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ABSTRACT

Endophytic fungi occupy inner plant tissues, which results in various interactions between
the fungus and host. Studies on endophytic fungi have been conducted in Korea for over
30years. This paper summarizes the published results of those studies. The endophytic fungi
of approximately 132 plant species in Korea have been studied since the 1990s, resulting in
over 118 publications. The host plants featured in these studies comprised 3 species of
mosses, 34 species of woody plants, and 95 species of herbaceous plants. At the family level,
the most studied plants were members of the Poaceae family, covering 18 species.
Regionally, these studies were conducted throughout Korea, but over half of the studies
were conducted in Gyeongsangbuk-do, Gangwon-do, and Chungcheongnam-do. Relatively
few studies have been conducted in a metropolis such as Seoul. We confirmed 5 phyla, 16
classes, 49 orders, 135 families, 305 genera, and 855 taxa of endophytic fungi, excluding
Incertae sedis, whose relationship with others are unknown. Most of the endophytic fungi
belonged to Ascomycota (93.2%), and a few belonged to Basidiomycota (3.6%). Since the
diversity of endophytic fungi differs depending on the host plant, plant tissue, and distribu-
tion region, future studies should be conducted on multiple host plants and in various
regions. Future studies on endophytic fungi are expected to broaden, including genomics
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and taxonomic and ecological studies of secondary metabolites.

1. Introduction

Plants provide various ecological niches to endo-
phytic fungi, where they colonize internal plant tis-
sues [1]. Since studies on endophytic fungi began in
earnest in the 1980s, and in Korea specifically, in
the 1990s, several studies have been conducted cov-
ering various aspects such as diversity, function,
pharmacological substances, and so on [2-4]. The
Korean Peninsula has four relatively distinct seasons
and is located in Northeast Asia between approxi-
mately 32°-43° north and 125°-132° east [5]. The
Baekdu-daegan mountain range intersects the cen-
tral part of the Korean Peninsula from the north at
Mt Baekdu (~2700m), terminating in the south at
Jeju Island, which was historically geologically con-
nected to the peninsula [6]. Climatically, the Korean
Peninsula is subtropical in the south (e.g., Jejudo
Island) to north (e.g., the
Gaemagowon highlands). In of floristic
regions, the Korean Peninsula is subdivided into
eight subregions, including the Kwanbuk district
subregion in the northernmost part of the country
[7]. Forests cover approximately 63% of the Korean
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Peninsula and can be classified as coniferous, broad-
leaved, or mixed forests [8]. A total of 4606 species
of vascular plants are reported: 337 species of ferns,
55 species of gymnosperms, and 4214 species of
angiosperms [9]. The distribution of plants accord-
ing to diverse altitudes, climates, and forest types
provides suitable conditions for exploring the bio-
diversity and ecological phenomena of endo-
phytic fungi.

This review summarizes the results of studies
on endophytic fungi in Korea from 1991 to 2021.
To prepare this review, the date range was set
from 1991 to 2021 in Google Scholar, DataBase
Periodical Information Academic (DBPIA), Research
Information Sharing Service (RISS), ScienceON, and
the Korean Journal of Mycology and Mycobiology. A
total of 118 papers were analyzed. Considering that
a variety of endophytic fungi are found in various
host plants, we identify the plants and regions where
studies on endophytic fungi have been conducted
and any new relationships that have been discov-
ered. We also discuss the suggested direction of
future studies on endophytic fungi and the applica-
tion of new methods in Korea.
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2, Studies on endophytic fungi in Korea

We examined 118 published papers to analyze the
biodiversity of endophytic fungi in Korea over the
last 30years. The number of studies on endophytic
fungi in Korea is continuously increasing. Initially,
there were only one or two publications per year, but
now an average of 10 papers are published yearly
(Figure 1). Studies on endophytic fungi in Korea are
largely confined to four fields, but this is also diversi-
fying. Most (71.9%) comprise classification and
ecological studies, followed by secondary metabolite-
related studies (14.8%), such as antifungal detection.
This is followed by research related to stress resist-
ance of host plants (12.5%), and finally, genome-
related studies (0.8%; Figure 2). The reason for the
primary focus on taxonomy and ecological studies
may be owing to the nascent stage of endophytic
fungi studies in Korea. Steady attempts are being
made to accurately identify endophytic fungi taxo-
nomically and to isolate and culture them from new
host plants and plant tissues. Similar to studies in
other fields in the natural sciences, studies on endo-
phytic fungi are expected to significantly broaden
from basic studies, such as classification and ecology,
to fields comprising secondary metabolites and stress
resistance as taxonomic study results accumulate.

3. Diversity of host plants

The review confirms the inclusion of 50 families, 108
genera, and 132 species of host plants in the study of
endophytic fungi to date, with 3 types of mosses, 34
types of woody plants, and 95 types of herbaceous
plants being confirmed as host plants. Among the
woody plant hosts, 18 species of broad-leaved and 16
species of conifer trees were confirmed, whereas 22
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annual and 73 perennial species were recognized
among the herbaceous plants (Table 1). Additionally,
most of the host plants used in the studies were
native to the Korean Peninsula. However, four spe-
cies—Pinus rigida Mill., Aronia sp., Larix kaempferi
(Lamb.) Carriere, and Acer buergerianum Miq.—were
confirmed as introduced species.

The most studied host plants in Korea belong to
the Poaceae family, of which 18 species were included
in the study of endophytic fungi. Together with
Poaceae, Pinaceae (11 species), Amaranthaceae, and
Asteraceae (8 species each) constitute the top four
families studied. Fewer than five species were studied
within most other plant families. Among the studied
host plants, ~56% were the only species studied in a
particular family. It is, therefore, necessary to diversify
host plants in future studies of endophytic fungi, par-
ticularly as studies were conducted by isolating and
culturing endophytic fungi from only ~3.5% of the
plant taxa distributed in the Korean Peninsula [9].
Studies on endophytes have been conducted on only
a very small number of host plants to date. Among
them, research results of crops and conifers as host
plants occupy about 47.4%. The reason is that crops
such as chili pepper [10] are easy to collect as host
plants and research results are linked directly practical
aspects such as improving productivity. In case of
conifer, some researchers are intensively studying
things such as Khingan fir [11] which are feared to
be greatly affected by global warming. There is still a
large scope for taxonomic and ecological studies and
potential for applied studies as well.

Among the target host plants, endophytic fungal
studies have been conducted on seven species con-
sidered to be relatively vulnerable to environmental
changes, including endangered species distributed in
Korea [12], endemic species, and climate-sensitive
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Figure 1. The number of study papers on endophytic fungi published in Korea since the 1990s. Publication of studies related
to endophytic fungi increased each year. Recently, on average, ~10 studies on endophytic fungi have been published

per year.
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Figure 2. Study areas of published papers related to endophytic fungi in Korea by percentage. These publications were
checked based on keywords and the papers were classified into four major topics: taxonomy and ecology (72.8%), secondary

metabolites (13.6%), stress resistance (12.8%), and genome (0.8%).

Table 1. Families and number of species of host plants included in studies of endophytic fungi in Korea®.

Family Species Family Species Family Species
Aceraceae 2 Crassulaceae 3 Lauraceae 2
Amaranthaceae 8 Cucurbitaceae 2 Orchidaceae 6
Apiaceae 6 Cupressaceae 5 Pinaceae 1
Araliaceae 5 Cyperaceae 5 Plumbaginaceae 1
Asteraceae 8 Ericaceae 3 Poaceae 18
Boraginaceae 2 Fabaceae 5 Rosaceae 3
Brassicaceae 2 Fagaceae 1 Solanaceae 4
Caryophyllaceae 4 Lamiaceae 3 Taxaceae 2

Families with one species: Aizoaceae, Aquifoliaceae, Asparagaceae, Convolvulaceae, Dryopteridaceae, Ebenaceae, Eriocaulaceae, Fagaceae,
Funariaceae, Ginkgoaceae, Hydrocharitaceae, Hypnaceae, Juncaginaceae, Lentibulariaceae, Liliaceae, Mniaceae, Papaveraceae, Plantaginaceae,
Plumbaginaceae, Polygonaceae, Primulaceae, Salviniaceae, Smilacaceae, Theaceae, Trapaceae, Typhaceae, Violaceae, Vitaceae.

biological indicator species [13]. Among them, two
of Korea’s 459 endemic species have been studied:
Abies koreana E.H. Wilson and Sedum takesimense
Nakai. [14]. In terms of endangered species,
Cypripedium japonicum Thunb. and C. macranthos
Sw., which accounted for 2.3% of the selected 88
species (11 and 77 species in endangered wildlife
classes I and II, respectively) of vascular plants, were
studied. Three climate-sensitive biological indicator
species (7.6% of 39) have been studied: Cyrtomium
falcatum (L.f) C. Presl.,, Ilex crenata Thunb., and
Camellia japonica L. [9] (Figure 3).

Climate change triggered by global warming has
increased the average global temperature by approxi-
mately 0.85°C, and it continues to increase [15]. In
addition, irregular occurrences of abnormal meteoro-
logical phenomena, such as excessive droughts, high
temperatures, and intensified rainfall [16], have been
observed and are significantly affecting the ecosystem
of the Korean Peninsula. This has a particularly nega-
tive effect on plants inhabiting the forest ecosystem.
Environmental changes

are known to have a

significant impact on endemic or endangered species;
thus, it is necessary to study ecologically endangered
plant species to monitor their adaptation to environ-
mental changes and for their conservation [17].

Roots and leaves served as the primary host plant
tissue source in the studies of endophytic fungi in
Korea (Figure 4). Barring Incertae sedis, 3 phyla, 8
classes, 32 orders, 73 families, 140 genera, and 269
taxa of endophytic fungi were confirmed in leaves.
By contrast, 5 phyla, 16 classes, 44 orders, 99 fami-
lies, 216 genera, and 621 taxa were confirmed in
roots. Furthermore, 76 genera (35.0%) were identified
only from leaves, and 82 genera (37.8%) only from
roots. Fifty-nine genera (27.2%) were discovered in
the tissues of both organs (Figure 5). Therefore, the
endophytic fungal community differed between the
organs of the host plant. However, it cannot be
deduced that a certain taxon is found only in specific
organ tissues, considering that most fungi can spread
through the air and also opportunistically infect
plants via random methods, such as spores falling on
the soil or leaves. Since the degree of isolation of
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Figure 3. Characteristic cones (left) and dead trees (right) of Abies koreana E.H. Wilson in Yeongsil of Mt. Halla. This is an
endemic and climate-sensitive biological indicator species in Korea. Seven studies have been reported on endophytic fungi
related to fir trees, and 12 taxa in 1 division (Ascomycota), 3 classes, 8 orders, 11 families, and 12 genera were reported. The
study results are insufficient, considering the urgency to better understand host plant-endophytic fungi associations in fir trees

and other plants.
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Figure 4. Endophytic fungi studies categorized according to
host plant organ/tissue. Endophytic fungi found in Korea
have been isolated mainly from leaves and roots. The top
three classes of endophytic fungi isolated from leaves
include the Sordariomycetes (50.1%), Dothideomycetes
(25.8%), and Leotiomycetes (13.3%); those isolated from
roots include the Eurotiomycetes (34.0%), Sordariomycetes
(31.2%), and Dothideomycetes (21.5%). Unknown means
that no plant tissue was specified in the paper analyzed.

endophytic fungi may vary depending on the time
and medium, it is difficult to accurately identify the
distribution of endophytic fungi at the current level.
However, the approximate pattern of endophytic
fungi in each tissue may be explained [18].
Additionally, endophytic fungi have been isolated
from bark (one taxon), flower stalks (four taxa), and
fruit (three taxa). Considering that these plant parts
have fewer reported results than leaves and roots, the
scope of future studies should be expanded to include
more diverse plant organs and tissues [18,19].

4, Distribution of endophytic fungi in Korea

Endophytic fungi have been isolated and studied in
all regions of Korea (Figure 6). By province and

Leaf Root
82 Genera 76 Genera
(37.8%) (35.0%)

Figure 5. Endophytic fungi isolated from the leaf and root
of the host plant. A total of 217 genera were identified: 82
in the leaf, 76 in the root, and 59 in both organ tissues.
Genera found in the tissue of both organs likely represent
opportunistic infections.

administrative district, more than half of the studies
were conducted in Chungcheongbuk-do (17.1%),
Chungcheongnam-do (15.7%), Gangwon-do (15.7%),
and Gyeongsakbuk-do (14.3%). Seoul was the most
poorly represented (approximately 1.4%) (Figure 7).
Other metropolitan areas such as Daejeon,
Jeollanam-do, Jeollabuk-do, and Gyeongsangnam-do
were also poorly represented. This highlights the
need for field surveys to confirm the biodiversity of
endophytic fungi at the national level. Host plants
were collected from forests (34.1%), arable land
(17.9%), the coast (21.1%), wetlands (8.9%), cities
(4.9%), and bare ground (4.1%). This is because the
study of endophytic fungi is based on the host plant;
therefore, site selections in most studies were based
on the health of the host plants or the presence of
suitable host plant habitat.

From the point of view of ecosystem conserva-
tion, studies on endophytic fungi are increasingly
important in restoring the health of wurban
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Figure 6. Study sites (black dots) of endophytic fungi reported in articles published in Korea from 1990 to 2020.

® Chungcheongbuk-do
B Chungcheongnam-do
B Gangwon-do

W Gyeonggi-do

B Gyeongsangbuk-do

m Gyeongsangnam-do
MW Jeju-do

M Jeollabuk-do

M Jeollanam-do

m Seoul

Figure 7. Regional distribution of endophytic fungi studies
conducted in Korea from 1990 to 2020. Gyeongsangbuk-do
(17.1%), Chungcheongnam-do (15.7%), Gangwon-do (15.7%),
and Chungcheongbuk-do (14.3%) together represent more
than 50% of the total study areas. Only 1.4% of the studies
were performed in Seoul.

ecosystems. Climate change is altering the vegetation
of the Korean Peninsula, and it is necessary to cre-
ate ecosystems suitable for cities by introducing
plant species that can adapt to climate change in the
long term. Furthermore, the expansion of green
space is inevitable for reducing carbon generated in
cities and ecologically improving the environment.
Thus, in addition to planting more trees, we need
studies on the ecological circulation between plants
and functional endophytic fungi. For example, inoc-
ulating plants with functional endophytic fungi that

can resist urban pollutants and using plant species
with high carbon reduction and oxygen generation
increases the likelihood of the plants surviving and
resisting urban environmental stress.

Studies on endophytic fungi in Korea have been
relatively limited in scope, having been conducted
mostly in forests based on the presence of host
plants. More challenging goals need to be set, con-
sidering that the field is now out of the nascent
stage. In other words, it is necessary to conduct a
nationwide study on the interaction of endophytic
fungi with host plants by approaching it from a flor-
istic regional and geographical point of view that
can affect the distribution of host plants.

5. Diversity of endophytic fungi in Korea

This review confirmed 5 phyla, 16 classes, 49 orders,
135 families, 305 genera, and 855 taxa among 132
host plants, barring Incertae sedis. At the phylum
level, Ascomycota accounted for 93.2%, followed by
Basidiomycota (3.6%) and Glomeromycota, Muco-
romycota, and Oomycota (2.6%). Sordariomycetes
(36.9%), Eurotiomycetes (30.3%), and Dothideomy-
cetes (24.6%) made up 91.8% of the Ascomycota,
while Agaricomycetes accounted for 79.6% of the
Basidiomycota. Ascomycota comprised 93.5% and
Basidiomycota 3.2% of the endophytic fungi isolated
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from the root, and 93.0% and 4.3%, respectively,
from the leaves.

The 2021 National Species List of Korea con-
tained 4683 species of fungi, of which 2020 species
(43.1%) are ascomycetes and 2311 species (49.3%)
are basidiomycetes [9]. Although these fungi are
found in similar proportions in nature in the
Korean Peninsula, this is not the case among their
endophytic counterparts in plants. The reasons for
the asymmetrical dominance of ascomycetes among
endophytic fungi cannot be clearly explained. This
pattern was consistently observed in most of the
studies we considered and was present in both the
root and leaf tissues. Mycorrhizal fungi, which are
distributed in the root and form a symbiotic rela-
tionship with it, belong to the basidiomycetes.
Therefore, the overwhelming dominance of ascomy-
cetes in both the root and leaf tissue is unexpected.
The dominance of ascomycetes is believed to have a
significant influence on plant habitat preference.
However, a more detailed explanation for the
observed dominance may be required.

Studies on endophytic fungi in Korea have been
conducted using primarily isolation and culture
methods, which can be described as follows: (1) The
tissue of the host plant is sterilized, and the pure
fungal strain is isolated using water, (2) the isolated
strain is cultured on a slide, and its microscopic
shape is observed, (3) DNA is extracted from the
isolated strain, (4) the corresponding nucleotide
sequence is amplified using fungal-specific primers,
and (5) species candidates are selected through
phylogenetic analysis and the similarity between
nucleotide sequences based on nucleotide sequence
databases such as NCBIL. For molecular biological
identification, molecular markers targeting a specific
fungal barcode region are used, such as the internal
transcribed spacer (ITS) 1 and ITS2 region that
includes the 5.8S ribosomal rDNA. For the molecu-
lar identification of endophytic fungi, f-tubulin, a
region of the translation elongation factor (TEF),
and a region of the ribosomal large subunit (LSU),
including domains 1 and 2 of the 28S rDNA region,
are used. The choice of molecular marker to be
used requires careful consideration, and molecular
identification of fungi in Korea is conducted as it is
globally. Initially, the ITS barcode region was used
for molecular identification, followed by the TEFla
region as a cross-assay [20,21]. In most Korean
endophytic fungi studies, the ITS region was used as
a molecular marker, accounting for approximately
93.3% of all studies. The LSU marker was used in
3.8% of the studies, f-tubulin in 1.3%, and TEF in
0.7%. Molecular markers such as glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) and calmodulin
(CaM) were rarely used (0.8%). Although the use of

the ITS region alone is not sufficient, it is possible
to compare the nucleotide sequence by extending
sequencing of the rDNA to the LSU region. The
sequences in the TEF region is different from those
in the ITS region and, therefore, a new gene could
be applied to the same taxon. Furthermore, it has
been difficult to identify only the TEF region to
date because most of the nucleotide sequences in
the database are primarily of the ITS region. The
TEF region also has a different scale distance than
the rDNA region, so caution should be applied in
its interpretation. The ITS marker region used as a
DNA barcode comprises approximately 500-800 bp,
and while it is somewhat conservative, it has the
advantages of accumulating mutations and having a
well-established nucleotide sequence database allow-
ing comparisons among related species [22].
However, considering it is impossible to identify the
entire fungal taxon using only one barcode gene,
there is a constant demand for alternatives.
Experimental methods affect the resulting
observed endophytic fungal biodiversity [13]. The
culturing of endophytic fungi may vary depending
not only on the host plant used for isolation but
also on the experimental conditions [18]. When iso-
lating endophytic fungi, the growth rate of each
strain varies depending on the medium and tem-
perature. Slow-growing endophytic fungi strains are
often lost to fast-growing strains. The number of
isolated endophytic fungi strains may also differ
depending on the size of the host plant tissue [12]
placed on a medium. Experimental methods also
affect the observed endophytic fungal biodiversity
[13]. Therefore, the biodiversity of endophytic fungi
should be assessed keeping in mind the potential
impact of isolation and culture methods. Next-gen-
eration sequencing (NGS) is preferred for whole
endophytic fungi present in a host plant. The
method used in NGS cuts the genome into countless
fragments, which are then amplified in large quanti-
ties. An amplified genome is useful for confirming
the existence of microorganisms that cannot be
detected by isolation-culture methods and decrypted
using bioinformatics. Performing metagenomics
using the ITS region can identify the fungal com-
munity in a sample collected from a specific envir-
onment rather than an individual fungal species.
This approach can solve problems inherent in the
isolation—culture method and allow for the discovery
of new fungi and the distribution and density of
endophytic fungi in plants. Considering the advan-
tages of cost, time, and ability to process several
samples simultaneously, NGS is an important means
to study the endophytic community structure. It is
also an alternative approach that can compensate
for inaccurate information about endophytic fungi



strains that have not been isolated from host plants
[14]. Despite these advantages, NGS has some limi-
tations. For example, since the length of the nucleo-
tide sequence used for NGS is approximately
350-500bp shorter than that of the ITS barcode
region, there is a limitation in the taxonomic reso-
lution and the possibility that the actual strain can-
not be studied. Therefore, the isolation-culture
method and NGS should be performed simultan-
eously to produce complementary results.

6. Taxonomy of endophytic fungi

It is estimated that there are 1,500,000 to 10,000,000
species of fungi globally [23], including 1,000,000 to
1,250,000 species of endophytic fungi [24]. Most
endophytic fungi are of the division Ascomycota,
with some Basidiomycota, Mucoromycota, and
others [25]. The fungal classification has undergone
considerable changes based on molecular phylogeny,
and the kingdom Fungi is now composed of 5 sub-
kingdoms and 16 divisions. Most endophytic fungi
belong to Ascomycota and Basidiomycota in the
subkingdom Dikarya [26].

Using molecular markers yields effective results
in the identifying microbial species that are difficult
to identify using key physical characteristics owing
to very few morphological differences between spe-
cies. Therefore, using molecular markers supple-
ments  morphological  species  identification,
demonstrating effective results even in animals and
plants [27], and is essential in evaluating endophytic
fungi with great biodiversity.

At this point, a reverse taxonomic approach is
required. It is possible to fix the limit of species
using available genetic data, such as taxa distributed
in various habitats, not cultured or relatively diffi-
cult to classify based solely on morphological char-
acteristics, to focus on microscopic morphological
analyses. Establishing this approach will enable effi-
cient discovery of fungal biodiversity. However, des-
pite these advantages limiting the species to be
analyzed, the relatively low accuracy of sequencing
and the construction of databases are often consid-
ered obstacles. In particular, the irregularity of inter-
species and intraspecies variation poses difficulties
in species analysis, creating the requirement of more
diverse genetic markers, consequently increased
time and cost. These factors explain the increase in
studies at the genomic level compared to molecular
markers. Thus, it may be necessary to evaluate bio-
diversity via the development of standard proce-
dures for reverse taxonomy.

Endophytic fungi are closely related to their host
plant. Based on this, they are divided into two
groups [28]. Group I comprises one cluster (Class
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1) and includes endophytic fungi belonging to the
family Clavicipitaceae. Compared to other clusters,
in Class 1, the range of hosts is limited, and most
are specific herbaceous species such as Lolium spp.
Group II comprises endophytic fungi other than the
Clavicipitaceae family and can be divided into three
clusters (Classes 2-4). Most Group II fungi are clas-
sified into Dikarya Ascomycota and Basidiomycota
and are associated with a wide range of hosts. Class
3 comprises fungi found in the aboveground part of
the plant. Class 4 comprises pseudomycorrhizal
fungi symbiotic with the underground roots of
angiosperms, commonly referred to as dark septate
endophytic fungi. Of the 855 taxa studied in Korea,
none fall within Class 1, and one falls within Class
4. All the other studied species in Korea fall into
Classes 2 and 3. According to previous studies, var-
iations in infected tissue, infection patterns, and
diversity in the plant and modes of transmission are
important criteria for classification into Classes 2
and 3. We propose that these criteria distinguishing
Class 2 and Class 3 represent a kind of ecological
scale, and it is questionable whether they can be
realistically applied to studies. The ecological scale
that divides Class 2 and Class 3 appears to be
related to host plant and fungi preferences; fungi
belonging to Class 2 are friendlier to host plants
than fungi in Class 3. Class 2 has a narrow range of
host plants and demonstrates more diverse infected
tissues and broader infection patterns than Class 3
because the tissue in the host plant may be infected
in several ways, from the root to the aboveground
parts. Furthermore, the fungal diversity is inevitably
lowered because infection within plants can occur
widely. Finally, the transfer method of Class 2 fungi
is also friendlier to the host plant; the fungi can
penetrate both seeds and tissues, with the possibility
of wvertical and horizontal transmission [28].
Therefore, rather than clarifying the ecological scale
suggested in previous studies, the preference of host
plants and endophytic fungi should be considered as
the key study topic, and study methods that can dis-
tinguish those preferences should be applied.

7. Ecology of endophytic fungi

Endophytic fungi are found in most plant species,
including mosses, Cephalanthera longibracteata
Blume, and Thuja koraiensis Nakai [29-31]. Those
that coexist with plants have a positive effect on
host plants, aiding them in adapting to their envir-
onment and ultimately affecting the distribution of
plants. Endophytic fungi are directly affected, just as
plants are affected, by the distribution and dispersal
of seeds under the influence of endophytic fungi.
The biodiversity of plants in tropical regions is
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higher than that in temperate regions since the dis-
tribution of plants is influenced by temperature and
humidity [32].

Korea experiences seasonal changes and, conse-
quently, variability in plant growth. Plant growth is
observed in spring and summer, but in autumn and
winter, leaves are abscised, seeds are produced, and
the plants enter a potentially dormant state.
Endophytic fungi are inevitably affected by such
changes in the state of the host plant, and it is vital
to better understand this phenomenon. Despite this,
only a few studies have been recorded in Korea
addressing this. However, some studies conducted
on a quarterly basis confirmed that in conifers, the
number of fungal strains and species increased as
the season progressed from spring to winter [33].
Studies on how seasonal changes affect the biodiver-
sity of endophytic fungi are required. From such
studies, it will be possible to identify the occurrence
of endophytic fungi according to the season. Finally,
the dynamic state of endophytic fungal communities
can be elucidated by tracking their seasonal appear-
ance and extinction patterns.

It is necessary to know which endophytic fungi
are present in plants and to what extent to study the
interactions and ecological functions of endophytic
fungi and host plants. To this end, the structure of
non-cultured endophytic fungi should be observed to
supplement the outcomes of the isolation—culture
method. For this, NGS and digital PCR are required.
These experimental methods can more closely reflect
reality. Molecular ecological monitoring of non-cul-
tured endophytic fungi is possible through NGS, and
absolute quantification of endophytic fungi at the
host plant or tissue level is possible through digital
PCR. If the components of the endophytic fungal
community and their abundance are determined, it
may be possible to realistically interpret what envir-
onmental and ecological functions the endophytic
fungi perform within the host plant.

Finally, studies of the mitochondrial genome of
fungi have recently developed as an important topic.
Considering the relatively weak ability of mitochon-
dria to repair their damaged DNA, the frequency of
mutations in mitochondrial DNA is approximately
10-20 times higher than that in nuclear DNA.
Artificial mutations in the color, size, and wrinkle
formation of a fungal colony were reported due to
point mutations in the tRNA of Candida albicans
(C.-P. Robin) Berkhout [34]. Thus, the mitochondrial
genome could be utilized as an indicator of hetero-
geneity. The distribution and geographic types of
host plants are most often identified using chloroplast
or mitochondrial genome sequencing. Based on the
infection patterns of endophytic fungi, it is believed
that there are instances where endophytic fungi and

the host plant form a specific relationship according
to the host plant’s preference for the endophytic
fungi. Therefore, if the mitochondrial genome of the
host plant and endophytic fungi are studied simul-
taneously in the context of the distribution area of
host plants, it may be possible to gather insight into
the biogeographical processes through which endo-
phytic fungi and host plants have been dispersed.

8. Conclusion

A total of 5 phyla, 16 classes, 49 orders, 135 fami-
lies, 305 genera, and 855 taxa of endophytic fungi
were confirmed in 50 families, 108 genera, and 132
species of host plants through the review of studies
on endophytic fungi conducted in Korea over the
last 30years. Among the fungi, Ascomycetes
accounted for approximately 93% of the total num-
ber of species. Although 4596 species of vascular
plants are distributed in the Korean Peninsula, stud-
ies of endophytic fungi have been conducted on
only 3% of these potential host species. Further
taxonomic and ecological studies are required to
expand the understanding of endophytic fungi.

In particular, it is necessary to extend the bio-
diversity study of endophytes intensively investigated
in crops and conifers to other host plants. In add-
ition, the study area for endophytes was also targeted
at study sites focusing on specific landscapes, but
now it should be expanded to urban areas with per-
spective of host plants distribution and floristic
region. Because studies on endophytic fungi in Korea
mainly considers host plants rather than geograph-
ical, genetic, or environmental factors, study topics
should also be diversified. To do this, it is necessary
to increase the efficiency of species identification
through a reverse taxonomy approach. Endophytic
fungi are greatly influenced by the distribution of
host plants, and the host plants are influenced by sea-
sonal changes in Korea. We do not know how endo-
phytic fungi existing in Korea are changing within
host plants and how much they exist in it. Therefore,
basic ecological monitoring of host plants and endo-
phytic fungi and molecular biological techniques are
required, and mitochondrial genomic study related to
mutation and dispersal mechanisms of endophytic
fungi are also required. Studies should also focus on
their function of endophytic fungi in the ecosystem.
In addition to the ecological aspect, several develop-
ments are expected to make human life more pros-
perous through the study of beneficial secondary
metabolites or functional genes in endophytic fungi.
This is the point where more energy needs to be
invested in endophytic fungal research for our sus-
tainable development.
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