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ABSTRACT
Plastic wastes have a negative impact on marine environments; however, they can be used
as carbon sources and habitats by certain microbes. Microbes in the marine plastisphere can
migrate worldwide through the ocean and cause serious environmental problems when
they encounter suitable environments. Therefore, efforts to investigate the microbes inhabit-
ing the marine plastisphere are increasing. In the present study, fungal strains were isolated
from plastic wastes buried in Korean sea sands and mudflats and identified using molecular
and morphological analyses. Five species were identified that were previously unrecorded
from South Korea: Cladosporium funiculosum, Neosetophoma poaceicola, Neosetophoma rosi-
gena, Parasarocladium gamsii, and Trichoderma fomiticola. Their molecular phylogenies and
morphological characteristics are described in this study.
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1. Introduction

Plastics, being light, hard, and easily modifiable, are
widely used in various fields, such as households,
industry, agriculture, and fisheries. However, plastic
wastes are difficult to decompose biologically, since
plastics are resistant to degradation. Thus, plastic
wastes have continued to accumulate in the environ-
ment. In 2020, 30 million tons of post-consumer
plastic wastes were collected from Europe alone [1].
Traditional disposal methods, such as recycling and
littering, have become ineffective because of the
large amount of accumulated plastic wastes. Up to
one million tons of improperly dumped plastic
wastes that originate on land are carried into the
ocean by the wind or rivers [2]. This has become so
severe that an island of plastic wastes has formed in
the ocean, which affects all marine organisms both
physically and chemically [3]. However, certain
microbes can use this plastic waste island as their
habitat [4,5]. Researchers have acknowledged plastic
environments as a type of ecosystem called
“plastisphere” [6].

Numerous studies on microorganisms in plasti-
spheres from various environments, including fresh-
water [7,8] and land [9,10] have been conducted.
However, the marine plastisphere has received com-
paratively less attention [11,12], despite being the
first plastisphere to be discovered [13]. Marine plas-
tic wastes differ significantly from terrestrial plastic

wastes. Microbes in the marine plastisphere can
migrate worldwide through marine plastic garbage
drifts, and some can act as opportunistic pathogens
when they encounter a suitable environment
[14,15]. Therefore, efforts to identify the microbes
inhabiting the marine plastisphere are increasing
[16]. Many bacteria associated with the plastic
wastes in the marine environment have been discov-
ered [17,18]. However, relatively little research has
been conducted on fungi living on marine plastic
wastes, although approximately 1,800 marine fungi
have been reported to date (https://marinefungi.org,
accessed on August 22, 2022). Recently, fungi asso-
ciated with plastic debris have been reported using
metabarcoding [19,20]. Fungi may play an import-
ant ecological role in the plastisphere, since some
fungi can break down plastics [21–23]. A culturo-
mics approach is required to isolate fungi inhabiting
marine plastic wastes and to evaluate their plastic-
degrading ability.

Recently, we investigated the fungal diversity in a
marine plastisphere based on culturomics and eval-
uated their ability to degrade polycaprolactone
(PCL) [24] as part of the Marine Fungal Resource
Bank project. While conducting this diversity study,
we identified five species that were recorded for the
first time in South Korea. Their detailed morpho-
logical and molecular characteristics are described in
the present study.
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2. Materials and methods

2.1. Sampling and fungal isolation

Polyethylene terephthalate (PET) plastic wastes buried
in mudflats and sea sand were collected from six sites
in South Korea in April 2018 (Table 1, Figure 1).
After sampling, decontamination and fungal isolation
process were performed as described in the previous
research [24]. Pure fungal isolates were stored in 20%
(v/v) glycerol at �80 �C and deposited in the Seoul
National University Fungus Collection (SFC).

2.2. Molecular analyses

For molecular analyses, the genomic DNA of each
fungal strain was extracted using the modified cetyl-
trimethylammonium bromide extraction protocol
[25]. All strains were initially identified using
internal transcribed spacer (ITS) region sequences.
To obtain ITS sequences, PCR was conducted using
the primer set ITS1F [26]/ITS4 [27] in a C1000
thermal cycler (Bio-Rad, Richmond, CA, USA). The
PCR conditions were as follows: initial denaturation
at 95 �C for 5min; 35 cycles of denaturation at
95 �C for 40 s, annealing at 55 �C for 40 s, and
extension at 72 �C for 60 s; and a final extension at
72 �C for 5min. The PCR products were purified
using the ExpinTM PCR Purification Kit (GeneAll
Biotechnology, Seoul, South Korea), according to
the manufacturer’s guidelines. Sequencing was per-
formed using an ABI 3730xL DNA Analyzer (Life
Technologies, Gaithersburg, MD, USA) at Macrogen
(Seoul, South Korea).

All sequences were proofread using FinchTV
v.1.4 and identified using BLAST in NCBI (https://
blast.ncbi.nlm.nih.gov/Blast.cgi). Species identifica-
tion was assigned to species with over 97% similar-
ity in BLAST using the NCBI database. For accurate
identification of the species, the RAxML phylogen-
etic analysis of the ITS region for each genus was
conducted using reference sequences from GenBank.
The actin (act) and RNA polymerase II subunit B
(rpb2) regions of Cladosporium and Trichoderma,
respectively, were additionally amplified in the same
way as described above for accurate species identifi-
cation. ACT-512F/ACT-783R [28] or ACT1Fd/
ACT1Rd [29] for act and fRPB2-5F/fRPB2-7cR [30]
for rpb2 were used as the primer sets. The subse-
quent process was the same as described above. All
sequences produced in this study were deposited in
GenBank (Table 2). All multiple alignments were
performed using MAFFT v.7 [31] with default
options. By using RAxML [32], maximum likelihood
analyses were performed in the CIPRES web portal
[33] with the general time-reversible model
GTRþGAMMA with 1,000 bootstrap replicates.

2.3. Morphological observation

Morphological observations of the five newly
recorded species were performed according to previ-
ous studies [34–39]. The description procedure for
Neosetophoma and Parasarocladium has not yet
been standardized [34,37,39]. Therefore, potato dex-
trose agar (PDA), oatmeal agar (OA), and malt
extract agar (MEA), purchased from BD DifcoTM

Table 1. Species identification results and sampling site information of the fungal strains discovered in this study.
Species Strain No. Sampling location Latitude Longitude

Cladosporium funiculosum SFC20220715_M07 Jangmok-ri, Jangmok-myeon, Geoje-si, Gyeongsangnam-do 34�59036.1" 128�40030.7"
Neosetophoma poaceicola SFC20220715_M06 Wonpyeong-ri, Yongnam-myeon, Tongyeong-si, Gyeongsangnam-do 34�45046.2" 127�34044.4"
Neosetophoma rosigena SFC20220715_M03 Jinseo-ri, Jinseo-myeon, Buan-gun, Jeollabuk-do 35�35038.5" 126�36012.8"
Parasarocladium gamsii SFC20220715_M04 Gwanpo-ri, Jangmok-myeon, Geoje-si, Gyeongsangnam-do 34�5907.9" 128�41049.7"

SFC20220715_M10 Dongdal-ri, Yongnam-myeon, Tongyeong-si, Gyeongsangnam-do 34�51057.13" 128�2707.24"
Trichoderma fomiticola SFC20220715_M01 Masan-ri, Byeollyang-myeon, Suncheon-si, Jeollanam-do 34�50025.53" 127�26052.04"

Figure 1. Photos illustrating an example of the PET plastic wastes sampled in this study.
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(Sparks, MD, USA), were used as defaults for the
morphological observation of all species belonging
to those genera. Cultivations of Cladosporium were
conducted on synthetic nutrition-poor agar (SNA;
KH2PO4 1 g, KNO3 1 g, KCl 0.5 g, Glucose 0.2 g,
Saccharose 0.2 g, Bacto agar (Difco, Detroit, MI,
USA) 20 g per 1 L) [38] as well as the default media.
Trichoderma was cultivated on PDA, corn meal agar
(CMD; Difco, Detroit, MI, USA), and SNA [40]. All
cultures were incubated at 25 �C for 7 days, and the
hyphal growth of Trichoderma was measured daily

starting from the third day post-incubation to evalu-
ate the fungal growth rate. The Methuen Handbook
of Color was used to determine the name and
alphanumerical number of each colony color [41].
The microscopic observation for Trichoderma was
processed under a light microscope (Eclipse 80i,
Nikon, Tokyo, Japan) with strains growth on PDA
and CMD for 7 days, and for Cladosporium, strains
growth on SNA for 7 days at 25 �C on the dark were
used [38]. ImageJ was used to measure the colony
diameter [42].

Table 2. The strains and their GenBank accession numbers used for phylogenetic analyses in this study.
Species Strain No. ITS act rpb2

Brunneomurispora lonicerae KUMCC 18-0157 NR_164299 – –
Cercospora beticola CBS 116456 – AY840458 –
Cladosporium australiense CBS 125984 – HM148486 –
Cladosporium cavernicola URM 8389 – MZ555746 –
Cladosporium crousii CBS 140686 – LN834615 –
Cladosporium endoviticola JZB390018 – MN984220 –
Cladosporium funiculosum CBS 122129 NR_119845 HM148583 –

SFC20220715_M07 OP070802 OP022380 –
Cladosporium gamsianum CBS 125989 – HM148584 –
Cladosporium macadamiae BRIP 72269a – MZ344214 –
Cladosporium needhamense CBS 143359 – MF473991 –
Cladosporium phaenocomae CBS 128769 – JF499881 –
Cladosporium pseudocladosporioides CBS 125993 – HM148647 –
Cladosporium uredinicola CPC 5390 – HM148712 –
Cladosporium uwebraunianum CBS 143365 – OU641392 –
Cladosporium verrucocladosporioides CBS 126363 – HM148717 –
Cladosporium welwitschiicola CPC 18648 – KY646226 –
Hypocrea estonica CBS 121556 – – FJ860536
Hypocrea fomiticola C.P.K. 3137 – – FJ860539
Hypocrea moravica C.P.K. 954 – – FJ860547

C.P.K. 2419 – – FJ860548
C.P.K. 2489 – – FJ860549

Hypocrea phyllostachydis CBS 114071 – – FJ860570
Hypocrea strictipilosa C.P.K. 1601 – – FJ860594
Neosetophoma guiyangensis GZCC 18-0111 MH018134 – –
Neosetophoma lonicerae KUMCC 18-0155 NR_164444 – –
Neosetophoma miscanthi FU31023 MK503820 – –
Neosetophoma phragmitis CBS 145364 MK539954 – –
Neosetophoma poaceicola MFLUCC 16-0886 NR_165861 – –

SFC20220715_M06 OP070784 – –
Neosetophoma rosae MFLUCC 15-0682 KU302779 – –
Neosetophoma rosigena MFLU 17-0626 NR_157525 – –

SFC20220715_M03 OP070764 – –
Neosetophoma samarorum CBS 138.96 MH862569 – –
Neosetophoma xingrensis GZCC 18-0110 MH018135 – –
Parasarocladium aestuarinum CMG30 MK986714 – –

CMG31 MK986714 – –
Parasarocladium alavariense CMG32 MK986715 – –

CMG34 MK986718 – –
Parasarocladium fusiforme CMG37 MK986720 – –

CMG38 MK986725 – –
CMG39 MK986724 – –

Parasarocladium gamsii CBS 726.71 NR_159615 – –
SFC20220715_M04 OP070778 – –
SFC20220715_M10 OP223413 – –
CR1_9 MK460909 – –

Parasarocladium radiatum CBS 142.62 MH424699 – –
Parasarocladium tasmanniae CPC 38162 MW175340 – –
Parasarocladium wereldwijsianum NL19094001 MW883438 – –
Sarocladium strictum CBS 346.70 MH871457 – –
Trichoderma ceramicum CBS 114576 – – FJ860531
Trichoderma fertile DAOM 167070 – – AF545545

DAOM 167161 – – AF545546
Trichoderma fomiticola CBS 121136 NR_134391 – FJ860538

SFC20220715_M01 OP070730 – OP255996
Trichoderma hunanense HMAS:248841 – – KY687980
Trichoderma longipile GJS 91-93 – – AF545512
Trichoderma oblongisporum DAOM 167085 – – AF545551
Trichoderma parestonicum CBS 120636 – – FJ860565
Trichoderma spirale CBS 136472 – – KJ665348
Trichoderma thailandicum GJS 97-61 – – AY391957
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3. Results

3.1. Species identification

Six fungal strains were isolated from the marine PET
plastic wastes (Figure 1, Table 1). Through molecular
identifications based on the ITS sequences of these
strains, four strains were identified into three species:
Neosetophoma poaceicola (SFC20220715_M06) (Figure
2(B)), Neosetophoma rosigena (SFC20220715_M03)
(Figure 2(B)), and Parasarocladium gamsii (SFC20220
715_M04 and SFC20220715_M10) (Figure 2(C)). The
remaining two strains, SFC20220715_M01 and SFC2
0220715_M07, were morphologically identified at the
genus level as Trichoderma and Cladosporium, respect-
ively. To identify the species, protein-coding genes
were used. Finally, SFC20220715_M07 was identified
as Cladosporium funiculosum based on its conidia
shape, dark green colony, and ITS and act region
sequences (Figure 2(A)). SFC20220715_M01 was iden-
tified as Trichoderma fomiticola based on its conidia
shape, grayish yellow colony, and ITS and rpb2 region
sequences (Figure 2(D)).

Phylogenetic analysis revealed that SFC20220715
_M07, classified in Cladosporium, formed a mono-
phyletic group with C. funiculosum CBS 122129

(sequence similarity for act¼ 99.4%; bootstrap sup-
port ¼ 100%). SFC20220715_M06 and SFC20220715
_M03, classified in Neosetophoma, clustered with the
type strains of N. poaceicola (MFLUCC 16-0886)
(sequence similarity for ITS ¼ 99%; bootstrap sup-
port ¼ 99%) and N. rosigena (MFLUCC 17-0768)
(sequence similarity for ITS ¼ 99.6%; bootstrap sup-
port ¼ 99%), respectively. SFC20220715_M04
formed a clade with the type strain (CBS 726.71) of
P. gamsii (sequence similarity for ITS ¼ 99.6%;
bootstrap support ¼ 96%). Finally, SFC20220715
_M01 formed a distinct monophyletic group with
two strains (CBS 121136 and C.P.K. 3137) of
T. fomiticola (sequence similarity for rpb2¼ 99%).

3.2. Taxonomy

Cladosporium funiculosum W. Yamam (1959)
(Figures 2(A) and 3(A))

Description: Colony diam, 7 d, in mm: PDA
25 �C 33–35; MEA 25 �C 26–34; OA 25 �C 26–37.

Colony characteristics: PDA, 25 �C, 7 d:
Colonies low, flat; margins low, radially sulcate,
entire; mycelia white; texture velvety; sporulation
dense; conidia dark green (29F4); exudates absent;

Figure 2. Maximum likelihood phylogenetic trees of (A) Cladosporium based on act, (B) Neosetophoma based on ITS, (C)
Parasarocladium based on ITS, and (D) Trichoderma clade Semiorbis based on rpb2. Bootstrap values over 70 are presented at
the nodes. The scale bar represents the number of nucleotide substitutions per site. The species discovered in this study are
included in the blue boxes, and the sequences newly conducted in this study were highlighted in bold.
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soluble pigments absent; reverse color grayish tur-
quoise (24E4). MEA, 25 �C, 7 d: Colonies low, radi-
ally sulcate; margins low, wide, entire; mycelia
white; texture velvety; sporulation dense; conidia
dark green (29F4); exudates absent; soluble pigments
absent; reverse color dark brown (6F8). OA, 25 �C,
7 d: Colonies low, flat; margins low, wide, entire;
mycelia white; texture velvety; sporulation dense;
conidia dull green (29D4); exudates absent; soluble
pigments absent; reverse color dull green (29D4).
SNA, 25 �C, 7 d: Colonies low, flat; margins low,
narrow, entire; mycelia white; texture velvety; sporu-
lation moderate; conidia grayish yellow (3C4); exu-
dates absent; soluble pigments absent; reverse color
olive (3F3).

Mycelium composed of septate, branched, hyaline
to subhyaline, sometimes olivaceous, verruculose to

verrucose hyphae, 2–4.5 lm wide. Conidiophores
macronematous, sometimes reduced to conidioge-
nous cells, septate, erect or somewhat slightly flexu-
ous, usually unbranched, up to 180 lm long, 3–4 lm
wide, pale brown, verruculose to verrucose.
Conidiogenous cells integrated, terminal or intercal-
ary, cylindrical, 18–48� 2.5–4.5lm, bearing up to 3
conidiogenous loci, slightly darkened and refractive.
Ramocoinidia 0–1(–4)-septate, cylindrical, 15–36�
2.7–4.3 lm [av. (± SD) 26 (± 5.95) � 3.3 (± 0.37)],
pale brown, verruculose to verrucose. Conidia form-
ing branched chains, with up to eight conidia in the
terminal unbranched part, sometimes long neck
between conidia, 0(–1) septate, pale brown, verrucu-
lose to verrucose, slightly darkened and refractive.
Small terminal conidia aseptate, ellipsoidal,
2.6–4.8� 1.4–2.4 lm [av. (± SD) 4.8 (± 0.57) � 1.8

Figure 3. Morphological characteristics of the five fungal species recorded in this study. (A) Colonies after 7 days at 25 �C,
from left to right potato dextrose agar (PDA), malt extract agar (MEA), oatmeal agar (OA), and synthetic nutrition-poor agar
(SNA); (B–D) Colonies after 7 days at 25 �C, from left to right PDA, MEA, and OA; (E) Colonies after 7 days at 25 �C, from left to
right PDA, corn meal dextrose agar (CMD), and SNA. Abbreviations: cp conidiophore, c for conidia.
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(± 0.28)]. Intercalary conidia 0(–1) septate, ellips-
oidal to subcylindrical, 3.5–12.1� 1.7–
3.4 lm [av. (± SD) 6.6 (± 2.4) � 2.4 (± 0.37)].
Secondary ramoconidia 0(–1) septate, subcylindrical
to cylindrical, 7.7–25.6lm long � 2.1–3.6 lm [av.
(± SD) 13.7 (± 4.51) � 2.8 (± 0.35)].

Strain examined: SFC20220715_M07, isolated
from plastic wastes in mudflats in South Korea.

Note: SFC20220715_M07 is morphologically
similar to the type strain CBS 122129 of
Cladosporium funiculosum, except for the following
features [38]. SFC20220715_M07 had darker conidia
on PDA and did not have aerial mycelium on MEA,
whereas the type strain had more light-colored coni-
dia, such as grayish olive conidia on PDA [38].

Neosetophoma poaceicola Goonas., Thambug. &
K.D. Hyde (2017) (Figures 2(B) and 3(B))

Description: Colony diam, 7 d, in mm: PDA
25 �C 32–33; MEA 25 �C 25–27; OA 25 �C 31–33.

Colony characteristics: PDA, 25 �C, 7 d: Colonies
low, radially sulcate; margins low, wide, entire; myce-
lia yellowish white (4A2); texture floccose; sporula-
tion moderate; conidia brownish grey (4D2);
exudates absent; soluble pigments absent; reverse
color orange (5A5) at the center, pale orange (5A3)
elsewhere. MEA, 25 �C, 7 d: Colonies low, radially
sulcate; margins low, wide, entire; mycelia white; tex-
ture floccose; sporulation moderate; conidia grey
(5C1); exudates absent; soluble pigments absent;
reverse color orange (5A7). OA, 25 �C, 7 d: Colonies
low, flat; margins low, wide, entire; mycelia white;
texture velvety to floccose; sporulation moderate;
conidia grayish green (29B4); exudates absent; soluble
pigments absent; reverse color pale green (29A3).

Strain examined: SFC20220715_M06, isolated
from plastic wastes in sea sands in South Korea.

Note: Current morphological descriptions of N.
poaceicola focus mainly on sexual morphs, leaving
the asexual morphs relatively understudied. The
growth rates of SFC20220715_M06 on PDA and OA
were similar to those of the strain IRAN 2429C,
which is not a type strain [39]. Furthermore, the
colony color of SFC20220715_M06 on PDA was
similar (grayish) to that of IRAN 2439C but differ-
ent on OA, with SFC20220715_M06 exhibiting gray-
ish green conidia and IRAN 2429C was colorless.

Neosetophoma rosigena Wanas., E.B.G. Jones &
K.D. Hyde (2018) (Figures 2(B) and 3(C)).

Description: Colony diam, 7 d, in mm: PDA
25 �C 16–21; MEA 25 �C 15–17; OA 25 �C 23–26.

Colony characteristics: PDA, 25 �C, 7 d:
Colonies low, flat; margins low, wide, entire; mycelia
orange white (5A2); texture velvety; sporulation
weak; exudates absent; soluble pigments grayish
brown (5D3); reverse color deep orange (5A8).

MEA, 25 �C, 7 d: Colonies low, flat; margins low,
wide, entire; mycelia white; texture velvety; no
sporulation; exudates absent; soluble pigments
absent; reverse color deep orange (5A8). OA, 25 �C,
7 d: Colonies low, flat; margins low, wide, entire;
mycelia white; texture velvety at the center, floccose
elsewhere; no sporulation; exudates absent; soluble
pigments absent; reverse color light yellow (4A5).

Strain examined: SFC20220715_M03, isolated
from plastic wastes in mudflats in South Korea.

Note: The overall characteristics of the strain
SFC20220715_M03 resembled those of the type
strain MFLUCC 17-0768: they shared the same
color and texture of conidia. However,
SFC20220715_M03 exhibited a relatively faster
growth rate and sporulation than the type
strain [37].

Parasarocladium gamsii (Tichelaar) Summerb.,
J.A. Scott, Guarro & Crous (2018) (Figures 2(C)
and 3(D))

Description: Colony diam, 7 d, in mm: PDA
25 �C 33–35; MEA 25 �C 26–34; OA 25 �C 26–37.

Colony characteristics: PDA, 25 �C, 7 d:
Colonies low, flat; margins low, wide, entire; mycelia
white; texture velvety to floccose; no sporulation;
exudates absent; soluble pigments absent; reverse
color pale yellow (4A3). MEA, 25 �C, 7 d: Colonies
low, flat; margins low, wide, entire; mycelia white;
texture floccose; no sporulation; exudates absent;
soluble pigments absent; reverse color orange (5A6).
OA, 25 �C, 7 d: Colonies low, flat; margins low,
wide, entire; mycelia white; texture floccose; sporula-
tion moderate; conidia light orange (5A4); exudates
absent; soluble pigments absent; reverse color can-
not be observed.

Strains examined: SFC20220715_M04, isolated
from plastic wastes in mudflat in South Korea.
SFC20220715_M10, isolated from plastic wastes in
sea sands in South Korea.

Note: The overall morphological characteristics of
SFC20220715_M04 and SFC20220715_M10 were
similar to those of the type strain CBS 726.71.
However, there was a difference in the margin char-
acteristics: the type strain CBS 726.71 was irregular
[34] and SFC20220715_M04 was entire.

Trichoderma fomiticola Jaklitsch (2009) (Figures
2(D) and 3(E))

Description: Optimum growth at 25 �C on all
media, 7 d, in mm: CMD 25 �C 23–26; PDA 25 �C
47–52; OA 25 �C 22–33.

Colony characteristics: CMD, 25 �C, 7 d: Aerial
mycelium sparse; cottony pustules forming on the
margin of the colony, conidia forming sparsely,
grayish yellow (2B4); no distinctive odor; no soluble
pigments. PDA, 25 �C, 7 d: Aerial mycelium
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abundant; cottony, conidia forming sparsely, with
broad concentric rings, white; no distinctive odor;
no soluble pigments. SNA, 25 �C, 7 d: Aerial myce-
lium sparse; cottony pustules forming around the
inoculum, conidia forming sparsely, grayish green
(30D5); no distinctive odor; no soluble pigments.

Stipe width 2.9–4.1 lm. Branches forming regular
trees, narrow, paired. Phialides 2.3–4.0� 5.1–
10.2 lm, variable, lageniform, thicker in or below
the middle, ampulliform. Conidia 3.6–4.9� 2.9–
4.1 lm, yellowish green to dark green, smooth, sub-
globose to ellipsoidal.

Strain examined: SFC20220715_M01, isolated
from plastic wastes in mudflat in South Korea.

Note: The type strain CBS 121136 of
Trichoderma fomiticola produced strong sporulation
on PDA. However, SFC20220715_M01 exhibited
relatively weak sporulation. Additionally, the growth
rate of SFC20220715_M01 on all media was consid-
erably slower than that of the type strain [40].

4. Discussion

Five previously unrecorded species were discovered
from marine plastispheres buried in mudflats and
sea sand in South Korea. They were identified pri-
marily through maximum likelihood phylogenetic
analysis of the ITS sequences. Other protein-coding
genes were additionally used for identifying C. funi-
culosum and T. fomiticola because of the low reso-
lution of their ITS sequences. The act and rpb2
genes were proposed as specific markers for
Cladosporium [38] and Trichoderma [30], respect-
ively. Subsequently, using morphological analysis
based on colony characteristics, these species were
confirmed to be previously unrecorded from South
Korea and belonged to three orders: Cladosporiales,
Pleosporales, and Hypocreales.

The morphological features of the five species dif-
fered depending on both culture methods and eco-
logical characteristics. We observed that the growth
morphologies of C. funiculosum and T. fomiticola
were identical to those of their corresponding type
strains because Cladosporium and Trichoderma
have well-established culture methods [38,40].
Neosetophoma poaceicola and N. rosigena isolated
from plastic wastes showed differences in morpho-
logical characteristics, such as growth rates and col-
ony colors, when compared with the reference
strains [37,43]. The reference species were reported
from their plant hosts: N. poaceicola from dead
grass [43] and apple leaf [39] and N. rosigena from
Rosa [37]. Their cultural methods have not yet been
standardized. The present study is the first to report
these species from plastisphere, which is an artificial
environment. Fungal morphology can vary

depending on the nutritional components, water
capacity, and artificial media types [44–46].
Morphological differences may result from different
habitats and the lack of standardized cul-
tural methods.

The plastic-degrading ability of the five species
was evaluated using PCL agar (Kim et al. [24]). The
species could degrade plastic but were categorized as
weak PCL degraders. These species are known as
saprobes or pathogens. For example, C. funiculosum
[38] and N. poaceicola [43,47] are saprobes as well
as a plant pathogen [39], and N. rosigena is a sap-
robe [37]. Hydrolases and oxidoreductases of sapro-
bic and pathogenic fungi are crucial for the
degradation of lignocellulose [48] or pathogenesis
[49]. Fungi containing various enzymes can bio-
degrade plastic substances [50]. Therefore, the five
species isolated from the plastisphere may possess
enzymes that can degrade plastics.

In conclusion, we discovered five plastic-associ-
ated fungi from marine environments, which were
not previously reported from South Korea. These
species can use plastics as their habitat and carbon
source. Their cultural morphologies vary depending
on their habitat—whether they are living in a nat-
ural or man-made environment. Standard culture
methods for the species P. gamsii, N. poaceicola, and
N. rosigena are unknown, making the comparison of
morphological differences between strains isolated
from different environments challenging. Thus, our
report on their growth features will help to establish
standard cultural methods in the future.
Furthermore, these species have the potential to be
used in various fields because of their plastic-
degrading abilities in marine environments.
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