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Fifteen species of xylariaceous fungi were isolated from more than 100 Scytinopogon sp. basidiomata in
three forests and identified by rDNA ITS sequencing. Xylariaceous fungi were present in the lower part of
the basidiomata, occurred less often in the upper part and were absent in the tips of its coralloid basi-
diomata. These results indicated that xylariaceous fungi grow continuously in the basidiomata and that
the apical growth of Scytinopogon sp. basidiomata was faster than the growth of xylariaceous fungi in its
host. The results suggested that these xylariaceous fungi established a stable coexistence with Scytino-
pogon sp. in the forest. Five species of xylariaceous fungi were endophytes in nearby plants. Our study
suggested that these endophytic xylariaceous fungi were sources of fungicolous fungi in Scytinopogon sp.
in the forest.

© 2016 Elsevier Ltd and British Mycological Society. All rights reserved.
1. Introduction

Fungicolous fungi represent species that regularly accompany
other fungi (Jeffries, 1995). This term can be applied to any inter-
fungal relationship, including parasites, commensals or sapro-
bionts (Kirk et al., 2008). Most studies report fungicolous fungi
growing on sporocarps of other fungi, but not inside them. Only
two reports have described the presence of basidiomycete hyphae
in the ascocarp of truffles (Ceruti, 1988; Pacioni et al., 2007), and
one study isolated Cryptococcus victoriae from the inner tissue of
Paxillus (Yurkov et al., 2012). These fungi are present in healthy fruit
bodies, suggesting that they may play significant roles by inter-
acting with the developing host sporocarp.

Recently, most research on fungicolous fungi has focused on
biochemical innovation (Shim et al., 2011; Hwang et al., 2015) and
the interactions between fungicolous fungi and their host (He et al.,
2006; Pacioni et al., 2007). For example, some mycelia have been
observed in the sections of truffle ascomata, and they grow
attached to the hyphal wall of the mycelium of Tuber borchii when
in dual culture (Pacioni et al., 2007). Most of the fungicolous fungi
reported were microfungi. Few studies have investigated the di-
versity of a coexisting fungicolous fungi in a host species in forest
.
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ecosystems nor the source of these fungicolous fungi. In this study,
we examined the association of a coralloid basidiomata and asco-
mycetous xylariaceous fungi and explored the above questions.
2. Materials and methods

2.1. Study site

The study was conducted in three separate areas: two located in
central Taiwan and one in northern Taiwan. The Zen-Len area spans
the region from 23�280 N to 23�550 N latitude and from 120�480 E to
121�090 E longitude. The elevation ranges between 1300e1500 m.
The average annual temperature and rainfall are 15.78 �C and
2628 mm, respectively. Most rainfall at this site occurs during the
summer, from June to September. Some rainfall also occurs during
the spring, fromMarch to May; there is no obvious dry season. The
main vegetation in this area is Japanese cedar, Cryptomeria japonica.
The Lienhuachih area ranges from 500e900 m in altitude, and the
main type of flora is the lauro-fagaceous forest (Su,1984). Themean
annual temperature and rainfall is 20.8 �C and 2285 mm with
seasonality (Lu et al., 2008). More than half of the rain falls between
May and September. Guanwu (121�070E, 24�310N) is a subtropical
montane forest and ranges from 2000e2250 m in altitude. It is
dominated by C. japonica with a few Taiwania cryptomerioides,
Chamaecyparis formosensis and Cunninghamia konishii.
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2.2. Isolation of xylariaceous fungi

In our previous study, an undescribed Scytinopogon species was
found to be widely distributed in Japanese cedar plantations of
central Taiwan and exhibited a long fruiting season from April to
October (Lin et al., 2015). Scytinopogon sp. basidiomata were
collected from 2006 to 2012 and xylariaceous fungi were isolated
from more than 100 Scytinopogon sp. sporocarps (data not shown).
Mature and healthy basidiomata of Scytinopogon sp. were collected
from the three study areas in 2010. Basidiomata were cut into 1 cm
pieces. The process of sterilization was modified from the pro-
cedures of Guo et al. (2001). The sporocarp segments were surface
sterilized with 1.05% sodium hypochlorite for 1 min and finally
rinsed in sterile water for 45 s. The segments were dried with
sterilized tissue paper and placed onto potato dextrose agar. When
hyphae grew from the cross sections of the segments, the hyphal
tip was isolated and purified on a potato dextrose agar (difco) plate.
The cultures were incubated at room temperature.

Elatostema lineolatum, Diplazium dilatatum and C. japonicawere
dominant plants in the Zen-Len area. Fresh leaves of E. lineolatum
and D. dilatatum, root, bark and dead leaves of C. japonica, and soil
samples were collected from the Zen-Len area with Scytinopogon
sp. basidiomata. Xylariaceous fungi from these samples were also
isolated, as described above.

2.3. DNA isolation and ITS amplification

Mycelia of xylariaceous fungi were harvested from the plates
and stored at �20 �C. Total DNA from the mycelium was extracted
by the CTABmethod (Doyle and Doyle,1990). The PCR amplification
of the rDNA ITS region was undertaken using the universal primers
ITS5/ITS4 or primers ITS1/ITS4 (White et al., 1990). PCR products
were directly sequenced in an ABI PRISM 3730 Genetic Analyzer (PE
Applied Biosystems, Foster City, CA, USA).

2.4. Sequence analysis

Sequence data for the ITS regions were analyzed together with
the outgroup Sordaria fimicola (GenBank accession no. AY681188).
Moreover, several species of Xylaria, 2 species of Eutypella, and one
species each of Hypoxylon and Nemania were used in ITS analysis.
These species fromGenBank were analyzed with the isolates in this
study (Table 1). Sequence data for the ITS region were initially
aligned and subsequent manual adjustments were made using the
BioEdit Sequence Alignment Editor (Hall, 2011) and Clustal X 1.83
(Thompson et al., 1997). Using the same aligned datasets, parsi-
mony analysis was performed with the default settings and parsi-
mony bootstrap values were generated with 1000 replicate
heuristic searches to estimate support for the clade stability of the
consensus tree, with 1000 replicates in PAUP (Phylogenetic Anal-
ysis Using Parsimony) v4.0b10 (Swofford, 2003).

2.5. Detection and isolation of Xylaria spp. from Scytinopogon sp.
basidiomata

To determine the distribution of Xylaria, 20 basidiomata of
Scytinopogon sp. were cut into 1 cm segments from top to bottom
and were individually placed into 1.5 ml microcentrifuge tubes. Ten
basidiomata were analyzed by isolation and 10 underwent PCR
detection. The isolation of Xylaria was performed as described
previously (modified from Guo et al., 2001). The presence of
xylariaceous fungi was recorded. Isolation rate was defined as the
number of fragments that xylariaceous fungi isolated, divided by
the total number of fragments isolated.

Xylaria-specific primers were designed for PCR detection.
Sequences of Xylaria spp. from GenBank were aligned with the
same regions of xylariaceous fungal isolates and related species
using Clustal X 1.83 (Thompson et al., 1997). Primers were designed
from the variable regions of the ITS. To examine the specificity of
the primers, Basic Local Alignment Search Tool (BLAST) from the
National Center for Biotechnology Information was used to search
for species with sequences homologous to the primers from Gen-
Bank. One oligonucleotide primer pair Xf1 (50-GGGA-
CATTCTGGGATGGGACATCC-30) and Xr2 (50-
ACACACAACACGGCCAGGGGAC-30), which targeted the appropriate
Xylaria spp. rDNA sequences, were designed, and these primers
shared little or no homology with Scytinopogon sp. rDNA se-
quences. Based on the sequencing information, the primer pair was
Xylaria genus-specific, and the predicted amplification size of the
Xylaria spp. product was approximately 400e500 bp. Primers were
synthesized by Mission Biotech (Taipei, Taiwan). DNA from speci-
mens of 1 cm tissues was extracted by the CTAB method (Doyle and
Doyle, 1990) and PCR amplification with Xylaria-specific primer
pairs was used to detect the presence of Xylaria. Detection rate was
defined as the number of fragments that Xylaria detected, divided
by the total number of fragments detected.

3. Results

3.1. Isolation

A total of 53 xylariaceous fungal isolates were isolated from
fresh, healthy and intact basidiomata of Scytinopogon sp (Table 2).
Xylariaceous fungal hyphae grew from tissues of the Scytinopogon
sp. sample on a PDA plate in 24e48 h (Fig. 1). Pure cultures of these
fungi formed white colonies with radial hyphal strands and black
pigmentation. After 2e4 weeks, stromata were produced in rays. A
total of 7 xylariaceous isolates belonging to 5 Xylaria spp. were
isolated from plants which located near to Scytinopogon sp. in plots.
Scytinopogon sp. was unculturable on 7 types of culture media (data
not shown).

3.2. Diversity of xylariaceous fungi in basidiomata of Scytinopogon
sp. and other substrata

The internal transcribed spacer (ITS) rDNA sequences of
approximately 600 bp were obtained from 53 xylariaceous fungal
isolates. Twenty-two reference sequences representing 14 fungal
species were obtained by BLAST (Table 1).

According to ecological studies of endophytic fungi (Arnold
et al., 2009; Okane et al., 2012), 90e95% ITS sequence similarity is
often used as a species boundary in fungi. The ITS-5.8S rDNA gene
dataset contained 85 taxa with 754 characteristics. One hundred
and ninety-two base pairs of ambiguous aligned regions were
excluded from parsimony. The phylogenetic tree from the
maximum parsimony analysis is shown in Fig. 2. The newly isolated
xylariaceous fungi were clustered into four clades. Clade A included
5 isolates of Xylaria sp. with high branch support (MP ¼ 100%). In
Clade B, isolates ZLX7-3 and ZLX7-4 from Scytinopogon sp. basi-
diomata clustered with Nemania bipapillata with strong bootstrap
values (MP ¼ 100%) and ITS sequence similarity (93%). Clade C
included two clusters; GWX-1 was identified as Hypoxylon mon-
ticulosum with 97% ITS sequence similarity; isolates ZLX7-1 and
ZLX7-2 had 95% ITS similarity to Eutypella sp., and they were
different from the reference sequence of Eutypella cerviculate. Clade
D consisted of several species of Xylaria supported by strong
bootstrap values, including Xylaria spp., Xylaria apoda, Xylaria
adscendens, Xylaria bambusicola, Xylaria curta, Xylaria feejeensis,
Xylaria grammica, Xylaria laevis, Xylaria multiplex, and Xylaria
papulis.



Table 1
Fungal isolates recovered from basidiomata of Scytinopogon sp. in Taiwan. GenBank Accession number of the rDNA ITS sequence of isolates used in this study and the query
coverage and max identity with their most closely related fungal ITS sequences in GenBank.

Isolates in this study GenBank sequences

Blast result Accession no. Query cover Max identity

aZLX7-1 Eutypella sp. JN637945 98% 99%
ZLX7-2 Eutypella sp. FJ172283 98% 100%
GWX-1 Hypoxylon monticulosum KJ774048 100% 99%
ZLX7-3 Nemania bipapillata GU292818 99% 99%
ZLX7-4 Nemania bipapillata GU292818 94% 97%
ZLX7-5 Nemania sp. JX624281 94% 99%
ZLX10-1 Xylaria adscendens GU322432 99% 93%
ZLX8-1 Xylaria apoda GU322437 98% 99%
ZLX9-1 Xylaria apoda GU322437 97% 99%
ZLX8-2 Xylaria bambusicola JX256820 99% 96%
ZLX11-1 Xylaria bambusicola EF026123 99% 97%
ZLX12-1 Xylaria bambusicola EF026123 100% 96%
ZLX6-1 Xylaria curta GU322444 99% 97%
ZLX6-2 Xylaria curta GU322444 97% 99%
ZLX6-3 Xylaria curta GU322444 97% 97%
ZLX6-4 Xylaria curta GU322444 98% 99%
ZLX6-5 Xylaria curta GU322444 98% 99%
ZLX7-6 Xylaria curta JX256823 99% 97%
ZLX7-7 Xylaria curta JX256823 99% 97%
ZLX7-8 Xylaria curta JX256823 99% 97%
ZLX7-9 Xylaria curta GU322444 100% 97%
ZLX7-10 Xylaria curta GU322444 97% 97%
ZLX7-11 Xylaria curta GU322444 97% 97%
ZLX7-12 Xylaria curta GU322444 97% 97%
ZLX7-13 Xylaria curta GU322444 99% 99%
ZLX9-2 Xylaria curta GU322444 98% 98%
ZLX10-2 Xylaria curta GU322444 98% 97%
ZLX10-3 Xylaria curta GU322444 97% 97%
ZLX11-2 Xylaria curta GU322444 97% 97%
ZLEX-1 Xylaria curta GU322445 100% 99%
ZLEX-2 Xylaria curta GU322444 100% 99%
ZLX10-4 Xylaria feejeensis GU322453 97% 99%
ZLEX-3 Xylaria feejeensis GU322454 100% 100%
ZLX10-5 Xylaria grammica GU300097 100% 100%
ZLX10-6 Xylaria grammica GU300097 100% 100%
ZLX10-7 Xylaria grammica GU300097 100% 97%
ZLX7-14 Xylaria grammica GU300097 99% 100%
ZLX7-15 Xylaria grammica GU300097 95% 99%
ZLEX-4 Xylaria grammica GU300097 100% 99%
LHCX-1 Xylaria laevis GU324747 99% 99%
LHCX-2 Xylaria laevis GU324747 96% 99%
LHCX-3 Xylaria laevis GU324747 100% 99%
ZLX7-16 Xylaria laevis GU324747 98% 99%
ZLDX-1 Xylaria laevis GU324747 100% 99%
ZLDX-2 Xylaria laevis GU324747 100% 99%
GWX-2 Xylaria multiplex GU300099 99% 95%
ZLX6-6 Xylaria multiplex GU300099 99% 95%
ZLX9-3 Xylaria multiplex GU300099 98% 95%
ZLX9-4 Xylaria multiplex GU300099 98% 95%
ZLX7-17 Xylaria papulis GU300100 95% 99%
ZLEX-5 Xylaria papulis GU300100 100% 99%
ZLX10-8 Xylaria sp. HQ435666 98% 97%
ZLX10-9 Xylaria sp. JX436805 98% 98%
ZLX10-10 Xylaria sp. JX436805 99% 98%
ZLX6-7 Xylaria sp. KM066560 94% 97%
ZLX7-18 Xylaria sp. KM066560 93% 99%
ZLX7-19 Xylaria sp. KM066560 95% 99%
ZLX7-20 Xylaria sp. KM066560 95% 99%
ZLX8-3 Xylaria sp. JX436805 100% 99%
ZLX8-4 Xylaria sp. KC507251 99% 99%

a ZLX indicated that the isolate was isolated from sporocarp of Scytinopogon sp. in the Zen-Len area; GWX indicated that the isolate was isolated from sporocarp of Scy-
tinopogon sp. in Guanwu; LHCX indicated that the isolate was isolated from sporocarp of Scytinopogon sp. in Lienhuachih; ZLEX indicated that the isolate was isolated from
leaves of E. lineolatum in the Zen-Len area; ZLDX indicated that the isolate was isolated from leaves of D. dilatatum in the Zen-Len area.
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Two X. apoda isolates, 3 X. bambusicola isolates, 6 X. grammica
isolates, 2 X. papulis isolates, 5 X. multiplex isolates, 2 X. feejeensis
isolates, 6 X. laevis isolates and 19 X. curta isolates were identified.
Isolates ZLX10-1 were similar to X. adscendens with 85% ITS
sequence similarity and were grouped with X. adscendenswith 77%
branch support. This species was similar to X. adscendens.
According to the BLAST results and phylogenetic analysis, 48
isolates of 14 species associated with Scytinopogon sp. basidiomata
were found in the Zen-Len area, including Eutypella sp., Nemania
sp., N. bipapillata, X. adscendens, X. apoda, X. bambusicola, X. curta,
X. feejeensis, X. grammica, X. laevis, X. multiplex, X. papulis, and 2
Xylaria sp (Table 1). Isolates of H. monticulosum and X. multiplex



Table 2
Spatial distribution of xylariaceous fungi associated with Scytinopogon sp.
basidiomata.

Species/isolates Zen-Len (n ¼ 44) Guanwu
(n ¼ 3)

Lienhuachih
(n ¼ 4)

Total

Eutypella sp. 1/2 1/2
Hypoxylon monticulosum 1/1 1/1
Nemania bipapillata 1/2 1/2
Nemania sp. 1/1 1/1
Xylaria adscendens 1/1 1/1
Xylaria apoda 1/2 1/2
Xylaria bambusicola 1/3 1/3
Xylaria curta 1/17 1/17
Xylaria feejeensis 1/1 1/1
Xylaria grammica 1/5 1/5
Xylaria laevis 1/1 1/3 1/4
Xylaria multiplex 1/4 1/1 1/5
Xylaria papulis 1/1 1/1
Xylaria sp. 2/8 2/8
Total 14/48 2/2 1/3 15/53
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were found in the Guanwu area; 3 isolates of X. laeviswere found in
the Lienhuachih area (Table 2). In the same area, X. curta,
X. feejeensis, X. papulis and X. grammicawere isolated from leaves of
E. lineolatum, and X. laevis was isolated from leaves of D. dilatatum
(Table 1). All Xylaria spp. isolated from plants were found in the
basidiomata of Scytinopogon sp. No Xylaria spp. were isolated from
102 root, 42 bark and 42 dead leaf samples of C. japonica or from 45
soil samples.
3.3. Distribution of Xylaria spp. in Scytinopogon sp. basidiomata

The distribution of Xylaria in the basidiomata of Scytinopogon sp.
was investigated by isolation and PCR detection from the sporocarp
segments. Species of Xylaria were isolated or detected in 70%
basidiomata (N ¼ 20). Here we defined that tip, bottom and middle
as the topmost fragment, basal fragment and the other fragments of
the coralloid basidiomata, respectively. Both isolation rate and PCR
detection rate were 10%, 36% and 70% in the tip, middle and bottom
parts of the basidiomata (Table 3).
Fig. 1. Xylaria hyphae grew from the cross-sections of Scytinopogon sp. bas
4. Discussion

We observed that xylariaceous fungal hyphae grew from cross
sections of Scytinopogon basidiomata and confirmed xylariaceous
fungi to be fungicolous fungi of the Scytinopogon basidiomata by
PCR detection and isolation. Basidiomata of Scytinopogon sp. hosted
15 species of xylariaceous fungi. No xylariaceous species were ob-
tained from the other 33 coralloid basidiomycetes isolated (data not
shown). It seemed that these xylariaceous species established
special associations with the Scytinopogon sp., and these associa-
tions were unique.

Most fungicolous fungi or mycophilic fungi grow on other fungi
(Gams et al., 2004), but do not exist inside the host tissue. Only two
reports described the presence of fungicolous hyphae in the asco-
mata of truffles (Ceruti, 1998; Pacioni et al., 2007). However, they
did not discuss the distribution pattern of fungicolous fungi in the
host and the environment. In this study, we used isolation and PCR
to detect their distribution and found that fungicolous fungi existed
in the lower part of the coralloid basidiomata of Scytinopogon sp.
more frequently than in other parts. They coexisted stably in
forests.

Xylariaceous fungi are common endophytes and saprotrophs,
which inhabit conifers, monocots, dicots, and ferns (Brunner and
Petrini, 1992; Jiang et al., 2011; Okane et al., 2012; Chen et al.,
2013; Govinda Rajulu et al., 2013). Some xylariaceous fungi are
associated with termite nests (Rogers et al., 2005; Ju and Hsieh,
2007); interestingly, all of the fungicolous Xylaria species found
in this study were not. Scytinopogon's fungicolous fungi X. curta,
X. laevis, X. feejeensis, X. papulis and X. grammicawere isolated from
ferns and monocots near Scytinopogon basidiomata in the Zen-Len
area. They were endophytic xylariaceous fungi. Endophytic xylar-
iaceous fungi of nearby plants seemed to be the source of xylaria-
ceous fungi in basidiomata of Scytinopogon sp. Xylariaceous fungi
not only established endophytic associations with plants but also
established a stable coexistence with Scytinopogon sp.

The mycoparasitism between fungicolous fungi and their hosts
has been widely studied (Gams et al., 2004). Mycoparasites use
penetration pegs to invade host hyphae (Deacon, 1976) or secrete
antibiotics and lytic enzymes, such as chitinase and glucanase, on
idiomata in (A) 24e48 h after isolation and (B) 3e4 d after isolation.



Fig. 2. The tree generated from maximum parsimony analysis based on the ITS-5.8S rDNA gene dataset. Bootstrap values greater than 50% are shown above or below branches.
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Table 3
Xylaria spp. were cultured/detected by PCR with its genus-specific primers from Scytinopogon sp. sporocarp samples. Xylariaceous fungi were present in the bottoms and the
middle parts of the basidiomata, but were not present in the tips.

Axis-based positions Presence of xylariaceous fungi

Samples for culture isolation Samples for DNA detection

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

a a- e e e e e e e e e e e

b e e e e þ þ e þ þ e e e e e e e þ þ
c e e e e e þ þ e e þ e e e e e þ þ e e þ
d e e e e e e þ þ þ e e e e e e e þ þ þ e

e e e e e e þ þ e þ þ e e e e e þ þ e þ þ
f e e e e þ þ þ e þ þ e e e e þ þ þ e þ þ
g e e e þ nd nd nd þ þ þ e e e þ þ þ þ þ þ þ

þ: positive result; �: negative result; nd: not detected; blank: no samples.
a Light gray panes represent the tips of the coralloid basidiomata; Dark gray panes represent the bottoms of the coralloid basidiomata; Other panes represent the middle

parts of the coralloid basidiomata.
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their hosts (Jeffries, 1995). Leaf endophytic xylariaceous fungi
produce chitinases (Rajulu et al., 2011), and fungicolous xylaria-
ceous fungi may produce chitinases as well. However, no obvious
damage or symptom from on Xylaria-inhabited basidiomata was
observed. According to our observations, the longevity between
host and non-host basidiomata were not different. In addition,
basidiomata with xylariaceous fungi and without xylariaceous
fungi both produced spores normally. These guest xylariaceous
fungi were not parasites.

Truffle-hosted fungi and T. borchii grew closely when co-
cultured, and these truffle-hosted fungi might play a positive or
protective role in the basidiomata (Pacioni et al., 2007). Members of
endophytic Xylariaceae are known to produce various secondary
compounds (Whalley and Edwards, 1995; Stadler and Hellwig,
2005; Richardson et al., 2014). These compounds exhibit anti-
fungal and antibacterial properties (Daferner et al., 1999;
Ratnaweera et al., 2014). Endophytes confer these compounds to
their host, and then increase the fitness of the host plant (Sanchez-
Azofeifa et al., 2012; Gundel et al., 2013). Basidiomata of Scytino-
pogon had a long lifespan and lasted for 5 months. These associated
xylariaceous fungi might provide basidiomata compounds which
resist invasion or decomposition from other microorganisms.
Xylariaceous fungi in Scytinopogon basidiomata play similar roles as
endophytic fungi in plants. The xylariaceous fungi isolated in this
study provide substances for biochemical innovation.

Scytinopogon sp. is a soil-inhabiting fungus. There were no
ascomata of xylariaceous fungi in the niche of Scytinopogon. Ac-
cording to Rogers (2000), the xylariaceous fungi in our study
mainly dwelt in plant substrata and decomposed lignin and cellu-
lose. Their niche occupancy were different. They might not
compete for the same ecological niche directly.

Another possibility is commensalism. Xylariaceous fungi were
present in 70% of the base and in 20% of the top of Scytinopogon sp.
basidiomata according to PCR detection. This implied that xylaria-
ceous fungi grew upwards from the basal parts of Scytinopogon sp.
basidiomata. They were non-detectable in the apical 1 cm seg-
ments of the tips of 585 basidiomata (data not shown); only very
few tips of the basidiomata were colonized by xylariaceous fungi,
which indicated that the apical growth of Scytinopogon sp. basi-
diomata was faster than that of the xylariaceous fungi, and xylar-
iaceous fungi grew continuously in the basidiomata. Xylariaceous
fungi presumably obtained the nutrients from their host.
Commensalism between xylariaceous fungi and Scytinopogon sp.
was inferred. Latent saprotrophism or latent parasitism can be
triggered by host age or seasonal change for many fungal endo-
phyte in plant hosts (Van Bael et al., 2005; Herre et al., 2007), and
presumably for fungi as well. To know the ecological role in full
requires more characterization in the field and under laboratory
conditions.

Xylariaceous fungi not only grew in the plant tissues, they
established a stable coexistence with Scytinopogon sp. basidiomata
in the forest. Some of these xylariaceous fungal species were en-
dophytes in nearby plants. Our study suggested that these endo-
phytic xylariaceous fungi were sources of fungicolous fungi in
Scytinopogon sp. in the forest.
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