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ABSTRACT
Ambrosia fungi are well-known for their symbiotic interactions with ambrosia beetles, acting 
as a sole food source of larvae and adult beetles. As a first step to reveal these interactions, 
extensive survey on the fungal symbionts of ambrosia beetles dwelling in Korea. Eight fungal 
species isolated from 15 ambrosia beetle species were not known for their presence in Korea. 
Seven of these belonged to two orders of Ascomycota; Microascales (Ambrosiella beaveri,  
A. catenulate, and A. roeperi) and Ophiostomatales (Leptographium verrucosum, Raffaelea 
cyclorhipidii, R. subfusca, and Sporothrix eucastaneae) and one to Polyporales of Basidiomycota 
(Irpex subulatus). This is the first report of these species in Korea with taxonomic descriptions.

1.  Introduction

Ambrosia fungi are collective group of fungi which 
have symbiotic relationship with ambrosia beetles 
which excavate tunnels and cultivate fungal gardens 
for sole nutrient sources in the tree sapwood [1,2]. 
Most of these fungi are known to be dispersed only 
by their insect partners on mycangia, a specialized 
spore carrying organ of female beetles, when female 
ambrosia beetles explore new host trees [2,3]. Several 
lineages of fungi in the orders of Mircroascales 
(Ambrosiella, Toshionella, and Phialophoropsis) [4–7] 
and Ophiostomatales (Afroraffaelea, Raffaelea, and 
Dryadomyces) [8–11] were historically known as 
ambrosia fungi. Recent studies have expanded the 
fungal diversity to Hypocreales with a group of 
Fusarium species comprising the Ambrosia Fusarium 
clade (AFC) [12–14] and to Basidiomycota with 
Irpex subulatus (former Flavodon subulatus and  
F. ambrosius) [15,16] as new members.

Dying or freshly dead trees were known as the 
home of majority of ambrosia beetles resulting in lit-
tle or no economic impact on agricultural or natural 
ecosystem. But a few ambrosia beetles attack stressed 
trees or even healthy trees causing devastating con-
sequences with their fungal symbionts. Korean oak 
wilt disease which destroyed landscape of National 
Park in the central part of South Korea during last 
20  years since its first occurrence in 2004 is one of 
example among others. Causal agent is attributed to 

Dryadomyces quercus-mongolicae (Raffaelea quercus- 
mongolicae) carried by one of ambrosia beetle Platypus 
koryoensis [17]. More than 50 ambrosia beetles in 
subfamilies Scolytinae and Platypodinae (Coleoptera, 
Curculionidae) were known to reside in South Korea 
[18]. However, little is known for their fungal part-
ners even including the list of interacting fungal spe-
cies except two species. Only one species,  
D. quercus-mongolicae, was reported as the symbiont 
of ambrosia beetle, P. koryoensis [17]. Although 
Ambrosiella grosmaniae, one of representative ambro-
sia fungal species, was known to reside in Korea, a 
strain of this species was isolated from soil samples 
without mentioning on the possible interactions with 
ambrosia beetles [19].

As a first step to reveal these special interactions, 
we explored fungal species interacting with ambrosia 
beetles in forests of Korea. During this survey, eight 
fungal species of which presence has not been 
recorded in Korea were identified with pure cultures 
isolated from 15 ambrosia beetles. We first report 
these eight fungal species with taxonomic descriptions.

2.  Materials and methods

2.1.  Beetle collection and fungal isolation

Ambrosia beetles were collected from nine sites using 
multiple funnel traps over three years (Supplementary 
Tables 1 and 2). Several Platypus koryoensis samples 
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were collected directly from the tunnels of infected 
trees using forceps. All the beetle samples were kept 
alive on moistened tissue paper and identified under 
a dissecting microscope (Olympus LG-PS2; Olympus, 
Tokyo, Japan).

Surface of female ambrosia beetles were washed 
with sterile saline and ground using a disposable 
homogenizer (Ultra Grinder B and Tissue Grinder 
Motor, Taeshin Bioscience, Namyangju, South Korea) 
with 200  ul sterile saline. The ground samples were 
serial diluted up to 100 folds with sterile saline and 
10  ul of each dilute was dropped on potato dextrose 
agar (PDA, BD Difco, Franklin Lakes, NJ) amended 
with 50 ppm Rose Bengal (Samchun chemicals, 
Seoul, South Korea), 100 ppm streptomycin sulfate 
(Sigma-Aldrich; Merck, Darmstadt, Germany), and 
100 ppm kanamycin (Sigma-Aldrich; Merck, 
Darmstadt, Germany). While incubating up to one 
week at 23 °C, representative each morphotype of 
fungal colonies was subcultured on a new PDA 
without Rose Bengal and antibiotics. Pure culture of 
each strain was obtained by single spore isolation, 
and was deposited in the National Institute of 
Biological Resources (NIBR) Culture Collection in 
Korea in Korea after molecular and morphological 
identification.

2.2.  DNA extraction, sequencing, and 
phylogenetic analysis

Genomic DNA was extracted from the fungal iso-
lates grown on PDA for 7–10  d using a DNeasy® 
Plant Mini Kit (Qiagen, Hilden, Germany). For ini-
tial species identification, the internal transcribed 
spacer (ITS) region of the ribosomal DNA was 
amplified and sequenced using the universal primers 
ITS1F [20] and ITS4 [21]. The primers, LR0R and 
LR5 [22], are used for the amplification of nuclear 
large subunit (28S) ribosomal DNA (LSU). The 
translation elongation factor 1-alpha (tef1) was 
amplified using the primer pairs EFCF1.5 and EFCF6 
for Ambrosiella [5], EF1-983F and EF1-2218R for 
Geosmithia [23], and EF2F and EF2R for 
Leptographium [24,25], respectively. The tef1 gene 
was sequenced using the internal primers EFCF2, 
EFCF3, and EFCer3 for Ambrosiella [5,7,26]. The 
beta-tubulin (TUB) gene was amplified using the 
primer pair Bt2a and Bt2b [27]. The second largest 
subunit of RNA polymerase II (RPB2) was amplified 
using the primer pair OphRPB2F1 or OphRPB2F2 
and OphRPB2R1 for Ophiostomatales [28], and 
fRPB2-5F and fRPB2-7cR for Geosmithia [29], 
respectively. The PCR conditions included an initial 
denaturation at 94 °C for 5 min, 35 cycles of denatur-
ation at 94 °C for 30 s, annealing at 55 °C for ITS 

and LSU, 58 °C for tef1, TUB, and RPB2 for 30 s 
extension at 72 °C for 1 min (1.5 min for tef1), and 
final extension at 72 °C for 10 min. All contigs were 
trimmed and assembled using the Sequencher ver-
sion 5.0 DNA sequence analysis software (Gene 
Codes Corporation, Ann Arbor, MI), and aligned 
using MAFFT (multiple alignments using fast Fourier 
transform) version 7 [30]. A phylogenetic analysis 
was conducted based on maximum likelihood (ML) 
RAxML HPC BlackBox version 8.1.11 [31], using 
the default option with the GTR substitution model 
and bootstrap test (1000 replicates) in the CIPRES 
cluster server (https://www.phylo.org/) at the San 
Diego Supercomputing Center.

2.3.  Morphology

For growth rate studies and observation of the fun-
gal micromorphs, each strain was cultured on 9-cm 
petri dishes at 25 °C on malt extract agar (MEA; 
Difco) in the dark. The Ambrosiella strains were cul-
tured on MYEA (2% Difco malt extract, 0.2% Difco 
yeast extract, and 1.5% agar). Microscopic observa-
tion of hyphae, conidia, and conidiophores were 
conducted using a ZEISS Axio Imager M2 (Carl 
ZEISS Microscopy GmbH) equipped with an 
Axiocam 506 mono digital camera.

3.  Results and discussion

Survey on symbiotic fungi from 216 ambrosia beetle 
samples belonging to 25 weevil species that reside in 
South Korea were conducted during 2020–2022. A 
total of 140 potential ambrosia fungal isolates were 
obtained, which were grouped into 12 genera. After 
phylogenetic analysis and morphological observation, 
we found that eight species, with 67 isolates from 56 
samples of 15 weevil species, were not recorded in 
Korea (Table 1 and Table 2). We report three species 
of Ambrosiella, one Leptographium, two Raffaelea, 
and one Sporothrix of Ascomycota, as well as one 
Irpex in Basidiomycota with taxonomic description 
for the first time in Korea.

Genus Ambrosiella (Ceratocystidaceae, Microascales, 
Ascomycota) is one of the representative ambrosia 
fungi currently accomodating ten member species 
[2,4–6,32–35]. Only one species, A. grosmanniae, 
was known to reside in Korea [19]. Here we report 
additional three species, A. beaveri, A. roeperi, and 
A. catenulata, from Cnestus mutilatus, Anisandrus 
apicalis, and Xylosanndrus crassiusculus, respectively 
(Figures 1 and 2). Strains of genus Ambrosiella were 
grouped with the type strain of each species in phy-
logenetic tree with concatenated sequences of ITS 
and TEF1 regions (Figure 1). Thirteen strains of  
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A. beaveri and seven strains of A. roeperi exhibited 
similar morphological characters with those of type 
strain. However, two types of colonies were observed 
among five strains of A. catenulata. Two strains 
(W20-44-04 and W20-44-07) showed typical cultural 
morphs, i.e., gray to olivaceous colony with abundant 
aerial mycelia like those described for type strain 
CBS142152T on MYEA as well as on PDA (Figure 2(C); 

[32]). A new cultural morphology, i.e., flat brownish 
cream mycelia with flourish sporodochia and secret-
ing dark brown pigments, was observed for the three 
isolates both on MYEA and PDA (Figure 2(D)). 
These two morphotypes were isolated from the same 
sample of Anisandrus apicalis collected from Inje, 
Gangwon province, and shared identical sequences 
each other and with the type strain in ITS and TEF1 

Table 1.  Number of Ambrosia fungal strains isolated in this study.
Phylum Order Species Host Host sample Fungal strains

Ascomycota Microascales Ambrosiella beaveri Cnestus mutilatus 13 13
A. catenulata Anisandrus apicalis 1 5
A. roeperi Xylosandrus crassiusculus 7 7

Ophiostomatales Leptographium 
verrucosum

Debus defensus 1 1

Raffaelea cyclorhipidii Euwallacea interjectus 1 1
R. subfusca E. interjectus 1 1

E. validus 4 4
Sporothrix eucastaneae Ambrosiophilus atratus 2 2

Cyclorhipidion bodoanum 2 2
Cy. pelliculosum 2 2
E. validus 4 4
Xyleborinus saxesenii 3 3
Xylosandrus germanus 1 1
Xylo. crassiusculus 5 5
Scolytoplatypus sinensis 1 1
Platypus koryoensis 1 1

Basidiomycota Polysporales Irpex subulatus Ambrosiodmus rubricollis 5 5
Ambrosiophilus atratus 3 3

Total 57 61

Figure 1.  Phylogenetic tree of Ambrosiella species. A phylogenetic tree was drawn by maximum-likelihood analysis based on 
the ITS and TEF sequences. Bold indicates strains obtained from this study.
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regions. Genetic bases underlying these two mor-
photypes remained to be uncovered. Ambrosiella 
species are known to have specific association with 
ambrosia beetles having mesonotal pouch mycangia 
at species level and exhibited monophyletic group 
[5,32,36,37]. Strains of each species identified in this 
study were also isolated from different beetle species 
of tribe Xyleborini, as such, also support the hypoth-
esis of specific association of Ambrosiella species and 
weevil species.

Raffaelea is commonly associated with ambrosia 
beetles, including those belonging to the tribes 
Xyleborini and Platypodini, and currently houses 27 
species within the order Ophiostomatales of 
Ascomycota [11,28,37]. In South Korea, Dryadomcyes 
quercus-mongolicae (previously Raffaelea quercus- 
mongolicae) was reported as a new species in 2009 
[17], but no further records of Raffaelea have been 
reported since then. In this study, we identified 
R.  cyclorhipidii and R. subfusca after phylogenetic 
analyses with β-tubulin and RPB2 sequences  

and morphological observations (Figure 3 and 
Supplementary Figure 1). R. cyclorhipidii was reported 
to be associated with Cyclorhipidion [11]. In this 
study, strains of this species were only isolated from 
Euwallacea interjectus. R. subfusca was first reported 
as a symbiont of Xyleborus glabratus [9]. It was also 
isolated from Euwallacea validus [11]. In this study, 
four strains were isolated from E. validus, and one 
from E. interjectus. Each species of Raffaelea is known 
to interacts with several species of host ambrosia 
beetles [2,9,11,35,38–40]. Our data also showed 
asymmetric association of Raffaelea species and the 
relevant insect host.

Two genera, Leptographium and Sporothrix are gen-
erally regarded as bark beetle associates with a few 
species in association with ambrosia beetles. The 
genus Leptographium of Ophiostomatales is currently 
accommodating more than 100 species. A few species 
including L. tardum, L. trypodendri, and L. verru-
cosum were recognized in association with ambrosia 
beetles [41–44]. Three bark beetle associated species, 

Figure 2.  Morphological characters of Ambrosiella species. (A,E–G) Ambrosiella beaveri (W20-18-1-01). (B,H–K) Ambrosiella 
roeperi (W20-39-02). (C and D,L–N). Ambrosiella catenulata (C,L,M W20-44-04, D,N. W20-44-05). Growth on MYEA (A,B) and 
PDA (C,D) 9  d at 25 °C. € phialoconidiophore. (F) aleurioconidiophore with chains of conidia. (G) Condia. (H and I) 
Aleuriconidiophore. (J) Conidia. (K0 aleuriconidia. (L) Aleuriconidiophore. (M and N) Conidiophore. Scale bars: 10 μm (E–N).

https://doi.org/10.1080/12298093.2024.2391629


Mycobiology 5

i.e., L. koreanum, L. pini-densiflorae, and L. procerum, 
were reported from imported timber or from a bark 
beetle residing pine trees in Korea [45–47]. We iden-
tified a strain from an ambrosia beetle, Debus defen-
sus, as L. verrucosum based on phylogeny and 
morphology (Figure 4), representing the first observa-
tion of this species in South Korea.

The genus Sporothrix (Ophiostomatales) currently 
accommodates 97 accepted species (Mycobank), 

which has been found from diverse environments, 
such as soil, plant materials, mites, and beetles 
[28,48]. To date, four species, i.e., S. eucastaneae, 
S.  cracoviensis, Sporothrix sp. 4, and Sporothrix sp. 9, 
have been documented to be potentially associated 
with ambrosia beetles [49,50]. In this study, we 
obtained 22 strains which were identified as S. eucas-
taneae based on phylogeny with ITS and tubulin 
sequences and morphology (Figure 5). These were 

Figure 3.  Phylogenetic tree and morphological characters of Raffaelea species. (A) Phylogenetic tree drawn by 
maximum-likelihood analysis based on the tubulin sequences. Bold indicates strains obtained from this study. (B–E) Raffaelea 
cyclorhipidii (W22-120A-A06). (C and D) conidiophore. (E) conidia. (F–I) Raffaelea subfusca (W22-120A-A03B). (G) Conidiophore. 
(H) Conidiophore and conidia. (I) Conidia. (B and F) growth on MEA 14  d at 25 °C. Scale bars: 10 μm (C–E, G–I).
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isolated from nine ambrosia beetle species that are 
different from previous reports (Table 1).

One basidiomycetous fungus, Irpex subulatus (pre-
vious Flavodon ambrosius and F. subulatus) is known 
as symbiont of two genera of ambrosia beetles, 
Ambrosiodmus and Ambrosiophilus [15,51]. Li et  al. 
isolated this species from Ambrosiophilus atratus 
inhabiting South Korea [52], but they did not provide 
any detailed morphological description. In this study, 
we obtained 8 strains of this species from 8 samples 
of two ambrosia beetles, Ambrosiodmus rubricollis 
and Ambrosiophilus atratus. These isolates had the 
same sequences with the type strain in ITS and LSU 
regions and exhibited similar morphology (Figure 6). 
Therefore, we provided a taxonomy description of 
isolates from ambrosia beetles living in South Korea.

3.1.  Taxonomic description

Genus Ambrosiella
Ambrosiella species, known as general ambrosia fungi, 
are associated with genera Cnestus, Xylosandrus, and 
Anisandrus in tribe Xyleborini. The genus Ambrosiella, 
with A. xylebori as the type species was first 

discovered and described by Brader, Arx, and 
Hennebert [35,52], currently accommodating ten spe-
cies. These species have single- or short-chain aleu-
rioconidia at the terminus of the aleuriodonidiophore 
of phialides [5,9]. They are known to exhibit a spe-
cific association with Ambrosia beetles. Three species 
of Ambrosiella were described in this report: A. bea-
veri from Cnestus mutilatus, A. catenulata from 
Anisandrus apicalis, and A. roeperi from Xylosandrus 
crassiusculus.

Ambrosiella beaveri Six, Z.W. de Beer & W.D. 
Stone, in Six et  al. Antonie van Leeuwenhoek 96:23, 
2009. Mycobank MB504757 (Figure 2).

Description: Colonies on MYEA 4.6–5.2 cm in 
diameter after 7  d at 25 °C, surface growth flat, oli-
vaceous to gray, Sporodochia white, becoming gray 
with age, reverse dark olive to dark gray, odor sour. 
Mycelia hyaline to light brown, melanized, septate, 
branched hyphae. Aleurioconidiophores and phialo-
conidiophores hyaline smooth, simple to branched, 
56.48–125.47 μm long for aleurioconidiophores, 
45.17–123.49 μm long for phialoconidiophores, pro-
ducing single or chain aleurioconidia on the termi-
nal conidiophore. Aleurioconidia hyaline, globose to 

Figure 4.  Phylogenetic tree and morphology of Leptographium verrucosum. (A) Phylogenetic tree drawn by maximum-likelihood 
analysis based on the LSU, TEF, and RPB2 sequences. Bold indicates strain obtained from this study. (B) Growth on MEA 9  d 
25 °C. (C) Conidiophore and conidia. Scale bar 10 μm.
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subglobose, aseptate, 7.46–10.84  ×  8.47–13.57 μm 
(Figure 2(A,E–G)).

Strains examined: Thirteen isolates of Ambrosiella 
beaveri were obtained from Cnestus mutilatus in this 
study, Bukhansan National Park, Seoul (W21-127-01, 
W21-128-01, W21-129-01); Goseong, GW (W20-27-08, 
W20-28-06); Pocheon, GG (W20-18-1-01, W21-49-01); 
Namyangju, GG (W21-48-01); Gyeryongsan National 
Park, Gongju, CN (W22-97-01); Iksan, JB (W21-85-03, 

W21-103-02, W21-105-01, W22-118-02) of Republic 
of Korea.

Notes: Ambrosiella beaveri is known as a symbi-
ont of Cnestus mutilatus and has been reported in 
the United States, Taiwan [5,32,34]. Our data also 
support the specific association between Ambrosiella 
and weevil species in tribe Xyloborini (Table 1, 
Figure 1). A. beaveri has two types of conidiophores: 
Aleurioconidiophores and Phialoconidiophores. The 

Figure 5.  Phylogenetic tree and morphological characteristics of Sporothrix eucastanea. (A) Phylogenetic tree drawn by 
maximum-likelihood analysis based on the ITS, LSU, and tubulin sequences. Bold indicates strains obtained from this study.  
(B and C) strain W22-96-02 growth on MEA 14  d 25 °C. (D) Ascoma. (E) Ostiolar hyphae. (F) Ascospores. (G) Conidiophore and 
conidia. Scale bars: 100 μm (D), 10 μm (E–G).
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isolates showed a morphology similar to that of the 
type strain CBS 121750. This is the first report of  
A. beaveri isolated in South Korea.

Ambrosiella roeperi T. C. Harrington & McNew, 
Harrington et al. Mycologia 106:841, 2014. Mycobank 
MB805798 (Figure 2).

Description: Colonies on MYEA 6.2–7.2 cm in 
diameter after 5  d at 25 °C, surface growth flat, light 
brown to olivaceous and gray, droplets of clear, 
red-brown liquid scattered across the surface, sporodo-
chia white to light brown, reverse dark brown to black, 
odor sour. Mycelia hyaline to light brown, melanized, 
septate, branched hyphae. Aleurioconidiophores hya-
line simple to branched, 20.92–70.41 μm long, produc-
ing single or chain of aleurioconidia on the terminal 
conidiophore. Aleurioconidia hyaline, thick-walled, 
globose to subglobose, aseptate, 6.66–13.26  ×  9.16–
14.89 μm, aleurioconidia carrying one or two conidio-
phore cells detached from the aleurioconidiophores 
(Figure 2(B,H–K)).

Strains examined: All strains of Ambrosiella roeperi 
were isolated from Xylosandrus crassiusculus, collected 

at Pocheon, GG (W20-39-02, W22-32-04, and 
W22-85-05); Gyeryongsan National Park, Gongju, CN 
(W22-55-15, W22-71-04); Iksan, JB (W22-40-05); and 
Seoguipo, Jeju (W21-70-03), Republic of Korea.

Note: Ambrosiella roeperi is known as symbiont of 
Xylosandrus crassiusculus and has been reported in 
the United States, Taiwan, and Japan [4,5,7,32]. This 
species is usually known to bear aleurioconidia from 
a single conidiophore. In this study, all the isolates 
of A. roeperi were obtained from Xylosandrus cras-
siusculus and grouped together with type strain by 
phylogenetic analysis (Figure 1). In addition, these 
isolates exhibited the same morphological character-
istics including aleurioconidia to those of the type 
strain (CBS 135864). This is the first report of  
A. roeperi isolated in Korea.

Ambrosiella catenulata Y. T. Lin and H. H. Shih, 
Lin et  al. Mycoscience 2017. Mycobank MB818077 
(Figure 2).

Description: Colonies on MYEA 5.9–6.2 cm in diam-
eter after 5  d at 25 °C, surface growth flat, odor sour, 
two types of cultural morphology were observed; (1) 

Figure 6.  Phylogenetic tree and morphological characteristics of Irpex subulatus. (A) Phylogenetic tree drawn by 
maximum-likelihood analysis based on the ITS and LSU sequences. Bold indicates strains obtained from this study. (B) Strain 
W22-29-01 growth on MEA 7  d 25 °C. (C) Hyphae. (D) arthroconidia, produced from fragmentation of small hyphae. Scale bars: 
10 μm (C and D).
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typical colony as type strain, i.e., white to olive, gray, 
covered with abundant aerial mycelia, conidiophores 
rarely observed, (2) colony flat and white to brown, 
sporodochia spherical, white to light gray composed of 
abundant conidiophores, reverse brown to black. 
Aleurioconidiophores are hyaline, smooth, simple to 
branched, 47.59–79.53 μm long, producing a terminal 
or branched chain of aleurioconidia. Conidiophores are 
hyaline, smooth, simple, 93.13–145.95 μm long, produc-
ing conidia at a single end. Aleurioconidia and conidia 
hyaline: globose to subglobose, aseptate, 7.63–
11.12  ×  8.94–12.53 μm (Figure 2(C,D,L–N)).

Strains examined: All strains of Ambrosiella catenu-
lata were isolated from Anisandrus apicalis collected 
from Inje, GW, Republic of Korea (W20-44-03, 
W20-44-04, W20-44-05, W20-44-06, and W20-44-07).

Notes: Ambrosiella catenulata was first reported 
by Lin with the type strain CBS142152 isolated from 
the gallery of Anisandrus hirtus in Taiwan [32]. This 
species has also been reported in Japan [7]. Colonies 
on PDA of the type strain exhibited olivaceous to 
gray with abundant aerial mycelia. This species has 
also been isolated from Eccoptopterus spinosus [32]. 
Mayers et  al. [7] isolated A. catenulata from Japanese 
Anisandrus apicalis but provided no taxonomic 
description. In this study, we observed two types of 
cultural morphology on MYEA: the presence or 
absence of abundant aerial mycelia. The flat myce-
lium type (W20-44-03, W20-44-05, and W20-44-06) 
beared abundant aleuriconidiophores, whereas the 
typical aerial mycelium type (W20-44-04 and 
W20-44-07) was covered with fluffy aerial hyphae 
with rare terminal conidiophore. These strains were 
isolated from the same sample of Anisandrus apicalis 
collected at Inje, Gangwon Province, and had the 
same sequences in ITS and were grouped with  
A. catenulata in the multigene phylogenetic analysis 
(Figure 1). We report A. catenulata in South Korea 
for the first time.

Genus Raffaelea
Raffaelea is one of fungal genus associated with 

ambrosia beetles with R. ambrosia as the type spe-
cies [35]. Raffaelea has been described as an asexual 
genus in the Ophiostomatales, but sexual structures 
were found in several species, including R. seticollis, 
R. deltoideospora, and R. vaginata [38] improving  
the generic description. A group of species in 
Raffaelea, i.e., R. quercivora, R. sulphurea, R. mon-
tetyi, R. quercivora, and R. quercus-mongolicae were 
recently re-assigned to a new genus Dryadomyces 
with D. amasae as the type species after molecular 
phylogenetic analysis [28,69]. Recently, a new genus, 
Harringtonia, was introduced to accomodate the 
Raffaelea lauricola complex [28].

Raffaelea cyclorhipidii D. R. Simmons and Y. T. 
Huang, in Simmons et al. IMA Fungus. 7(2):265-273, 
2016. MB817173 (Figure 3).

Description: Colonies on MEA 22.9–23.9 mm in 
diameter after 7  d at 25 °C surface wrinkled, moder-
ate aerial mycelium, surface mycelium cream becom-
ing olive and brown with age, reverse subhyaline, 
moderate sporulation. The conidiophores are hya-
line, and simple, producing usually a single conid-
iogenous cell on the terminal end of the conidiophore, 
22.92–78.36(115.29)  μm long. Conidia hyaline, 
flask-shaped, elliptical to elongate, aseptate, 2.49–
5.07 × 5.47–9.07 μm. The conidia then produce bud-
ding cells. The sexual morphs are unknown (Figure 
3(B–E)).

Strais examined: W22-120-A-A06 was isolated 
from Euwallacea interjectus, Jeju, Republic of Korea.

Note: The type strain of R. cyclorhipidii (CBS 
141676) was isolated from Cyclorhipidion ohnoi and 
only reported in Taiwan [11]. Conidia are usually 
formed on terminal conidiophores and are ellipti-
cally elongated. Occasionally, conidia have yeast-like 
budding cells. Isolate W22-120-A-A06 was cultured 
from Euwallacea interjectus. The sequences of the 
β-tubulin and RPB2 genes were 99% identical to 
those of the type strain, and a similar morphology 
was observed.

Raffaelea subfusca T.C. Harrington, Aghayeva & 
Fraedrich, Harrington et  al. Mycotaxon. 111:337-361, 
2010. MB515294 (Figure 3).

Description: Colonies on MEA 14.1–14.5 mm in 
diameter after 7  d at 25 °C, light beige becoming 
dark brown in the center and light brown at the 
edges with age, reverse cream to brownish, wrinkled, 
moderate sporulation. Conidiophores hyaline simple 
to branched, producing single conidia at the termi-
nal ends, 17.54-89.65 μm long. Conidia hyaline glo-
bose to subglobose, 3.53–5.74  ×  3.88–6.09 μm. The 
sexual morphs are unknown (Figure 3(F–1)).

Strains examined: Three strains (W22-30-01, 
W22-42-02, and W22-79-03B) were isolated from 
Euwallacea validus, Pocheon, GG, Iksan, JB, 
Gyeryongsan National Park, Gongju, CN, respec-
tively, and one strain (W22-120-A-A03B) was iso-
lated from Euwallacea interjectus, Jeju, Republic 
of Korea.

Notes: R. subfusca was first isolated from Xyleborus 
glabratus and has been reported across the USA  
[9, 11]. This species produces a single conidium at 
the terminal end of the conidiophores. In this study, 
four isolates were obtained from other ambrosia bee-
tles, E. validus and E. interjectus, and grouped with 
the type strain of R. subfusca (CBS 121571) 
(Figure 3(A)).
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Leptographium verrucosum (Gebhardt, R. 
Kirschner & Oberw.) Z.W. de Beer & M.J. Wingf. In 
de Beer et  al. Biodiversity Series 12:245-322, 2013. 
MB801083 (Figure 4).

Basionym: Ophiostoma verrucosum Gebhardt, R. 
Kirschner & Oberw, Mycol. Progress 1: 378. 2002

Description: Colonies on MEA 5.1–5.5 cm in diam-
eter after 5  d at 25 °C, surface mycelium flat, hyaline, 
cream with agar, not pigmented, abundant sporulation. 
Conidiophores hyaline, penicillate-morphology, 54.99–
137.82 μm long, consists of 2–4 branched, smooth, 
metula 8.45–15.04  ×  2.51–3.37 μm, phialides 8.88–
23.15  ×  1.56–1.93 μm, septate. Conidia hyaline aseptate, 
globose to subglobose, ellipsoid, 2.54–5.64  ×  2.74–
6.21 μm (Figure 4). We did not observe any sexual 
morphs such as ostiole, perithecia, and neck.

Strains examined: W21-93-06 was isolated from 
Debus defensus, Pocheon, GG, Republic of Korea.

Notes: Leptographium verrucosum was first reported 
as Ophiostoma verrucosum based on morphology by 
Gebhardt in Germany [41], and later was transferred 
to the genus Leptographium based on LSU sequences 
by De Beer et al. [70]. Recently, this group was retained 
in the Leptographium incertae sediment (Lineage VI) 
[28]. The type strain of L. verrucosum (CBS 112420) 
was isolated from Xyleborus dryographus. Our strain, 
W21-93-06, was grouped with type in a multigene 
phylogeny based on LSU, tef, and RPB2 sequences 
(Figure 4). Sexual structures were not found in this 
study, while the anarmorphs were similar.

Sporothrix eucastaneae (R. W. Davidson) Z. W. 
de Beer, T. A. Duong, and M. J. Wingf. In de Beer 
et al. Studies in Mycology 83:165-191. 2016. MB81751 
(Figure 5).

Basionym: Ceratocystis eucastaneae R.W. Davidson, 
Mycologia 70: 856. 1978.

Description: Colonies on MEA 26.6–34.6 mm in 
diameter after 9  d at 25 °C, mycelium dense white, 
exhibited black perithecia and long black necks on 
the surface with age, reverse cream. Perithecia black, 
globose, partly embedded in the agar, 88.78–
155.57 μm in diameter, with long black straight or 
curved necks, 395.37–574.18 μm long. Ostiolar fila-
ments hyaline, about 7–9 in number, 21.64–38.43 μm 
long, 1.32–1.77 μm at the apex and 2.07–3.49 μm at 
the base, tapering to the apex. Ascospores hyaline, 
slightly curved, 1.45–1.96  ×  3.21–4.68 μm. 
Conidiophores hyaline, Conidia hyaline, elongate 
ovoid, 1.95–3.24  ×  3.15–6.58 μm, produced at the 
base or terminal conidiophore (Figure 5).

Strains examined: A total of 21 strains were obtained 
from nine ambrosia beetles. Four strains were isolated 
from Euwallacea validus, Inje, GW (W21-18-07), 
Gyeryongsan National Park, Gongju, CN (W22-53-03-1, 
W22-79-04, and W22-105-06); One strain was isolated 

from Platypus koryoensis, Gyeryongsan National Park, 
Gongju, CN (W22-96-02); and two from Cyclorhipidion 
bodoanum, Pocheon, GG (W22-34-05B), Gyeryongsan 
National Park, Gongju, CN (W22-75-02); two from 
Ambrosiophilus atratus, Gyeryongsan National Park, 
Gongju, CN (W22-60-02, W22-74-02); three from 
Xyleborinus saxesenii, Gyeryongsan National Park, 
Gongju, CN (W22-57-06, W22-80-05, W22-92-02); one 
from Scolytoplatypus sinensis, Gyeryongsan National 
Park, Gongju, CN (W22-98F-03); one from Xylosandrus 
germanus, Iksan, JB (W21-10-05); two from 
Cyclorhipidion pelliculosum, Gyeryongsan National Park, 
Gongju, CN (W22-72-03), Iksan, JB (W22-36-05); five 
from Xylosandrus crassiusculus, Pocheon, GG (W21-51-
05, W22-63-03), Gyeryongsan National Park, Gongju, 
CN (W22-71-03, W22-95-03), Iksan, JB (W22-89-06), 
Republic of Korea.

Note: Sporothrix eucastaneae was grouped with the 
S. gossypina complex and isolated from various species 
of bark beetles and ambrosia beetles [50]. This species 
has been reported in USA and Poland. S. eucastaneae 
was first described as Ceratocysits eucastaneae [71], 
and was transferred to the genus Sporothrix based on 
multigene phylogeny [48]. In this study, we identified 
21 isolates of S. eucastaneae from nine species of 
ambrosia beetles, which were grouped with the type 
strain (CBS 424.77) in the multigene phylogeny with 
ITS, LSU, and tubulin sequences (Figure 5). In addi-
tion, all the isolates produced sexual and asexual 
structures similar to those of the type strain.

Irpex subulatus (Ryvarden) B. Liu, Y. C. Dai, 
Tian et  al. Phytotaxa. 533:73–82. 2022. MB841368 
(Figure 6).

Basionym: Oxyporus subulatus Ryvarden. Nordic 
Journal of Botany 2(3) 280 (1982).

Flavodon subulatus (Ryvarden) F. Wu, Jia J. Chen 
& Y. C. Dai, Mycologia 109(5): 761 (2017).

Flavodon ambrosius D.R. Simmons, You Li, C.C. 
Bateman & J. Hulcr, Mycotaxon 131(2): 279 (2016).

Description: Colonies on MEA 7.4–8.0 cm in 
diameter after 5  d at 25 °C, white becoming yellow 
with age, aerial mycelium, cottony. Mycelial hyaline 
and smooth septa. Arthroconidia hyaline, cylindrical, 
aseptate, 2.53–4.80  ×  3.70–10.65 μm (Figure 6). 
Sexual morphs were not observed.

Strains examined: Five strains were isolated from 
Ambriosiodmus rubricollis, Pocheon, GG (W21-92-01, 
W22-66-01), Iksan, JB (W22-37-01, W22-91-01-1, 
and W22-117-02); three from Ambrosiophilus atratus, 
Pocheon, GG (W22-29-01), Iksan, JB (W21-03-07, 
W22-39-03), Republic of Korea.

Notes: Irpex subulatus was first described as 
Oxyporus subulatus [72], and transferred to the 
genus Flavodon by phylogenetic analysis in 2017 
[68]. Simultaneously, a new symbiotic relationship 
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between Flavodon ambrosius and Ambrosiodomus 
was reported [51]. Jusino suggested that F. subulatus 
was an earlier synonym of F. ambrosius based on 
similar morphology and ribosomal DNA sequences 
[73]. Recently, this species was transferred from F. 
subulatus and F. ambrosius to Irpex subulatus based 
on the multigene phylogeny [64]. This species has 
been reported in USA, China, Vietnam, and South 
Korea [15,16,51,52]. I. subulatus, up to date, is the 
only Basidiomycetous ambrosia fungus isolated from 
two genera of ambrosia beetles, Ambrosiophilus and 
Ambrosiodmus [15,51]. We obtained eight strains 
from two ambrosia beetles, Ambriosiodmus rubricol-
lis and Ambrosiophilus atratus. These strains were 
closely located to the type strain of I. subulatus in 
the phylogeny based on the ITS region and LSU 
sequence and also produced arthroconidia (Figure 7).
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