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ABSTRACT
The fungal strain belonging to the genus Monochaetia of the family Sporocadaceae was iso-
lated from hairy long-horned toad beetle (Moechotypa diphysis) during the screening of micro-
fungi associated with insects from Gangwon Province, Korea. The strain KNUF-6L2F produced
white, light brown to dirty black surface, and olivaceous green colonies with the higher
growth, while the closest strain M. ilicis KUMCC 15–0520T were light brown to brown, and M.
schimae SAUCC 212201T light brown to brown toward center. The strain KNUF-6L2F produced
shorter (5.7–14.0lm) apical appendages than M. ilicis (6.0–24.0lm), but similar to M. schimae
(7.0–12.5lm). Three median cells of KNUF-6L2F were light brown to olivaceous green, whereas
brown and olivaceous cells were observed from M. ilicis and M. schimae, respectively. And the
strain KNUF-6L2F produced larger conidiogenous cells than M. ilicis and M. schimae.
Additionally, phylogenetic analyses based on molecular datasets of internal transcribed spacer
(ITS) regions, translation elongation factor 1-alpha (TEF1a), and b-tubulin (TUB2) genes corrobo-
rated the strain’s originality. Thus, the strain is different from other known Monochaetia spe-
cies, according to molecular phylogeny and morophology, hence we suggested the new
species Monochaetia mediana sp. nov. and provided a descriptive illustration.
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1. Introduction

The family Sporocadaceae was introduced by Corda in
1842 with the type genus Sporocadus and the species of
this family are endophytic, plant pathogenic or saprobic,
and associated with a wide range of host plants [1–
3]. The family included genus Bartalinia, Monochaetia,
Neopestalotiopsis, Pestalotiopsis, Pseudopestalotiopsis,
Seiridium, and many other species of asexual morph
bearing conidial appendages [5–6]. Most genera have
conidia that are multi-septate, essentially fusiform, have
appendages at one or both ends, and frequently have
some melanized cells. Also referred to as pestalotioid
fungus since they resemble taxa that have affinities to
genus Pestalotia [3]. The genus Monochaetia was intro-
duced considering the type species as M. monochaeta
including 23 species [7]. Numerous Monochaetia species
were reassigned to Pestalotiopsis or Truncatella and the
monograph of Guba recognized more than 40 species of
Monochaetia [8,9]. There are 136 Monochaetia epithets
in MycoBank (https://www.mycobank.org- accessed on
March 8 2023). Moreover, Monochaetia is a pestalotiop-
sis-like genus [4] and introduced the family
Pestalotiopsidaceae to accommodate with other

pestalotiopsis-like genera [10]. Additionally, the similar
conidia with an apical appendage can be seen in
Monochaetia, Pestalotia, and Pestalotiopsis. Conidia that
are septate and have a single apical appendage distin-
guish Monochaetia from the latter two taxa. The species
in this genus are typically saprophytes, plant parasites,
and carriers of leaf spot diseases on a variety of hosts
[11]. Although it can be a rare occurrence and distribu-
tion, the majority of Monochaetia species lack molecular
data [12]. It has been also noted that several
Monochaetia species produce bioactive substances such
taxol, ambuic acid, and chaetiacandin [13–15].

The purpose of continuing study on the native fun-
gal species in Korea is to improve our understanding of
their diversity, distribution, and ecology, as well as the
possible applications of these findings in a variety of
industries, including Korean agricultural environments.

2. Material and methods

2.1. Sample collection and fungal isolation

The insect samples were collected from Gangwon
Province (37�14013.200N, 129�04004.400E), Korea,
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transferred immediately to the laboratory and stored
at 4 �C until use. The insect was then rinsed three
times: twice with sterile distilled water, once with
70% ethanol, and finally ground with a hand
grinder. The isolation was performed using the dilu-
tion plating technique, as described previously [16].
After transferring the single colonies from the plates
to fresh PDA plates, they were kept in an incubator
at 25 �C for five to seven days. Subsequently, the
strain was selected for further molecular analyses
and fungal strain was maintained in 20% glycerol at
�80 �C for further study.

2.2. Cultural and morphological characterization

Cultural characteristics and morphological observa-
tions were studied using the cultural media accord-
ing to genus by following previous studies and the
strain was transferred to PDA incubated at 25 �C for
7 and 15 days [12,17]. The characteristics of the col-
onies were then recorded, and the mycological fea-
tures were observed by examining the fungal
structures under a light microscope (BX-50;
Olympus, Tokyo, Japan).

2.3. Genomic DNA extraction, PCR amplification,
sequencing

Total genomic DNA of strain KNUF-6L2F was
extracted from the fungal mycelia grown on the
PDA plate using the HiGene Genomic DNA Prep
Kit (BIOFACT, Daejeon, Korea) following the man-
ufacturer’s protocol. The internal transcribed spacer
regions with intervening 5.8S nrRNA gene (ITS),
28S ribosomal DNA for the large subunit (LSU),
partial b-tubulin (TUB2), and translation elongation
factor 1-alpha (TEF1a) genes were amplified and
sequenced by using primers pairs ITS1F/ITS4
[18,19], LROR/LR5 [20,21], T1/Bt2b [22,23], and
EF1-728F/EF-2 [24,25]. The quality of PCR products
was analyzed by 1.2% agarose gel electrophoresis
and stained with ethidium bromide. The purified
product was purified using ExoSAP-IT (Thermo
Fisher Scientific, Waltham, MA, USA) and then sent
to SolGent for sequencing (Daejeon, Korea).

2.4. Molecular phylogenetic analyses

Sequences from NCBI, the National Center for
Biotechnology Information, were used to construct
the phylogenetic trees (Table 1). Ambiguous regions
were deleted from alignments and evolutionary dis-
tance matrices for the neighbor-joining (NJ) algo-
rithm were calculated using Kimura’s two-parameter
model [26]. This analysis also identified nodes with
filled circles in the NJ phylogenetic tree [27]. Open

circles showed corresponding nodes from maximum
likelihood or maximum parsimony algorithms
[28,29]. The NJ method was inferred by tree top-
ology using MEGA7.0 software program with boot-
strap values based on 1000 replications [30].

3. Results

3.1. Taxonomical analysis of Monochaetia
mediana sp. nov.

The strain KNUF-6L2F exhibited distinct morph-
ology from those of allied species of Monochaetia
and was therefore described as a new species.

Monochaetia mediana S.Y. Lee and H.Y. Jung,
sp. nov. (Figure 1).

MycoBank: MB 847592
Etymology: The specific name is derived from

the Latin adjective “medianus”, -a, -um, meaning
“median”, referring to the median cells of conidia.

Typus: Gangwon Province (37�14013.200N,
129�04004.400E), isolated from hairy long-horned
toad beetle (Moechotypa diphysis). The stock culture
(NIBRFGC000509947) was deposited in the
National Institute of Biological Resources (NIBR) as
a metabolically inactive culture.

Habitat and known distribution: Samcheok-si,
Gangwon Province, Korea, from hairy long-horned
toad beetle (Moechotypa diphysis).

Cultural characteristics: Colonies on PDA 50.0–
54.0 and 60.0–63.0mm in diameter after 7 and
15 days at 25 �C, respectively. Colonies were circular,
zonate, undulate, canaliculate, whitish margin, light
brown, dirty black surface at the center, olivaceous
green colonies irregularly shown; reverse white to
light brown toward center and dark brown at the
center (Figure 1(A,B)).

Morphological characteristics: Conidiomata
150–805 lm diam (n¼ 20), pycnidial, mostly soli-
tary, scattered, immersed, brown to black, glabrous,
releasing conidia by breaking the surface grown on
PDA (Figure 1(C)). Conidiophores indistinct.
Conidiogenous cells 6.0–23.8� 3.0–6.2 lm, holo-
blastic, phialidic, discrete, cylindrical, hyaline,
smooth, thin-walled (Figure 1(D,E)). Conidia 17.8–
28.1� 4.4–5.5 lm diam. (x�¼22.1� 4.8 lm), fusi-
form, tapering at both ends, 4-septate, erect or
sometimes slightly curved; apical cell 3.1–5.3 lm
long (x�¼4.0 lm), conical, hyaline and smooth-
walled; three median cells together 11.5–17.0 lm
long (x�¼13.8 lm), doliiform, light brown to oliv-
aceous green, rough-walled, upper second cell 3.1–
5.1 lm long (x�¼4.3 lm), upper third cell 3.0–
5.9 lm long (x�¼4.2 lm), upper fourth cell 3.4–
4.8 lm long (x�¼4.1 lm); basal cell 3.1–5.8 lm long
(x�¼4.3 lm), conic, hyaline and smooth-walled;
apical appendage 5.7–14.1 lm long (x�¼9.3 lm),
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single, tubular, filiform; basal appendage 3.9–8.3 lm
long (x�¼5.7 lm), single, central, tubular, filiform
(Figure 1(G)).

Note: The strain KNUF-6L2F produced white,
light brown to dirty black surface, and olivaceous

green colonies, with the growth of 50.0–54.0 and
60.0–63.0mm in diameter on PDA after 7 and
15 days at 25 �C, respectively, while the closest strain
M. ilicis KUMCC 15–0520T (syn. M. ilexae) were
light brown to brown toward center with the growth

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

Species Strain numbers

GenBank accession numbers

ITS TEF1a TUB2

Monochaetia mediana KNUF-6L2FT OQ443083 OQ454909 OQ454910
Monochaetia castaneae SM9-2 MW166223 MW199742 MW218516
Monochaetia castaneae CFCC 54354T MW166222 MW199741 MW218515
Monochaetia ilicis CFCC 55248 – OK358482 OK358491
Monochaetia ilicis CFCC 55515 – OK358481 OK358490
Monochaetia ilicis CBS 101009 MH553953 MH554371 MH554612
Monochaetia monochaeta CBS 546.80 MH554056 MH554491 MH554732
Monochaetia monochaeta CBS 115004 AY853243 MH554398 MH554639
Monochaetia quercus CBS 144034T MH554171 MH554606 MH554844
Monochaetia schimae SAUCC212203 MZ577567 OK104876 OK104869
Monochaetia schimae SAUCC212202 MZ577566 OK104875 OK104868
Monochaetia schimae SAUCC212201T MZ577565 OK104874 OK104867
Bartalinia robillardoides CBS 122705T LT853104 LT853202 LT853252

Notes: ITS: Internal transcribed spacer regions of the rDNA; TEF1a: partial translation elongation factor gene; TUB2:
Beta-tubulin. The newly generated sequences were indicated in bold.

Figure 1. Cultural and morphological characteristics of Monochaetia mediana KNUF-6L2FT. The colony growth on potato dex-
trose agar at 25 �C after 15 days, front and reverse, respectively (A, B). Conidiomata (C); conidiogenous cells with conidia (D,
E); conidia (F, G). Scale bars: C¼ 1000lm; D,E,G¼ 10lm; F¼ 20lm.
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of 35mm after 7 days, and M. schimae SAUCC
212201T light brown to brown toward center with
the growth of 39.0–45.0mm after 15 days at 25 �C
(Table 2). The strain KNUF-6L2F produced shorter
(5.7–14.0 lm) apical appendages than M. ilicis
KUMCC 15–0520T (6.0–24.0 lm), but almost similar
to M. schimae SAUCC 212201T (7.0–12.5lm). The
three median cells of KNUF-6L2F were light brown
to olivaceous green, whereas brown and olivaceous
cells were observed from M. ilicis KUMCC 15–
0520T and M. schimae SAUCC 212201T, respect-
ively. The strain KNUF-6L2F produced larger (6.0–
23.8� 3.0–6.2 lm) conidiogenous cells than M. ilicis
KUMCC 15–0520T (4.0–6.0� 1.0–2.0 lm) and M.
schimae SAUCC 212201T (9.0–16.5� 1.2–2.2 lm)
(Table 2). The proposed strain KNUF-6L2F differed
from the closest strain of M. ilicis and M. schimae
with the colony’s growth and color, apical appen-
dages, color of three median cells, and
conidiogenous cells. Thus, the morphology of strain
KNUF-6L2F was distinct from the previously identi-
fied allied species of Monochaetia.

3.2. Molecular phylogeny of strain KNUF-6L2F

The ITS regions (553 bp) demonstrated maximum
100% with the different strains of Monochaetia ilicis
(CBS 101009, BK76, BK75, 464E), and 97.4–98.9%
similarities with the strains of M. sinensis HKAS
10065T, M. junipericola CBS 143391T, M. mono-
chaeta CBS 118.66, M. castaneae CFCC 54354T. The
sequences (803 bp) for the 28S ribosomal DNA
(LSU) of KNUF-6L2F revealed a high sequence simi-
larity of 99.5–100% with the strains of M. ilicis (CBS
101009, KUMCC 15-0517, HKAS 92492, KUMCC
15-0520), M. monochaeta M5-2, M. kansensis
PSHI2004Endo1030, M. junipericola CBS 143391, M.
sinensis HKAS 10065T, M. castaneae CFCC 54354T.
A partial sequence of TEF1a (510 bp), the isolated
strain showed maximum 89.96–91.90% similarities

with the strains of M. ilicis (CBS 101009, CFCC
55515, CFCC 55248). Also, a partial of TUB2
(724 bp) gene displayed highest 95.68–96.84% identi-
ties with the strains of M. ilicis (CBS 101009, CFCC
55515), 86.82–89.23% identities with the strains of
M. junipericola CBS 143391, M. sinensis HKAS
10065. The concatenated sequences of the ITS
regions, TUB2 and TEF1a genes, as well as the nodes
in the NJ phylogenetic tree, filled nodes in max-
imum likelihood and maximum parsimony trees,
were used to determine the taxonomic position of
KNUF-6L2F (Figure 2). The taxonomic position of
strain KNUF-6L2F was determined by phylogenetic
studies based on maximum parsimony using a com-
bination of sequences (tree length ¼ 586, consistency
index ¼ 0.74, retention index ¼ 0.78, and composite
index ¼ 0.62). Phylogenetic analyses and morpho-
logical observations revealed that strain KNUF-6L2F
was different from the Monochaetia species have pre-
viously been described (Figure 2). Thus, it needs to
be classified as a novel species in the genus and pro-
posed the name Monochaetia mediana sp. nov.

4. Discussion

Monochaeta species are often found as plant patho-
gens that also cause post-harvest losses and can
infect members of the Coniferales, Ericales, Rosales,
and Salicales order of plants [6,9,32,33]. In the pre-
vious studies, several species of Monochaetia were
reported from Fagaceae hosts, including M. dimor-
phospora (Castanea pubinervis), M. castaneae (C.
mollissima), M. monochaeta (Quercus pubescens) etc.
[3,31]. M. schimae was first reported from Schima
superba and M. ilicis was recorded from Ilex sp.
[12,17]. Also, M. concentrica and M. kansensis were
recovered from Castanea leaves, and M. junipericola
isolated from the twigs of Juniperus communis
[34,35]. Moreover, some species, namely, M. karste-
nii produces different secondary metabolites such as

Table 2. Morphological characteristics of Monochaetia mediana (KNUF-6L2FT) and comparison with the closest species of
Monochaetia.

Characteristics M. mediana KNUF-6L2Fa M. ilicis KUMCC 15–0520Tb
M. schimae SAUCC

212201Tc M. castaneae CFCC 54354Td

Colony color PDA: White, light brown to
dirty black surface,
olivaceous green

PDA: Light brown at the
margin, brown at the
center

PDA: Light brown at the
margin, brown at the
center

PDA: Spreading, with
sparse aerial mycelium
and smooth.

Shape Circular, zonate, undulate,
canaliculate

Circular, raised, dense,
zonate

Irregularly circular, raised,
dense, lobate edge,
zonate

Flat, lobate margin,
cinnamon

Size (diam.) 50–54mm after 7 at 25 �C 35mm diameter after
7 days at 25 �C

39–45mm after 15 days
at 25 �C

40mm in 15 days

Conidia (lm) 17.8–28.1� 4.4–5.5 20.0–27.0� 5.0–8.0 18.0–24.0� 4.5– 6.0 20.0–24.0� 5.4–6.2
Conidiogenous cells (lm) 20.0–27.0� 3.0–5.0 4.0–6.0� 1.0–2.0 9.0–16.5� 1.2–2.2 12.0–20.0� 1.5–2.5
Length of 3 median cells (lm) 11.5–17.0 13.0–18.0 12.5–15.5 10.5–16.5
Length of apical

appendage (lm)
5.7–14.0 6.0–24.0 7.0–12.5 17.5–35.0

Length of basal
appendage (lm)

3.9–8.3 3.0–12.0 2.5–5.0 10.0–20.0

aFungal strain studied in this research.
b–dSources of descriptions [12,17,31].
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cyclohexenone derivatives, cinnamic acid, isooxazo-
line 3-phenyl-benzodiazepine, 2-propenoic acid, 3-
phenyl-(E)-dodecene, and 3-undecen-1-yne (E) hav-
ing antimicrobial and antioxidant activity [36].
Another strain of Monochaetia called Monochaetia
sp. Tbp-2 can produce paclitaxel [37]. In 2019, the
species M. camelliae was recorded from seawater in
Korea [38]. However, there is no other species of
Monochaetia that has been recorded from any
insects in Korea until now. Therefore, there is possi-
bility that the numbers of novel secondary metabo-
lites and habitats remain to be discovered from this
genus. Though species of this genus Monochaetia
occur in many habitats worldwide, the identified
strain, KNUF-6L2F, was isolated from the hairy
long-horned toad beetle (Moechotypa diphysis)
in Korea.

In conclusion, the species in this genus are known
for their distinctive morphological features and their
occurrence on twigs, leaves, and stems of various
plant species. Therefore, considering all the aspects of
the new species of Monochaetia, further investigation
is essential to explore the etiology as well as their
pathogenicity along with their ecological importance
based on Korean soils and environmental conditions.
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