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ABSTRACT

In this study, we characterized two endophytic fungal species, respectively isolated
from the roots of Paeonia lactiflora and twigs of Gleditsia triacanthos in Korea, based on
morphological and molecular characteristics. Following surface sterilization, fungal strains
were isolated, cultured, and examined microscopically for morphological characteristics.
Molecular identification was conducted using PCR amplification and sequencing of four loci:
the internal transcribed spacer (ITS), large subunit (LSU) rDNA, B-tubulin (TUB), and RNA
polymerase Il second largest subunit (RPB2) regions. On the basis of these morphological
and phylogenetic analyses, the isolates were identified as Pleiocarpon strelitziae and
Neodidymelliopsis tinkyukuku, which are newly recorded species in Korea. The identification
of these unrecorded species augments current knowledge regarding the fungal diversity
in Korea and provides useful information for future studies on endophytic fungi and their
ecological roles.
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INTRODUCTION

Endophytic fungi are important components of natural ecosystems that occur ubiquitously in almost
all known plant species, encompassing a wide range of hosts growing in diverse habitats [1]. These fungi
inhabit internal plant tissues without causing visible disease symptoms, often providing multiple benefits
to their hosts, whilst simultaneously deriving advantages from these associations [2]. Moreover, bioactive
metabolites produced by endophytic fungi have been reported to play significant roles in mediating plant—
fungal interactions [3].

Paconia lactiflora Pall., a traditional medicinal and ornamental plant, has been established to harbor
diverse endophytic fungi, some of which are known to produce the secondary metabolite paconiflorin [4,5].
The genus Gleditsia (Fabaceae), comprises species of leguminous trees distributed in East Asia and North
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America, from which several bioactive compounds with therapeutic properties have been isolated [6,7].

During a survey of endophytic fungi associated with native plants in Korea, we obtained two isolates
from the plants P. lactiflora and Gleditsia triacanthos. On the basis of an examination of morphological
characteristics and molecular phylogenetic analyses, we identified these fungi as Pleiocarpon strelitziae
and Neodidymelliopsis tinkyukuku, respectively. Pleiocarpon (Nectriaceae, Hypocreales) is a small genus
comprising plant-associated or soil-borne fungi, some of which are phytopathogenic on Strelitzia [8].
Neodidymelliopsis (Didymellaceae, Pleosporales) includes species commonly occurring as endophytes or
weak pathogens on a diverse range of herbaceous and woody hosts [9].

In this study, we describe the detailed morphological and phylogenetic characterization of these two
endophytic fungi, which are newly recorded from Korea.

MATERIALS AND METHODS

Collection and sampling of plant materials

Samples were collected from the roots of Paeonia Iactiflora in Yeongju, Gyeongsangbuk-do (36.88055°N,
128.53939°E), in July 2020, and from the twigs of Gleditsia triacanthos in Jobal-do, Yeosu-si, Jeollanam-
do (34.632309°N, 127.56011°E), in May 2021. The samples were sealed in zipper bags and transported
to the laboratory within 24 h. Upon arrival, the collected materials were thoroughly rinsed under running
tap water, cut into 1.0-1.5 cm segments, and surface sterilized by immersing in 1% sodium hypochlorite
(NaOCl) solution for 1 min, followed by washing with 70% ethanol for 30 s. The sterilized segments were
subsequently placed on potato dextrose agar (PDA: Difco Laboratories, Detroit, MI, USA).

Culturing and morphological characterization

Fungal mycelia growing within plant tissues were observed after incubation at 25°C under dark
conditions for 7 d. The observed mycelia were subsequently sub-cultured on PDA medium to obtain pure
isolates. To determine colony characteristics, including diameter, color, morphology, elevation, and texture,
the pure cultures were examined macroscopically using an Axio Imager Al light microscope (Carl Zeiss,
Oberkochen, Germany). To induce sporulation, some isolates were co-cultured with sterilized pine needles

on 2% water agar.

DNA extraction and molecular identification

DNA was extracted from mycelia of the isolated strains using a HiGene Genomic DNA Prep Kit
(BioFACT, Daejeon, Korea), following the manufacturer’s instructions. Polymerase chain reaction (PCR)
was performed to amplify the intemal transcribed spacer (ITS), large subunit tDNA (LSU), 3-tubulin (TUB),
RNA polymerase II second largest subunit (RPB2) regions. The PCR conditions for ITS, LSU, and TUB
were as follows: an initial denaturation at 95°C for 2 min; followed by 35 cycles of denaturation at 95°C for
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20s, annealing at 50°C (ITS [10]), 44°C (LSU [11]), or 55°C (TUB [12]) for 40s, and extension at 72°C for
1 min; with a final extension at 72°C for 10 min. The PCR program used for RPB2 [13] comprised an initial
denaturation at 95°C for 5 min; followed by 35 cycles of denaturation at 95°C for 1 min, annealing at 52°C
for 2 min, and extension at 72°C for 90s; with a final extension at 72°C for 10 min. The amplified PCR
products were verified by agarose gel electrophoresis and subsequently subjected to Sanger sequencing
performed by Solgent Co., Ltd (Dacjeon, Korea). The DNA sequences obtained were analyzed using
the Basic Local Alignment Search Tool (BLAST) provided by the National Center for Biotechnology
Information (NCBI) to search for homologous sequences and to identify isolates at the species level.
Multiple sequence alignments were performed using MEGAL1 software [14], and phylogenetic trees were
constructed using the maximum likelihood method. The robustness of the phylogenetic trees was assessed
by performing 1,000 bootstrap replicates. Specimens of the newly identified and previously unrecorded
fungal species have been deposited at the National Institute of Biological Resources (NIBR), and the DNA

sequences used for phylogenetic analysis have been submitted to NCBI.

RESULTS AND DISCUSSION

Phylogeny

To determine their phylogenetic relationships, sequence analyses were performed for the two isolates
KNUE 20A186 and KNUE 21E(091. On the basis of analyses of the ITS, LSU, and TUB regions, the KNUE
20A186 strain was identified as Pleiocarpon strelitziae, which showed 100% (ITS), 99.6% (LSU), and 99.7%
(TUB) sequence identity with strain CBS 142251. The maximum-likelihood tree based on the combined ITS—
LSU-TUB sequences placed the isolate in a well-supported clade (bootstrap support = 99%) with the type
strain P, strelitziae CBS 142251, confirming its taxonomic identity (Fig. 1). On the basis of sequence analysis
of the ITS and RPB2 regions, the KNUE 21E091 strain was identified as Neodidymelliopsis tinkyukuku,
showing 99.6% (ITS) and 98.7% (RPB2) similarity to the type strain BRIP 69592. Within the maximum-
likelihood phylogenetic trees, strain KNUE 20A186 clustered with P, strelitziae CBS 142251 (Fig. 1),
whereas KNUE 21E091 formed a well-supported clade with N. tinkyukuku BRIP 69592 (Fig. 2), confirming
their respective identifications. In the maximum-likelihood tree constructed from the concatenated ITS and
RPB2 sequences, KNUE 21E091 grouped with N. tinkyukuku BRIP 69592 in a distinct and well-supported
clade (bootstrap support =92%) (Fig. 2).
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Fig. 1. A maximum likelihood phylogenetic tree (TN92+G) for Pleiocarpon strelitziae KNUE 20A186
based on a concatenated alignment of internal transcribed spacer (ITS), large subunit (LSU), and
B-tubulin (TUB) sequences, with Xenogliocladiopsis cypellocarpa used as an outgroup. The numbers on
branches indicate bootstrap values (1,000 replicates) greater than 50%. The fungal strain isolated in this

study is shown in bold type.
2 |: KNUE 21E091
Neodidymelliopsis tinkyukuku BRIP 69592
56 Neodidymelliopsis farokhinejadii SCUA 4-And-Con
Neodidymelliopsis longicolla CBS 382.96
51
Neodidymelliopsis achlydis CBS 256.77
Neoascochyta desmazieri CBS 297.69
B
0.02

Fig. 2. A maximum likelihood phylogenetic tree (K2+G) for Neodidymelliopsis tinkyukuku KNUE
21E091 based on a concatenated alignment of internal transcribed spacer (ITS) and RNA polymerase I
second largest subunit (RPB2) gene sequences, with Neoascochyta desmazieri used as an outgroup. The
numbers on branches indicate bootstrap values (1,000 replicates) greater than 50%. The fungal strain
isolated in this study is shown in bold type.
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Taxonomy

Pleiocarpon strelitziae L. Lombard & D. Aiello, IMA Fungus 8 (1): 73 (2017) [MB#820029] Fig. 3,
Table 1

Morphological characteristics of KNUE 20A186: When grown in darkness for 7 days at 25°C, colonies
on PDA reached 25-30 mm in diameter, consisting predominantly of light greenish-yellow aerial mycelia
with a thin margin of white hyphae. The reverse surface was brilliant orange yellow. On malt extract agar
(MEA) under the same conditions, colonies reached 34-39 mm in diameter, the central area of which
was brilliant greenish yellow, gradually transitioning to light greenish-yellow aerial mycelia toward the
margins. The reverse surface was similarly brilliant orange yellow. Colonies on both PDA and MEA were
characterized by a cottony texture, growing in concentric rings. The conidiophores were erect, smooth-
walled, and hyaline. Macro-conidia, which were boomerang-shaped and curved in a single direction,
measured (33.9-) 40.5 (48.2) X (4.5-) 5.7 (<7.4) um (n = 20), were hyaline, septate with 1-5 septa, and
scattered irregularly, whereas micro-conidia were lemon-shaped, smooth-walled, and measured (3.8-) 5.0
(-6.6) X (2.1-) 2.8 (-3.4) pm (n =20).

Specimen examined: Yeongju-si, Gyeongsangbuk-do, Korea, 36.88055°N, 128.53939°E, July 7, 2020,
isolated from roots of Paeonia lactiflora Pall., strain KNUE 20A186, NIBRFGC000508513, GenBank
No. PX220004 (ITS), PX220007 (LSU), PX236115 (TUB).

Notes: Pleiocarpon strelitziac was first described from a botanical garden in eastern Sicily, Italy, as a
pathogen causing dry basal stem rot on Strelitzia reginae Ait. Although the sexual morph has not been
observed, the asexual morph has been reported to be Cylindrocarpon-like. The macro-conidia have been
described as almost cylindrical, hyaline, straight to curved, and with 0-5 septa [§], which is consistent with
the characteristics observed in P, strelitziae KNUE 20A186.

-

Fig. 3. Morphological characteristics of Pleiocarpon strelitziae KNUE 20A186. Colonies grown for 7
days on potato dextrose agar (A) and malt extract agar (B). Conidiomata (C). Conidiophore (D). Macro-
conidia (E). Micro-conidia (F). Scale bars: 1 mm for C, and 20 pum for D, E, and F.
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Table 1. Morphological characteristics of Pleiocarpon strelitziae KNUE 20A186

Strain P, strelitziae KNUE 20A186 P, strelitziae [8]
Colony PDA, MEA, 25T, 7 days PDA, 24T, 10 days
Color PDA: light greenish yellow Cinnamon to honey
MEA: brilliant greenish yellow
Size PDA: 25-30 mm -
MEA: 34-39 mm
Shape Even surface, circular colony Sparse cottony, white aerial mycelium
Conidia Micro-conidia: droplet-like, tapering at both ends, Micro-conidia: ellipsoid to ovoid or
surface roughened, not entirely smooth, slightly  subcylindrical, straight to slightly curved, hilum
scarred or with minute imperfections. (5.6-) 7.6 minute or laterally displaced

(-99)x(2.19) 3.1 (-3.7) um
Macro-conidia: 1-5 septa, irregularly distributed; ~ Macro-conidia: cylindrical to subcylindrical,
falcate (sickle-shaped), unidirectionally curved; ~  hyaline, straight to curved; apex slightly bent
surface smooth to uneven. (33.6-) 40.9 (—49.8) x  and minutely beaked; base with central or lateral
(4.8-)6.0 (=7.3) um hilum
PDA: potato dextrose agar; MEA: malt extract agar.

Neodidymelliopsis tinkyukuku E.C. Keirnan, M.H. Laurence, R.G. Shivas & Y.P. Tan, MycoKeys 78:
11 (2021) [MB#833692] Fig. 4, Table 2

Morphological characteristics of KNUE 21E091: When grown on PDA at 25°C for 7 days, colonies
reached 4649 mm in diameter, characterized by a white margin with a dark brown center and lacking
pigmentation. Mycelium expanded radially at a consistent rate, forming circular colonies of uniform density
that grew parallel to the agar surface, resulting in an even, velvety texture comprising densely packed short
hyphae. The reverse surface has a morphology similar to that of the upper surface. On MEA, colonies
reached 50-51 mm in diameter, with an opaque white margin and a yellowish-brown center, maintaining
the same growth pattern, texture, and reverse morphology as observed on PDA. Conidia were cylindrical,
hyaline with light yellow, measuring (4.37-) 5.06 (-5.96) X (2.29-) 2.73 (-3.12) pm (n=20).

Specimen examined: Jobaldo island, Yeosu-si, Jeollanam-do, Korea, 34.632309°N, 127.56011°E, May 6,
2021, isolated from twigs of Gleditsia triacanthos, strain KNUE 21E091, NIBRFGC000509079, GenBank
No. PX459707 (ITS), LC902017(RPB2).

Notes: N. tinkyukuku was first reported from the leaves of Hardenbergia violacea (Schneev.) Stearn
collected in Clare, South Australia. Fine structural features provide a more reliable basis of determining
similarity than external colony morphology [15].

In this study, the two species P, strelitziae and N. tinkyukuku, which were previously unrecorded in Korea,
were isolated from the roots of Paconia lactiflora and twigs of Gleditsia triacanthos, respectively, and were
characterized based on morphological observations and molecular phylogenetic analyses. N. tinkyukuku
was originally reported as a pathogenic fungus causing disease on the leguminous plant H. violacea,
although in the present study, it was isolated from surface-sterilized tissues from a different leguminous
host, indicating that this fungus can also establish associations as an endophytic symbiont. Such cases, in
which endophytic fungi have both symbiotic and pathogenic behaviors, tend to be relatively common given
that the interactions between endophytes and their host plants range along a continuum from mutualism
to pathogenicity [16]. For example, depending on environmental and host conditions, Colletotrichum
gloeosporioides and Fusarium oxysporum are known to function as either endophytes or pathogens, and

Chaetomium globosum can also occur as an endophyte, saprophyte, or pathogen [17-19]. Such examples
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accordingly illustrate the ecological diversity and functional versatility of plant endophytic fungi.

Although research on endophytic fungi in Korea has gradually been increasing in recent years, further
taxonomic and ecological studies are required to gain a more comprehensive understanding of their
diversity [20]. Consequently, the discovery of previously unrecorded fungi in Korea highlights the necessity
of continuous investigation of indigenous microorganisms, the study of which has potentially important

implications for plant health, ecosystem functioning, and potential biotechnological applications.

Fig. 4. Morphoogical characteristics of Neodidymelliopsis tinkyukuku KNUE 21E091. Colonies grown
for 7 days on potato dextrose agar (A) and malt extract agar (B). Conidiomata (C). Pycnidial wall (D).
Conidiophore (E). Conidia (F). Scale bars: 0.5 mm for C, 10 um for D, 5 pm for E, and 10 pum for F.

Table 2. Morphological characteristics of Neodidymelliopsis tinkyukuku KNUE 21E091

Strain N. tinkyukuku KNUE 21E091 N. tinkyukuku [15]
Colony PDA,MEA, 25T, 7 days PDA,MEA, OA, 25T, 7 days
Color PDA: white margin with a dark brown center PDA: pale mouse grey lighter at margin
MEA: white margin with a strong yellowish- MEA: vinaceous buff paler at margin
brown center OA: buff with numerous grey patches, darker
with abundant pycnidia at center
Size PDA: 46-49 mm PDA:35-38 mm
MEA: 50-51 mm MEA: 28-30 mm
OA:26-28 mm
Shape Circular, even surface, velvety texture Flat, spreading, with sparse aerial mycelium and
feathery margins
Conidia Cylindrical, hyaline, thin-walled (4.37-) 5.06  Occasionally septate, 6-9 x 2-3 pm, cylindrical,
(-5.96) x (2.29-) 2.73 (-3.12) um hyaline, thin-walled

PDA: potato dextrose agar; MEA: malt extract agar; OA: oatmeal agar.
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