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ABSTRACT

Recently it is trend to increase wood use as carbon neutral materials, there is recognized to need necessarily durability
improvement of wooden building. It is very rare to report existing on the identification of isolates causing discoloration
in domestic weathered wooden building used for long period. The objective of this study was identification of fungi that
cause discoloration on the exteriors of weathered domestic wooden buildings in the southern part of South Korea. Our findings
can be helpful to establish protection technology for weather deterioration of domestic wooden buildings. Wood chip samples
presumed to be contaminated with sapstain fungi were collected from the surface of wooden members used in wooden buildings
at Jangheung, Jeollanam-do (two locations, #13 and #14), and Jeju Island (two locations, #31 and #33). The growth of
microorganisms was confirmed by performing culture tests for the collected samples, and fungi were isolated, purified, and
identified. The results indicated that the fungal strains isolated from wooden buildings #13 and #14 at Jangheung, Jeollanam-do,
were 99.83% and 100% homologous to Aureobasidium melanogenum, respectively. For wooden building #31 at Jeju Island
(two locations), the fungal strain isolated was 100% homologous to A. melanogenum, which is the same species isolated
from the wooden buildings at Jangheung. The fungal strain isolated from wooden building #33 (Jeju Island) had 99.83%
homology with A. pullulans, which is commonly found in wood degraded by weather or ultraviolet rays. Our findings can
be utilized as a basis for establishing protection technology in domestic wooden buildings.
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1. INTRODUCTION 2021; Oh, 2021). Consequently, various deterioration

phenomena that occur in wood often render its main-

Since the adoption of climate change agreements, tenance difficult for both the suppliers and consumers
including the Paris Agreement, the use of wood prod- of wood products (Haas et al., 2019; Kim, 2017; Park
ucts is gradually increasing for the reduction of green- et al., 2018; Ra, 2018). Wood may get deteriorated
house gas emissions and carbon neutral effect (Choi, by various microorganisms, such as sapstain or molds,
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which bring about wood discoloration (Kim et al.,
2015; Kim, 2018). The sapstain fungi discolor the
wood tissues with various pigments as they grow
through the main cellular cavities and pits of wood.
The discoloration of the entire sapwood part leads to
poor aesthetics or loss of product value even after
sawing or cutting (Kim et al., 2019; KOFPI 2021;
Zabel & Morrell 1992). Especially, the occurrence of
black spots or black discoloration, which are common
in building materials; such as wooden sidings, col-
umns, decks, and fascia boards of wooden buildings;
used on the exteriors of buildings or structures, have
been reported to be severe defects. These defects ren-
der maintenance difficult for users or builders of
wooden buildings (Kim et al., 2018b). Botryosphaeria
species, Sphaeropsis sapinea, Ophiostoma species,
Ceratocystis species, Leptographium species, and
Ceratocystiopsis species have been reported as the
main fungi causing sapwood discoloration (Schirp et
al., 2003a,b). Uzunovic et al. (1999) have reported in
their paper on the identification of major micro-
organisms in Canada’s important commercial soft-
wood logs that were stockpiled after logging (A4bies
balsamea (L.) Mill., Picea mariana (Mill.) B.S.P., P.
glauca (Moench) Voss, Pinus contorta Dougl. and P.
banksiana Lamb.) that the most frequently occurring
species belonged to the genus Ophiostoma, such as O.
foccosum, O. ips, O. minus, O. piceae, O. piceaperdum,
O. piliferum, and other sapstain fungi including
Ceratocystis adiposa, C. coerulescens, Aureobasidium
pullulans, Leptographium spp., Phacidium coniferarum,
etc. were also found.

In addition, in domestic pine logs and boards, major
harmful fungi, such as L. koreanum, O. floccosum, O.
ips, O. floccosum, O. piceae, O. piliferum, O. quercus,
Pesotum fragrans, etc., were identified (Kim et al.
2007). In particular, in radiata pine, which accounts
for nearly half of the domestic timber imports, it is

known that sapwood discoloration caused by micro-

organisms is very severe unless the moisture content
is reduced below the fiber saturation point via thor-
ough artificial drying or if the surface is not treated
with chemicals (Zabel and Morrell, 1992,). In a survey
conducted in New Zealand, one of the major countries
producing radiata pines, S. sapinea, O. ips, O. flocco-
sum, O. piliferum, L. procerum, O. querci, O. corona-
tum, O. galeiforme, O. huntii, O. nicrocarpumhke, O.
perfectum, O. piceae, O. pluriannulatum, O. setosum,
O. stenoceras, and P. fragans were reported as the
dominant species of sapstain fungi that mainly affect
radiata pines (Thwaites et al., 2005). A number of pa-
pers have been reported on various species of the ge-
nus Ophiostoma that were isolated and identified from
radiata pines imported from New Zealand and anti-
microbial treatments used to prevent them (Kim et al.,
2005; Kim, 2000; Zabel and Morrell, 1992). Moreover,
other sapstain fungi, including Cladosporium sp.,
Trichoderma sp., and Penicillium sp., have been re-
ported domestically (Huh er al., 2011; Jang et al.,
2011; Lee et al., 2012). The causes of sapwood dis-
coloration reported as described above are dis-
coloration fungi that occur mainly in high temperature
and high humidity environments during transportation
or storage, and Humar et al. (2008) reported that the
representative blue stains appearing in wooden mem-
bers used in buildings are A. pullulans and Sclerophoma
pithyophila. These blue stains usually appear as blue,
gray, or black spots and are known to invade both
conifers and hardwoods (Schmidt, 2006). 4. pullulans
has been reported to cause discoloration and deforma-
tion of the wood coating by infecting wood surfaces
exposed to the weather or when used in buildings (Ray
et al., 2004; Sharpe and Dickinson, 1992). In addition,
A. pullulans and S. pithyophila have been selected as
type strains used to test antifungal effects against blue
stains according to the European standard (European
Standard EN 152-1 & 2, 1990; Kang et al., 1995).

Although Aureobasidium spcies causes severe damage
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on wood to point where it was selected as a type
strain, there have been no reports on the incidence and
identification of this species in weathered domestic
wooden building.

In investigation of weather deterioration in the
wooden members used in the exteriors of wooden
buildings at Jangheung, Jeollanam-do, and Jeju-do in
Korea, the dark gray discoloration phenomenon was
largely observed on the exteriors of wooden buildings
that are heavily irradiated with sunlight. Based on this
fact, the goal of this study was to identify the fungi
causing discoloration occurred on the weathered ex-
teriors of domestic wooden buildings. Because it was
rare research report to characterize weather deterio-

ration of wooden members used for long period under

C. #31 Jeju

Fig. 1. Sample collection.

domestic natural environments, there is required to fig-
ure out characterization of weather deterioration and
establish protection technology according to major

wood species under domestic natural environments.

2. MATERIALS and METHODS

2.1. Sample collection from the
discolored contaminated area

Samples were taken from the contaminated area
where the surface of the weathered wooden members
showed discoloration (gray-to-black spots). The sam-
pling sites were wooden buildings #13 (Fig. 1(A)) and
#14 (Fig. 1(B)) at Jangheung, Jeollanam-do and wooden
buildings #31 (Fig. 1(C)), and #33 (Fig. 1(D)) at Jeju
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Island. The detail of the sample history was investigated
throught the survey from the construction companies
Wood Building
Association. These buildings were 6-10 years old of
buildings #13, #14, and #31 and below 5 years old

of building #33. There was no treatment on the exterior

by co-operation with Korea

wood members used in all of buildings before used.
The type of wood was imported wood such as Radiata
pine, SPF (Spruce, Pine, Fir), Douglas-fir in buildings
#13 and #14, Bangkirai in building #31, and Jejudo

Japanese cedar in building #33.

2.2. Isolation of fungal strains

To isolate pure strains of wood-damaging fungi
from the sampling specimen, after transplanting the
collected specimen into a petri dish containing sterile
filter paper with moisture, samples were incubated at
26T for mycelial growth, and the mycelium showing
growth was inoculated into a new separation medium
and cultured. Potato dextrose agar (Bacto Corporation)
supplemented with 25 mg/L. chloramphenicol was
used to inhibit the growth of other microorganisms.
After inoculation, they were cultured in an incubator,
and the aforementioned transplantation and culture
processes were repeated until a pure single strain was

obtained.

2.3. |ldentification of fungal strains

The genomic DNA was extracted to identify the
strain of the isolated wood-damaging fungi. For DNA
extraction, the cell wall of the strain was decomposed
using a tissue lyser, and the genomic DNA was ex-
tracted using the Qiagen DNeasy Plant Mini Kkit.
Polymerase chain reaction (PCR) was performed to
amplify the extracted genomic DNA for identifying
the fungal strain. For amplification and sequencing,
the ITS1 (5’-TCC GTA GGT GAA CCT GCG G-37)
and ITS4 (5-TCC TCC GCT TAT TGA TAT GC-3°)

primers were used. Further, we requested Macrogen
Inc. to perform DNA sequencing for confirming the
nucleotide sequence of the internal transcribed spacer
region obtained through PCR, and based on the se-
quencing results, homology search was performed us-
ing the Basic Local Alignment Search Tool (BLAST)
(nucleotide BLAST) of the National Center for
Biotechnology Information (NCBI). In addition, phy-
logenetic trees were generated using the maximum

likelihood statistical method in MEGA version 10.

3. RESULTS and DISCUSSION

The results obtained after observing the microbial
growth characteristics of the pure strain isolated from
the samples collected from the contaminated surfaces
of weathered woods members with gray-to-black spots
are shown as follows.

The test specimen was cultured in an appropriate
environment to confirm the presence or absence of
wood-damaging fungi in the black spots present on
the specimen collected from wooden building #13 at
Jangheung, Jeollanam-do in 2017. Following a separa-
tion step performed to obtain a pure strain of fungi,
the growth and presence of wood-damaging fungi
(sapstain fungi) was confirmed in the specimens col-
lected from wooden buildings #13 and #14 (Fig. 2(a)
& 2(b)). By visual observation of the two pure strains
obtained, it was confirmed that black spores were
formed in both the strains, but the types of fungi cul-
tured in the medium were different from each other.
The fungus harvested from wooden building #13 had
a fluff shape at the border of the medium and was
black on the inside and gray on the outside (Fig. 2(a)),
whereas the fungus harvested from building #14 had
a smooth boundary between the fungus and the me-
dium and the color of the fungus was also gray on
the inside and black on the outside (Fig. 2(b)).

Samples of wooden members presumed to be con-
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(c)

(d)

Fig. 2. Colony shape of strains isolated in cultured medium. (a) Fungi isolated from wooden building #13;
(b) Fungi isolated from wooden building #14; (c) Fungi isolated from wooden building #31; (d) Fungi isolated

from wooden building #33.

taminated with sapstain fungi from wooden buildings
#31 and #33 that were investigated at Jeju Island in
2018 were collected and cultured, and the microbial
growth was confirmed. After performing separation
steps to obtain a single strain, wood-damaging fungi
(sapstain fungi) were obtained from a total of three
specimens (Fig. 2(c) & 2(d)). From visual observation
of the obtained microorganisms, the growth of black
spores was observed in the two fungi isolated from
wooden buildings #31 and #33, but the types of fungi
cultured in the medium were different. The fungus
from building #31 showed the growth of spores in the
black powdery medium (Fig. 2(c)), and the pure strain

of fungi isolated from wooden building #33 showed
the growth pattern of black microorganisms presumed
to be Aureobasidium sp. (Fig. 2(d)). It is known that
colonies of the genus Aureobasdium in the early stage
of culture show a creamish color from yellow to light
pink and light brown, but as the incubation duration
elapses, they show a very dark color gradually turning
to black due to melanin secretion (Kim et al., 2018a).

A nucleotide sequence analysis was performed to
identify the pure strains of wood-damaging fungi ob-
tained by isolation. The results of comparative analysis
of the nucleotide sequence, which were obtained by

sequencing the ITS region and homology search using
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Table 1. Results of BLAST analysis of the strains isolated from the wooden buildings

Building No. Accession Description Query coverage E-value Max identity
#13 KY659501.1 Aureobasidium melanogenum 100% 0 99.83%
#14 MHS855849.1 A. melanogenum 99% 0 100%
#31 MHS855849.1 A. melanogenum 100% 0 100%
#33 KP131645.1 A. pullulans 100% 0 99.83%

NCBI BLAST, with the sequences available on GenBank
database are shown in Table 1 (Jang et al., 2014).
Comparative analyses were performed for the obtained
base sequences using NCBI BLAST. As shown in Table
1, the fungus isolated from wooden building #13 showed
a high homology (99.83%) with 4. melanogenum, and
this strain was found to be a strain of 4. melanogenum.
The fungus isolated from wooden building #14 showed
a 100% homology with A. melanogenum and was identi-
fied to be a strain of 4. melanogenum. The fungus
isolated from wooden building #31 was confirmed to
have a 100% homology with 4 melanogenum. The fungus
isolated from wooden building #33 showed a 99.83%
homology with 4. pullulans, and this strain was identified
as A. pullulans. Because the fungal strains isolated from
wooden buildings #13 and #33 did not show a 100%
homology with the previously registered 4. melanoge-
num and A. pullulans, the possibility of them being
a new species was considered.

The phylogenetic tree generated from the Tamura-
Nei model using the ITS sequence of the strain iso-
lated from wooden building #13 is shown in Fig. 3(a).
The fungus isolated from wooden building #13 formed
a group with A. melanogenum and was clearly identi-
fied as 4. melanogenum since it showed a 99.83%—
100% homology. Fig. 3(b) shows the phylogenetic tree
of the strain isolated from wooden building #14, and
this strain also formed a group with 4. melanogenum
in a form similar to that formed by the strain isolated
from wooden building #13. It was clearly identified
to be A. melanogenum, showing a 100% homology.

Fig. 3(c) shows the phylogenetic tree of the strain

isolated from wooden building #31. This strain also
formed a group with A. melanogenum, which belongs
to the genus Aureobasidium, a sapstain fungus mainly
found in above-ground exterior materials and is pre-
dominantly found in the Netherlands, South Africa,
Australia, and Norway, and their number is reported
to be increasing continuously (van Nieuwenhuijzen et
al., 2016). A. melanogenum is also known to dominate
oil-treated woods, but it is not yet clearly confirmed
whether this is due to its better adhesion or viability
than that of other Aureobasidium species (van Nieuwenhuijzen
et al., 2016). The researchers speculate that extracellular
polymeric substances, such as /8 -glucan and acidic
polysaccharides, may have enhanced its adhesion. In
addition, reports suggest that it may be necessary to
examine the possibility that 4. melanogenum produces
more melanin or a different type of melanin compared
to that produced by other Aureobasidium species against
specific stresses, such as UV irradiation or oxidizers.
A. melanogenum has been reported to have the ability
of utilizing xylan, which is a major hemicellulose, as
a single carbon source, and it is gaining more attention
(Saika et al., 2020).

The phylogenetic tree of the strain isolated from
wooden building #33 is shown in Fig. 3(d). This strain
formed a group with the highest homology to the 4.
pullulans strain and showed a tendency to coexist with
the A. melanogenum group similar to the strains iso-
lated from wooden buildings #13 and #31. According
to some researchers, A. pullulans is a species that is
often found in mild osmotic environments. It has been

found to have salt resistance even at the highest salt
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Aureobasidium melanogenum strain KAS7917 (KY659506)
Aureobasidium melanogenum strain KUC 1512 (KY294707)
Aureobasidium melanogenum strain KAS5840 (KY659501)
Aureobasidium melanogenum strain KUC3073 (KY294710)
Aureobasidium melanogenum strain KUC3075 (KY294711)
Aureobasidium melanogenum strain KUC 1632 (KY294708)
Aureobasidium melanogenum strain KUC1738 (KY294709)
Aureobasidium melanogenum strain CBS 123 37 (MH855849)
Aureobasidium pullulans strain UBOCC-A-111234 (MH102060)
Aspergillus versicolor clone 211-3 (MT279495)

Aureobasidium pullulans genes (LC277145)

Aureobasidium pullulans (LC277152)

Aureobasidium sp. DHL-2020a (MT863788.1)

Dothioraceae sp. LM317 (EF060638)

Aureobasidium pullulans strain WM 10.248 (KP131645)
Aureobasidium pullulans (AY225167)

(a)

(b) 8+ [~ Aureobasidium pullulans (LC277145)
Aureobasidium pululans (LC277152)

Aureobasidium melanogenum strain VK02 (MK332446)
Aureobasidium pullulans strain UBOCG-A-111234 (MH102060)
Aureobasidium pullulans strain CBS 210.65 (MH858542)
Aureobasidium pullulans strain WM 10.248 isolate ISHAM-ITS ID MITS374 (KP131645)
Aureobasidium melanogenum strain CBS 123.37 (MH855849)
Aspergillus versicolor clone 211-3 (MT279495)

Aureobasidium melanogenum strain KAS7917 (KYB59506)
Aureobasidium melanogenum strain KUC1512 (KY294707)
Aureobasidium melanogenum strain KAS5840 (KY659501)
Aureobasidium melanogenum strain KUC3073 (KY294710)
Aureobasidium melanogenum strain KUC3075 (KY294711)
Aureobasidium melanogenum strain KUC1632 (KY294708)
Aureobasidium melanogenum strain KUC 1738 (KY294709)

(C) Aureobasidium melanogenum strain KUC1738 (KY294709)
Aureobasidium melanogenum strain KAS7917 (KY659506)
Aureobasidium melanogenum strain KAS5840 (KY659501)
Aureobasidium melanogenum strain KUC3073 (KY294710)
Aureobasidium melanogenum strain KUC3075 (KY294711)
Aureobasidium melanogenum strain KUC1632 (KY294708)
Aspergillus versicolor clone 211-3 (MT279495)
Aureobasidium pullulans voucher CIAT525 (KR012884)

Wooden building *31

% Aureobasidium melanogenum strain CBS 123 37 (MH855849)

Aureobasidium pullulans strain WM 10.248 (KP131645)
- Aureobasidium pullulans strain UBOCC-A-111234 (MH102060)
& Aureobasidium melanogenum strain VK02 (MK332446)

Aureobasidium melanogenum strain KAS7917 (KY659506)

Aureobasidium melanogenum strain KUC1512 (KY294707)
Aureobasidium melanogenum strain KAS5840 (KY659501)
Aureobasidium melanogenum strain KUC3075 (KY294711)
Aureobasidium melanogenum strain KUC3073 (KY294710)
Aspergillus versicolor clone 211-3 (MT279495)
Aureobasidium pullulans voucher CIAT525 (KR012884)

Wooden building *33

Aureobasidium pullulans strain WM 10.248 isolate ISHAM-ITS ID MITS374 (KP131645)

Aureobasidium pullulans strain HK58-1(2) (EF197817)
Aureobasidium pullulans (LC277150)
Aureobasidium pullulans isolate SUA 07 (MN700641)

Aureobasidium pullulans (LC277149)

Fig. 3. The phylogenetic tree of the strains isolated from wooden buildings based on internal transcribed spacer region
sequences. (a) wooden building #13; (b) wooden building #14; (c) wooden building #31; (d) wooden building #33.
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concentration (17% NaCl) among the four major
strains of Aureobasidium, i.e., A. pullulans, A. melano-
genum, A. subglaciale, and A. namibiae. On the other
hand, 4. melanogenum has been mainly isolated from
oligotrophic environments, such as water, and has
been reported to grow at 37°C unlike other varieties
(Gostincar et al., 2014). In 2015, A. pullulans was iso-
lated from indoor wood, where black discoloration
was observed in a wooden cultural heritage site in
Korea with a wood surface moisture content exceeding
15% (Kim et al., 2015). In this study, apperance of
Aureobasidium species at the sampling sites of
Jangheung and Jeju Island might be able to be affected
by climate change. According to the meteorological
data, there was oberved that temperature, precipitation,
and humidity in both sampling sites were increased
from 1991 through 2021 (Jangheung: 12.8°C, 1392.0
mm, 71.0% in 1991 to 13.3°C, 1471.8 mm, 71.9% in
2021; Jeju Island: 12.4°C, 1771.4 mm, 68.5% in 1991
to 13.9°C, 1989.6 mm, 69.8% in 2021).

In general, the species frequently reported to be haz-
ardous in weather deterioration is A. pullulans, and
wooden building #33 at Jeju Island was found to have
the same strain. However, the strains isolated from
wooden building #13 at Jangheung, Jeollanam-do and
wooden building #31 at Jeju Island were A. melanoge-
num, which was previously classified as 4. pullulans
since some gene sequences differed enough to be clas-
sified as another species but was recently found to be
one of the main variants of Aureobasidium (GostinCar
et al., 2014). Because it exist many varieties of the
genus Aureobasidium, there are required to confirm
colony morphological analysis as well as genomic se-
quencing for distinguishing the species in this genus
(Kim et al., 2018a). Therefore, morphological and
physiological analysis and genomic sequencing using
RPB2, LSU-rRNA, and ITS are expected to be appli-
cable to comparative identification with strains occur-

ring in similar damaging woods in other regions in

further studies and to investigate occurrence character-
istics of strains according to domestic environments
and wood species. In case of A. melanogenum, the
degradation pattern of Douglas fir by this strain was
first reported in Korea in 2017, and it has also been
reported to be an erosive soft-rot Type II in pine sap-
wood (Lee et al., 2017). From these results, it was
confirmed that 4. melanogenum and A. pullulans co-
exist in Korea, suggesting the necessity for more iden-
tification studies on wood-damaging strains that pres-
ent in the weathered domestic woods. This strain also
formed a group with A. melanogenum, which belongs
to the genus Aureobasidium, a sapstain fungus mainly
found in above-ground exterior materials and is pre-
dominantly found in the Netherlands, South Africa,
Australia, and Norway, and their number is reported
to be increasing continuously (van Nieuwenhuijzen et
al., 2016). In some studies, Aureobasidium strains
have been isolated from wooden surfaces in the
Netherlands and Thailand (Peterson et al., 2013; van
Nieuwenhuijzen ef al., 2016). The sampling sites in
the Netherlands is located between 52° 5' 34.3536" N
and 5° 6' 16.1280" E, and there are the average annual
temperature of 15.6°C, the average monthly precip-
itation range of 3-143 mm, the average monthly rela-
tive humidity range of 34.8-68.1%. The sampling sites
in Thailands is located between 14° 58' 47.6400" N
and 102° 5' 51.9756 E, and there are the average annu-
al temperature of 26.7°C, the average monthly precip-
itation range of 6-235 mm, the average monthly rela-
tive humidity range of 54.9-81.3%. In this study, the
sampling sites are located between 34° 30' 35" N and
126° 31' 19 E in Jangheung and 33° 15' 11.99" N and
126° 33' 42.52 E in Jeju Island. The meteorological
factors are the annual temperature range of -6.7-30.
6°C, the average monthly precipitation range of
11.3-374.8 mm, the relative humidity range of 23-90%
in Jangheung, and these are the annual temperature

range of 2.8-29.4°C, the average monthly precipitation
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range of 61.7-238.9 mm, the relative humidity range
of 25-99% in Jeju Island.

4. CONCLUSION

To identify the pure strains of wood-damaging fungi
obtained after isolating them from samples collected
from wooden members used in wooden buildings in
southern area of South Korea, the nucleotide sequence
was analyzed by sequencing the ITS region. The fungi
collected from wooden buildings #13, #14 (Jangheung),
and #31 (Jeju Island) showed 99.83%, 100% and
100% nucleotide sequence homologies with A. mela-
nogenum strains, respectively, and these strains were
confirmed to be 4. melanogenum strains. With respect
to the fungus isolated from wooden building #33 (Jeju
Island), it showed a 99.83% homology with the 4. pul-
lulans strain, and this strain was confirmed to be an
A. pullulans strain. In general, the species frequently
reported to be harmful with respect to weather deterio-
ration is A. pullulans, and the strain isolated from
wooden building #33 at Jeju Island was found to be
the same strain. However, the strain isolated from
wooden buildings #13 and #14 at Jangheung, Jeollanam-do
and wooden building #31 at Jeju Island was 4. mela-
nogenum, which was previously classified as 4. pul-
lulans but has recently been found to have some dif-
ferent gene sequences. From these results, it was found
that A. melanogenum and A. pullulans coexist in Korea,
suggesting the necessity for further identification stud-
ies on wood-damaging strains that appear in the
weathered domestic woods in southern area of South
Korea. Also, it implicates that the need for varnish de-
velopment and antifungal treatment of wood targeting

microorganisms that cause these black spots.
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