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ABSTRACT
Urban forests play a crucial role in environmental improvement, recreation, and education. 
However, their development has led to decreased biodiversity and forest simplification. 
Reduced biodiversity increases vulnerability to pathogens, especially heart-rot fungi, which 
decompose tree tissues, weaken, and ultimately topple trees. In this study, we investigated 
the diversity of wood-decay fungi, including heart-rot fungi, in an urban Hongneung 
Forest. A total of 94 samples were collected and identified through morphological and 
molecular analyses of the internal transcribed spacer (ITS) region of the DNA sequences. 
A total of 32 species, 26 genera, 18 families, and 11 orders were identified. Most species 
belonged to Polyporales, accounting for 59% (19 species) of all species. At the genus level, 
Perenniporia, Neohypochnicium, Coniophora, Ceratobasidium, and Scytinostroma were 
the most prevalent. Heart-rot fungi, which decay living trees, constituted 13% of all species 
observed, including Bjerkandera adusta, Coniophora arida, Perenniporia fraxinea, and 
Somion delectans. These fungi were primarily distributed in the lower parts or trunks of 
trees. Nucleotide-level ITS sequence analysis identified genetic differences between C. arida 
(four specimens) and P. fraxinea (five specimens). Two C. arida and four P. fraxinea variants 
were found in the forests. This study provides baseline data on the diversity of wood-decay 
fungi in Hongneung Forest, which can be used for future research on heart-rot fungi in urban 
Korean forests.
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INTRODUCTION
Recently, urban forests have become increasingly important for enhancing urban living environments 

and providing spaces for relaxation and environmental education [1]. However, in the process of restoring 

urban forests damaged by urban development, the focus has often been on artificial afforestation and 

erosion control rather than on restoring the original ecosystems [2]. As a result, urban forest ecosystem 

risk becomes unstable, with a decline in biodiversity and growing concern over the simplification of forest 

structures [2].
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DNA extraction and polymerase chain reaction
Genomic DNA was extracted from samples collected in Hongneung Forest using a DNA Extraction Kit 

As species diversity decreases, forests become more vulnerable to pathogen attack [3]. Pathogens damage 

millions of trees in forests every year [4]. Certain wood decaying fungi can invade and kill the sapwood of 

living trees, ultimately leading to their death [5]. These fungi inhabit the heartwood of their living hosts and 

are commonly referred to as heart-rot fungi [6]. Heart-rot breaks down the hemicellulose, cellulose, and 

lignin in trees, leading to their collapse [7]. In urban environments, falling trees or branches can cause injury 

and property damage [8].

Seoul is the capital of South Korea. It has an area of 605 km2, and approximately 26.7% is covered 

by green spaces [9]; however, it has been fragmented due to land development [10]. Hongneung Forest 

is important as a place for rest and relaxation and for preserving the habitat and species diversity of wild 

animals [11]. The forest contains 20,000 plants from 157 families and 2,035 species, including 1,224 woody 

(836 native and 388 foreign) and 811 herbaceous species [12]. Urban forests such as Hongneung Forest in 

South Korea provide unique habitats for diverse fungal communities through natural and human influences 

[13].

This study focused on investigating wood-decay fungi in Hongneung Forest, an urban forest in South 

Korea. In addition, the diversity of heart-rot fungi was analyzed.

MATERIALS AND METHODS

Sampling
In August and September 2021 (four times in total), we investigated wood-decay fungi inhabiting wood 

in Hongneung Forest, Seoul, South Korea. Samples were collected from three distinct sites: an arboretum, a 

landscape garden, and a foreign arboretum (Fig. 1).

Fig. 1. Collection sites in Hongneung Forest. A, location of Hongneung Forest within Seoul; B, sampling 
sites. (1), arboretum; (2), landscape garden; (3), foreign arboretum.



Diversity of Wood-decay Fungi and Investigation of Heart-rot Fungi in Hongneung Forest

The Korean Journal of Mycology 2025 Vol.53 39

(Bioneer, Daejeon, Korea). The extracted genomic DNA was amplified using the internal transcribed spacer 

(ITS) region-specific primers ITS1F [14] and ITS4 [15]. Polymerase chain reaction (PCR) was performed 

using AccuPower PCR PreMix (Bioneer). The PCR conditions included a pre-denaturation step (94℃ for 

5 min), followed by a second step involving 35 cycles (denaturation at 94℃ for 30 sec, annealing at 55℃ 

for 45 sec, extension at 72℃ for 45 sec), and a final extension step (72℃ for 7 min). PCR products were 

purified using an AccuPrep PCR Purification Kit (Bioneer, Daejeon, Korea). The DNA sequences of the 

PCR products were determined by Macrogen (Seoul, Korea).

Phylogenetic analysis for molecular identification
Alignment analysis was performed using the ClustalW tool in MEGA X [16]. A phylogenetic tree 

was constructed using the Maximum Likelihood method with 1,000 bootstrap replicates. Reference 

ITS sequences of 32 wood decaying fungi were obtained from the National Center for Biotechnology 

Information.

Morphological identification of the specimens
Identification is primarily conducted using molecular techniques. The morphological characteristics 

were examined to confirm these results. They were analyzed based on field notes, photographs, and dried 

specimens. The macroscopic characteristics of the basidiocarps, such as shape, pileus surface, margin, and 

pore surface, were observed. For microscopic features, such as hyphae, cystidia, and basidiospores, slides 

were prepared in 3% KOH using an S8AP0 optical microscope (Leica Biosystems, Wetzlar, Germany) and 

observed using a DM2500 optical microscope (Leica Biosystems).

RESULTS AND DISCUSSION

Diversity of wood-decay fungi in Hongneung Forest
A total of 94 samples (42 from the arboretum, 38 from the landscape garden, and 14 from the foreign 

arboretum) were collected during the survey in Hongneung Forest. Morphological and molecular analyses 

identified 32 species, 26 genera, 18 families, and 11 orders (Table 1; Figs. 1 and 2). Among the identified 

species, 59% (19 species) belonged to the order Polyporales. The genera Perenniporia, Neohypochnicium, 

Coniophora, Ceratobasidium, and Scytinostroma exhibited the highest species richness. Of the 94 samples 

collected from the Hongneung Forest, 81% (26 species) were identified at the species level. The remaining 

samples could only be identified to the genus level or higher, owing to their indistinct morphological 

characteristics and the absence of matching sequences in GenBank. The dominance of Polyporales suggests 

that they play an important role in wood decomposition and nutrient cycling in Hongneung Forest. This is 

consistent with the results from other urban forests, where Polyporales play an important role in maintaining 

ecosystem functions [17].



Kim et al.

The Korean Journal of Mycology 2025 Vol.53 40

 T
ab

le
 1

. L
ist

 o
f f

un
gi

 co
lle

ct
ed

 fr
om

 H
on

ge
un

g 
Fo

re
st 

in
 S

eo
ul

Cl
as

sif
ica

tio
n

Sp
ec

im
en

Ge
nB

an
k a

cc
es

sio
n N

o.
Su

bs
tra

tes
Si

te 
of

 oc
cu

rre
nc

ea

Or
de

r o
r a

bo
ve

Fa
m

ily
Ge

nu
s

Sp
ec

ies
IT

S
Fu

ng
i

Ba
sid

iom
yc

ota
Ag

ari
co

m
yc

ete
s

Ag
ari

ca
les

St
ro

ph
ari

ac
ea

e
Gy

mn
op

ilu
s

Gy
mn

op
ilu

s j
un

on
ius

NI
Fo

S2
02

10
82

5-
10

LC
85

21
90

-
2

Au
ric

ula
ria

les
Au

ric
ula

ria
ce

ae
Au

ric
ula

ria
Au

ric
ula

ria
 co

rn
ea

NI
Fo

S2
02

10
82

5-
02

LC
85

15
93

Sa
mb

uc
us

 w
illi

am
sii

2
Bo

let
ale

s
Co

nio
ph

or
ac

ea
e

Co
nio

ph
or

a
Co

nio
ph

or
a a

rid
a

NI
Fo

S2
02

10
82

6-
09

LC
85

15
64

Pi
nu

s d
en

sif
lor

a
1

NI
Fo

S2
02

10
82

6-
19

LC
85

15
72

Ac
er

 pa
lm

atu
m

1
NI

Fo
S2

02
10

82
5-

06
LC

85
21

86
Vi

bu
rn

um
 w

rig
hti

i
2

NI
Fo

S2
02

10
82

5-
13

LC
85

21
93

Pi
nu

s d
en

sif
lor

a
2

Ca
nth

are
lla

les
Ce

rat
ob

as
idi

ac
ea

e
Ce

ra
tob

as
idi

um
Ce

ra
tob

as
idi

um
 sp

.
NI

Fo
S2

02
10

82
6-

15
LC

85
15

69
-

1
NI

Fo
S2

02
10

82
5-

15
LC

85
21

95
Po

pu
lus

 tre
mu

la
2

NI
Fo

S2
02

10
82

5-
16

LC
85

21
96

Po
pu

lus
 tre

mu
la

2
NI

Fo
S2

02
10

82
5-

20
LC

85
21

98
M

alu
s f

lor
ibu

nd
a

2
Hy

m
en

oc
ha

eta
les

Hy
m

en
oc

ha
eta

ce
ae

Fu
sc

op
or

ia
Fu

sc
op

or
ia 

gil
vo

ide
s 

NI
Fo

S2
02

10
82

6-
32

LC
85

15
79

Sy
rin

ga
 re

tic
ula

ta
1

Ph
yll

op
or

ia
Ph

yll
op

or
ia 

fon
tan

es
iae

NI
Fo

SX
Ⅱ

 G
-0

27
4

LC
85

15
87

Fo
nta

ne
sia

 ph
illi

ra
eo

ide
s

3
Pe

nio
ph

or
ell

ac
ea

e
Pe

nio
ph

or
ell

a
Pe

nio
ph

or
ell

a c
ry

sta
llif

er
a

NI
Fo

S2
02

10
82

6-
17

LC
85

15
71

Qu
erc

us
 al

ien
a

1

Po
lyp

or
ale

s
Ce

rre
na

ce
ae

Ce
rre

na
Ce

rre
na

 un
ico

lor
NI

Fo
S2

02
10

82
6-

37
LC

85
15

83
-

1
So

mi
on

So
mi

on
 de

lec
tan

s
NI

Fo
S2

02
10

82
5-

21
LC

85
21

99
Ta

xu
s c

us
pid

ata
2

Fo
m

ito
ps

ida
ce

ae
Bj

er
ka

nd
er

a
Bj

er
ka

nd
er

a a
du

sta
NI

Fo
S2

02
10

82
5-

08
LC

85
21

88
M

ag
no

lia
 ob

ov
ata

2
Fo

mi
top

sis
Fo

mi
top

sis
 tro

pic
a

NI
Fo

S2
02

10
82

5-
05

LC
85

15
96

Pr
un

us
 m

um
e

2
Ga

no
de

rm
ata

ce
ae

Ga
no

de
rm

a
Ga

no
de

rm
a g

ibb
os

um
NI

Fo
S2

02
10

82
5-

04
LC

85
15

95
M

or
us

 bo
mb

yc
is

2
NI

Fo
S2

02
10

82
5-

11
LC

85
21

91
Pr

un
us

 m
um

e
2

Ga
no

de
rm

a l
uc

idu
m

NI
Fo

S2
02

10
82

5-
09

LC
85

21
89

Qu
erc

us
 al

ien
a

2
Ga

no
de

rm
a s

es
sil

e
NI

Fo
SX

Ⅱ
 G

-0
44

1
LC

85
15

90
Qu

erc
us

 se
rra

ta
3

Irp
ica

ce
ae

Irp
ex

Irp
ex

 la
cte

us
NI

Fo
SX

Ⅱ
 G

-0
23

9
LC

85
15

86
Pr

un
us

 pa
du

s
3

M
eri

pil
ac

ea
e

Ph
ys

isp
or

inu
s

Ph
ys

isp
or

inu
s c

ra
tae

gi
NI

Fo
S2

02
10

82
5-

01
LC

85
15

92
Sa

mb
uc

us
 w

illi
am

sii
2

Ne
oh

yp
oc

hn
ici

ac
ea

e
Ne

oh
yp

oc
hn

ici
um

Ne
oh

yp
oc

hn
ici

um
 cr

em
ico

lor
NI

Fo
S2

02
10

82
6-

13
LC

85
15

67
Pr

un
us

 se
rru

lat
a

1
Ne

oh
yp

oc
hn

ici
um

 pi
ni

NI
Fo

S2
02

10
82

6-
14

LC
85

15
68

Pr
un

us
 se

rru
lat

a
1

NI
Fo

S2
02

10
82

6-
33

LC
85

15
80

Ca
sta

ne
a c

ren
ata

1
NI

Fo
S2

02
10

82
5-

12
LC

85
21

92
Qu

erc
us

 se
rra

ta
2

NI
Fo

S2
02

10
82

5-
26

LC
85

22
00

Ta
xu

s c
us

pid
ata

2
Ph

an
ero

ch
ae

tac
ea

e
Ph

an
ero

ch
ae

te
Ph

an
ero

ch
ae

te 
cy

sti
dia

ta
NI

Fo
S2

02
10

82
5-

14
LC

85
21

94
M

alu
s f

lor
ibu

nd
a

2
Po

lyp
or

ac
ea

e
Co

rio
lop

sis
Co

rio
lop

sis
 st

ru
mo

sa
 

NI
Fo

S2
02

10
82

6-
30

LC
85

15
77

-
1

Da
ed

ale
op

sis
Da

ed
ale

op
sis

 st
yr

ac
ina

 
NI

Fo
S2

02
10

82
5-

17
LC

85
21

97
Sty

ra
x j

ap
on

icu
s

2
Lo

ph
ar

ia
Lo

ph
ar

ia 
mi

ra
bil

is
NI

Fo
S2

02
10

82
5-

03
LC

85
15

94
M

ag
no

lia
 ko

bu
s

2
Pe

ren
nip

or
ia

Pe
ren

nip
or

ia 
va

llic
ulo

ru
m

NI
Fo

S2
02

10
82

6-
26

LC
85

15
74

Qu
erc

us
 al

ien
a

1
Pe

ren
nip

or
ia 

fra
xin

ea
NI

Fo
S2

02
10

82
6-

16
LC

85
15

70
Za

nth
ox

ylu
m 

sim
ula

ns
1



Diversity of Wood-decay Fungi and Investigation of Heart-rot Fungi in Hongneung Forest

The Korean Journal of Mycology 2025 Vol.53 41

 T
ab

le
 1

. C
on

tin
ue

d
Cl

as
sif

ica
tio

n
Sp

ec
im

en
Ge

nB
an

k a
cc

es
sio

n N
o.

Su
bs

tra
tes

Si
te 

of
 oc

cu
rre

nc
ea

Or
de

r o
r a

bo
ve

Fa
m

ily
Ge

nu
s

Sp
ec

ies
IT

S
NI

Fo
S2

02
10

82
6-

34
LC

85
15

81
Qu

erc
us

 m
on

go
lic

a
1

NI
Fo

S2
02

10
82

6-
39

LC
85

15
85

Pr
un

us
 pa

du
s

1
NI

Fo
SX

Ⅱ
 G

-0
42

3
LC

85
15

89
Pr

un
us

 se
ro

tin
a

3
NI

Fo
SX

Ⅱ
 G

-0
45

8
LC

85
15

91
Ro

bin
ia 

ps
eu

do
ac

ac
ia

3
Tr

am
ete

s
Tr

am
ete

s c
oc

cin
ea

NI
Fo

SX
Ⅱ

 G
-0

41
5

LC
85

15
88

Pr
un

us
 se

ro
tin

a
3

Tr
am

ete
s v

er
sic

olo
r

NI
Fo

S2
02

10
82

6-
03

LC
85

15
65

Sty
ph

no
lob

ium
 ja

po
nic

um
1

Ru
ssu

lal
es

La
ch

no
cla

dia
ce

ae
Sc

yti
no

str
om

a
Sc

yti
no

str
om

a s
p.

NI
Fo

S2
02

10
82

6-
28

LC
85

15
75

Pr
un

us
 sa

rg
en

tii
1

NI
Fo

S2
02

10
82

6-
36

LC
85

15
82

Ju
nip

er
us

 ch
ine

ns
is

1
-

Ba
lta

za
ria

Ba
lta

za
ria

 sp
.

NI
Fo

S2
02

10
82

5-
07

LC
85

21
87

Pi
nu

s d
en

sif
lor

a
2

NI
Fo

S2
02

10
82

6-
31

LC
85

15
78

Pi
nu

s d
en

sif
lor

a
1

Th
ele

ph
or

ale
s

Th
ele

ph
or

ac
ea

e
To

me
nte

lla
To

me
nte

lla
 sp

.
NI

Fo
S2

02
10

82
6-

12
LC

85
15

66
Qu

erc
us

 ac
uti

ssi
ma

1
To

me
nte

lla
 te

de
rso

oi
NI

Fo
S2

02
10

82
6-

29
LC

85
15

76
So

rb
us

 al
nif

oli
a

1
Tr

ec
his

po
ral

es
Hy

dn
od

on
tac

ea
e

Tr
ec

his
po

ra
Tr

ec
his

po
ra

 sp
.

NI
Fo

S2
02

10
82

6-
35

LC
85

15
84

Ac
er

 ok
am

oto
an

um
1

Tr
ec

his
po

ral
es

-
-

Tr
ec

his
po

ra
les

 sp
.

NI
Fo

S2
02

10
82

6-
20

LC
85

15
73

Pr
un

us
 se

rru
lat

a
1

IT
S:

 in
ter

na
l tr

an
sc

rib
ed

 sp
ac

er.
a  T

he
 nu

m
be

rs 
rep

res
en

t th
e t

hr
ee

 di
vid

ed
 st

ud
y s

eg
m

en
ts 

in 
Ho

ng
eu

ng
 Fo

res
t. 1

, a
rb

or
etu

m
; 2

, la
nd

sc
ap

e g
ard

en
; 3

, fo
rei

gn
 ar

bo
ret

um
.



Kim et al.

The Korean Journal of Mycology 2025 Vol.53 42

To the best of our knowledge, five species (Fomitopsis tropica, Ganoderma sessile, Peniophorella 

crystallifera, Perenniporia valliculorum, and Tomentella tedersooi) have not been reported previously 

in South Korea (Fig. 3). However, the microscopic features of the specimens, such as basidia and 

basidiospores, were not observed. Therefore, additional sampling will be required to confirm their presence 

in South Korea.

Fig. 2. Maximum likelihood phylogenetic tree of the wood-decay fungi in Hongneung Forest using 
internal transcribed spacer (ITS) region sequences. Bootstrap values >50% are shown. ●, samples 
collected in this study. Tremella fuciformis (MH712833) was used as an outgroup.
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Investigation of heart-rot fungi
Heart-rot fungi are pathogenic organisms that contribute to wood-decay in urban forests. Among the 32 

species sampled from Hongneung Forest, Bjerkandera adusta, Coniophora arida, Perenniporia fraxinea, and 

Somion delectans have been reported as heart-rot fungi (Fig. 4) [5,18,19]. P. fraxinea was observed in five 

species (Prunus padus, P. serotina, Quercus mongolica, Robinia pseudoacacia, and Zanthoxylum simulan). 

C. arida was observed in three species (Acer palmatum, Pinus densiflora, and Viburnum wrightii). B. adusta, 

and S. delectans were detected on Magnolia obovata, and Taxus cuspidata, respectively. Trees such as T. 

cuspidata, P. densiflora, and Q. mongolica are widely distributed in Korea [20,21].

Fig. 3. Wood-decay fungi that were not previously recorded in Korea. A, Fomitopsis tropica; B, 
Ganoderma sessile; C, Peniophorella crystallifera; D, Perenniporia valliculorum; E, Tomentella 
tedersooi.

Fig. 4. Heart-rot fungi observed in Hongneung Forest, Seoul, Korea. A, Bjerkandera adusta; B, 
Coniophora arida; C, Perenniporia fraxinea; D, Somion delectans.
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Determining how the heart-rot fungi identified here infected the trees is difficult. Various possible routes 

of infection exist, such as entering through peeled bark or being transported by insects [22]. In addition, 

we attempted to isolate fungi from the specimens to determine their pathogenicity; however, this was 

unsuccessful. Further research is needed to understand infection and pathogenicity in the host. This study 

provides information on the diversity of wood-decay fungi in the Hongneung Forest, an urban forest in 

South Korea, and is expected to serve as basic data for future research on heart-rot fungi in Korean forests.

B. adusta, which causes white rot, was found on the tree trunks. C. arida exhibits cream-to-buff 

basidiocarps on the pine bark, which causes internal decay. P. fraxinea was predominantly found at the 

bases of the trees, and the health of the infected trees was weakened. S. delectans caused white rot on the 

lower parts of the tree, but no basidiocarps were observed. Severely infected trees exhibit symptoms, such 

as reduced leaf density and thinning canopies [7].

To examine intraspecific variations, nucleotide-level ITS sequences were compared among 

four specimens of C. arida (NIFoS20210825-06, NIFoS20210825-13, NIFoS20210826-09, and 

NIFoS20210826-19) and five specimens of P. fraxinea (NIFoS-XIIG-0423, NIFoS-XIIG-0458, 

NIFoS20210826-16, NIFoS20210826-34, and NIFoS20210826-39). C. arida showed two variants�a 

difference at the 52nd nucleotide in ʻNIFoS20210825-13’ (Fig. 5A). In terms of P. fraxinea, there were 

four variants�ʻNIFoS20210826-16’ differed at the 70th nucleotide from ʻNIFoS-XIIG-0423’ and 

ʻNIFoS-XIIG-0458’. ʻNIFoS20210826-34’ showed differences at the 57th and 92nd nucleotides, and 

ʻNIFoS20210826-39’ showed differences at the 85th and 571st nucleotides (Fig. 5B).

Fig. 5. Comparative analysis of internal transcribed spacer (ITS) sequences at the nucleotide level 
within the same species of A, Coniophora arida; and B, Perenniporia fraxinea. Dots indicate the same 
nucleotides as shown in the first sequence.
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