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ABSTRACT

Endophytic fungi colonize asymptomatic healthy plant tissues and often produce bioactive compounds.
In this study, two endophytic fungi newly recorded in Korea were isolated from the roots of Rhododendron
mucronulatum and R. schlippenbachii collected from Mungyeong: Pezicula radicicola, and Codinaea
gonytrichoides. Pure cultures were obtained from surface-sterilized root segments and characterized using
morphological features and multilocus phylogenetic analyses of the internal transcribed spacer (ITS)
region, large subunit ribosomal RNA (LSU) region, and RNA polymerase II second largest subunit (RPB2)
regions. Strain KNUE25E045 was identified as P, radicicola and strain KNUE25E068 as C. gonytrichoides.
This study provides the first record of P. radicicola and C. gonytrichoides in Korea, thereby expanding the
known diversity of root-associated endophytic fungi in ericaceous plants and highlighting the need for
further studies on their ecological roles.
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INTRODUCTION

The genus Rhododendron (Ericaceae), comprising more than 800 species worldwide, is one of the most
valuable ornamental groups cultivated for horticultural purposes for over two centuries. It is an ecologically
important component of temperate ecosystems, often dominating acidic and nutrient-poor soils [1,2]. In
Korea, the family Ericaceae consists of eight genera and 32 species, including varieties, cultivars, and
hybrids, with Rhododendron representing the largest genus, encompassing 20 species [3]. In addition to
horticultural purposes, several species of Rhododendron have been reported to be medicinal plants [4]. Thus,
Rhododendron is not only an economically important plant, but also an ecologically significant component
of temperate forests and alpine ecosystems.

Endophytic fungi are microorganisms that inhabit living plant tissues without causing apparent disease

symptoms [5]. They are widely distributed in terrestrial ecosystems and are closely associated with
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diverse plant hosts. Their ecological roles are diverse, and they function as mutualists, saprobes, or latent
pathogens depending on the host and environmental conditions [6,7]. Many endophytes produce secondary
metabolites with biological activities, thereby contributing to host growth, stress tolerance, and pathogen
resistance [8,9].

Endophytes have drawn considerable attention, particularly in ericaceous plants, because of their high
frequency and bioactivity. More than 30% of the endophytes isolated from Ericaceae have been reported to
exhibit antimicrobial or antifungal activities, underscoring their importance in both ecological interactions
and applied research [9]. However, despite the ecological and economic significance of Rhododendron,
studies on the diversity of its root-associated endophytes in Korea are scarce [10]. Clarifying their
taxonomic diversity is essential for understanding their ecological functions and assessing their potential as
novel sources of bioactive compounds.

During a survey of the root-associated endophytic fungi of ericaceous plants in Korea, two previously
unrecorded species, Pezicula radicicola and Codinaea gonytrichoides, were identified and are reported in
this study.

MATERIALS AND METHODS

Sample collection and preparation

In April 2025, the root samples of Rhododendron mucronulatum Turcz. and Rhododendron
schlippenbachii Maxim. were collected from Mungyeong, Korea (36° 39' 44.49" N, 128° 10' 33.29" E
and 36° 39’ 41.95" N, 128° 10' 35.63" E, respectively). Only asymptomatic and undamaged samples
were selected for further analysis. The samples were placed in sterile polyethylene bags, transported to the
laboratory within 12 hours, and immediately subjected to surface sterilization.

Surface sterilization and fungal isolation

The root samples were thoroughly rinsed under running tap water and cut into approximately 2-mm
segments. The segments were surface sterilized by immersion in 95% ethanol for 30 s, followed by rinsing
with sterile distilled water [10-12]. Sterilized segments were placed on potato dextrose agar (PDA; Difco
Laboratories, Detroit, MI, USA) and incubated at 25°C in the dark. Emerging hyphae were subcultured on
fresh PDA to obtain pure isolates.

Culturing and morphological characterization

Pure isolates were cultured on malt extract agar (MEA; Kisan Bio, Seoul, Korea) and PDA at 25°C
in darkness. Colony morphology, including pigmentation, texture, and margin characteristics, was
recorded after seven days. Microscopic features of the reproductive structures were examined using a light

microscope (Axio Imager A2, Carl Zeiss, Oberkochen, Germany).
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DNA extraction, PCR and sequencing

Genomic DNA was extracted from fresh mycelia using a HiGene Genomic DNA Prep Kit (Biofact,
Dagjeon, Korea). The internal transcribed spacer (ITS) region, large subunit ribosomal RNA (LSU) region,
and RNA polymerase II second largest subunit (RPB2) gene were amplified using primer pairs ITS1F/
ITS4 [13], LROR/LRS [14], and fRPB2-SE/fRPB2-7cR [15], respectively. PCR products were sequenced
by Solgent Co., Ltd. (Dagjeon, Korea). The resulting sequences were compared to those available in the
National Center for Biotechnology Information (NCBI) database using the Basic Local Alignment Search
Tool (BLAST).

Phylogenetic analysis

The analysis incorporated the combined sequences of ITS, LSU, and RPB2, as applicable. Phylogenetic
trees were constructed using maximum likelihood in the MEGA 11 software [16]. The evolutionary models
chosen for the analysis were TN93+1 and TN93+G+I for strains KNUE25E045 and KNUE25E068,
respectively. Bootstrapping was performed with 1000 replicates to assess the robustness of the tree topology.
The isolated strains were deposited at the National Institute of Biological Resources (NIBR), and their

sequences were registered with NCBI under the accession numbers.

RESULTS AND DISCUSSION

Phylogenetic analysis

Phylogenetic analyses of the ITS, LSU, and RPB2 sequences confirmed the identification of the isolated
fungal strains. For strain KNUE25E045, the ITS sequence exhibited 99.64% identity with Pezicula
radicicola isolate 102 (GenBank accession OP895794), the LSU sequence showed 99.77% identity
with P, radicicola VKM F-4856 (GenBank accession MT774100), and the RPB2 sequence was 99.74%
identity with P. radicicola NRRL 12192 (GenBank accession MH805867). In the maximum likelihood
tree constructed from the combined ITS and LSU sequences, KNUE25E045 clustered with P. radicicola
CBS 112868 (Fig. 1), confirming its identification. Additionally, a maximum likelihood tree constructed
from the RPB2 sequences showed that KNUE25E(045 clustered with P. radicicola NRRL 12192, further
supporting its identification (Fig. 2). Strain KNUE25E068 showed 100% ITS identity to Codinaea
gonytrichoides CBS 593.93 (GenBank accession AF178556), and its LSU sequence was 99.88% identical
to C. gonytrichoides NN076206 (GenBank accession OL655160). Phylogenetic analysis of the combined
ITS and LSU sequences placed KNUE25E068 in a distinct clade with C. gonytrichoides CFCC 54456 (Fig.
3), supporting its classification.
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Fig. 1. Maximum likelihood tree of Pezicula radicicola KNUE25E(045 based on concatenated internal
transcribed spacer (ITS) and large subunit ribosomal RNA (LSU) sequences. Dermea acerina was the
outgroup. Bootstrap values > 50% (1,000 replicates) are shown at nodes. " indicates ex-type cultures.
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Fig. 2. Maximum likelihood tree of Pezicula radicicola KNUE25E045 based on RNA polymerase 11
second largest subunit (RPB2) sequences. Dermea acerina was the outgroup. Bootstrap values > 50%
(1,000 replicates) are shown at nodes. " indicates ex-type cultures.
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Fig. 3. Maximum likelihood tree of Codinaea gonytrichoides KNUE25E(068 based on concatenated
internal transcribed spacer (ITS) and large subunit ribosomal RNA (LSU) sequences. Multiguttulispora
triseptata was the outgroup. Bootstrap values > 50% (1,000 replicates) are shown at nodes. ' indicates
ex-type cultures.
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Taxonomy

Pezicula radicicola (T. Kowalski & C. Bartnik) P.R. Johnst., IMA Fungus 5 (1): 104 (2014)
[MB#808969] (Fig. 4).

Morphological characteristics of strain KNUE25E045: After six days of incubation at 25°C, colonies
on PDA reached a diameter of 20.0-25.0 mm. The colony surface was generally brown, with a distinct
white margin forming an almost circular outline, even in appearance, and exhibited a cottony texture. The
reverse side was predominantly brown with a white margin. On MEA, the colonies reached a diameter
of 16.0-21.0 mm. The colony surface was yellowish-white and nearly circular, with a surface and texture
similar to those observed on PDA. The reverse was dark reddish-brown at the center and gradually became
yellowish-white toward the margins. The conidiophores are solitary, straight to slightly curved, and hyaline.
Conidia are aseptate, typically curved, measuring (18.2-)22.7(-26.5) X (5.2-)7.4(-8.6) pm (n=20).

Specimen examined: Mungyeong, Gyeongsangbukdo, Korea, 36° 39' 44.49" N, 128° 10' 33.29" E,
April 25, 2025, P, radicicola, isolated from R. mucronulatum, strain KNUE25E045, NIBRFGC000514081,
GenBank No. PX138773 (ITS), PX138774 (LSU), and PX206067 (RPB2).

Notes: This species was originally isolated from the fine roots of Quercus robur L. and was described as
Cryptosporiopsis radicicola by Kowalski & Bartnik, 1995 [17]. The anamorphs of many species formerly
described under the genus Cryptosporiopsis have been shown to belong to Pezicula, which is now treated
as its synonym [18,19]. Species of Pezicula have frequently been reported in temperate regions worldwide,
where they occur either as saprobes on recently dead woody substrates or as endophytes in living branches
and roots [17,20]. Strain KNUE25E045 was isolated as an endophyte from the roots of R. mucronulatum,
which is consistent with the ecological roles previously reported for members of this genus. Most Pezicula
species produce both macroconidia and microconidia during the asexual stage on natural substrates, as well
as in culture [21]. However, in strain KNUE25E045, only macroconidia were observed under the culture

conditions, and further observations are expected to provide more detailed morphological information.

A

Fig. 4. Morphology of Pezicula radicicola KNUE25E(045. A and B: Colonies after seven days of growth
at 25°C, showing the obverse (left) and reverse (right) sides on malt extract agar (A) and potato dextrose
agar (B). C: Conidiophores. D: Conidia. Scale bars: C and D, 20 um.
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Codinaea gonytrichoides Shearer & J.L. Crane, Mycologia 63 (2): 245 (1971) [MB#372655] (Fig.
5).

Morphological characteristics of strain KNUE25E068: After seven days of incubation at 25°C in the
dark, colonies on PDA reached a diameter of 18.0-22.0 mm. The colony surface was gray with a white
margin forming at the edges, and the colony shape was irregular with a cottony texture. The reverse side of
the colony was dark brown, with a white margin. On MEA, the colonies reached a diameter of 23.0-28.0
mm. The surfaces of the colonies were white, irregular in shape, and cottony in texture. The reverse side
was black at the center and gradually faded to white toward the margin. Conidiophores arose laterally
from the hyphae, with the basal portion dark brown and gradually becoming subhyaline toward the apex.
Phialides occasionally originate from node-like structures that form one or multiple units, each characterized
by a funnel-shaped (collarette infundibuliform) morphology. The conidia are falcate and tapered at both
ends. They were aseptate and hyaline with straight or slightly curved setulae at both ends. The size of the
spores was (12.1-)13.9(-15.8) X (2.6-)3.0(=3.5) um (n=20).

Specimen examined: Mungyeong, Gyeongsangbukdo, Korea, 36° 39' 41.95" N, 128° 10’
35.63" E, April 25, 2025, C. gonytrichoides, isolated from R. schlippenbachii, strain KNUE25E068,
NIBRFGC000514082, GenBank No. PX138822 (ITS), and PX138823 (LSU).

Notes: This species has been reported as a saprobe on decaying leaves, seeds, herbaceous stems,
and other unidentified hosts and occurs in diverse habitats, including both freshwater and terrestrial
environments. In agreement with previous descriptions, C. gonytrichoides was distinguished from
other species of Codinaea by the presence of nodose hyphae at the septa, giving rise to lateral phialides
[22,23], a feature clearly observed in strain KNUE25E068 (Fig. 5C). The falcate and aseptate conidia bear
characteristic setulae at both ends, which is a diagnostic feature important for classification within the genus
Codinaea (Fig. 5D) [24]. Strain KNUE25E068 is the first record of the genus Codinaea in Korea.

In this study, two endophytic fungi, Pezicula radicicola and Codinaea gonytrichoides, were isolated from
the roots of Rhododendron spp. in Korea and identified based on their morphological characteristics and
multilocus phylogenetic analyses. This is the first report of these species in Korea, expanding the known
diversity of root-associated fungi in ericaceous hosts. The present study provides a taxonomic basis for
future studies. Further research is needed to elucidate the ecological roles and functional significance of

these fungi in their host plants.
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Fig. 5. Morphology of Codinaea gonytrichoides KNUE25E068. A and B: Colonies after seven days of
growth at 25°C, showing the obverse (left) and reverse (right) sides on malt extract agar (A) and potato
dextrose agar (B). C: Conidiophores. D: Conidia. Scale bars: C and D, 20 pm.
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