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Abstract 

Investigation of hidden diversity in fungicolous fungi is essential for enhancing 

the functions of fungi. It will leave clues for future research. Secondary metabolites of 

fungicolous fungi have been utilized until recently. Early studies of fungicolous fungi 

focused on mycoparasites growing on basidiocarps and ascocarps. The studies were more 

related to chemicals, ecology, and taxonomy. Fungicolous fungi taxonomy has progressed 

until recently, including genus Acrodontium due to morphological identification in the 

previous studies. The relationship between asexual and sexual for Bisporella discedens 

with its asexual morph based on morphological identification. On the other hand, some 

mycologists are still confused about the B. discedens and Calycina claroflava relationship. 

These taxonomic problems in fungicolous fungi need to be resolved. Despite the 

taxonomical problem, the later study adopted the term sporocarp-inhabiting fungi (SCIF) 

to describe fungi inhabiting the surface of other fungal sporocarps. The enumeration of 

SCIF from the fungal host is necessary. In this study, we will be a focus on fungi associated 

with sporocarp. The enumeration study of SCIF is less. The enumeration of SCIF only 

focused on mushrooms or sequestrated fungi. Furthermore, the identification of mycoflora 

was limited to the familial level. In the present study, we aimed to enumerate SCIF on the 

sporocarp of xylarialean fungi and re-evaluate the taxonomical problems of B. 

discedens and its allies. The results showed the hidden diversity of the fungal community 

associated with the sporocarp of xylarialean fungi. Acrodontium, 

Acremonium, and Simplicillium The morphological and molecular identification showed 

about 1/3 OTUs as undescribed species or new lineages in this study. Morphological 

identification alone could not perform well identification. Thus, molecular identification 

help to solve it by using ITS and LSU sequences. The methods in this study could help the 

taxonomical problem in genus Acrodontium and Bisporella in this study. 
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CHAPTER 1 

GENERAL INTRODUCTION 

 

1.1 Background of the research 

Fungi is considered one of the largest kingdoms in eukaryotes and is estimated to include 

more than 2.2 to 3.8 million species (Hawksworth & Lücking, 2017). Ascomycota is the most 

diverse group in kingdom fungi and distributes in many varied communities, they perform many 

functions and benefits for humans, including alcohol fermentation, biocontrol agents, and drug 

candidates for cancer (Maicas, 2021; Sablayrolles, 2008; Kiss, 2003; Avis and Bleanger, 2002; 

Turbyville et al., 2005). Although, many fungi has been utilized as drug candidates, the cases of 

mortality and infection caused by fungal pathogens such as Candida (El-Ganiny et al., 2021; 

Loeffler and Stevens, 2003) Trichosporon beigelii (Walsh et al., 1990; Arastehfar et al., 

2021), Pseudallescheria boydii (Lutcwick et at., 1976) showed to be resistant to currently 

antifungal agents. Based on the level of urgency, the existence of fungi should be investigated to 
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leave a clue for future study. The discovery of antifungals will be giving massive impacts on the 

development of drug candidates especially for antifungal drug resistance (Yue et al., 2015; Jain and 

Sharma, 2016; Sishuba et al., 2021). 

Fungi have a widespread ecological niche. They are associated with organisms (plant, algae, 

animal, and fungi) and with rock, freshwater, marine, and soil. Fungi associated with plants have 

been mostly studied due to their benefit for medical purpose (Jain and Sharma, 2016; Helaly et al., 

2018), agricultural (Jaschke et al., 2010; Poveda et al., 2020; Sishuba et al., 2021), and ecological 

purposes (Dissanyake et al., 2018; Zeng at al., 2021; Iqbal et al., 2012). So far, 13,000 species were 

reported associated with plants, including ectomycorrhizal and endophytic fungi (Hawksworth & 

Lücking, 2017), however little is studied about the diversity of fungi associated with the fungi 

(fungicolous fungi). Only 1,500 investigation fungicolous fungal taxa have been recorded (Sun et 

al., 2019). This number is less compared with the total number of fungal diversities and seems 

underestimated. Fungicolous fungi are widespread in taxon groups, especially in Ascomycota and 
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Basidiomycota (Gams et al., 2004). Among these groups, Dothideales, Sordariales, Hypocreales, 

and Hypomycetes were reported to be mostly dominated in fungicolous fungi (Gams et al., 2004). 

The term fungicolous fungi refers to fungal species associated with other fungi. This lifestyle 

classifies as natural, parasite, and saprotroph (Gams et al., 2004; Hawksworth, 1981; Ellis and Ellis, 

1998; Læssoe and Petersen, 2019). Among these terminologies, sporocarp-inhabiting fungi (SCIF) 

was adopted to describe fungi inhabiting the surface of other fungal sporocarps or slime molds. This 

term is restricted for fungal associated with sporocarp (Gams et al., 2004; Hawksworth, 1981). 

Studies of fungicolous fungi have been studied since the early 1900s (Kern, 1910; Young and 

Bennett, 1922; Gilman and Tiffany, 1952). they have been progressing with some related studies 

such as chemical study (Shibata et al., 1957; Cheng et al., 2021), ecological study (Hargreaves et 

al., 2018), and taxonomical study (Sun et al., 2019; Hawksworth, 1981; Paul and Masih, 2000). 

Related studies will be explained in the next paragraph. 

Firstly, a Chemical study that influences the discovery of secondary metabolite (Shibata et 
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al., 1957; Cheng et al., 2021). The interaction between the fungicolous fungi and the fungal host 

requires a defense mechanism by producing secondary metabolites. For example, some studies of 

secondary metabolites in mycoparasite provided many benefits for pharmaceutical purposes, for 

example, antibiotics lambertellols were produced by mycoparasites Lambertella corni-maris. This 

species is associated with Monilinia fructigena in Japan (Murakami et al., 2007). Penicillium 

crustosum, a fungus collected from the fruiting body of Ophiocordyceps sinensis were reported to 

produce many polyketides for anti-inflammatory (Feng et al., 2021). Secondly, the ecological study 

using the metabarcoding technique were studied to show niche of fungicolous fungi (Hargreaves et 

al., 2018; Maurice et al., 2021) 

Thirdly is the taxonomical study of the fungicolous study that considers as a link to applied 

mycological research. Before the molecular era, morphological characteristics determined the 

identity of fungi. Identification by using morphology alone may not perform well classification for 

species level (Raja et al., 2017). Subsequently, Molecular studies have changed mycologists to 
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identify fungi based on genetic information. The molecular information is beneficial for reliable 

identification (Nilsson et al., 2008). The identification problem by using morphological 

identification alone is happening in one of the fungicolous fungi of 

genus Acrodontium. Genus Acrodontium has a wide ecological niche and accommodated 17 

species using phenotypic characters, with type species Acrodontium crateriforme. Seifert (2011) 

classified ten species became part of the family Teratosphaeriaceae containing ten species by using 

a molecular approach. The seven species were placed in different order of Sordariomycetes (Videira 

et al., 2016). However, the proper analyses about these seven species were not studied, including A. 

antarticum, A. abietis, A. griseum, A. hydnicola, A. salmoneum, A. simplex, and A. virelum. On the 

other hand, the taxonomical study of genus Bisporella has been remaining unresolved. In 2013, 

some members of Bisporella were transferred into a member of the genus Calycina because 

assigned species grouped in Calycina type species Calycina herbarium clade (Baral et al., 2013). 

Furthermore, Bi. discedens, which is the early name of Bi. claroflava is still used in recent studies 
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by Zhuang et al. (2017) and Ekanayaka et al. (2019). The difference or similarity among Calycina 

claroflava, Bi. discedend, and its anamorph Bl. Truncate not yet disclosed. Interestingly, both 

genera are associated with other fungi. These taxonomical problems are necessary to re-evaluate. 

The previous studies in fungicolous fungi raised the question about the fungicolous 

communities that consist on sporocarp. The enumeration of fungicolous fungi from other fungi is 

less investigated. This enumeration is beneficial to leave clues for future research (Hosoya et al., 

2015; Korf, 2005), such as taxonomy, pharmacy, and ecology. In 2014, the diversity of fungicolous 

fungi were obtained from sclerotia of Cenococcum geophilum. The result shows 85 operational 

taxonomic units (OTUs). OTUs appeared to be distantly related to any described fungal species 

(Obase et al., 2014). Enumeration of fungicolous fungi was firstly reported by Marletto (1969), 

which isolated yeasts and yeast-like fungi from the surface of Tuber spp. Studies of mycoflora in 

fungal tissue have focused on sequestrate fungi (Buzzini et al., 2005; Pacioni et al., 2007; Perlinska-
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Lenart et al., 2020). In these habitats, unique phylogenetic groups of Hypocreales and 

Dothideomycetes were previously obtained (Gams et al., 2014). 

Mycologists have attempted to adopt several approaches to enumerate SCIF from the fungal 

host, the culture-dependent, and the culture-independent. The Culture-dependent provides a pure 

culture for the identification and taxonomical purpose. This approach can identify fungi at genus to 

species level. In the previous studies, the isolated fungi were identified at the species level through 

this approach (Dimkpa and Orikoha, 2021; Buzzini et al., 2005; Pacioni et al., 2007; Perlinska-

Lenart et al., 2020). On the other hand, a culture-independent approach to show the fungal diversity 

of SCIF from sporocarp (Perlinska-Lenart et al., 2020; Maurice et al., 2021). Although, two methods 

could show the diversity of fungi (Dissanayake et al., 2018; Perlinska-Lenart et al., 2020). However, 

culture-independent methods are more suitable to assess fungal diversity due to showing a better 

representation of sample diversity (Shokralla et al., 2012; Taberlet et al., 2018). The isolation 
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process has included dilution plating (Paulitz and Menge, 1986; Tondje et al., 2007) or surface 

sterilization (Whipps and Budge, 1990; Pacioni et al., 2007).  

In previous studies, the enumerations of SCIF were collected from sporocarp of hypogeous 

fungi and mushrooms. Alternatively, xylarialean fungi as a diverse group of ascomycetes were 

selected in the present study. These fungi are often associated with plants and distributed worldwide. 

Xylariales fungi were selected in this study because they were found associated with some fungi 

such as Chlorostroma vestlandicum (Nordén et al., 2014), Hypoxylon invadens (Fournier, 2014; 

Becker et al., 2020), Simplicillium lamellicola (Zare and Gams, 2001), and Bisporella 

discedens (Johnson, 1988). Furthermore, several mycoparasite helotialean species were reported on 

the surface of ascomata or stromata (Ellis and Ellis, 1998; Gams et al., 2004; Læssoe and Petersen, 

2019). Thus, we hypothesized that fungal communities will be found from sporocarp of xylarialean 

fungi. 
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1.2 The problem of the fungicolous fungi 

   The problems of the previous research about fungicolous fungi are listed below. 

1. Only a few studies have been conducted on sporocarps of fungi. The enumeration of 

fungicolous fungi focused on mushrooms or sequestrates fungi.  

2. The problem of taxonomical studies among fungicolous fungi has been remaining until 

recently. Fungicolous fungi in genus Acrodontium and Bisporella had several issues due to 

multi treated by several mycologists. 

 

1.3 The purpose of the research 

The purposes of the research are. 

1. The present study aims to enumerate SCIF associated with the sporocarp of xylarialean fungi 

using a combination of direct observation and dilution methods. This enumeration will leave 

clue for future study such as taxonomical and chemical study.  
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2. To solve the current taxonomical problem of some genera, proper identification and 

phylogenetic analysis will be used in this study.  

 

1.4 The research designs 

 The present study has two objectives that will be separated into different chapters. Chapter 2 will 

discuss enumerating SCIF on the sporocarp of xylarialean fungi on the ground. Chapter 3 will discuss 

re-evaluating problematic genera.  

 To achieve the first objective of this study needs a combination of direct observation and dilution 

methods to get isolated SCIF. Obtaining evidence of SCIF on the sporocarp using direct observation 

is necessary. Afterward, the dilution method will be performed to separate SCIF from the fungal host, 

and culture-dependent methods are selected to identify the fungal at the genus to species level. 

Molecular and morphological approaches are used to identify SCIF from genus to species level. In this 



11 

 

study, the internal transcribed spacer (ITS), large subunit nuclear ribosomal (LSU), and V9G/LR5 are 

performed to amplify SCIF strains. The phylogenetic tree is used for further analysis. 
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CHAPTER 2. 

MYCOBIOTA FROM DECAYING XYLARIALES ASCOMATA: NOTES ON SOME 

INTERESTING SPOROCARP-INHABITING FUNGI ISOLATED IN JAPAN 

 

2.1 Introduction 

Fungi are one of the largest kingdoms in eukaryotes and are estimated to include more than 

2.2 to 3.8 million species (Hawksworth and Lücking, 2017). Fungal species are distributed 

worldwide and grow on a wide variety of substrates, such as soil, litter, living organisms (higher 

plants, algae, animals, fungi, and lichens), house dust, and rock surfaces. Additionally, hidden 

underestimated diversity has been reported in extreme environments, such as soda soils detected 

using a culture-independent method (Grum-Grzhimaylo et al., 2015), deep-sea using direct DNA 

sequencing method (Le Calvez et al., 2009). Xerophile fungi, such as Aspergillus halophilicus and 

Wallemia sebi (Sklenář et al., 2017; Zalar et al., 2005), thermophiles (Morgenstern et al., 2012), and 

hyperparasitic fungi (Sun et al., 2019) were also reported.  

Fungicolous fungi are also known to dominate a unique niche (Sun et al., 2019; Gams et al., 
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2004). The term refers to species of fungi that are associated with other fungi and used even when 

the biological nature of the association and its trophic relationship are obscure (Gams et al., 2004; 

Jeffries, 1995). These fungi have been studied intermittently by various researchers. Early studies 

of fungicolous fungi focused on mycoparasites growing on basidiocarps and ascocarps (Gilman and 

Tiffany, 1952; Seeler, 1943). Acremonium/Verticillium-like fungi from the old stromata of 

xylarialean fungi or the tissues of Puccinia sp. were previously reported (Gams, 1975; Gams and 

Zare, 2001; Zare et al., 2000; Zare and Gams, 2001), while fungicolous fungi occurring in 

mushrooms in Japan were detected previously (Tubaki, 1955). Antagonists are different from 

mycoparasites in terminology on the other hand, studies on antagonistic fungi initially focused on 

pathogenic soil fungi using isolates from the same environment/substrate or stocked cultures in 

laboratories (Porter, 1924; Waksman, 1936) and then shifted to research on specific parasites and 

host fungi, such as Tilletiopsis on Sphaerotheca (Hoch, 1979) and Trichoderma on Sclerotinia 

(Santos and Dhingra, 1982). However, few studies have been conducted on the enumeration of fungi 
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in fungal tissue. An early study of mycoflora on truffle sporocarps was reported by Marletto 

(Marletto, 1969), who isolated yeasts and yeast-like fungi from the surface of Tuber spp. Studies of 

mycoflora in fungal tissue have focused on sequestrate fungi (Buzzini et al., 2005; Pacioni at al., 

2016; Perlińska-Lenart et al., 2020) or on sclerotium-forming fungi (Danon et al., 2010; Jones and 

Stewart, 2000; Tu, 1980; Whipps and Budge, 1990). Recently, Obase et al. (Obase et al., 2014) 

obtained fungal isolates from the sclerotia of Cenococcum geophilum isolated in the USA and 

assigned them to 85 operational taxonomic units (OTUs) according to the sequences of nuclear 

internal transcribed spacer (ITS) and large subunit (LSU) rDNA regions. They mentioned that the 

identification of many fungal OTUs was challenging because most of them appeared to be distantly 

related to any described fungal species. 

The term “sporocarp-inhabiting fungi (SCIF)” was used for fungicolous fungi that restricted 

to those existing on sporocarps of other fungi and trophic relationship with host has been widely 

recognized by Gams et al. (Gams et al., 2004). In these habitats, unique phylogenetic groups of 
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Hypocreales and Dothideomycetes were previously obtained. Although these previous studies were 

conducted under different research objects and methods, the results implied the existence of 

taxonomically interesting species or new lineages of SCIF. Most of these studies used sequestrate 

or sclerotium-forming fungi, and a few studies have been conducted on mycoflora on sporocarps 

above the ground. 

The order Xylariales is a diverse group of ascomycetes, often associated with plants and is 

distributed worldwide (Petrini and Petrini, 1985). Several mycoparasitic helotialean species have 

been reported to occur on the surface of ascomata or stromata of xylarialean fungi [Gams et al., 

2004, Ellis and Ellis, 1998; Læssoe and Peterson, 2019; Becker et al., 2020; Nordén et al., 2014). 

However, a survey of SCIF that do not sporulate on their hosts has not been conducted. In this study, 

we enumerated the SCIF mycobiota on xylarialean ascomata using direct observation and dilution 

plate methods. 
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2.2 Materials and Methods 

2.2.1 Field sampling of ascomata 

Xylariales ascomata were collected from two different forests in Ibaraki Prefecture, Japan: 

the Sakuragawa area on 16 August 2020 (sample nos. AM002, AM003, and AM007), and the 

Tsukuba area on 28 August 2020 (sample nos. WS34, WS35, and WS36) (Table 2), these fungal 

hosts were identified based on morphological features using references by Læssoe and Peterson 

(2019) and Vasilyeva et al. (2007). Both sampling sites were typical secondary forests where 

Aucuba japonica, Cryptomeria japonica, Quercus serrata, and Zelkova serrata were dominant. The 

Sakuragawa area is a valley forest that is always in a moist environment. On the other hand, the 

Tsukuba area is an urban forest that is always in a dry environment. Fallen or trapped twigs on 

which xylarialean fungi (i.e., Annuloxypoxylon, Hypoxylon, and Nemania) grew on were collected 

at each site (Figure 1) to isolate SCIF. Samples were placed in a paper bag, transported back to the 

laboratory within the day, and kept in a refrigerator (4 °C). The isolation procedure of SCIF was 
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performed within four days. 

 

2.2.2 Isolation of SCIF 

 Three small pieces of fungal tissues (ca. 2–3 mm3) from each sampled ascomata or 

stroma of Xylariales fungi was carefully cut using a sterile scalpel. These tissues were then 

submerged in 100 µL of sterilized MilliQ (Merck, Darmstadt, Germany) and vortexed for ten 

minutes. The supernatant was diluted with sterile MilliQ at three concentrations (i.e., 10−3, 10−4, and 

10−5) and plated onto Yeast Malt Extract Agar consisting of 20 g of malt extract (Thermo Fisher 

Scientific, Detroit, MI, USA), 2 g of yeast extract (Becton, Dickinson and Company, Erembodegem, 

Belgium), 20 g of agar (Fujifilm Wako Pure Chemical Corporation, Tokyo, Japan), and 1000 mL of 

MilliQ with 0.05 g/L chloramphenicol (Nacalai Tesque, Kyoto, Japan). The plates were incubated 

at 20 ± 0.5 °C. The plates were examined regularly for three to seven days, and emerging fungal 

colonies were axenically transferred onto fresh potato dextrose agar (PDA; Becton, Dickinson, and 

Company, Sparks, MD, USA) plates for morphological observation and DNA extraction.  
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2.2.3 DNA extraction, polymerase chain reaction (PCR) amplification, and DNA sequencing 

DNA was extracted from the cultures using a rapid preparation procedure for DNA 

extraction (Izumitsu et al., 2012). The internal transcribed spacer (ITS) was amplified using the 

primer pairs ITS5/ITS4 (White et al., 1990) and the large subunit nuclear ribosomal DNA (LSU) 

using the primer pairs LR0R/LR5 (Vilgalys and Hester, 1990). Alternatively, a primer set of 

V9G/LR5 (de Hoog et al., 1998) was used to amplify five isolates that failed using LR0R/LR5. A 

25 µL reaction mixtures that contained 3 µL of MilliQ, 12.5 µL of 5×buffer, 5 µL of 2 mM dNTPs, 

1 µL of each primer at 20 pM, and 0.5 µL KOD FX Neo polymerase (TOYOBO, Tokyo, Japan) 

were prepared. Then, the PCR was carried out on a GeneAmp PCR System 9700 (Applied 

Biosystems, Foster City, CA, USA) as follows: initial denaturation at 94 °C for 2 min, followed by 

38 cycles of 98 °C for 10 s; 61.5 °C (ITS5/ITS4), 46 °C (LR05R/LR5), or 55 °C (V9G/LR5) for 30 

s of annealing, 68 °C for 1 min of extension, and 68 °C for 7 min of final extension. The amplified 
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PCR products were purified using ExoSAP-IT Express (Thermo Fisher Scientific) following the 

manufacturer’s instructions. Purified DNA was sequenced using the BigDye Terminator v3.1 Cycle 

Sequencing Kit (Thermo Fisher Scientific) with the same primer pair for the ITS and LSU regions. 

Sequencing was performed on SeqStudio using default settings (Thermo Fisher Scientific). DNA 

sequences were manually assembled using ChromasPro version 2.1.8 (Technelysium Pty Ltd, 

Helensvale, Australia). 

 

3.2.4 Morphological observation 

Eight isolates obtained from fungal substrates were prepared for microscopic 

morphological identification using the methods described by Zare et al. (2000) with reference to 

Gams et al. (1987). Fungal structures were observed in preparations mounted using MilliQ. Field 

and macroscopic images were obtained using a X-M1 mirrorless digital camera (Fujifilm, Tokyo, 

Japan) with a QZ-35M lens (TAMRON, Saitama, Japan), a COOLPIX 4500 compact digital camera 
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(Nikon, Tokyo, Japan), and a SMZ-10A stereomicroscope (Nikon) with a DP12 digital camera 

(Olympus, Tokyo, Japan). The morphological characteristics of the isolates were observed and 

recorded using an OPTIPHOT2 microscope with a differential interference contrast device and a 

DS-L2 digital camera (Nikon). To characterize colony morphology, PDA and 2% malt extract agar 

(Becton, Dickinson, and Company) were used. 

 

2.2.5 Phylogenetic analyses 

DNA sequences were compared using a megablast-search integrated into BLAST 

(Altschul et al., 1997) based on the GenBank database (https://www.ncbi.nlm.nih.gov, accessed 18 

October 2021). ITS sequences were used for ascomycetous isolates, and only a 98%–100% match 

with reliable sources (ex-type sequences or taxonomically validated sequences) was accepted as 

proof of identification, except for Eurotiomycetes genera Aspergillus, Penicillium, Taralomyces, 

and Dothideomycetes species Cladosporium cladosporioides complex sensu Bensch  (Bensch et al., 

https://www.ncbi.nlm.nih.gov/
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2012) LSU sequences were used for basidiomycetous isolates, and proof identification was 

conducted using the same criteria as ascomycetous fungi, except for Microporus, Sistotrema, and 

Trametes. Sequences were deposited in the DNA Data Bank of Japan (DDBJ; Table 3). 

To determine the novelty of the ascomycetous fungi, the candidates for new taxa were 

compared with those present in GenBank using the ITS and/or LSU sequences. Since several ITS 

sequences of environmental DNA and endophytic fungi that were deposited in GenBank were 

phylogenetically related to those of our samples, ITS data were used for alternative analysis. 

According to proof identification, known Acremonium, Acrodontium, and Simplicillium species 

were included in the alignment. Sequences for each dataset were aligned using MAFFT version 

7.429 in the default setting (Katoh and Standley, 2013). Ambiguously aligned portions of the 

alignments were manually removed using MEGA7 (Kumar et al., 2016). A maximum-likelihood 

(ML) analysis was performed using IQ-TREE 2.1 (Minh et al., 2020) with 1000 standard 

nonparametric bootstrap replicates. The substitution model was estimated ModelFinder 
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incorporated in IQ-TREE 2.1 

 

2.3 Results  

Six samples were collected from the two study areas (Table 2). Microscopic observations 

of the asexual structures of SCIF on Xylariales ascomata were as follows: ascomycetous fungi 

different from xylarialean fungi (Figure 3F, H, O, P), unidentified-fungus conidium (Figure 3Q), 

Acrodontium-type conidium (Figure 3AA), Ustilaginomycotina (Figure 3Z), exogenous mycelium 

(Figure 3M, V, W, AC, AD), and mycelial structures suggestive of Polyporales basidiomycetes 

(Figure 3AF, AG).  

A total of 139 isolates were obtained from the six ascomata. Of these, 12, 38, 7, 50, 26, 

and 6 isolates were obtained from AM002, AM003, AM007, WS34, WS35, and WS36, respectively 

(Table 3). Eighty-eight isolates with identical ITS sequences and/or the same colony characteristics 

within the same samples were excluded. Forty-four representative isolates were shown in Table 3. 
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Sequencing of the ITS and LSU regions of the fungal isolates was performed, except for 

Dactylospora sp. and several Basidiomycota (Table 3). A BLAST search using the LSU or ITS 

sequences facilitated the genus-level identification of fungal isolates in many cases. The isolates 

belonged to six orders of Ascomycota (Chaetothyriales, Cladosporiales, Eurotiales, Hypocreales, 

Mycosphaerellales, and Sclerococcales) and eight of Basidomycota (Cantharellales, Corticiales, 

Entylomatales, Exobadisiales, Hymenochaetales, Polyporales, Robbauerales, and Ustilaginales) 

(Table 3). Some of the isolates (approximately 30%) have not yet been identified or are 

unidentifiable at the species level; for example, Talaromyces sp., Penicillium sp. 1, Penicillium sp. 

2, and Penicillium sp. 3 are unidentifiable due to lower identities (<98% in ITS) with known species. 

Although the ITS sequence similarities were approximately 98–99%, several species were treated 

as unidentified species as “sp.” for Acremonium, or tentatively identified as Acrodontium sp. aff. 

crateriforme, and Simplicillium sp. aff. sympodiophorum or Acrodontium cf. salmoneum based on 

morphological observations (Figure 2–4). As a result, 33 different fungal OTUs were identified in 
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this study (Table 3). 

 

  Table 2. List of samples from the moist forest (Sakuragawa area) and the urban dry forest (Tsukuba area). 

Sample no. Species Substrate Sampling site 

AM002 

Hypoxylon sp. 
Cryptomeria 

japonica 

JAPAN, Ibaraki, Sakuragawa, near Ibaraki 

prefecture road route 41, 36°14'26.195"N 

140°03'57.412"E 

AM003 

Hypoxylon sp. 

Alnus sp. 

JAPAN, Ibaraki, Sakuragawa, near Ibaraki 

prefecture road route 41, dried river, 

36°14'54.103"N 140°05'58.300"E 

AM007 

Nemania sp. 

Cryptomeria 

japonica 

JAPAN, Ibaraki, Sakuragawa, around 

Ibaraki prefecture road route 41, near 

Otoko-river, 36°14'13.736"N 

140°06'05.799"E 

WS34 
Annulohypoxylon 

annulatum 
Zelkova serrata  

JAPAN, Ibaraki, Tsukuba, near Takasaki 

Nature Park, 36°00'10.4"N 140°06'49.5"E 

WS35 
Nemania sp. 

Zelkova serrata  
JAPAN, Ibaraki, Tsukuba, near Takasaki 

Nature Park, 36°00'10.4"N 140°06'49.5"E 

WS36  
Annulohypoxylon 

annulatum 
Zelkova serrata  

JAPAN, Ibaraki, Tsukuba, near Takasaki 

Nature Park, 36°00'10.4"N 140°06'49.5"E 

 

The fungal communities were compared between the two study sites. Acrodontium spp., 

Robbauera albescens, and Moesziomyces antarcticus were isolated from the Sakuragawa and 

Tsukuba areas. Acrodontium spp. and polypores or corticioid immature mushrooms 

(Neoantrodiella-like or Sistotrema-like) were detected in Tsukuba area. The species compositions 

showed a similar trend among the three isolated sources (WS34, WS35, and WS36) in this study 
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area. For example, Neoantrodiella gypsea, Robbauera albescens, Simplicillium spp., and Sistotrema 

sp. were detected in at least two samples. Although the number of isolated species in the Sakuragawa 

area was lower than that in the Tsukuba area (10 spp. vs. 24 spp.), the species composition differed 

among samples. For example, Acremonium sp. was dominant in AM003, and few corticioid 

mushrooms (e.g., Sistotrema spp.) were detected among the three samples (AM002, AM003, and 

AM007). 

 

2.3.1 Morphological observation and molecular phylogenetic analyses of noteworthy fungal 

species 

Noteworthy isolates were briefly described with phylogenetic analyses in this section, and 

some were deposited at the Japan Collection of Microorganisms (JCM), RIKEN BioResource 

Research Center, Tsukuba, Japan: cf., the JCM On-Line Catalogue of Strains 

(https://jcm.brc.riken.jp/en/catalogue_e). 

 

Acrodontium luzulae Videira & Crous (2016) (Figure 2 A–L)  

Strains examined: WS34_2_5_A_As_10000 and WS36_3_1_A_As 10000 

https://jcm.brc.riken.jp/en/catalogue_e
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Note: These strains were identified as A. luzulae (Videira et al., 2016) based on the conidial 

morphology: conidia hyaline, thin-walled, smooth, solitary, ellipsoid with obtuse apex, 2.8–5.3 × 

1.6–2.4 µm (av. 3.7 × 1.8 µm, n = 55), l/w 1.4–2.7(–3.3) (av. 2.1, n = 55). The ITS sequences of our 

isolates were identical to that of the holotype strain of A. luzulae (CBS 839.71; KX287274) (Videira 

et al., 2016). The species is characterized by conidiogenous cells, hyaline, elongated, smooth, and 

thin-walled with straight to flexuous, proliferating sympodially, and forming rachis in the upper part.  

Acrodontium luzulae has been isolated from dead leaves of Luzula sylvatica and rust on 

Carex sp. (de Hoog, 1972, Videria et al., 2016) and dark ice (Perini et al., 2019) in previous studies. 

In this study, our strains were collected from the old stroma of Annulohypoxylon sp. and Hypoxylon 

sp., representing a new isolation record for this species. In addition, this is the first report of A. 

luzulae in Japan. Together with the previous literature data, it is possible to characterize A. luzulae 

as a cosmopolitan saprotrophic species of fungicolous fungi or plant decomposers. 
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Acrodontium crateriforme complex 

Acrodontium crateriforme has been reported as a cosmopolitan species in invertebrate 

animals, fungi, humans, and plant tissues (de Hoog, 1972; Videira et al., 2016). Koukol (2010) 

highlighted that repeated isolation of A. crateriforme from invertebrates and fungi indicates a 

preference for more nitrogen-rich substrates. The same author pointed out that the fungus has a wide 

ecological range and conidial size variations among strains obtained in previous studies. In the 

present study, this fungus was isolated from five different samples, and these strains showed genetic 

and morphological variations (Figure 2M–AF, Figure 3). Further analysis based on additional gene 

regions, such as rpb2 or β-tubulin (Videira et al., 2016), and the further discovery of hidden lineages 

will elucidate the diversity of their host preferences or their phylogenetic complexity. 

 

Acrodontium sp. 1 aff. crateriforme (J.F.H. Beyma) de Hoog (1972) (Figure 2 M–V)  
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Strain examined: AM002_1_2_B_As_1000  

Note: Conidia in culture hyaline, thin-walled, smooth, solitary, spherical to oblong with obtuse apex, 

2.4–3.1 × 1.5–1.7 µm (av. 2.6 × 1.6 µm, n = 30), l/w 1.4–1.8 (av. 1.6, n = 30). Although the ITS 

sequences of this strain completely matched with the ex-holotype of A. crateriforme (CBS 144.33; 

NR_152320), the conidia of this strain were slightly smaller than those of the ex-holotype strain [vs. 

(3–) 3.5–4.5(–5) × (1.5–) 2–3(–4) µm; de Hoog (1972)]. We treated this strain as Acrodontium sp. 

1 aff. crateriforme in this paper. 
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Figure 1. Habitats of the Xylariales fungi used in this study. (A–H) Field and microscopic observation of the sample AM002. (A) 

Habitat. Samples were collected from the trapped twigs (indicated by arrowhead). (B–F) Surface of the ascomata. SCIF occurring 

on the stroma in F (indicated by an arrowhead). (G) Ascomata in longitudinal section. (H) Melanized hyphae occurring on the 

peridium (indicated by an arrowhead). (I–Q) Field and microscopic observation of the sample AM003. (I) Habitat. Samples were 

collected from the dead twigs (indicated by an arrowhead). (J–M) Surface of the ascomata. SCIF occurring on the stroma in M 

(indicated by an arrowhead). (N) Ascomata in longitudinal section. (O) Melanized hyphae occurring on the peridium (indicated 

by arrowhead). (P) Sympodial conidiogenous cell occurring on the peridium. (Q) Unidentified conidium. (R–W) Field and 

microscopic observation of the sample AM007. (R) Habitat. Samples were collected from the fallen dead twigs (indicated by an 

arrowhead). (S–W) Surface of the ascomata. SCIF occurring on the stroma in V and W (indicated by an arrowhead). (X–AA) 

Microscopic observation of the sample WS34. (X–Y) Surface of the ascomata. (Z) Basidiospore of Ustilaginomycotina on the 

peridium. (AA) Acrodontium-type conidia on the peridium. (AB–AD) Microscopic observation of the sample WS35. Surface of 

the ascomata. SCIF occurring on the ascomata in AC and AD (indicated by the arrowhead). (AE–AG) Microscopic observation 

of the sample WS36. Surface of the ascomata. SCIF occurring on the ascomata in AF and AG (indicated by an arrowhead) 
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Figure 2. Acrodontium species. (A–L) Acrodontium luzulae (A–C,F,G,H,I,L from JCM 39231; D,E,J,K from JCM 39234). 
(A,B) Colonies on PDA after 8 days at 20 °C. (C) Colonies on MEA after 8 days at 20 °C. (D–F) Conidiogenous cells on hyphae. 
(G–I) Conidiogenous cells. (J–L) Conidia. (M–V) Acrodontium sp. 1 aff. crateriforme (JCM 39224). (M,N) Colonies on PDA 
after 8 days at 20 °C. (O) Colonies on MEA after 8 days at 20 °C. (P,Q) Conidiogenous cells on hyphae. (R–T) Conidiogenous 
cells. (U,V) Conidia. (W–AF) Acrodontium sp. 2 aff. crateriforme (JCM 39232). (W,X) Colonies on PDA after 8 days at 20 °C. 
(Y) Colonies on MEA after 8 days at 20 °C. (Z,AA) Conidiogenous cells on hyphae. (AB–AD) Conidiogenous cells. (AE,AF) 
Conidia. 
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Table 3. Identification of the isolated fungi in this study using BLAST.  

Sample 

no. 

Isolate no. (JCM no.) OTU name Closest match from GenBank using megablast GenBank no. 

ITS LSU 

AM002 1_1_B_As_1000 Moesziomyces 

antarcticus 

Moesziomyces antarcticus (MH873351) 822/822 (100.00%) in LSU  LC631649 LC631614 

 
1_1_A_St_1000 Herpotrichiellaceae sp. "Capronia" pilosella (DQ826737) 535/542 (98.70%) in ITS LC631650 LC631615  
1_2_B_As_1000 

 

Acrodontium sp. 1 aff. 

crateriforme 

Acrodontium crateriforme (NR_152320) 457/457 (100%) in ITS LC631651 LC631616 

 
1_2_A_St_1000 Tilletiopsis 

washingtonensis 

Tilletiopsis washingtonensis (MH868275) 867/869 (99.77%) in LSU - LC631617 

 
1_8_A_St_1000 Robbauera albescens Robbauera albescens (MH873380) 809/810 (99.77%) in LSU - LC631618 

AM003 1_1_A_As_10000 

 

Acremonium sp. Acremonium charticola (MH859034) 554/587 (94.38%) including 9 gaps in ITS LC631652 LC631619 

 
1_1_B_As_1000 

 

Acremonium sp. Acremonium charticola (MH859034) 545/578(94.29%) including 9 gaps in ITS LC631653 LC631620  

 
1_2_A_As_1000 

 

Acremonium sp. Acremonium charticola (MH859034) 557/590 (94.40%) including 9 gaps in ITS LC631654 LC631621 

AM007 2_1_A_As_1000 Dactylospora sp. Dactylospora parasitica (KY661666) 766/788(97.20%) including 1 gap in LSU - LC631622  
2_3_A_As_1000 Cladosporium sp. aff. 

cladosporioides 

Cladosporium cladosporioides complex sensu Bensch et al. (2012) LC631655 LC631623 

 
2_4_A_As_1000 

 

Acrodontium sp. 3 aff. 

crateriforme 

Acrodontium crateriforme (NR_152320) 441/442 (99.77%) in ITS LC631656 LC631624 

 
2_5_A_As_1000 Skeletocutis odora Skeletocutis odora (KY948893) 805/805 (100%) in LSU LC631657 LC631625 

WS34 1_2_A_As_10000 Burgella sp. Burgella flavoparmeliae (KC336075) 708/710 (99.72%) in LSU LC631658 LC631626  
2_1_A_As_1000 

 

Acrodontium cf. 

salmoneum 

Acrodontium salmoneum (MH860376) 563/565 (99.65%) including 2 gaps in ITS LC631659 LC631627 

 
2_1_A_As_10000 Penicillium sp. 1 Penicillium citreosulfuratum (NR_153252) 576/578 (99.65%) in ITS LC631660 LC631628 
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(Table 3. Continue) 

Sample 

no. 

Isolate no. (JCM 

no.) 
OTU name Closest match from GenBank using megablast 

GenBank no. 

ITS LSU 

 2_1_B_As_1000 Sistotrema sp. aff. brinkmanni Sistotrema brinkmannii-oblongisporum group sense Moncalvo et al. (2006) LC631661 LC631629 

 2_1_B_As_10000 Acaromyces ingoldii Acaromyces ingoldii (NG_058540) 445/446 (99%) in LSU LC631662 LC631630 

 
2_2_A_As_10000 

 

Simplicillium sp. 1 aff. 

sympodiophorum 

Simplicillium sympodiophorum (NR_111027) 554/555 (99.82%) in ITS LC631663 LC631631 

 2_2_A_As_1000 Neoantrodiella gypsea Neoantrodiella gypsea (KT203312) 773/774 (99.87% in LSU - LC631632 

 2_2_B_As_1000 Penicillium sp. 2 Penicillium mallochii (NR_111674) 533/534 (99.81%) including 1 gap in ITS LC631664 - 

 2_2_B_As_10000 Phlebia livida Phlebia livida subsp. tuberculate (MW732462) 781/781(100%) in LSU LC631665 LC631633 

 2_3_A_As_10000 Lenzites betulinus Lenzites betulinus (MT644927) 785/785(100%) in LSU LC631666 LC631634 

 2_4_A_As_10000 Microporus sp. aff. xanthopus Microporus xanthopus (KX880659) 813/813(100%) in LSU LC631667 LC631635 

 2_5_A_As_10000 

 

Acrodontium luzulae Acrodontium luzulae (NR_154720) 526/526(100%) in ITS LC631668 LC631636 

 3_1_A_As_10000 Robbauera albescens Robbauera albescens (NR_138401) 618/618(100%) in ITS LC631669 - 

WS35 1_1_A_As_10000 Robbauera albescens Robbauera albescens (MH873380) 488/488(100%) in LSU  LC631670 LC631637 
 

1_2_A_As_10000 Neoantrodiella gypsea Neoantrodiella gypsea (KT203312) 750/750(100%) in LSU LC631671 LC631638 
 

1_3_A_As_10000 Incrustoporia chrysella Incrustoporia chrysella (KP135286) 760/762(99.74%) in LSU LC631672 LC631639 
 

1_5_B_As_10000 

 

Acrodontium sp. 2 aff. 

crateriforme 

Acrodontium neolitseae (NR_168148) 532/536 (99.25%) in ITS LC631673 LC631640 

 
2_1_B_As_1000 Penicillium sp. 3 Penicillium steckii (NR_111488) 373/373(100%) in ITS LC631674 - 

 
2_1_A_As_10000 Trametes sp. aff. versicolor Trametes versicolor (KC176306) 607/611(99.35%) in ITS LC631675 - 

 
2_2_B_As_10000 Neoantrodiella gypsea Neoantrodiella gypsea (KT203312) 670/671(99.85%) in LSU LC631676 LC631641 

 
2_3_A_As_10000 Neoantrodiella gypsea Neoantrodiella gypsea (KT203291) 519/521 (99.62%) including 1 gap in ITS LC631677 - 
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(Table 3. Continue) 

Sample 

no. 

Isolate no. (JCM 

no.) 
OTU name Closest match from GenBank using megablast 

GenBank no. 

ITS LSU 

 
2_4_B_As_1000 Talaromyces sp. Talaromyces aurantiacus (NR_103681) 464/474 (97.89%) including 6 gaps 

in ITS 

LC631678 LC631642 

 2_6_B_As_1000 Beauveria bassiana Beauveria bassiana (NR_111594) 501/504 (99.40%) including 1 gap in ITS LC631679 LC631643 

 
3_6_B_As_10000 

 

Simplicillium sp. 2 aff. 

sympodiophorum 

Simplicillium sympodiophorum (NR_111027) 559/561 (99.64%) including 1 

gap in ITS 

LC631680 - 

 
2_4_B_As_1000 Talaromyces sp. Talaromyces aurantiacus (NR_103681) 464/474 (97.89%) including 6 gaps 

in ITS 

LC631678 LC631642 

 
3_8_B_As_10000 Moesziomyces antarcticus Moesziomyces antarcticus (NR_155406) 686/689 (99.56%) including 2 gaps 

in ITS 

LC631681 - 

WS36 1_1_B_As_10000 Aspergillus sp. aff. versicolor Aspergillus versicolor (KU729039) 506/508 (99.60%) including 2 gaps in ITS LC631682 - 

 1_2_B_As_10000 Cerrena zonata  Cerrena zonata (MW785060) 711/712 (99.86%) including 1 gap in LSU LC631683 LC631644 

 1_4_A_As_10000 Sistotrema sp. Sistotrema coroniferum (KF218968) 628/646 (97.21%) including 4 gaps in 

LSU 

LC631684 LC631645 

 2_3_b_As_10000 Neoantrodiella gypsea Neoantrodiella gypsea (KT203312) 750/751 (99.87%) including 1 gap in LSU LC631685 LC631646 

 3_1_A_As_10000 Acrodontium luzulae Acrodontium luzulae (NR_154720) 480/480 (100%) in ITS LC631686 LC631647 

 3_3_A_As_1000 Meira sp. Meira miltonrushii (NG_060234) 470/472 (99.58%) including 1 gap in LSU - LC631648 
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Acrodontium sp. 2 aff. crateriforme (J.F.H. Beyma) de Hoog (1972) (Figure 2 W–AF)  

Strain examined: WS35_1_5_B_As_10000  

Note: The conidial features of this strains are as follow: conidia in culture hyaline, thin-walled, 

smooth, solitary, spherical to oblong with obtuse apex, 2–3.8 × 1.6–2.2 µm (av. 2.7 × 1.8 µm, n = 

30), l/w 1.7–3.3 (av. 2.4, n = 76). Although the strain is closely related to the ex-holotype of A. 

crateriforme in the ITS region (Figure 3) and only one nucleotide difference without gap observed, 

the strain has slightly smaller conidia than those of ex-type strain, and broader than Acrodontium 

sp. 1 aff. crateriforme (vs. 1.5–1.7 µm in AM002_1_2_B_As_1000). We treated this strain as 

Acrodontium sp. 2 aff. crateriforme in this paper. 

 

Acrodontium sp. 3 aff. crateriforme (J.F.H. Beyma) de Hoog (1972) 

Strains examined: AM007_2_4_A_As_1000  

Note: In the phylogenetic tree, AM007_2_4_A_As_1000 clustered with the A. crateriforme 
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complex (Figure 3). Sequence differences among the complex were found to be one to three, or 

completely matched with one to three gaps or without a gap in the ITS. We did not observe the 

morphological features of AM007_2_4_A_As_1000. Therefore, we tentatively treated that the 

isolates were Acrodnotinum sp. 3 aff. crateriforme according to their phylogenetic affinities. 

 

Acremonium sp. (Figure 4A–H) 

Strains examined: AM003_1_1_A_As_10000; AM003_1_1_B_As_1000; 

AM003_1_2_A_St_1000 

Note: The morphological features of the above strains were as follows: conidiogenous cells arising 

from weakly fasciculate aerial hyphae, hyaline, thin-walled, smooth, ampulliform, tapering 

imperceptibly, and conidia ellipsoidal, apiculate at both ends, 3.2–5.6 × 1.4–2.4 µm (av. 4.1 × 1.7 

µm, n = 30), l/w 1–1.9 (av. 1.5, n = 30), hyaline, smooth, without chlamydospores. These features 

concurred with Acremonium section Acremonium sensu Gams (1975). 
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Figure 3. Maximum-likelihood (ML) tree of Acrodontium species. (A) Species relationship of Acrodontium by GTR+F model 

based on the ITS and LSU sequences. (B) Comparison of environmental samples with Acrodontium species by TIMe+R2 model 

based on the ITS sequences. Standard nonparametric bootstrap greater than or equal to 60% are presented at the nodes. Ex-type 

strains are indicated with a superscript T. The newly obtained sequences are shown in bold. The scale bar represents nucleotide 

substitution per site 
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Acremonium species are saprobic fungi that have been isolated from soil, air, and plant 

debris (Glenn et al., 1996; Lucheta et al., 2016; Manandhar et al., 1987). These species have also 

been reported as SCIF, for example, the strains isolated from Psilocybe fasciata (He et al., 2006), 

Tuber (Pacioni and Leonardi, 2016), and Xylariales fungi or Puccinia sp. (Gams, 1975). A BLAST 

search in the ITS region showed that our strains were closely related to Acremonium charticola 

[CBS 117.25; MH854807, 453/489 (93%, 5 gaps)]. The closest hits were five strains of unidentified 

fungal endophytes that were isolated from the tropical leaves of Fabaceae in Panama (Figure 4B). 

These strains showed identical match or 1–2 nucleotide differences with one gap. In the 

phylogenetic analysis, the three strains were grouped with Acremonium sclerotigenum clade sensu 

Summerbell et al. (2011) (Figure 6A). Since we do not have adequate material for detailed 

investigation and we lack reproducible isolation/detection, we treated this fungus as Acremonium 

sp. in this paper. 
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Acrodontium cf. salmoneum de Hoog (1972) (Figure 4 I–P)  

Strain examined: WS 34_2_1_A_As_1000  

Note: The morphological features of the above strain were as follows: conidiogenous cells hyaline, 

thin-walled, cylindrical, straight to flexuous, proliferating sympodially and forming a rachis in the 

upper part, 36–58 µm long, and 0.6–0.9 µm wide at apex, 1.6–3.2 µm at base, with multiple 

conidiogenous loci slightly thickened but not darkened and conidia hyaline, thin-walled, smooth, 

solitary, spherical to oblong with obtuse apex, 2.4–3.1 × 1.5–1.7 µm (av. 2.6 × 1.6 µm, n = 30), l/w 

1.4–1.8 (av. 1.6, n = 30). This feature closely matched the description of Acrodontium salmoneum 

(de Hoog, 1972). 

Acrodontium salmoneum and allied strains were isolated from various substrates. de 

Hoog (1972) reported that the ex-holotype culture was isolated from human sputum (CBS 847.71; 

de Hoog, 1972) and three ex-paratype cultures originating from culture contaminants (CBS 580.67, 

CBS 846.71, NRRL Online Catalog; https://nrrl.ncaur.usda.gov/, accessed 18 October 2021) and 

https://nrrl.ncaur.usda.gov/
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soil of beech forest (CBS 848.71). The fungus has also been recorded in caves, mites, crab shells, 

and decayed wood in previous studies (de Hoog, 1972; Kozlova and Mazina, 2020; Steiman et al., 

1995; Stejskal et al., 2017). Phylogenetic analysis showed that our strain grouped with the ex-

paratypes (CBS 848.71 and CBS 580.67) and unidentified endophytic fungus (strain ZLY-2010 

M29) from Abies beshanzuensis reported by Yuan et al. (2011). Although DNA sequence data 

suggested the potential for cryptic species for these strains (3–19 nucleotide differences in ITS), no 

sequence data are currently available for the ex-holotype of this species. The conidia in our strains 

were somewhat smaller than those of the original description [vs. (3.5–) 4.5–5.5(–7) × (1.5–)2–3(–

3.5) µm in de Hoog (1972)]. Based on the phylogenetic and morphological differences, we treated 

this fungus as Acrodontium cf. salmoneum in this paper. 
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Videira et al. (2016) suggested that A. salmoneum should be excluded from the genus 

Acrodontium because this species was phylogenetically separated from the type species of the genus 

based on the LSU sequence. However, its phylogenetic position has not been resolved in their study. 

The results of our phylogenetic analyses using LSU sequences suggested a close relationship of the 

“A. salmoneum” clade with Sarocladiacee (Figure 4A), but its generic placement for Acrodontium 

Figure 4. Acremoniunm sp. and “Acrodontium” cf. salmoneum. (A–J) Acremonium sp. (A, B from the culture 

AM003_1_1_B_As_1000, C from the culture AM003_1_2_A_As_1000, D–J from the culture AM003_1_1_A_As_10000). (A–C) 

Colonies on PDA after 10 days at 28 °C. (D, E) Conidiogenous cells on hyphae. (F–H) Conidiogenous cells. (I, J) Conidia. (K–T) 

“Acrodontium” cf. salmoneum (K–T from the culture WS34_2_1_A_As_1000). (K, L) Colonies on PDA after 8 days at 20 °C. (L) 

Colonies on MEA after 8 days at 20 °C. (N, O) Conidiogenous cells on hyphae. (P–R) Conidiogenous cells. (S, T) Conidia. 
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remains unresolved. Thus, we tentatively treated this species as “Acrodontium” salmoneum. Further 

isolates and sequences of the ex-holotype strain of A. salmoneum are needed to clarify the ecological 

aspects and generic position of the species. 

 

Simplicillium sympodiophorum complex 

Several species of Simplicillium have been reported as SCIF in a previous study (Zare and Gams, 

2001). Simplicillium sympodiophorum was originally isolated from soil under Asplenium antiquum 

at Aogashima, Izu Islands in Japan (Nonaka et al., 2013). The species was isolated from the fruit of 

Prunus avium (Serradilla et al., 2013) and from the arthropod Armadillidium vulgare (Jaber et al., 

2016). Unfortunately, most strains were not available for morphological comparison, but genetic 

variations were found in ITS sequences (one to two nucleotide differences and with or without gaps). 

Therefore, it is unclear whether these genetic variations implicate population or species differences.  
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Simplicillium sp. 1 aff. sympodiophorum Nonaka, Kaifuchi & Masuma (2013) (Figure 6 A–K) 

Strain examined: WS34_2_2_A_As_10000  

Note: The morphological features of our strain were as follows: conidiogenous cells solitary or in 

whorls of 2–4, simple and slender, tapering toward the tip, 12–26.5 µm long, 0.4–0.8(–1.6) µm wide 

at apex, 0.8–1.6 µm at base, and conidia 2.4–4.0 × 1.5–2.0 µm (av. 3.0 × 1.7 µm, n = 30), l/w 1.4–

2.5 (av. 1.8, n = 30). These features almost agree with the description of S. sympodiophorum, 

although the length of conidiogenous cells was slightly shorter than that of the original description. 

The colony was slow-growing, reaching 13–18 mm diam. in 7 days at 25 °C on PDA with salmon 

pinkish pigment [vs. 20–34(–47) µm long in conidiogenous cells; 21–22 mm diam. colony with 

yellowish-white, without pigment in Nonaka et al. (2013)]. The ITS sequences of our strain showed 

only one nucleotide difference to that of S. sympodiophorum (NR_111027) obtained from the ex-

holotype strain (JCM 18184) of this species, and we treated this strain as Simplicillium sp. 1 aff. 
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sympodiophorum. 

 

Simplicillium sp. 2 aff. sympodiophorum Nonaka, Kaifuchi & Masuma (2013) (Figure 6 L–V) 

Strain examined: WS35_3_6 B_10000  

Note:  The morphological features of the above isolate were as follows. Conidiogenous cells solitary 

or in whorls of 2–4, simple and slender, tapering toward the tip, 17.5–28 µm long, 0.2–0.8 µm wide 

at apex, 0. 8–1.7 µm at base; conidia oval to ellipsoidal, 2.4–3.0 × 1.6–2.0 µm (av. 2.6 × 1.8 µm, n 

= 15), l/w 1.2–1.9 (av. 1.5, n = 15), smooth-walled, and one-celled. The morphological features 

were similar to those of S. sympodiophorum, but this isolate had slightly shorter and broader conidia 

than those of S. sympodiophorum (vs. 2.2–3.5 × 1.0–2.0 µm in Nonaka et al. [61]). Simplicillium 

sp. 2 aff. sympodiophorum is similar to Simplicillium sp. 1 aff. sympodiophorum in conidial size, 

but could be distinguished by slightly slender conidia (vs. 2.4–4.0 × 1.5–2.0 µm). This fungus 

produced yellowish pigment on PDA (Figure 6M), while Simplicillium sp. 1 aff. sympodiophorum 
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produced pinkish one (Figure 6B). In addition, one nucleotide difference with one gap in the ITS 

region was found between Simplicillium sp. 2 aff. sympodiophorum and Simplicillium sp. 1 aff. 

sympodiophorum (JCM 39230). We treated this fungus (JCM 39233) as Simplicillium sp. 2 aff. 

sympodiophorum in this paper. 
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Figure 5. Maximum-likelihood (ML) tree of Bionectriaceae and Sarocladiaceae. (A) Species relationship of Bionectriaceae and 
Sarocladiaceae by TIM3e+I+G4 model based on the LSU sequences. (B) Species relationship of Acremonium spp. by TIM2e+G4 
model based on the ITS sequences. (C) Comparison of environmental samples with “Acrodontium” salmoneum complex by TNe 
model based on the ITS sequences. Standard nonparametric bootstrap greater than or equal to 60% are presented at the nodes. Ex-
type strains are indicated with a superscript T. The sequences in this study are shown in bold. The scale bar represents nucleotide 
substitution per site. 
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2.4 Discussion 

Previous studies of SCIF have focused on species diversity, host preference, physiological 

features, and isolates from mushrooms or sequestrate fungi (Buzzini et al., 2005; Perlińska-Lenart 

et al., 2020; Pacioni et al., 2007; Maurice et al., 2021). Our study presented new information on the 

Figure 6. Simpllicillium species. (A–K) Simpllicillium sp. 1 aff. sympodiophorum (A–K from WS34_2_2_A_As_10000). (A–

C) Colonies on PDA after 7 days at 25 °C. (D) Colonies on MEA after 7 days at 25 °C. (E–I) Conidiogenous cells. (J, K) 

Conidia. (L–V) Simpllicillium sp. 2 aff. sympodiophorum (L–V from WS34_3_6_B_As_10000). (L–N) Colonies on PDA after 

7 days at 25 °C. (O) Colonies on MEA after 7 days at 25 °C. (P–T) Conidiogenous cells. (U, V) Conidia. 
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mycobiota of the ascomata of xylarialean fungi using direct observation and dilution plate methods. 

Several noteworthy microfungi were identified by focusing on their genetic, morphological, and 

ecological diversity. Acremonium, Acrodontium, and Simplicillium species and basidiomycetous 

yeasts were found (Table 3) and they were previously reported as SCIF by Gams (Gams et al., 2004). 

Some of these hypocrealean species have been reported as dominant SCIF groups on Tuber sp. 

(Pacioni et al., 2007; Perlińska-Lenart et al., 2021; Pacioni et al., 2007) and they are known as 

occurring on the old stroma of xylarialean fungi (Læssoe and Peterson, 2019; Becker et al., 2020; 

Dennis, 1981). In contrast, helotialean or Trichoderma species were not isolated in this study. It may 

be due to an operational problem, such as isolating medium or seasonal and microenvironmental 

differences. Other species, such as polypores or corticioid mushrooms, were isolated probably from 

spores. Cerrena, Incrustoporia, Lenzites, Microporus, Neoantrodiella, Phlebia, Skeletocutis, and 

Trametes species are common decomposers of woody materials in forest ecosystems (Hattori, 2005; 

Justo et al., 2017). Phlebia livida and the Sistotrema brinkmanni complex are known to be 
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distributed worldwide, including in Asia, Europe, North and South America, and Antarctica 

(Gresblin and Rajchenberg, 2003; Maekawa, 1993; Hao et al., 2010). These species are known as 

wood-decaying mushrooms (Maekawa, 1993), although they are also assumed to be important 

decomposers under extremely low nutrient conditions (Hao et al., 2010). These species seem to 

exist on the fungal surface as dispersed spores.  

Fungal isolates occasionally could not be identified based on ITS sequences and 

morphological features, although species diversity of Acremonium, Acrodontium, Aspergillus, 

Penicillium, and Simplicillium have been well studied in previous studies (Videira et al., 2016; 

Summerbell et al., 2011; Nonaka et al., 2013;  Gräfenhan et al., 2011; Samson et al., 2014). 

Noteworthy species in the present study were identified as Acrodontium sp. 1, sp. 2, and sp. 3 aff. 

crateriforme, Acrodontium luzulae, “Acrodontium” cf. salmoneum, Acremonium sp., and 

Simplicillium sp. 1 and sp. 2 aff. sympodiphorum. We did not focus on Aspergillus and Penicillium 

species because these saprotrophic fungi are easily found on other substrates as well as decaying 
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sporocarps. 

Our investigation focused on enumerating SCIF using direct observations and dilution plate 

method. Common species, such as Acrodontium spp., Robbauera albescens, and Moesziomyces 

antarcticus, were isolated from an urban moist forest in the Sakuragawa area and urban dry forest 

in the Tsukuba area, but the overall species composition differed (Table 3). The species composition, 

in particular, was similar among the Tsukuba area but clearly differed among the Sakuragawa areas. 

Soil-borne fungi, such as Aspergillus, Beauveria, Penicillium, and Talaromyces, or basidiomycetes 

(mushrooms), were detected in the Tsukuba area compared to those in the Sakuragawa area. The 

xerophile decomposer fungi, such as Aspergillaceae, might predominantly colonize fungal tissue in 

the urban dry forest area. These geographical or environmental factors may also be associated with 

the species diversity of SCIF. Collado et al. (Collado et al., 1999) reported that environmental factors 

may affect the composition of fungal communities in endophytic fungi. To clarify the mycobiota of 

SCIF in detail, further studies are required to elucidate the effects of temperature and humidity. 
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This exploration of SCIF on Xylariales ascocarps revealed the mycobiota and its hidden 

diversity with the existence of several interesting species of microfungi. In particular, the existence 

of species complexes or different populations were implicated in Acrodontium and Simplicillium. 

From these genera, a potential antifungal substance such as acrodontiolamide (from “Acrodontium” 

salmoneum (de Gusmáo et al., 2003)) and simplicilliumtide (from Simplicillium obclavatum (Liang 

et al., 2017)) were reported. Identification and enumeration of SCIF should be investigated properly 

to elucidate the dynamics of the life cycle of fungicolous fungi, and this may also help in the 

discovery of novel bioactive substances. 
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CHAPTER 3. 

MOLECULAR ANALYSIS OF BISPORELLA DISCEDENS 

(PEZIZELLACEAE, HELOTIALES) IN JAPAN 

 

 

3.1 Introduction 

Calycella used to use for generic name of common yellow species (Korf and Carpenter, 

1974). Subsequently, Korf and Carpenter proposed Bisporella and transferred four species of 

Calycella to Bisporella. Nineteen species are accepted to be member of Bisporella (Kirk, 2008). 

One of fungicolous fungi Bisporella was found on xylarialean fungi. This fungus is Bisporella 

disceden. is described for the first time in 1975 (Carpenter, 1975). Bloxamia truncate was reported 

as anamorph of Bi. discedens, it was found on xylarialean fungi association with Bi. discedens 

(Johnston, 1988). This species has three types of life cycles, asexual, sexual, and synasexual. As 

shown in (Figure 9), phialide appears in peridium side. This synasexual morph is “Chalara-like”.  

Historically, Bi. discedens was proposed to be synonym of Bi. claroflava by Lizon and Korf 

(1995). Hence, the name of B. claroflava should be designated to use for later study. In 2013, Baral 
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proposed some members of Bisporella to be member of Calycina, such as Calycina claroflava, C. 

drosodes, C. lacteal. C. languida, and C. scolochloae. Subsequently, Bi. claroflava name were 

treated to be C. claroflava. The reason is because C. claroflava is grouped with Calycina type 

species C. herbarum (Baral et al., 2013). However, anamorph of C. claroflava was not described in 

this study. Furthermore, some researchers treated Bi. claroflava and C. claroflava to be distinct 

species in the phylogenetic tree without any reason (Ekanayakana et al., 2019; Zhuang et al., 2017).  

The sequences of Bi. discedens is limited in GenBank. Evolutionary, the relationship between 

Bi. discedens and its allies need to be solved. Thus, the aim of this study is to re-evaluate the 

relationship between B. discedens and its allies.  

 

Figure 9. Life cycles of Bi. discedens 
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3.2 Materials and Methods 

3.2.1 Isolating Bi. discedens and Bloxamia from Xylariales fungi.  

Six strains of Bi. discedens were collected in Fukushima, Ibaraki, Kanagawa, Tokyo, and 

Tochigi from black dead twig that expected to be xylarialean fungi. All strains were maintained on 

Potato Dextrose Agar (PDA; Becton, Dickinson and Company). Each strain were preserved in slant 

agar containing PDA and in freeze stock that contained DMSO and Glycerol in the laboratory. 

3.2.2 Morphological observation 

We prepared rice straw agar to induce asexual morph, then we can use it for morphological 

observation. Observation of asexual morph are including conidiophore, conidiogenous cell, and 

conidia. Tissue layers were sectioned with a freezing microtome and were measured. Photographs 

were taken using an OPTIPHOT2 microscope with a differential interference contrast device and a 

DS-L2 digital camera (Nikon).  
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3.2.3 Molecular phylogeny and phylogenetic analysis 

DNA was extracted from culture using DNA extraction kit and amplified using the internal 

transcribed spacer (ITS) genes with primer pairs ITS5/ITS4 (White et al., 1990), and large subunit 

ribosomal (LSU) with primer pairs LR0R/LR5 (Vilgalys and Hester, 1990). PCR was performed in 

25 µl volume containing 5 µl extracted template DNA, 3 µl miliQ, 10 µl dNTPs, 12.5 µl 5 × PCR 

buffer, 1 µl × 20 pM each primer, and 0.5 µl KOD FX Neo (Toyobo, Tokyo, Japan). The PCR 

condition were 94°C for 2 minutes followed by 35 cycles at 98°C for 10 sec, 61.5 °C for 30 sec, 

and 68°C for 1 minutes. The amplified product were determined by electrophoresis on 1.5% agarose 

gels with known standard DNA marker and then purified using the PCR clean- up kit. For 

sequencing, a 6.5 µl reaction volume containing 2 µl purified PCR product, 3 µl miliQ, 2 µl 5 × 

PCR buffer, 1 µl appropriate primer, and 0.5 µl BigDye. Sequencing was performed using 

thermocycler program with 25 cycle. The sequences were edited using ChromasPro version version 

2.1.8 (Technelysium Pty Ltd, Helensvale, Australia). DNA sequences were compared by BLAST 
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search (Altschul et al., 1997) with the GenBank databases (https://www.ncbi.nlm.nih.gov). 

Sequences for each data set were aligned using MAFFT version 7.429 as the default setting (Katoh 

and Standley, 2013). Ambiguously aligned portions of the alignments were manually removed using 

MEGA7 (Kumar et al., 2016). A maximum-likelihood (ML) analysis was performed using IQ-

TREE 2.1 (Minh et al., 2020) with 1000 bootstrap replicates. The phylogenetic relationships of the 

strains were decided through the maximum likelihood method consisting of 1000 ultra-fast 

boostraps replications (UFBS). These analyses were based on 59 sequences including isolated 

Bloxamia sequences in this study. Amorpotheca resinae and Oidiodendron maius were used as 

outgroup taxa. 

 

3.3 Results 

Six species of Bloxamia were isolated from xylarialean fungi from Kanagawa, Fukushima, 

Gunma, and Tokyo. Five specimens were obtained from xylarialean fungi and one strains were 
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collected from driftwood (Table 4). We induced the asexual state of each strain to get information 

about asexsual and synasexual for morphological observation and extracted for molecular analysis. 

Four speciement were examined to get morphological feature.  

 

Table 4. Sample list and their sampling site 

 

3.3.1 Morphological descriptions of isolates 

Ther results from taxonomical examination are described based on asexual and synasexual 

morph.  

Isolate 

no. 
Species Host/substrate Sampling site 

WS18 
Bloxamia 

sp. 
Xylarialean JAPAN, Kanagawa, Manazuru, Mt. Tomyo 

WS29t 
Bloxamia 

sp. 
Xylarialean 

JAPAN, Tokyo, Hachiouji, Uratakao, near Mt. 

Kagenobuyama 

WS30 
Bloxamia 

sp. 
Xylarialean 

JAPAN, Tokyo, Hachiouji, Uratakao, near Mt. 

Kagenobuyama 

WS31 
Bloxamia 

sp. 
Xylarialean 

JAPAN, Tokyo, Hachiouji, Uratakao, near Mt. 

Kagenobuyama 

AH1643 
Bloxamia 

sp. 
Driftwood JAPAN, Fuushima, Nakoso, Nakoso coast 

AH1468 
Bloxamia 

sp 
Xylarialean 

JAPAN, Gunma, Aduma, Nagano, Kawaharayu, 

around Gunma prefacture rode route 375 
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Bloxamia sp. -1 

Strain examines: WS18 

Diagnosis. Asexual: Characterized by peridium thickness 12.5–25.5 µm, 7–9-layer, basal layer 

thickness 12.5–24 µm, 5–9-layer, hymenium thickness 32.5–45.5 µm, conidiophores cells 7–22 × 

1.5–2.5 µm, conidiogenous cells 24–33 × 1.5–2 µm, conidia 2.5–4.1 × 1.5 –1.8 µm. Synasexual: 

conidiophores 3.5–7 µm, 1–2 cells, conidiogenous cells 13–18.5(–22.5) µm length 3–4 µm width 

at base, 2–2.5 µm width at apex, conidia 2.5–3.5 × 1.5–2 µm. 

 

Bloxamia sp. -2 

Strain examines: WS29  

Diagnosis. Asexual: Characterized by peridium thickness 8–10.5 µm, 3–4-layer, basal layer 

thickness 6.5–9 µm, 4–5-layer, hymenium thickness 30.5–36 µm, conidiophores cell 6.5–14 × 2–

2.5 µm, conidiogenous cells 23–30.5 × 2–3 µm, conidia 3–4 × 1.6–1.7 µm. 
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Bloxamia sp. -3 

Strain examines: WS30 

Diagnosis. Asexual: Characterized by Peridium thickness 9.5–20 µm, 5–6-layer, basal layer 

thickness 11–18.5 µm, 7–8-layer, hymenium thickness 29–37.5 µm, conidiophores cells 8.5–16.5 × 

2–2.5 µm, conidiogenous cells 22.5–25.5 × 2–2.5 µm, conidia 2.5–3.2 × 1.4 –1.7 µm. Synasexual: 

conidiophores 5 µm, 1–2 cells, conidiogenous cells 10.5–16 µm length, 3–4.8 µm width at base 2–

2.5 µm width at apex, conidia 2.5–4 × 1.5–2 µm 

 

Bloxamia sp. -4 

Strain examines: WS31 

Diagnosis. Asexual: Characterized by peridium thickness 8–12.5 µm, 3–6-layer, basal layer 

thickness 9–14.5 µm, 3–5-layer, hymenium thickness 20–32.5 µm, conidiophores cells 7–9.6 × 2–
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3 µm, conidiogenous cells 17.5–26 × 1.5–2.5 µm, conidia 2.5–4 × 1.5 –1.7 µm. Synasexsual: 

conidiophores 8–13.5 µm, 3–4 cells, conidiogenous cells 9–16 × 2.5–4 µm. conidia 2.5–4 × 1.5–2 

µm 

Asexual conida observation showed strain WS29 and WS31 shared the same feature. 

Whereas WS30 and WS18 have varieties size. The size of conidia somehow was smaller or bigger. 

Anamorph of Bi. discedens were also observed in previous study (Hosoya and Zhao, 2016), with 

conidiogenous cells (14–)18–23×2 μm and Conidia 2–3×2–2.5 μm. 

Synasexual morph was observed from WS18, WS30, and WS31, and it was lack synasexual 

morph in WS29. Hence, we could only compare WS18, WS30, and WS31 with previous study 

(Hosoya and Zhao, 2011), characterized by Conidiophores 1–2 cells, Conidiogenous cells, 3–4 µm 

width at base, 2 µm width at apex 
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3.3.2 Phylogenetic analyses 

  BLAST results using ITS showed each strains were identified as Bloxamia and B. discedens 

with 99-100% similiarity (Table 5). All strains were related to Bloxamia strain obtained from Japan 

(TNS: F24589 and F37025).  

Table 5. Identification of the Bloxamia and its allies using BLAST. 

Sample no. Species Closest match from GenBank  

WS18 Bloxamia sp. Bloxamia sp. (TNS: F24589, LC169493) 486/489(99%)  

WS29t Bloxamia sp. Bisporella discedens (TNS: F37025, LC169492) 546/546(100%) 

WS30 Bloxamia sp. Bloxamia sp. (TNS: F24589, LC169493) 439/445(99%) 

WS31 Bloxamia sp. Bloxamia sp. (TNS: F24589, LC169493) 545/548(99%) 

AH1468 Bloxamia sp. Bloxamia sp. (TNS: F24589, LC169493) 496/501(99%) 

AH1643 Bloxamia sp. Bloxamia sp. (TNS: F24589, LC169493) 529/534(99%) 

 

   Phylogenetic tree was shown in Figure 10. All isolated strains were grouped with Bloxamia 

type species Bl. truncate. Strong supported clade was also shown in the large Calycina sensu Baral 

(96). In addition, C. claroflava were closely related to Bloxamia clade.  
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3.4  Discussion 

This study has provided genetic information of the new six strains of B. discedens and Bl. 

truncate from xylarialean fungi, using fungal barcode ITS. The previous study treated Bi. discedens 

and C. claroflava were treated to be distinct species (Ekanayaka et al., 2019; Guatimosin et al., 

2016). The present study showed a relationship among Bi. discedens, Bl. truncate, and Calycina 

claroflava are strongly supported in large sensu Baral.  

The five fungi grow on xylarialean fungi and only one fungus grows on driftwood. These 

fungi were collected from Fukushima, Ibaraki, Kanagawa, Tokyo, and Gunma. Morphologically, 

the characteristic of isolated Bloxamia sp. in this study was similar with type species of Bl. truncate.  

However, there were some varieties on conidial size measurement in asexual morph, because the 

conidial size of WS30 was smaller than others. In this study, some strains of synasexual morph were 

also observed, except for WS29. In the previous study, this morph was sometimes present or 

detected in the morphological observation (Johnston, 1988; Hosoya and Zhao, 2011; Ekanayaka et 
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al., 2019), while this structure was not mentioned in another study (Baral et al., 2013). Thus, we 

could just compare our strains with reported strains in Japan. Our synasexual strains were similar 

to the characteristics of synasexsual strain in Japan (Hosoya and Zhao, 2011), only conidia of WS30 

was smaller than the entire strains. The phylogenetic analysis resulted strongly supported clade 

among our six strains. This clade was grouped with Bl. truncate type species of Bloxamia. We 

consider the anamorph of B. discedens is identic with Bl. truncate as shown in Figure 10. 

 The phylogenetic tree also showed a large clade of Calycina sensu Baral that consists of 

Bloxamia truncate/B. discedens clade. However, anamorph of Calycina claroflava has not been 

discussed in previous study (Baral et al., 2013). Although, Bisporella discedens have transferred in 

genus Calycina, some researchers still have sustained B. discedens or B. claroflava and treated these 

species differently until now (Zhuang et al., 2017; Ekanayaka et al., 2019). Thus, in this study, we 

only concluded and suggested that Bl. truncate are closely related to Bi. claroflava and Calycina 

clade in large sensu of Baral (2013).  
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Figure 10. Maximum-likelihood (ML) tree of Bloxamia and its allies. Species relationship of Bloxamia, B. discedens, 

and Calycina 
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CHAPTER 4. 

GENERAL DISCUSSION 

 

This study proved that sporocarp is one of the habitats of many fungi. The results of this study 

answered the hypothesis of this study. We enumerated forty-four representative species belonging to 

Ascomycota and Basidiomycota. Fungal communities that are more diverse have been shown 

compared with previous studies that performed the same methods (Buzzini et al., 2005; Pacioni et al., 

2007; Perlinska-lenart et al., 2020; Dimkpa and Orikoha, 2021) and increased the record of fungicolous 

fungi, especially in Japan. This fungal community in sporocarp of xylarialean was dominated by 

Hypocreales and Eurotiales that had previously been recorded in truffle-inhabiting fungi and 

mushroom-inhabiting fungi (Pacioni et al., 2007; Perlinska-lenart et al., 2020; Dimkpa and Orikoha, 

2021). 

In this study, some strains were identified using ITS or LSU only due to being able to amplify 

one of those regions. As designated to be the region of the official gene for fungal barcoding marker, 
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ITS sequence accomplished to identify most of the strains in this study at the species level, except for 

Penicillium, Talaromyces, and Acremonium. It is caused by ITS limitation for some genera such as 

Penicillium and Talaromyces that these genera are very useful for pharmaceutical purposes, 

nonetheless the ITS region does not well identify (Schoch et al., 2012; Seifert et al., 2007; Samson et 

al., 2014). Acremonium sp. has only 94% similarity with A. charticola with nine gaps in ITS regions. 

Subsequently, we consider these strains probably belong to different species.  

Morphological identification alone was not enough to identify fungi for species level. In this 

study, the noteworthy species were identified based on morphology and molecular identification, e.g. 

“Acrodontium” salmoneum, Acrodontium crateriforme, and Simplicillium sympodiophorum. In the 

previous study, the taxonomy of the genus Acrodontium failed to classify members of this genus due 

to morphological identification alone. “Acrodontium” salmoneum is problematic species in the genus 

Acrodontium that is still unclassified at the genus level Here, we re-evaluated the taxonomy of A. 

salmoneum by using molecular phylogenetic analysis using ITS and LSU sequences, to present related 



66 

 

species of A. salmoneum. The result showed that A. salmoneum are closely related to the family 

Sarocladiaceae with Sarocladium and Parasarocladium as member of this family. However, we could 

not determine which genus A. salmoneum belongs to because the ex-holotype of this species is 

unavailable at GenBank. In this study, we consider A. crateriforme as cryptic species due to its 

genetically distinctness from other strains. This fungus has known associated with many different 

substrates. Another noteworthy species is Simplicillium sympodiophorum. They were reported to have 

different morphological features such as sympodial features from previous studies. Possibility happens 

due to a different habitat, while strains of this study were obtained from sporocarp of fungi, in the 

previous study the strains were obtained from soil. However, morphological identification alone could 

not enough to identify fungi at speciel level. Combination of molecular identification and 

morphological identification will perform better identification. We asserted that ITS and LSU 

sequences determined an important role for the whole isolated SCIF in this study and suggested using 

additional protein-coding genes to identify problematic strains for future study. 
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Molecular identification could uncover cryptic species with genetic diversity. Genetic diversity 

can affect the physiological characteristic of fungi from an applied microbiology perspective (Feckler 

et al., 2014). It encourages the applied scientist to conserve this genetic diversity. Some cryptic species 

such as Simplicillium and Acrodontium were reported to produce secondary metabolites in the previous 

study. Probably, these cryptic species in this study can produce different secondary metabolites from 

reported studies. Taxonomical problems related to dual nomenclature are still progressing. In this study, 

the relationship between B. discedens and Bl. truncate is strongly supported. We emphasize that both 

represent one species. Although the relationship between sexual and asexual was solved in this study. 

In conclusion, the enumeration of fungi needs proper identification. We affirm ITS and LSU 

genes help the identification process disregarding some fungi include cryptic species. Molecular and 

morphological approach are strongly recommended for identification because morphological 

identification alone could not demonstrate well identification. This enumeration also helps to re-

evaluate taxonomical problems in previous studies. These findings also leave a clue for future research 
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related to applied mycology. The community of SCIF from xylarialean fungi should be examined in 

detail and the experiment should be carried out not only for the sporocarp of xylarialean but also for 

other sporocarps.  
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