtain pure isolates. These isolates were
grown on PDA and malt extract agar (MEA,; Kisan Bio, Seoul, Korea) at 25°C in the dark to observe
colony morphology. The slide culture method was used for microscopic observations. To induce spore
formation, sterilized needles of Pinus densiflora Siebold & Zucc. were placed on 2% water agar and
synthetic nutrient-poor agar (SNA) along with the fungal strains [ 14,15]. Colony morphology was recorded
visually, and conidiomata and other microscopic structures were examined using a light microscope (Axio

Imager A2; Carl Zeiss, Oberkochen, Germany).
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DNA extraction and molecular identification

Genomic DNA was extracted from fungal mycelial cultures using the HiGene Genomic DNA Prep Kit
(BioFACT, Dagjeon, Korea). Four DNA regions were amplified using polymerase chain reaction (PCR)
for molecular phylogenetic analysis. The following primers sets were used for PCR amplification of fungal
DNA regions: ITS1F/ITS4 for ITS [16,17], LROR/LRS for LSU [18], T1/T22 for TUB [19], and EF1-
983F/EF1-1567R for EF1-a [20]. The EF1-a region was only amplified for H. vinosopulvinatum, whereas

the EF1-q region was used instead for A. sasae

DNA sequencing and phylogenetic analysis

DNA sequencing was performed by Solgent Co., Ltd. (Dagjeon, Korea), using the Sanger method. The
obtained sequences were compared to those in the National center for Biotechnology Information (NCBI)
database using the Basic Local Alignment Search Tool (BLAST). Phylogenetic trees were constructed
using the maximum-likelihood (ML) method implemented in MEGA11 software with bootstrap support
from 1,000 replicates [21].

RESULTS AND DISCUSSION

Hypoxylon vinosopulvinatum Y.M. Ju, J.D. Rogers & H.M. Hsieh,
Mycologia 96: 157 (2004) [MB#488600]

Morphological characteristics of strain KNUE23N245: After 7 d of growth at 25°C in the dark,
colonies grown on MEA reached 48.4-57.3 mm in diameter and exhibited a circular shape with concentric
rings. The hyphae radiated outward from the center in a sequence of strong greenish-yellow, moderate olive,
and white cottony hyphae. Similar concentric color patterns were observed on the reverse side, following
the same sequence from the center outward (Fig. 1A). On PDA, colonies measured 32.6-40.1 mm in
diameter and also exhibited a circular shape. Colonies developed outward from the center, showing strong
greenish-yellow and white zones. Grayish olive aerial mycelia formed in the central region, and the margin
was surrounded by white cottony hyphae. The reverse side of the colony appeared dark olive in the center,
which gradually faded toward the edge, with the margin showing a cottony-white texture (Fig. 1B). The
conidiophores were branched and brown (Fig. 1D). Conidia were obovate to ellipsoid, hyaline, and smooth

surface measuring (4.21-) 5.67 (-7.67) X (1.93-) 2.58 (-3.34) um (n = 20) (Figs. 1E and F).

The Korean Journal of Mycology 2025 Vol.53

129



Kim et al.

Fig. 1. Morphology of Hypoxylon vinosopulvinatum KNUE 23N245. (A, B) Colonies after 7 d of
growth at 25C on malt extract agar (MEA; A) and potato dextrose agar (PDA; B). The left side of each
image shows the front view, and the right side shows the reverse view. (C) Conidiomata (scale bar = 1
mm), (D) conidiophore (scale bar =20 um), (E) conidia (scale bar = 20 pm), and (F) conidia (scale bar =
10 um).

Specimen examined: Seoqwipo-si, Jeju, Korea, 33°18'51.484'"N 126°27'51.962"E, December 1, 2022,
H. vinosopulvinatum, isolated from the leaf of T. nucifera, strain KNUE23N245 (NIBRFGC000510696),
GenBank No. PV384440 (ITS), PV384442 (LSU), and PV454694 (TUB).

Phylogenetic analysis: The ITS sequence of KNUE23N245 showed 98.5% similarity with H.
vinosopulvinatum FACTAS 4374 (0Q316446), the LSU sequence showed 99.9% similarity with FACTAS
4374 (0Q348552), and the TUB sequence showed 99.85% similarity with FACTAS4374 (0Q303966).
ML phylogenetic trees were constructed from the combined ITS and LSU sequences, as well as a tree

based on the TUB sequence. KNUE23N245 clustered with H. vinosopulvinatum voucher FCATAS4374

(Figs. 2 and 3).
99 [* Hypoxylon vinosopulvinatum KNUE23N245
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Fig. 2. Maximum-likelihood (ML) phylogenetic tree of Hypoxylon vinosopulvinatum KNUE 23N245.
The tree was constructed based on concatenated sequences of internal transcribed spacer (ITS) and large
subunit rDNA (LSU) regions. Daldinia childae was used as an outgroup. Numbers on the nodes indicate
bootstrap values of >50% (1,000 replicates).

The Korean Journal of Mycology 2025 Vol.53

130



New Records of Endophytic Xylariales from Korea: Hypoxylon vinosopulvinatum and Apiospora sasae

‘ Hypoxylon vinosopulvinatum KNUE23N245
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Fig. 3. Maximum-likelihood (ML) phylogenetic tree of Hypoxylon vinosopulvinatum KNUE 23N245.
The tree was constructed based on B-tubulin (TUB) gene sequences. Hypoxylon fuscopurpureum was
used as an outgroup. Numbers on the nodes indicate bootstrap values of >50% (1,000 replicates).

Notes: H. vinosopulvinatum was first collected from dead wood in 1988, as described by Ju. and Rogers
in 1996 and 1999 [22]. However, the holotype was not designated because of the limited quantity and
quality of the original specimens. In 2001, Ju and Hsieh recorded this species from decorticated wood
in Taiwan, which was redescribed in 2004 [22]. H. vinosopulvinatum is currently classified within the
family Hypoxylaceae, which is characterized by pigmented stromata containing perithecia, brown to
hyaline ascospores typically with germ slits, and diverse anamorphic states [3, 6]. Although most species
of genus Hypoxyloncea possess virgariella-like conidiogenous structures, H. vinosopulvinatum exhibits a
nodulisporium-like structure, which was also observed in KNUE23N245 [22]. Although the conidial size
was smaller than that described by Ju et al. [22], other morphological characteristics of strain KNUE23N245
adhered to the original description. Notably, H. vinosopulvinatum was recently reported to produce purine
compounds with antifungal activity [23].

Apiospora sasae Crous & R.K. Schumach., Fungal Systematics and
Evolution 7: 274 (2021) [MB#839279]

Morphological characteristics of strain KNUE23P495: After 7 d of incubation at 25°C in the dark, the
colonies grown on MEA measured 44.8-48.5 mm in diameter and exhibited a circular shape. The front side
of the colony appeared light gray, flat, and entirely covered with coarse cottony mycelia. The reverse side
of the colony was pale yellow at the center and became light gray toward the edges. The colony margins
had a cottony appearance (Fig. 4A). On PDA, the colonies reached diameters of 67.7-71.6 mm and also
exhibited a circular shape. The front side of the colony was light gray, flat, and densely covered with coarse
cottony mycelia. The reverse side showed a color gradient from vivid yellow at the center to light yellow
toward the periphery with yellowish-white cottony margins (Fig. 4B). The conidia were globose, polygonal,
or ampulliform with thick smooth surfaces. Numerous gutules are observed within the conidia. Initially, the
hyaline phase turned dark brown upon maturation. The size of the conidia was (17.03-) 21.13 (-26.53) X
(8.13-) 16.13 (-20.11) pm (n =20) (Figs. 4C and D).
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Fig. 4. Morphology of Apiospora sasae KNUE 23P495. (A, B) Colonies after 7 d of growth at 25C
on malt extract agar (MEA; A) and potato dextrose agar (PDA; B). The left side of each image shows
the front view, and the right side shows the reverse view. (C) Immature conidia (scale bar =20 um), (D)
mature conidia (scale bar = 20 um).

Specimen examined: Hwasun-gun, Jeollanam-do, Korea, 35°9'17.899"N 127°10'8.353"E, July 14,
2023, A. sasae, isolated from twigs of P. nigra var. henonis strain KNUE23P495 (NIBRFGC000510707),
GenBank No. PV384448 (ITS), PV384449 (LSU), PV460718 (TUB), and PV460719 (TEF).

Phylogenetic analysis: The ITS sequence of KNUE showed 99.5% similarity to A. sasae CPC38165
(NR173004). The LSU sequence showed 99.9% similarity with CPC38465 (MW883797), the TUB
sequence showed 98.1% similarity with CPC38165 (MW890120), and the TEF sequence exhibited 97.1%
similarity with CPC38165(MW890104). In the ML phylogenetic tree constructed using the combined ITS,
LSU, TUB, and TEF sequences, KNUE23P495 formed a clade with A. sasae strain CPC38165 (Fig. 5).

100 [ Apiospora sasae KNUE23P495
Apiospora sasae CPC:38165T

Apiospora hysterina ICPM 6889

Apiospora yunnana MFLU 15-03827
o Apiospora ovata CBS 1150427
Apiospora pterosprerma CPC:20197
Apiospora marii CBS 497.907

Apiospora arundinis GUCC6.1

Beltrania rhombica BRPtC1

—
0.050

Fig. 5. Maximum-likelihood (ML) phylogenetic tree of Apiospora sasae KNUE 23P495. The tree was
constructed based on concatenated sequences of internal transcribed spacer (ITS), large subunit IDNA
(LSU), B-tubulin (TUB), and translation elongation factor 1-a. (TEF1-a). Apiospora marii was used as
an outgroup. The numbers on the nodes indicate bootstrap values of >50% (1,000 replicates).
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Notes: A. sasac was first collected in 2019 from Sasa veitchii (Poaceae) in the Netherlands by van der
Linde and reported in 2021 [15]. A. sasae is known to be related to, but morphologically distinct from
Apiospora yunnana and Apiospora esporlensis [15]. Although phylogenetically close to one another, strain
KNUE23P495 is morphologically distinguishable from A. yunnana, which has smaller conidia (1016 pum)
[24], by its significantly greater conidial width up to 6 pm wider-consistent with the original description of A.
sasae [15]. A. esporlensis has smaller conidia (8—13pum) [25] than KNUE23P495, which exhibits a conidial
width up to 13 pm greater consistent with the description provided by Crous et al. [15].

In the present study, we identified two endophytic fungal species, H. vinosopulvinatum and A. sasae,
which have not been previously recorded in Korea. These species were isolated from T. nucifera and P.
nigra var. henonis, respectively. Their identification was based on their morphological characteristics and
molecular phylogenetic analysis using ITS, LSU, TUB, and TEF sequences.. Endophytic fungi exhibit a
wide range of biological activities through interactions with their host plants, and further investigation is
required to understand their ecological roles and potential functional applications. The results of this study
provide fundamental data on fungal diversity in temperate forest ecosystems in Korea and support future
studies on the ecological and biotechnological potential of endophytic fungi.
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