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Abstract : 

The Sugar Maple (Acer saccharum) is a keystone species in Eastern North America. 

Despite this, taxonomic surveys enumerating the fungal populations of the bark of this tree 

species are lacking. Using traditional (direct observation and moist chambers) and high-

throughput (particle filtration with dilution to extinction) culturing methods, this study examines 

the microfungi observed on and isolated from A. saccharum bark and compares the efficiency of 

the different isolation methods employed. Bark collected from five different dead trees, from 

three distinct forests provides an insight on the feasibility of the high-throughput method in 

isolating microfungi from this substrate, an approach never previously tried from A. saccharum 

bark. Commonly isolated taxa are discussed and compared to prior studies. Three novel species, 

which were routinely isolated, are described and compared to closely related taxa based on 

morphological and concatenated multi-gene phylogenetic analyses. Caveats and 

recommendations for future studies are discussed.  
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Chapter 1. Introduction   

 

1.1 Sugar Maple (Acer saccharum) 

Overview of A. saccharum  

The genus Acer (usually known as maples) is a cosmopolitan genus of trees traditionally 

classified in the family Aceraceae but now included in the Sapindaceae. In North America, there 

are around twelve species of Acer, some of which are important because they produce strong 

lumber or maple syrup (Li et al. 2019). The sugar maple (Acer saccharum) is one of the largest 

species and is native to Southern Canada and Northeastern United-States, where it can form 

relatively pure stands. It is shade tolerant. Because A. saccharum is associated with many kinds 

of soils, many species of bushes and plants are associated with it. (Godman et al. 1990).  

Maple syrup derived from the spring sap flow of Acer saccharum was discovered in 

North America long before the arrival of European settlers (Ball 2007) and is a major source of 

revenue for Canada. In 2017, 213 million pounds of maple syrup were produced globally, with 

approximately 80% of it produced in Canada and 75% in the province of Quebec. Maple syrup 

production also increased drastically since the early 2000s with an average of 97 million pounds 

produced between 2000 and 2005 worldwide. The value of maple syrup in 2017 in Quebec was 

approximately $444 million CAD (Ppaq 2017). Maple syrup is obtained by removing up to 98% 

of the water in sap extracted from A. saccharum trees. Maple syrup is composed of around 66% 

sucrose and 33% water, furthermore various minerals and metabolites are found in maple syrup. 

Several classes of metabolites are responsible for maple syrup taste, including chemical 

compounds detected in trace amounts. Overall, more than 200 chemical compounds are known 

from maple syrup (Mohammed et al. 2022) 
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 Because A. saccharum, is a keystone species with important commercial applications 

and has cultural signifiance as a Canadian symbol, it is important to understand the biology of 

the tree. In particular, the microbiome of A. saccharum is poorly understood and thus the goal of 

this thesis was to conduct a survey of the fungi inhabiting the bark. The resulting data will add to 

our understanding of fungal diversity in general, and about fungi living with A. saccharum 

specifically, and may be used for future reference to recognize and monitor pathogenic fungi and 

invasive species of sugar maple. 

Pests and diseases 

Acer saccharum is prone to various diseases, with more than a hundred species of insects 

known to feed on this host, most of which are of minor importance (Houston 1990). Several 

fungi have been reported as pathogens of A. saccharum. The leaves can be infected by Rhystima 

americanum (Hudler et al. 1998) and Aureobasidium apocrpytum (Houston et al. 1990). Acer 

saccharum is also susceptible to Neonectria ditissima (Godman et al. 1990) and Eutypa 

parasitica (Kliejunas and Kuntz 1974), which are species producing bark cankers. The latter was 

recently introduced to Europe (Jurc et al. 2006). Davidsoniella virescens (synonyms include 

Ceratocystis virescens and Ophiostoma virescens; (De Beer et al. 2014) is also known to infect 

A. saccharum, where it causes staining and crown dieback in injured trees (Houston 1993). Acer 

saccharum is also susceptible to Sugar Maple decline (or maple blight), which is believed to be a 

multifactorial disease caused by a combination of lepidopteran pests (Giese and Benjamin 1964), 

drought, depletion of calcium and magnesium from the soil and infection by the mushroom 

Armillaria (Horsley et al. 2002).  
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1.2. What are hyphomycetes? 

Introduction to fungal taxonomy and the hyphomycetes 

 Fungi are heterotrophic organisms which are usually multicellular and are believed to 

belong to their own Kingdom closely related to animals. Most fungi are composed of 

filamentous cells called hyphae and their cell walls are composed of chitin and β-glucan. Fungi 

are capable of both sexual and asexual reproduction and certain species are known to reproduce 

only sexually or asexually (Carris et al. 2012; Cavalier-Smith et al. 2014; Naranjo-Ortiz and 

Gabaldón 2019). 

 As of 2020, the Fungi were considered to contain 19 phyla. Sixteen of these phyla are 

considered to belong to the basal clade which contains taxa previously considered to be 

Zygomycetes such as Mortierellomycotina and Mucoromycotina. Other phyla include the 

arbuscular fungi (Glomeromycotina), Ascomycotina and Basidiomycotina. Ascomycotina and 

Basidiomycotina are the two fungal phyla containing the most species with, as of 2008, 64,000 

and 31,515 described species, respectively (Schoch et al. 2009; Wijayawardene et al. 2021a). 

The Ascomycota, which are known as sac fungi because they produce their meiospores in a sac-

like structure called an ‘ascus’, are ubiquituous and cosmopolitan. Members of the Ascomycota 

are also known to produce asexually and may be referred to as hyphomycetes or as coelomycetes 

(Schoch et al 2009; Wijayawardene et al 2021a). 

Hyphomycetes (colloquially called moulds) are an artificial group of asexually growing 

(anamorphic), filamentous microfungi that produce exposed asexual spores, called conidia. This 

contrasts to the Coelomycetes, another group of asexual microfungi, which produces their 

conidia inside a cavity formed by fungal tissues (Kirk et al. 2001). Hyphomycetes are extremely 
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variable in morphology. Hyphomycetous fungi are found broadly in the phylogenetic tree of 

fungi (Seifert et al. 2011), but most are Ascomycetes (Wijayawardene et al. 2017). Some 

hyphomycetes are the asexual state of species that are also known to reproduce sexually. With 

the advent of the one fungus one-name ruling, from 2013 onward (McNeil 2012), if species have 

names for both their sexual and asexual state, only one name should be used. Usually, the oldest 

name has priority, but newer names can be considered on a case-by-case basis, especially in 

cases where historically one name has been more commonly used (McNeill et al. 2012; Johnston 

et al. 2014).  

Like most fungi, the main assimilative structure of the hyphomycete is the hypha. In most 

hyphomycetes, mitotically derived conidiospores (conidia) are borne on specialized reproductive 

hyphae called conidiophores (Ellis 1971). Many conidiophores can be held together resulting in a 

compact cushion called the sporodochium, or on stalks called synnema or coremia (Seifert et al. 

2011). Morphological identification of hyphomycetes often requires a thorough analysis of all 

the reproductive structures including the conidia, with an emphasis on shape, size, and color. 

Excellent introductions into the morphology of the reproductive structures of hyphomycetes are 

found in Seifert et al. (2011), and Ellis (1971).  

Ecology of hyphomycetes 

Hyphomycetes are an important group of fungi that can be found in practically all 

habitats. Many species occur as decomposers of wood or leaf litter (Ellis and Ellis 1986). 

However, some hyphomycetes can also grow on other fungi (Ellis and Ellis 1988) and certain 

species such as Beauveria bassiana and Isaria fumosoroseus are entomopathogenic (able to 

infect and kill insects) and have been used as bio-pesticides (Gul et al. 2014). Certain 
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hyphomycetes are extremophiles and can grow in harsh habitats such as soil from Antarctica 

(Stchigel et al. 2000), foodstuff such as cake, honey, maple syrup, salted fish and chocolate (Zajc 

and Gunde-Cimerman 2018), jet fuel (Seifert et al. 2007) and in highly radioactive areas such in 

the Chernobyl power plant (Zhdanova et al. 2000). 

 Many hyphomycete species are major plant pathogens. One example is Fusarium 

graminearum which causes devastating losses of cereal crops annually; furthermore, yield losses 

are compounded since F. graminearum produces various mycotoxins such as deoxynivalenol 

(known as DON), making infected grains unsuitable for consumption by humans and animals 

(Goswami and Kistler 2004). A small subset of hyphomycetes is pathogenic to humans. They 

include dermatophytes such as Trichophyton, which infect human skin (Wu et al. 2009). Other 

species such as Aspergillus fumigatus and Fusarium oxysporum can occasionally cause serious 

systemic infections, especially in immunocompromised patients (Köhler et al. 2015). 

Hyphomycetes can become invasive pests if they are introduced into a novel habitat. An example 

is Pseudogymnoascus destructans, which has killed millions of bats since its introduction in 

North America in 2006. P. destructans is believed to originate in Europe, where it has also been 

reported, but without producing mass death of European bat species (Garzoli et al. 2019). 

Practical applications of hyphomycetes 

 While hyphomycetes are often considered detrimental because of their negative impacts 

on human affairs, several species are quite useful in food making and pharmacology. A few 

hyphomycetes species are used for fermenting food, such as Aspergillus oryzae used in the 

production of soy sauce by fermenting soybeans (Robert-Nout and Aidoo 2010). Moreover, 

some species of Penicillium are used to produce certain kinds of cheese (Gillot et al. 2015). 
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However, hyphomycetes are better known for their ability to produce secondary metabolites, 

certain of which are routinely used to treat or prevent diseases. Perhaps the best known of these 

fungal metabolites is penicillin, an antibiotic produced by Penicillium rubens (often known as P. 

chrysogenum or P. notatum) (Canzani and Aldeek 2017). Some other important secondary 

metabolites produced by hyphomycetes include lovastatin, which is used to reduce cholesterol 

and has been isolated from various species such as Aspergillus terreus, various Penicillium and 

Trichoderma species, amongst others (Jahromi et al. 2012). Cyclosporine, an 

immunosuppressant used to prevent transplant rejection, was isolated from Tolypocladium 

inflatum. Other species such as Aspergillus terreus, Fusarium solani and Penicillium fellutanum 

produce cyclosporine as well (Anjum et al. 2012). Glarea lozoyensis and Helicoma viridis, less 

well known hyphomycetes, produce the secondary metabolite pneumocandin, an antifungal 

isolated from G. lozoyensis and the decaspirones, a family of molecules with antifungal activities 

isolated from H. viridis (Hu et al. 2006; Chen et al. 2015).  

Culturing hyphomycetes 

Because the substrates where fungi occur are not sterile, in nature it is common to have several 

microfungi and bacteria growing in close proximity (Wang 2010). Therefore, isolation of 

individual microfungi into pure culture on artificial laboratory media is important for visualizing 

fungal structures, isolating metabolites and extracting DNA. To reduce contamination, single 

conidia are transferred into Petri plates containing growth media, and fungal growth is 

monitored. Fungi grown in culture can also be characterized based on their morphology and 

growth patterns in culture.    
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 For some genera of Hyphomycetes such as Penicillium, morphological analysis for 

identification is usually done using standardized culture media. For instance, Penicillium strains 

are usually identified when grown on Czapek Yeast Autolysate agar (CYA) and Malt Extract 

Agar (MEA). After seven days, colony width and color are measured and noted. Visagie et al. 

(2014) provides a detailed protocol for the preparation and identification of Penicillium species. 

Unfortunately, for the majority of genera, standardized protocols used for species 

characterization in culture are often lacking (Black 2020). However, media such as Malt extract 

Agar (MEA) and Potato Dextrose agar (PDA) are most commonly used.  

While culturing fungi has many applications, several setbacks occur when culturing 

microfungi. Cultures are at risk of contamination by either bacteria or other fungi which can 

overgrow the target species (Shi et al. 2019). Jaklitsch (2009) reported that the common 

contaminant Trichoderma harzianum could grow up to 70 mm in a few days under certain 

conditions in culture. Unfortunately, most hyphomycetes grow at a slower rate in culture. For 

instance, Leohumicola lenta takes 14 days to reach 4 mm under optimal conditions (Hambleton 

et al. 2005b) and the rock inhabiting, Anthracina saxincola reaches 4 mm after 20 weeks (Sun et 

al. 2020). Finally, substrates such as bark may act as a spore trap, as larger conidia can become 

trapped in cracks (Magyar 2008). These conidia then might be isolated and assumed to originate 

from the bark itself. Therefore, certain isolation methods such as particle filtration can be used to 

lessen the impacts of culture contamination. These methods are discussed below. 

A major hurdle encountered when attempting to culture microfungi, is that many 

hyphomycetes do not produce conidiophores and conidia in culture.. Because reproductive 

structures such as conidiophores and conidia are usually used for identification of hyphomycetes 

(Seifert et al. 2011), when absent, colonies are difficult to identify. Therefore, certain approaches 
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have been used to stimulate sporulation, such as growing cultures at suboptimal temperatures 

(Chauvet and Suberkropp 1998), growing them under near ultraviolet lights (Leach 1962) and on 

specialized agar such as Carnation leaf agar or Spezieller Nährstoffarmer Agar (SNA). The latter 

two are used to characterize species of Fusarium (Sandoval-Denis et al. 2019) as growth on 

media with a high monosaccharide & disaccharide content may produce aberrant conidia (Fisher 

et al. 1982). Other instances of the use of ammended media to stimulate sporulation include the 

genus Chaetomium, which can produce fertile fruitbodies if cellulose-rich supplements such as 

sterile paper strips are added to the agar (Wang et al. 2016). Pine needles added to the agar also 

appear to stimulate the sporulation of certain species (Su et al. 2012). Finally, certain 

hyphomycetes will grow only under strict conditions, such as Gliocephalis hyalina a 

mycoparasite that is required to be co-cultured with another fungus such as Fusarium (Jacobs et 

al. 2005).  

Although non-sporulating fungal cultures are difficult to morphologically characterize, 

they can still be used for DNA sequencing and metabolite profiling; however, some fungi will 

fail to grow in culture because of their dependence on specific living hosts or failure of artificial 

media to satisfy their nutritional needs (Lorrain et al. 2018; Wijayawardene et al. 2021b). While 

the exact number of unculturable fungal species is unknown, Hawksworth (1991) estimated that 

17% of the 69,000 fungal species described at that time were cultured. This represented less than 

1% of the estimated 1.5 million fungal species. These numbers were revised in 2017, with an 

estimate of up to 3.8 million fungal species, with 29% of the 120 000 described species having 

molecular data available on GenBank (Hawksworth and Lücking 2017). Furthermore, it is 

estimated that up to 90% of soil fungi have not been cultured (Chávez et al. 2015). Estimates of 

upwards to 30,000 species of asexual fungi are described, 13 800 of which are hyphomycetes 
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(Seifert, pers. Comm.). It is estimated that there might be at least 500 000 species of asexual 

fungi, indicating that most have yet to be described (Wijayawardene et al. 2022). Finally, some 

fungi such as the endophytic fungus, Meliniomyces variabilis were described from non-

sporulating cultures (Hambleton and Sigler 2005a), and therefore cannot readily be compared to 

other species using culture morphology alone. Therefore, other approaches such as DNA 

sequencing may be required to identify fungal cultures. 

DNA sequencing of hyphomycetes 

 The DNA of fungi can readily be extracted from the mycelium of in vitro cultures, which 

can then be amplified using specific primers and the amplicons subsequently sequenced and 

compared to sequences of previously sequenced fungi using search algorithms such BLAST for 

species identification. This approach can be used to support morphological identification or 

provide identification of non-sporulating cultures. DNA sequencing of fungi only became 

popular in the 1990s (Xu 2016). Phylogenetic analyses can be completed to compare sequences 

of fungi, which cannot be identified using algorithms such as BLAST and determine the 

relationship of previously sequenced fungi. specific DNA sections are typically used for 

sequencing fungi and these sections are sometime referred to as a ‘locus’ (Yang 2012; Xu 2016). 

In fungi, the ribosomal RNA ITS (Internal Transcribed Spacers) is a commonly 

sequenced locus, with roughly 1 million sequences available for an estimated 70 000 fungal taxa, 

around 35 000 of which, are associated with known species (Forin et al. 2018, Nilsson et al. 

2019). The ITS regions are recommended as the universal locus used for sequencing fungi 

because they often clearly define distinct species and are easy and reliable to use (Schoch et al. 

2012). The Large Subunit Ribosomal DNA (LSU) gene is also commonly used for the 
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identification of fungi and both the ITS and LSU can be used for the same fungi, although LSU 

can be less precise in separating species (Brown et al. 2014). 

For certain genera, ITS and LSU alone are not enough for the identification and 

delimitation of species and correct identification requires sequencing additional loci. Some 

examples include the genus Penicillium, in which the most commonly sequenced loci are protein 

coding loci that include Beta-tubulin (Btub), Calmodulin (Cal) and RNA Polymerase II (RPB II) 

(Visagie et al. 2014). In addition, Fusarium are often identified using sequence analysis of the 

Translation elongation factor (TEF). TEF is used because it has been reported to have the best 

resolution for distinguishing taxa in the genus Fusarium when compared to other gene coding 

loci such as BT, Cal and RPB II (Lombard et al. 2019). TEF has been recommended by Stielow 

et al (2015) to be used as a secondary universal locus for barcoding fungi.  

 While DNA sequencing is helpful for the identification of fungi, certain problems must 

be recognized. It has been estimated that up to 65% of sequences deposited in Genbank originate 

from unspecified vouchers or are misidentified (Senanayake et al. 2022). This may be due to the 

difficulty in identifying fungal cultures by morphology, or culture contamination that results in a 

sequenced fungus being different from the identified fungus, thus resulting in an incorrect taxon 

name for a sequence. Sequencing usually supplements morphological studies and cannot 

completely replace them. Currently, a DNA sequence cannot be used as a holotype, and newly 

described fungal species require physical material (Ryberg and Nilsson 2018) and the usage of 

DNA sequences as type material is hotly debated (Seifert 2018). However, two novel species of 

Archaeorhizomyces were recently described based solely on DNA sequences (Khan et al. 2020) 
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1.3. Methods used to detect microfungi 

Direct observation 

 There are several ways to collect microfungi from which axenic cultures and/or DNA 

sequences can be obtained. Perhaps the simplest method is the direct observation of 

hyphomycetes on the substrate. However, most hyphomycetes are inconspicuous and often 

require the use of a hand lens or dissecting microscope to be detected and a compound 

microscope is needed for identification (Wang 2010). Specimens obtained directly from the 

substrate can be dried and preserved in herbaria. Species of microfungi can show seasonality 

with some species growing during a certain period of the year (Widden 1986). The climate in 

Canada is for the most part temperate. Therefore, collecting during certain periods of the year 

such as spring to autumn and after periods of rain may be optimal for observing hyphomycetes. 

Moist chambers 

 Another method to detect and observe hyphomycetes is the use of moist chambers. Moist 

chambers (also occasionally called damp chambers) are containers in which samples are placed 

to encourage the growth of fungi (Thorn et al. 2007). An obvious advantage of moist chambers is 

the ability to monitor growth from the laboratory using tools such as dissecting microscopes, 

which are otherwise difficult to use in the field. Another advantage of moist chambers is the 

possibility to obtain fungi during periods of unsuitable weather. Using moist chambers one can 

also easily observe the fungal succession on the substrate. However, several problems can be 

encountered with moist chambers. For instance, rapid and aggressive moulds such as 

Trichoderma can overgrow the substrate (Krug 2004). Most species of Trichoderma grow 

rapidly in culture as well (Jaklitsch 2009), and therefore may easily contaminate cultures 
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attempted from moist chambers. Arthropods such as mites and collembolas are also a common 

problem and feed on fungal structures while dispersing spores of fungi such as Trichoderma. 

Furthermore, if moist chambers are kept too wet, fungal growth may be inhibited (Krug 2004).  

Moist chambers have previously been used in hyphomycetes studies. A study on 

microfungi isolated from the leaf litter of Pavetta indica resulted in the isolation of 54 taxa, most 

of which were identified to species (Shanthi and Vittal 2010). In another study, focused on 

seasonality of microfungi from submerged wood in Hong Kong, wooden baits were examined 

using moist chambers (Ho et al. 2002). In total, 115 anamorphic fungi, 56 Ascomycetes, 2 

Myxomycetes, 1 Basidiomycetes and 1 Mortierellomycetes were isolated. Most of the species 

isolated in damp chambers were subsequently identified.  

Particle filtration & dilution to extinction  

 Because of the difficulties in isolating hyphomycetes using conidia, other approaches can 

be considered. Suspension plating (sometime referred as dilution plating) is an approach in 

which samples such as soil or ground particles are diluted using serial dilution and transferred to 

Petri plates (Mueller et al. 2004). While rapid and efficient, this method might favor fungi that 

produce large numbers of spores (Wensley 1961). “Warcup soil plates” can also be used to 

isolate fungi from soil particles. In this approach, a small amount (less than 5 mg) of soil is 

placed on the bottom of a Petri plate, which is then filled with molten agar and gently mixed. 

This method is useful for obtaining species including several Basidiomycota that are not 

recovered using suspension plating. However, colonies are deeply imbedded in the agar and are 

difficult to isolate (Mueller et al. 2004).  
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A possible drawback of these approaches is that particles of various sizes are cultured, 

which logically would include stray spores that may belong to species not characteristic of the 

sample examined. Therefore, approaches such as particle filtration are used to prevent over-

representation by spores. Hence, particle filtration results in a better overview of the fungi in the 

substrate that do not produce large numbers of spores. This method allows the recovery of a high 

diversity of fungi, including some that are rarely isolated (Bills and Polishook 1994). Particle 

filtration is achieved by thoroughly grinding the substrate and isolating a portion containing the 

desired particle size using filters; these particles are then placed in culture media (Collado et al. 

2007).  

Using particle filtration, Bills and Polishook (1994) and Polishook et al. (1996) 

completed two major studies isolating fungi from leaves using only particle filtration. In these 

studies, particles were ground and passed through filters measuring 210 and 105 µm. Particles 

between 210 and 105 µm were then plated on agar. Large numbers of fungal species were 

isolated, but most were not identified as conidiation was absent in culture. Opportunistic fungi 

were rarely isolated. Petrini et al. (1990) studied fungi isolated from fruticose lichens with 

particle filtration. In their study, 506 strains were isolated with 166 strains isolated more than 

once and 62 strains identified. Paulus et al. (2005) reported that for samples in which particle 

filtration and moist chambers are used, fungi isolated using particle filtration often differed from 

fungi isolated using moist chambers. However, using particle filtration alone, slow growing 

fungi can be overgrown or inhibited by faster fungi (Collado et al. 2007). 

To solve this issue, particle filtration is sometimes used in conjunction with dilution to 

extinction in which particles obtained with the particle filtration are subsequently diluted by a 

known amount. Then, a small amount of solution is transferred to a multi-well microplate, with 
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each well containing culture media to obtain as few particles per well as possible. Particle 

filtration with dilution to extinction is particularly useful for isolating slow growing fungi that 

might otherwise be overgrown by fast-growing contaminants (Collado et al. 2007). Dilution to 

extinction is frequently used for bacterial isolation and for quantification of abundance of species 

(Button et al. 1992; Collado et al. 2007). 

Several recent studies used particle filtration coupled with dilution to extinction. Collado 

et al. (2007) completed the first major study using both particle filtration and dilution to 

extinction to isolate fungi. Unterseher and Schnittler (2008) used both particle filtration and 

dilution to extinction to isolate endophytic fungi from Beech (Fagus grandifolia) leaves. In their 

study, dilution to extinction resulted in the isolation of fewer taxa compared to surface 

sterilization of leave fragments. Particle filtration with dilution to extinction culturing has also 

been used to isolate marine microfungi (Overy et al. 2019)microfungi from soil contaminated 

with petroleum (Ferrari et al. 2011), and from house dust (Visagie et al. 2014). Seemingly, 

particle filtration and extinction to dilution culturing have never been used to isolate microfungi 

from wood or more specifically bark – the goal of my thesis. With using bark as a substrate, 

addition methodological challenges present themselves such as the difficulty of grinding it into 

suitably sized particles compared to soil or leaf litter. 

Other possible approaches   

In addition to direct observation, moist chambers and particle filtration with dilution to 

extinction, other approaches can be used to isolate fungi from natural substrates. Surface 

sterilization is achieved by placing samples in a toxic chemical such as bleach (sodium 

hypochlorite), ethanol or formaldehyde for a few minutes to destroy superficial fungal structures. 
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Burgdof et al. (2004) found that cleaning using sonication followed by abrasion using beads in a 

vortexer was more efficient in removing Saccharomyces cerevisiae DNA from leaves sprayed 

with Saccharomyces cerevisiae. Surface sterilization is used extensively for isolating leaf 

endophytic and plant pathogenic fungi (Schulz et al. 1993). Surface sterilization can result in a 

good fungal diversity from pieces of wood up to 1 cm long (Fisher and Petrini 1990). However, 

moist chambering might result in a higher diversity of fungi (Santamaria and Diez 2005). 

Surface sterilization may result in fungal genera producing metabolites with antifungal activities 

such as Pestalotiopsis to be dominant in culture (Tejesvi et al. 2005).  

Other methods sometime used for isolating fungi include incubation at low (0–10 °C) or 

high (40–55 °C) temperature, addition of antibiotics such as cyclohexamide or benomyl which 

restrict growth of most fungi, or through the addition of osmophilic agents such as glycerol or 

salt (Mueller et al. 2004). Other approaches include use of specialized media such as seawater 

agar that can be used to isolate marine fungi (Rämä et al. 2014) and in-situ culturing. In-situ 

culturing uses semipermeable layers to contain environmental samples which are placed back in 

the environment, allowing the transfer of fungi from the environment into culture. Another 

approach is to use agar surrounded by a membrane with pores measuring around 0.5 μm 

allowing mycelium actively growing from the substrate to directly colonize the culture media in 

the field (Overy et al. 2019). However, because of limited literature, these approaches were not 

considered for my studies. 

1.4 Hyphomycetes from A. saccharum 

Several studies have explored the diversity of hyphomycetes from leaves, wood and 

branches using various previously described in this chapter. These reports are provided in 
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reference books such as the Compendium of Plant Disease and Decay Fungi in Canada (Ginns 

1986a) and Fungi on plants and plant products in the United States (Farr et al. 1989), with 

further information available in the USDA fungal database (Farr et al. 2022). Reports of 

hyphomycetes previously isolated from A. saccharum are summarized in Table 1.1. Most 

hyphomycetes reported from A. saccharum were found on leaves, wood or branches with few 

reports of hyphomycetes from bark. 

Hyphomycetes from leaves of A. saccharum 

Certain species of hyphomycetes colonizing A. saccharum were only isolated from 

leaves. Cristulariella is a genus containing the species Cr. depraedens, which causes leaf spots 

on leaves of various species of Acer and on Aruncus silvester. Cr. depraedens is characterized by 

complex propagules produced in the leaf spots (Redhead 1975). Since then, Cr. depraedens has 

been observed to occur on leaves of many species of trees; however, occurence is uncommon 

(Kowalski et al. 2008). Another similar species that occurs on the leaves of A. saccharum is 

Grovesinia moricola, a recently proposed teleomorphic name that synonymizes several names 

such as Cristulariella pyramidalis and Grovesinia pyramidalis (Johnston et al. 2014). 

Cristulariella pyramidalis is a striking hyphomycete producing leaf spots on A. saccharum 

(Waterman and Marshall 1947). Schubert et al. (2003) reported Fusicladium humile from leaves 

of many species of Acer including A. saccharum. Finally, Greene (1962) reported the sooty 

mould Sclerotiomyces colchicus from the leaves of A. saccharum. Unfortunately, the genus 

Sclerotiomyces is poorly known and the original protologue of S. colchicus is too vague to draw 

meaningful conclusions (Seifert et al. 2011). 
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Hyphomycetes isolated from leaf litter 

Kuter (1986) looked specifically at microfungi in the leaf litter of A. saccharum. 

Microfungi were isolated from macerated leaves using particle filtration without dilution to 

extinction. The goal was to understand the succession of microfungi in the rapidly decaying 

leaves of A. saccharum. Fungi were also isolated from the soil, and effects of freezing 

temperatures on microfungi were examined. Hyphomycetes were the dominant microfungi 

isolated from leaves, and the most common species isolated were Aureobasidium pullulans, 

Cladosporium cladosporioides and the coeolomycete Phoma exigua. Some notable but less 

abundant species included Tripospermum myrtii, Alternaria alternata, various species of 

Penicillium, Fusarium sp., Clonostachys roseum, Trichoderma spp., Paecilomyces spp., 

Verticillium sp., Isaria farinosa and Metarhizium anisopliae. The last two species are notable 

because they are pathogens of insects (Zimmerman 2018; Moon san Aw and Mun Hue 2017), 

although Metarhizium anisopliae was more commonly isolated from soil than leaves. From their 

results, individual species were isolated from leaves at a particular time of the year and in tissue 

with a definite level of decay. 

A few surveys considered the diversity of aquatic microfungi isolated from submerged A. 

saccharum leaves. A study by Das et al. (2008) compared aquatic hyphomycetes isolated from 

leaves of A. saccharum and Quercus alba (white oak) and the observed species diversity was 

similar between the leaves of both species. Common hyphomycetes included: Amniculicola 

longissima, Clavariopsis aquatica, Tetrachaeum elegans and Tetracladium marchalianum. The 

samples were isolated by submerging leaves from the host in nylon meshed bags that were 

progressively retrieved at various intervals during a 6-month period. Unlike other studies with A. 

saccharum, the fungi isolated by Das et al. (2008) were both grown in culture and 
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sequenced.Furthermore, Matsushima (1983) described Chionomyces ontariensis from submerged 

A. saccharum leaf litter.  

Endophytes isolated from leaves and roots 

Vujanovic and Brisson (2002) did a study of microfungi isolated as leaf endophytes of A. 

saccharum. The samples were surface sterilized and transferred to culture media. Based on their 

results, the most common hyphomycetous leaf endophytes were Alternaria alternata, 

Aureobasidium apocryptum, Cristulariella depraedens, and isolates consisting only of mycelium 

(non-sporulating). Several additional taxa were reported, albeit less frequently. Fungi were more 

commonly isolated from the leaf tissues themselves compared to the petiole and fewer fungi 

were isolated from an urban plantation and old growth forest than from leaves from a naturally 

managed forest.  

Wallace et al. (2018) looked at the complete microbial diversity of leaves and roots of 

saplings of A. saccharum from DNA isolated using metagenomics, where the most abundantly 

detected fungi were the Zygomycota followed by the Ascomycota and then the Basidiomycota. 

The four most common orders of Ascomycetes isolated were the Sordariomycetes, 

Dothideomycetes, Leotiomycetes and Eurotiomycetes. The Sordariomycetes were the most 

abundant and the Eurotiomycetes were the least abundant. Most of the Basidiomycota were 

Agaricomycetes. Furthermore, the composition of fungi differed depending on the elevation.  

Except for a single report of Phymatotrichospsis omnivora (Anomymous 1960), no 

hyphomycetes have been reported from the roots of A. saccharum.  
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Table 1.1 List of hyphomycetes previously reported from A. saccharum.   

Name Substrate 

Isolation 

method Reference 

Acremonium sp. (as Cephalosporium sp.) ? ? Lavallée 1969 

Acremonium sp. (as Cephalosporium sp.) not reported herbarium specimen/ 

not cultured 

Trieselmann et al. 

1974 

Acremonium sp. (as Cephalosporium sp.) purposely 

wounded 

trunk 

direct culturing of 

substrate 

Lavallée and Bard 

1971 

Acremonium sp. (as Cephalosporium sp.) wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Acrostalagmus sp. ? ? Lavallée 1969 

Akanthomyces attenuatus (as 

Lecanicillium attenuatum) 

leaf litter ? Sukarno et al. 

2009 

Akanthomyces lecanii (as Verticillium 

lecanii) 

leaf litter dilution plating Kuter et al. 1986 

Alatospora sp. submerged 

leaf 

direct observation/ 

cultured 

Das et al. 2008 

Alternaria alternata leaf litter dilution plating Kuter et al. 1986 

Alternaria alternata leaf and 

petioles 

Surface sterilization Vujanovic and 

Brisson 2002 

Alternaria sp. ? ? Gilman and 

Archer 1929 

Amniculicola longissima (as 

Anguillospora longissima) 

submerged 

leaf 

direct observation/ 

cultured 

Das et al. 2008 

Anguillospora crassa submerged 

leaf 

direct observation/ 

cultured 

Das et al. 2008 

Arthobotrys arthobotryoides wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Aureobasidium apocryptum leaf direct observation Creelman 1965 

Aureobasidium apocryptum not reported herbarium specimen/ 

not cultured 

Pilley and 

Trieselman 1968 

Aureobasidium apocryptum leaf direct observation Creelman 1967 

Aureobasidium apocryptum Leaf and 

petioles 

Surface sterilization Vujanovic and 

Brisson 2002 

Aureobasidium apocryptum (as 

Kabatiella apocrypta) 

? ? Grand and ed 

1985 

Aureobasidium pullulans leaf litter dilution plating Kuter et al. 1986 
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Aureobasidium pullulans purposely 

wounded 

trunk 

direct culturing of 

substrate 

Lavallée and Bard 

1971 

Aureobasidium pullulans (as Pullularia 

pullulans) 

bark direct observation Ohman and Kesler 

Jr. 1964 

Bactrodesmium obovatum wood herbarium specimen/ 

not cultured 

Wang 2010 

Bactrodesmium pallidum wood herbarium specimen/ 

not cultured 

Wang 2010 

Bactrodesmium spiloneum wood and 

bark 

direct observation Hughes and White 

1983 

Bactrodesmium spiloneum wood herbarium specimen/ 

not cultured 

Wang 2010 

Bispora betulina wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Brachydesmiella biseptata rotten wood direct observation/ 

not cultured 

Matsushima 1983 

Brachysporium nigrum wood herbarium specimen/ 

not cultured 

Wang 2010 

Cacumisporium capitatum wood herbarium specimen/ 

not cultured 

Wang 2010 

Cadophora fastigiata (as Phialophora 

fastigiata) 

wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Cadophora melinii (as Phialophora 

melinii) 

wood direct culturing of 

substrate 

Basham and 

Taylor 1965 

Cadophora melinii (as Phialophora 

melinii) 

wood Herbarium specimen/ 

cultured 

Cole and Kendrick 

1973 

Cadophora melinii (as Phialophora 

melinii) 

wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Camposporium ontariense rotten bark direct observation/ 

cultured 

Matsushima 1983 

Chalara sp. ? ? Lavallée 1969 

Chalara sp. (as Cylindrocephalum sp.) not reported herbarium specimen/ 

not cultured 

Pilley and 

Trieselman 1968 

Chionomyces ontariensis submerged 

leaf 

direct observation/ 

cultured 

Matsushima 1983 

Chloridium lignicola wood herbarium specimen/ 

not cultured 

Wang 2010 

Cladopsorium cladosporioides leaf and 

petioles 

surface sterilization Vujanovic and 

Brisson 2002 

Cladosporium cladosporioides leaf litter dilution to extinction Kuter et al. 1986 

Cladosporium confusum rotten bark direct observation/ 

cultured 

Matsushima 1983 
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Clavariopsis aquatica submerged 

leaf 

direct observation/ 

cultured 

Das et al. 2008 

Clonostachys rosea (as Gliocladium 

roseum) 

leaf litter dilution plating Kuter et al. 1986 

Clonostachys rosea (as Gliocladium 

roseum) 

wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Cordana pauciseptata wood herbarium specimen/ 

not cultured 

Wang 2010 

Cordyceps farinosa (as Paecilomyces 

farinosus) 

leaf and 

petioles 

surface sterilization Vujanovic and 

Brisson 2002 

Cristulariella depraedens leaf herbarium specimen/ 

not cultured 

Redhead 1975 

Cristulariella depraedens leaf and 

petioles 

surface sterilization Vujanovic and 

Brisson 2002 

Cryptostroma corticale pulpwood ? Ohman et al. 1969 

Cylindrocarpon sp. wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Dactylaria acerina dead twigs direct observation/ 

cultured 

Matsushima 1983 

Diplococcium catenulatum (as 

Spadicoides catenulate) 

wood direct observation/ 

not cultured 

Wang and Sutton 

1982 

Endophragmiella ontariense dead branch direct observation/ 

not cultured 

Matsushima 1983 

Epicoccum nigrum (as Epicoccum 

purpurascens) 

leaf and 

petioles 

surface sterilization Vujanovic and 

Brisson 2002 

Epicoccum nigrum (as Epicoccum 

purpurescens) 

leaf litter dilution plating Kuter et al. 1986 

Epicoccum sp. purposely 

wounded 

trunk 

direct culturing of 

substrate 

Lavallée and Bard 

1971 

Flagellospora curvula submerged 

leaf 

direct observation/ 

cultured 

Das et al. 2008 

Fumago sp. bark direct observation Ohman and Kesler 

Jr. 1964 

Fusarium solani cankers direct observation/ 

not cultured 

Weidensaul and 

Wood 1974 

Fusarium sp. leaf litter dilution plating Kuter et al. 1986 

Fusarium sp. wood direct culturing of 

substrate 

Basham and 

Taylor 1965 

Fusarium sp. wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Fusarium sp. Leaf and 

petioles 

Surface sterilization Vujanovic and 

Brisson 2002 
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Fusicladium humile leaf herbarium specimen/ 

not cultured 

Schubert et al. 

2003 

Gliocladium sp. leaf and 

petioles 

surface sterilization Vujanovic and 

Brisson 2002 

Graphium sp. wood chips cultured, extraction 

method unknown 

Eslyn and 

Davidson 1976 

Graphium sp. ? ? Lavallée 1969 

Grovesina moricola (as Cristulariella 

moricola) 

leaf ? Grand and ed 

1985 

Grovesina moricola (as cristulariella 

pyramidalis) 

leaf ? Alfieri et al. 1984 

Grovesina moricola (as cristulariella 

pyramidalis) 

leaf ? Waterman and 

Marshall 1947 

Holwaya mucida (as Graphium 

giganteum) 

? ? Conners 1967 

Hymenoscyphus tetracladius (as 

Articulospora tetracladia) 

submerged 

leaf 

direct observation/ 

cultured 

Das et al. 2008 

Isaria farinosa (as Paecilomyces 

farinosus) 

leaf litter dilution plating Kuter et al. 1986 

Jalapriya toruloides (as Dictyosporium 

toruloides) 

wood herbarium specimen/ 

not cultured 

Wang 2010 

Keithomyces carneus leaf litter dilution plating Kuter et al. 1986 

Lecanicillium psalliotae (as Verticillium 

psalliotae) 

leaf litter dilution plating Kuter et al. 1986 

Lemonniera aquatica submerged 

leaf 

direct observation/ 

cultured 

Das et al. 2008 

Leptographium sp. wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Lunulospora curvula submerged 

leaf 

direct observation/ 

cultured 

Das et al. 2008 

Margarinomyces sp. not reported herbarium specimen/ 

not cultured 

Pilley and 

Trieselman 1968 

Monodictys paradoxa wood herbarium specimen/ 

not cultured 

Wang 2010 

Nectria cinnabarina (as Tubercularia 

vulgaris) 

not reported herbarium specimen/ 

not cultured 

Pilley and 

Trieselman 1968 

Nectria cinnabarina (as Tubercularia 

vulgaris) 

not reported herbarium specimen/ 

not cultured 

Trieselmann et al. 

1974 

Nodulisporium sp. ? ? Lavallée 1969 

Nodulisporium sp. wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Oedocephalum cristallinum frass on old 

rotten wood 

? Ginns 1986b 
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Penicillium brevicompactum leaf litter dilution plating Kuter et al. 1986 

Penicillium citrinum leaf litter dilution plating Kuter et al. 1986 

Penicillium glabrum (as Penicillium 

frequentans) 

leaf litter dilution plating Kuter et al. 1986 

Penicillium glabrum (as Penicillium 

frequentans) 

leaf and 

petioles 

surface sterilization Vujanovic and 

Brisson 2002 

Penicillium granulatum leaf litter dilution plating Kuter et al. 1986 

Penicillium herquei leaf litter dilution plating Kuter et al. 1986 

Penicillium implicatum leaf litter dilution plating Kuter et al. 1986 

Penicillium lividum leaf litter dilution plating Kuter et al. 1986 

Penicillium multicolor leaf litter dilution plating Kuter et al. 1986 

Penicillium thomii leaf litter dilution plating Kuter et al. 1986 

Phaeostalagmus arbusculus wood herbarium specimen/ 

not cultured 

Wang and Sutton 

1982 

Phialocephala botulispora (as 

Phialophora botulispora) 

wood herbarium specimen/ 

cultured 

Cole and Kendrick 

1973 

Phialocephala lagerbergii (as 

Phialophora lagerbergii) 

wood herbarium specimen/ 

cultured 

Cole and Kendrick 

1973 

Phialophora sp. ? ? Lavallée 1969 

Phialophora sp. purposely 

wounded 

trunk 

direct culturing of 

substrate 

Lavallée and Bard 

1971 

Phialophora sp. wood direct culturing of 

substrate 

Walters and Shigo 

1978 

Phialophora sp. wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Phymatotrichospsis omnivora Root ? Anonymous(1960) 

Pilidium lythri (as Hainesia lythri) leaf litter dilution plating Kuter et al. 1986 

Pleurothecium recurvatum wood herbarium specimen/ 

not cultured 

Wang 2010 

Pseudospiropes simplex wood herbarium specimen/ 

not cultured 

Wang 2010 

Raffaelea brunnea (as Ambrosiella 

brunnea) 

insects? unclear Batra 1967 

Repetophragma ontariense (as 

Sporidesmium ontariense) 

dead branch direct observation/ 

cultured 

Matsushima 1983 

Rhinocladiella anceps wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 
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Rhinocladiella sp. wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Sarocladium bacillisporum (as 

Acremonium bacillisporum) 

leaf litter dilution plating Kuter et al. 1986 

Sclerotiomyces colchicus leaf direct observation/ 

not cultured 

Greene 1962 

Sporothrix sp. leaf and 

petioles 

surface sterilization Vujanovic and 

Brisson 2002 

Stachybotrys chartarum (as Stachybotrys 

atra) 

wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Tetrachaetum elegans submerged 

leaf 

direct observation/ 

cultured 

Das et al. 2008 

Tetracladium marchalianum submerged 

leaf 

direct observation/ 

cultured 

Matsushima 1983 

Tetracladium marchalianum submerged 

leaf 

direct observation/ 

cultured 

Das et al. 2008 

Tetrasporium asterinearum submerged 

leaf 

direct observation/ 

cultured 

Das et al. 2008 

Thysanorea obscura (as Pseudospiropes 

obscurus) 

dead wood direct observation/ 

cultured 

Matsushima 1983 

Trichocladium canadense ? ? Lavallée 1969 

Trichocladium canadense wood direct culturing of 

substrate 

Basham and 

Taylor 1965 

Trichocladium canadense wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Trichocladium canadense wood (trunk) direct culturing of 

substrate 

Good et al. 1968 

Trichocladium canadense (as Torula 

ligniperda) 

heartwood cultures Pomerleau 1944 

Trichoderma hamatum leaf litter dilution to extinction Kuter et al. 1986 

Trichoderma hamatum leaf and 

petioles 

Surface sterilization Vujanovic and 

Brisson 2002 

Trichoderma koningii leaf litter dilution to extinction Kuter et al. 1986 

Trichoderma viride purposely 

wounded 

trunk 

direct culturing of 

substrate 

Lavallée and Bard 

1971 

Trichoderma viride wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

Trichoderma viride (as Trichoderma 

lignorum) 

wood (trunk) direct culturing of 

substrate 

Good et al. 1968 

Tricladium angulatum submerged 

leaf 

direct observation/ 

cultured 

Matsushima 1983 

Tripospermum myrtii leaf litter dilution to extinction Kuter et al. 1986 
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Ulocladium sp. leaf and 

petioles 

surface sterilization Vujanovic and 

Brisson 2002 

Verticillium dahliae not reported not reported Hall 1975 

Verticillium dalhiae ? cultures Schreiber and 

Mayer 1992 

Verticillium sp. ? ? Conners 1967 

Verticillium sp. ? ? Lavallée 1969 

Verticillium sp. leaf litter dilution to extinction Kuter et al. 1986 

Verticillium sp. wood direct culturing of 

substrate 

Basham and 

Taylor 1965 

Verticillium sp. wood 

(branches) 

direct culturing of 

substrate 

Basham and 

Anderson 1976 

 

Hyphomycetes from branches of A. saccharum  

Basham and Anderson (1976) made an exhaustive study of fungi on branches and stubs 

left from fallen branches of A. saccharum, where samples of pith tissues were placed directly on 

culture media. According to their research, the hyphomycetes Rhinocladiella sp., and 

Stachybotrys atra were the most common fungi isolated from stubs but were absent from other 

parts of the tree. Furthermore, hyphomycetes such as Nodulisporium sp., and the coelomycetes 

Phomopsis sp. and Hendersonia sp. were common on dead branches. Unfortunately, most of the 

specimens were not identified to species, making exact interpretation difficult. That study also 

showed that an Acremonium sp. (as Cephalosporium sp.) inhibited trunk decaying polypores 

such as Fomes fomentarius (as Fomes ignatius) and Polyporus glomeratus (as Inonotus 

glomeratus) in culture, while a Hendersonia sp. and Coniochaeta velutina inhibited the growth 

of Fomes ignarius. In an additional study, Matsushima (1983) described Dactylaria acerina and 

Sporidesmium ontariense and reported Endophragmiella ontariensis from the branches of A. 

saccharum.  
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Hyphomycetes from wood of Acer saccharum 

Basham and Taylor (1965) looked at fungi isolated from normal vs. discolored heartwood 

from A. saccharum. This study was done on fallen, but living, A. saccharum trees, some with 

obvious injuries to their trunks. The heartwood was removed from naturally felled trees and 

small pieces were removed with a scalpel and directly placed on culture media. In their study, 

Trichocladium canadense was isolated from about half of the samples of discolored heartwood. 

T. canadense was considered one of the most common hyphomycetes on heartwood of living 

trees, in both Ontario and elsewhere. Furthermore, Nodulisporium was often reported from 

branches of A. saccharum. Nodulisporium-like anamorphs are produced by both Hypoxylon and 

Xylaria and can’t be identified to genus based on reports (Seifert et al. 2011) and Phialophora 

were also isolated from the discolored heartwood. However, normal heartwood was usually 

sterile.  

Lavallée and Bard (1971) completed a study on the succession of microorganisms 

including some hyphomycetes in deliberately wounded A. saccharum trunks. Pieces of 

discolored wood adjacent to the injuries were directly transferred to an agar medium. 

Hyphomycetes obtained included: Phialophora spp., Cephalosporium spp., Epicoccum spp., 

Alternaria spp., Fusarium spp., Aureobasidium pullulans, Trichoderma viride and various 

unidentified taxa. Some Coelomycetes such as Cytospora spp. and Phoma spp. were also 

isolated. Interestingly, Lavallée and Bard (1971) did not observe T. canadense, which was 

reported as abundant by Basham and Taylor (1965).  

In a study by Good et al. (1967), Fomes fomentarius and T. canadense were the fungi 

most often isolated from decaying tree cores. This study also suggested that hyphomycetes were 
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the first to colonize the tree core. The name Torula ligniperda, which occasionally appears in 

earlier literature, is probably a synonym of T. canadense (Basham and Taylor 1965). 

Phialophora spp. have also been reported in darkened wood associated with tapholes from maple 

syrup production (Walters and Shigo 1977). The ambrosia fungus Raffaella brunnea (formerly 

Ambrosiella brunnea) has been isolated from A. saccharum; this species is associated with bark 

beetle of the genus Monarthrum (Batra 1967). 

Wang (2010) published a major overview of hyphomycetes occurring on wood in New 

York State. The overview included herbarium specimens that were observed directly growing on 

the substrate and provided several reports of hyphomycetes from the wood of A. saccharum. 

These include Bactrodesmium obovatum, Bactrodesmium pallidum, Bactrodesmium spilomeum, 

Brachysporium nigrum, Cacumisporium capitulatum, Chloridium lignicola, Cordana 

pauciseptata, Dictyosporium toruloides, Monodictys paradoxa, Pleurothecium recurvatum and 

Pseudospiropes simplex (Wang 2010).  

Hyphomycetes on A. saccharum are often listed during taxonomic revisions. Cole and 

Kendrick (1973) published a revision of the genus Phialophora and reported three species of 

Phialophora isolated from A. saccharum: Cadophora fastigiata (as Phialophora fastigiata), 

Cadophora melinii (as P. melinii) and Phialocephala botulispora (as P. botulispora). Basham 

and Anderson (1976) also report the occurrance of P. melinii on A. saccharum. Several older 

reports of wilts caused by Verticillium albo-atrum are reported, however, recent studies suggest 

that V. albo-atrum in the strict sense is found on potatoes or in potatoes fields (Inderbitzin et al. 

2011) while the similar V. dahliae is polyphagous. Finally, Wang and Sutton (1982) described 

two new lignicolous hyphomycetes from A. saccharum, Phaeostalagmus arbusculus and 
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Spadicoides catenulata and Matsushima (1983) reported a specimen of Brachydesmiella 

biseptata, but his attempt to culture this fungus failed.  

 Microfungi isolated from bark  

There are surprisingly few major surveys examining fungi occurring on the bark of trees 

and, of those available, studies focusing on hyphomycetes are scarce. Baird et al. (2007) looked 

at the microfungi occurring on the bark of American Beech (Fagus grandifolia), Fraser fir (Abies 

fraseri) and Eastern Hemlock (Tsuga canadensis) in the Great Smoky Mountains. The study 

isolated fungi from the bark of healthy trees using surface sterilization. Trichoderma was found 

to be the most abundant taxon but species of Curvularia, Pestalotia and Penicillium were also 

abundant. In total, only 13 species were identified. Cotter (1982) studied microfungi from bark 

of Fagus grandifolia by directly transferring bark pieces into Petri plates. Hyphomycetes such as 

Alternaria alternata, Epicoccum purpurascens and various species only identified to genus were 

observed in that study. Sivak and Person (1972) reported that mostly endophytic fungi were 

isolated from the outer bark of Populus trichocarpa, Acer macrophyllum and Salix sp. using 

samples that were either sterilized with ethanol or transferred to culture media directly. A study 

by Bills and Polishook (1990) showed that on average 11.5 species of microfungi are found in 

individual trees of Carpinus caroliniana with a total of 155 species isolated from 50 trees. The 

fungi were isolated by surface sterilization of bark disks with bleach.  

 No surveys of microfungi on the bark of A. saccharum exist and reports are restricted to 

sporadic mentions. Hyphomycetes reported from the bark of A. saccharum are presented in 

Table 1.1. 
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1.5 Bark of Acer saccharum 

Structure and composition  

Bark is the outer layer of woody structures found on tree trunks and stems, and includes 

all the tissues external to the vascular cambium. Bark is composed of several layers including the 

cortex, periderm, and secondary phloem (Morris and Jansen 2017). One of the main functions of 

bark is to protect against pathogens and herbivores by providing a physical and chemical barrier 

(Rosell et al. 2014). However, bark has several other functions such as fire protection, and tree 

species found in habitats more prone to forest fires often have thicker bark compared to trees that 

are not commonly exposed to fire (Keeley et al. 2011). Furthermore, bark supports the tree by 

the transport of nutrients, aerates and water and, in certain species, assists in photosynthesis 

(Morris and Jansen 2017). The outer bark is called the rhytidome and is composed of the older 

inner bark that is now subject to weathering (Whitmore 1961). The rhytidome is thus the most 

evident part of the bark. Bark is composed principally of lignin, tanins, cellulose, 

polysaccharides and suberins (Vane et al. 2006).  

In the bark of A. saccharum, the most abundant sugars based on determinations using hot 

water extraction are complex sugars followed by sucrose, fructose, and glucose (Bhatta 2018). In 

other species of trees, such as Anadenthera and Quercus faginea, the most abundant sugars are 

glucose and xylose (Ferreira et al. 2018; Mota et al. 2018), and for Pseudotsuga menziesii, a 

coniferous species, glucose, and mannose (Ferreira et al. 2015) based on organic solvent extracts. 

Fats, proteins, flavonoids, and high concentrations of phenolic compounds, which may have anti-

cancer properties, have been extracted from the bark of A. saccharum (Bhatta et al. 2018).  
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1.6: Study goals  

 This study evaluates the biodiversity of fungi that can be isolated from the bark of A. 

saccharum, with an emphasis on hyphomycetes. To achieve this, three different methods were 

used and compared: direct observation, moist chambers and particle filtration combined with 

dilution to extinction culturing. To determine the efficiency of each method, two major sampling 

rounds were completed from three different forests located in Eastern Ontario, with at least five 

trees sampled at each site, once during springtime and once during autumn. Part of each sample 

was used for particle filtration and moist chambering to determine the efficiency of each of these 

methods in obtaining culturable fungi.  

Major thesis objectives were:  

1. To assess and compare the diversity of fungal species derived from sugar maple 

bark using direct observation, moist chambers and particle filtration and dilution 

to extinction culturing. 

2. to identify and describe species which commonly occur on this substrate and 

might belong to the core mycobiome of A. saccharum bark 

3. To comment on the advantages/disadvantages of using traditional isolation 

techniques compared to high-throughput culturing techniques for the isolation of 

microfungi from bark. 

 Fungi cultured in this study were preserved and sequenced using their ITS and LSU loci 

to generate a comprehensive database of the culturable mycodiversity of the bark of A. 

saccharum. Tables featuring a possible core mycobiome obtained with particle filtration and 

moist chambers were compiledTwo new species in the order Pleosporales, which were 
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commonly isolated in this project, were found to be undescribed members of the genus 

Nigrograna and Atrocalyx. For both of these species, descriptions of morphological characters in 

culture on agar media and photographic collages are presented. To confirm the uniqueness of 

both species, multi-gene phylogenetic analysis including protein coding genes, using both 

Maximum Likelihood (ML) and Bayesian Inference (BI) approaches, are presented. Finally, 

these species are compared to morphologically and phylogenetically similar taxa, and their 

ecology and relevance will be discussed. 

 During the study, a large diversity of species of the fungal family Herpotrichiellaceae 

were isolated. A common taxon was found to be distinct from all other known species. This 

taxon is described based on its morphological characters in culture and a multi-gene 

phylogenetic analysis including protein-coding genes using both ML and BI is presented. The 

relevance and possible ecology of the strains of Herpotrichiellaceae during this study are 

discussed. The efficiency of the loci used in this study, in solving the taxonomic relationship in 

this family are discussed, with recommendation on primers used for future studies. 

 For all chapters, relevant findings, caveats and recommended future work will be 

discussed. An overview of all chapters discussing key findings serves as a concluding chapter.  
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Chapter 2: A survey of the fungal diversity 

of the bark of dead Acer saccharum using 

traditional and high throughput methods. 
 

2.1 Introduction 

 Sugar maple (Acer saccharum) is an important tree found in eastern North America. Very 

few reports of microfungi from the bark of A. saccharum are available, even though such 

information is key to monitoring forest pathogens and invasive species. A study looking at the 

biodiversity of microfungi from the bark of A. saccharum will provide a baseline of the fungi 

occurring on this host, allowing for future detection and prevention of introduced pests. While 

surveys of macrofungi are numerous with many mycological clubs and associations keeping 

reports of macrofungi collected during excursions, surveys of microfungi are far scarcer. This 

study sets out to characterize microfungi, that occur on A. saccharum bark.  

The most straightforward way of carrying out a survey is to isolate culturable fungi from 

the substrate using the various methods discussed in the previous chapter. For example, Raja et 

al. (2007) completed a significant survey of hyphomycetes isolated from freshwater, tree bark, 

and soil from the Smokey Mountains in Tennessee, USA. Such surveys are advantageous as 

fungi can be isolated as monoaxenic cultures that can be preserved and relevant genes 

sequenced. A drawback to such methods is that several fungi are unculturable. Nonetheless, 

traditional methods can allow for the observation and identification of fungi, including 

unculturable species that grow directly on the substrate. 
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Herbarium specimens can also represent valuable records of microfungi some of 

whichmay be more than one hundred years old and come from anywhere in the world. For 

example, Wang (2011) completed a survey of wood microfungifrom New York state by 

comparing strain collected during various field trips to specimens kept in herbaria. Using 

herbarium specimens for surveys purposes poses some challenges such as incorrect 

identification. Furthermore, because species identification can be difficult, specimens and strains 

are often only identified to genus (Andrew et al. 2019)(Fig. 1.1). Taxonomic discrepancies such 

as changes in species names can also be problematic. Finally, unidentified or misidentified hosts 

could exclude relevant specimens from studies focusing on a specific host. Fortunately, it is often 

possible to re-examine herbarium specimens to confirm the identification. It is also possible to 

use molecular sequencing on herbarium material, although this is associated with serious 

challenges such as contamination and poor-quality DNA (Forin et al. 2018). 

 

Fig. 2.1 : General workflow of the steps used for the two main collecting rounds that occurred in 

autumn 2019 and spring 2021.  
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For this study (overview in Fig 2.1), I used particle filtration and moist chamber methods 

to examine microfungi in A. saccarum bark of recently dead or fallen trees from three sites 

located in eastern Ontario. The McCarthy Forest is an old growth forest located in Ottawa (N 

45°21.25, W -075°40.30) dominated by mature hardwood trees such as A. saccharum and Fagus 

grandifolia. A report from the Ottawa Greenspace Alliance (UNA 2003) considers the forest and 

adjacent regenerating lands to be mostly pristine habitats hosting more than 200 species of 

plants, including regionally rare species. The forest was also considered the largest glacial till-

based natural site in Ottawa. Glacial till soils contain unsorted rocks, silt and clay that are 

deposited by glaciers (Johnston 1917). To the best of the author’s knowledge, the McCarthy 

wood was never used as a sugar bush, or at least not recently.  

The Vanier MuseoPark is an old growth forest dominated by A. saccharum found near 

the downtown core of the city of Ottawa (N 45°26.39, W -075°39.45). This urban forest has been 

in used for producing maple syrup since 1939. Its soil is dominated by till and sandy silt (Richard 

1982). This forest is highly frequented and appears to be degraded, although no reports on the 

plant diversity for this site are known.  

The Tryon Road woodlot is an old growth forest dominated by A. saccharum and located 

in the Frontenac Axis, near the village of Sharbot Lake, approximatively 100 km SW of Ottawa 

(N 44°44.7, W -076°41.41). The soil consists of glacial till with rocky outcrops (Gillespie et al. 

1966). This site was used prior to about 1990 as a small-scale private sugar bush. In 2018, an F1 

tornado felled several of the mature A. saccharum trees at that site. Several of these trees selected 

for study on this site were still alive but dying during a collecting trip in autumn 2019 (Fig. 2.1) 

and were dead by April 2021.  
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Sporadic direct observation of dead A. saccharum trees, and sampling for moist chambers 

were also completed at various other sites around the Ottawa and nearby Quebec.  

 

Fig. 2.2: A mature A. saccharum tree damaged by an EF1 tornado on 21 September 2018, this 

tree was still alive when this picture was taken on 23 October 2019.  

 

Because knowledge of the diversity of hyphomycetes and other microfungi on the bark of 

A. saccharum is limited, a study was conducted to survey the diversity of fungi occurring on that 

substrate. Traditional isolation methods such as direct observation or moist chambering were 

combined with high-throughput methods such as particle filtration with dilution to extinction 

culturing to generate a dataset of fungi occurring on the bark of A. saccharum. The efficiency, 
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advantages and shortcomings of each method will be discussed, and the fungi isolated or 

detected using each method will be compared.  

2.2 Methods: 

Sample collection 

Bark samples from recently dead (within about 1-5 years of death) Acer saccharum were 

collected from multiple sites in Eastern Ontario from 2019 to 2021. Most sites were dominated 

by old growth A. saccharum trees and had recently dead or fallen, mature A. saccharum available 

for sampling. Identification of dead trees as A. saccharum was done by comparing bark to that of 

adjacent living A. saccharum trees. Bark samples were removed by hand or with a knife and 

measured a few centimeters with several adjacent samples taken from the same tree for moist 

chambers. Samples where either kept for further analysis if traces of hyphomycetes were found 

by visual examination or otherwise incubated in moist chambers. 

Sample preparation for particle filtration and associated moist chambers: 

Bark samples for particle filtration were collected from the McCarthy wood, Tryon road 

woodlot and Vanier Museopark October/November 2019 and April 2021. For each site, 5-7 dead 

or fallen A. saccharum trees were sampled. For the first particle filtration (2019), each tree from 

each site was labelled from A to E (except samples from the Tryon woodlot, which were labelled 

from A to G). For the second round of particle filtration, trees sampled from the same three sites 

where labelled and ordered from H to L (Fig. 2.8–2.10). Pieces of bark were manually removed 

and placed in labeled paper bag for transport. A small portion of the sample was used for particle 

filtration while the remainder was kept in moist chambers to allow for a direct comparison 

between these two isolation techniques.  
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Media used for the study. 

The main culture media used in this study were Malt Extract Agar (MEA) and Yeast 

extract agar (YEA). MEA was made using 20 g Bactotm malt extract 20 g dextrose, 1 g Bactotm 

peptone and 15 g Bactotm agar, 1 ml trace elements and 100 mg chloramphenicol added per 1 

Liter of distilled water prior to autoclaving. YEA was made using 6 g Bactotm yeast extract 20 g 

dextrose, 0.5 g/L KH2PO4 0.2 g Difco yeast nitrogen base and 15 g agar added to 1 liter of 

distilled water. Trace elements were prepared as follow: 1 g of ZnSO4.7H2O and 0.5 g of 

CuSO4.5H2O mixed with 100 mL of distilled water. These recipes are summarized in Appendix 

2.6.5. A sugar maple bark extract agar was formulated by heating and stirring ground A. 

saccharum bark at 90 °C in 500 mL of distilled water for 2 hours. Four different concentrations 

of ground bark were tested 10 g/L 20 g/L 50 g/L and 100 g/L with and without the addition of 10 

g/L of sucrose. The mixture was filtered using cheesecloth and 15 g of BactoTM agar per liters 

was added. All media were autoclaved for 20 minutes.   

Preparation of 48 well plates 

MEA (500 mL) was autoclaved for 20 minutes and kept at 60 °C. Subsequently, the 

molten medium was placed on a hot plate and maintained at ~ 80 °C while gently stirring using a 

magnetic bar. Aliquots of medium (3.2 mL/well) were transferred to 48 well tissue culture plates 

(CELLTREAT, Massachusetts) using a MasterFlex L/S® Easy-Load® (Cole-Parmer, Illinois) 

with an eight-channel aspiration wand cleaned using 70% ethanol.  

Protocol for particle filtration  

For the first particle filtration (2019), pieces of bark weighing approximately 1 gram were 

used for each sample. The bark was ground using an IKA AII basic Analytical mill (Staufen, 
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Germany) for approximatively five seconds and mixed into a slurry with 250 mL of autoclaved 

distilled water. The slurry was then filtered in a Mini-sieve Micro sieve set column with four 

phosphore bronze filter mesh screens (Cole-Parmer, Illinois) with decreasing filter size ranging 

from 500 μm, 360 μm, 250 μm and 125 μm connected to a 1L Büchner flask by a Büchner 

funnel. Screens were presterilized by autoclaving and the apparatus was surface sterilized prior 

to use. Vacuum pressure was generated using a tap water aspirator by connecting a tube to the 

Buchner flask to a tap water drain. The 125 μm filter was transferred to a 50 mL Falcon tube 

containing about 50 mL autoclaved milliQ water to release the particles. To measure the 

approximate amount obtained, particles were centrifuged at 3500 rpm for 3 minutes in 50 mL 

Falcon tubes and particles were then resuspended and diluted to 500x and 1000x in 25 mL of 

sterile water containing 0.5 mL penicillin (10,000 units/mL) and streptomycin (10 mg/mL) 

(ThermoFischer Scientific, Massachusetts) added (see appendix 2.6.2). Each diluted mixture was 

transferred to a sterile Petri plate and gently mixed with an autoclaved magnetic bar. Using an X-

stream repeater (Eppendorf, Germany) with 1 mL tips, 40 µL of mixture was transferred to each 

well of 48 well plates. For each sample, four 48-well were used (two plates for the 500x dilution 

and two plates for the 1000x dilution). The particle filtration process is illustrated in Fig. 2.2. The 

48-well plates were sealed using Parafilm (Bemis, Wisconsin) and incubated in the dark at 25 

°C. Two mock particle filtrations were initially carried out using “test samples” obtained from 

the Tryon Road woodlot and from the Lalande Conservation Park (N 45 ° 27.67, W -075° 27.76) 

to determine the efficiency and feasibility of the protocol prior to the processing of the 2019 

samples. 
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 Fig. 2.3: A; Apparatus used for filtering ground A. saccharum bark, the four uppermost cups 

contain the filters used to retain particles, however, only particles trapped by the lowermost filter 

(125 μm) were kept for further analyses. B; Particles of sizes between 250 μm and 125 μm were 

suspended in a 50 mL Falcon tube. C; Setup used for the preparation and transfer of particles 

from the 50 mL Falcon tube into 48 well plates. D; Cultures growing in a 48 well plate. 

 

 

 The second round of particle filtration (2021) was done using the same protocol as the first run 

with the following changes: 5 mL penicillin (10,000 u/mL) and streptomycin (10 mg/mL) were 

added to 500 mL MEA (the isolation medium) after autoclaving; the dilutions used for particle 

plating were increased to 1500x and 3000x.; and the incubation temperature was changed from 

25 to 15 °C.     
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During the incubation period, 48 well plates were examined for fungal outgrowths every 

few days. When fungal growth was noticed in a well, it was transferred to fresh growth medium 

and then sub-cultured onto both MEA and YEA to obtain axenic cultures. These cultures where 

then kept for further DNA sequencing and preserved as plugs in 10% glycerol in a -80 °C freezer 

and in sterile water in a 5 °C fridge.  

DNA sequencing  

To obtain gDNA, mycellium was scraped from the surface of pure cultures using a sterile 

scalpel and extracted using the DNeasy UltraClean Microbial Kit (Qiagen, Hilden) following the 

manufacturer’s protocol. Extracted gDNA was quantified using a QUbit Fluorometer 2.0 

(Invitrogen, Massachusetts). The internal transcribed spacer (ITS) and the Large Ribosomal 

subunit (LSU) loci were amplified by polymerase chain reaction (PCR) using PuReTaqtm Ready-

to-go PCR Beads (Cytiva, Massachusetts). The primers used for PCR amplifying of the ITS 

locus, were ITS 4 and ITS 5 (White et al. 1991). Amplification was completed using the 

following program: initial denaturation at 95°C for 10 minutes then 40 cycles of denaturation at 

95°C for 1 minute followed with annealing at 56 °C for 30 seconds and extension at 72 °C for 90 

seconds followed by a final extension at 72 °C for 10 minutes. The primers used for amplifying 

the LSU locus were LROR and LR5 (Moncalvo et al. 2000). The LSU was PCR amplified using 

a touchdown profile starting with an initial denaturation at 95 °C for 3 minutes followed by five 

cycles of denaturation at 95 °C for 40 seconds, annealing at 56 °C for 40 seconds, elongation at 

72 °C for 90 seconds. Then, five cycles of denaturation at 95 °C for 30 seconds, annealing at 53 

°C for 30 seconds, elongation at 72 °C for 90 seconds, then 33 cycles of denaturation at 95 °C for 

30 seconds, annealing at 50 °C for 30 seconds. Then, a final elongation at 72 °C for 90 seconds, 

followed by a final round of elongation at 72 °C for 10 minutes. Sequencing reactions were 
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completed using the following profile: initial denaturation at 95 C for 3 minutes followed by 40 

cycles of denaturation at 95 C for 45 seconds, annealing at 56 C for 30 second and elongation at 

60 C for 30 minutes. For the sequencing reactions, the internal primers LR3 and LR3R 

(Moncalvo et al. 2000) were added for better coverage of the LSU sequence. Samples were then 

submitted to the ORDC (Ottawa Research and Development Centre) in-house Molecular 

Technologies Laboratory (MTL) for sequencing. Consensus sequences were edited and trimmed 

using either Sequencher (Gene Codes Corporation, Michigan) or Ugene (Okonechnikov et al. 

2012) and used as DNA barcodes for preliminary identifications using Nucleotide BLAST 

(National Center for Biotechnology Information, Maryland) 

2.3 Results: 

In total, 495 isolates were obtained, representing approximatively 240 species. With 

direct observation, 46 strains accounting for 41 species were isolated. Of these strains, 12 were 

not amenable to DNA analyses because of absence of growth or contamination of the culture. 

The hyphomycetes were emphasized, and consequently, most of the strains isolated where 

hyphomycetous. Taxa identified using the epithet spp. are taxa for which the genes used were 

insufficient for species identification and might belong to one of several cryptic taxa despite 

being treated as a single taxon in this study. 

Only two hyphomycetous fungi were isolated more than once after direct observation in 

the field, namely: Chloridium sp and Pleomonodictys sp. Sphaerosporium lignatile was also 

observed from more than one sample, but failed to grow in culture. Furthermore, each of these 

fungi was only observed using direct observation, although Chloridium and Pleomonodictys 

grow readily in culture. Direct observation of the bark from the mature A. saccharum carried out 
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during the spring of 2020 and 2021, revealed three frequently occurring perithecial ascomycetes. 

These were identified using morphological characteristics as Hysterium angustatum, Navicella 

pileata and Navicella elegans. Cultures were also obtained from H. angustatum and N. elegans, 

although attempts to culture N. pileata failed due to contamination.  

 In total, 26 specimens accounting for 26 species were studied from moist chambers of 

various samples of A. saccharum bark collected during the summer of 2019. Eight were either 

contaminated or failed to grow in culture and were consequently not used in subsequent DNA 

analyses. Most of these species were hyphomycetous and there was little attempt to isolate 

coelomycetous or teleomorphic fungi. Regrettably, several species were observed but not 

recorded because of obvious in situ contamination, which would have prevented adequate culture 

isolation and identification. No single species was isolated from more than one moist chamber.  

 From the 17 moist chambers made using pieces of the samples used for particle filtration, 

16 colonies were observed resulting it at least 15 species; four of these colonies either failed to 

grow in culture or were contaminated and were consequently not used for DNA analyses. Of the 

isolated fungi, only Gliomastix tumulicola, Pseudocosmospora/Cosmospora spp. and 

Trichoderma spp. were also recovered during the first round of particle filtration. Most of the 

microfungi isolated were hyphomycetous, and there was little effort to isolate coelomycetes. 

Only Trichoderma spp. was isolated from multiple moist chambers. Unfortunately, several 

observations were omitted because of evident contamination in situ. Filamentous bacteria (class 

Actinomycetes) were prevalent in all moist chambers.  

 From the first particle filtration, 161 strains totalling 98 species were kept for analysis 

and isolates with identical sequences from the same tree were considered as the same species. 
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Sixty-two strains representing 51 species, were isolated from the Tryon Road woodlot, 46 strains 

representing 40 species were isolated from the Vanier MuseoPark and 53 strains representing 42 

species were isolated from the McCarthy Forest. Most species were singletons, with 62 species 

isolated only once and 36 species isolated twice or more. Aureobasidium pullulans, 

Fragosphaeria purpurea, Fusarium spp., Parathyridariella sp. and Umbelopsis isabellina from 

both the Tryon Road woodlot and Vanier MuseoPark. Capronia sp., 

Cosmospora/Pseudocosmospora spp., Epicoccum nigrum, Leptodontidium elatius, Lophiotrema 

rubi, Nectriopsis exigua, Neocucurbitaria unguis-hominis, Phaeoacremonium 

fraxinopennsylvanicum and Umbelopsis rammaniana were found at Tryon Road woodlot and the 

McCarthy Forest. Clitopilus sp., Coniochaeta velutina, Exophiala bergeri, Exophiala moniliae, 

Exophiala ramicatenata (described in chapter 4), Nothophaeomoniella ekebergiae and 

Parathyridaria robiniae were found in both the Vanier MuseoPark and the McCarthy Forest. 

Seven species were isolated from all three sites: Atrocalyx glutinosum (described in chapter 3), 

Conioscypha sp., Cryptostroma corticale, Nigrograna rubescens (described in chapter 3), 

Tolypocladium sp., Trichoderma spp. and Triseptata sp. species that were considered relevant 

because they have been collected from three sites or more (from both round of particle filtration) 

or from three or more sites (during both rounds of particle filtration) are presented in Table 2.1. 

Relevant taxa are presented in Table 2.1. An overview of the fungi isolated from the first particle 

filtration, including relevant species, are presented in Table 2.1 and Fig 2.4. A complete list of all 

observations is included as Table 2.3  
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1 = 1

2 = 2

3 = 3

4 = 4

Number of tree per site 

from which fungi were 

isolated

Table 2.1: List of species which were isolated multiple times (at least twice from the same site during the same round of particle 

filtration, or species isolated from three different sites during either round of particle filtration). Across the top, site names are 

followed by number of trees sampled per site per particle filtration round. ‘sp.’ denotes fungi that were only identified to genus, 

because ITS and LSU sequences were not precise enough for identification. Bold names have also been isolated using either direction 

observation or moist chambers during this study.  

 

First particle filtration Second Particle filtration 
McCarthy                  

n = 5 
Tryon                    
n = 7 

Vanier             
n = 5 

McCarthy         
n = 5 

Tryon              
n = 5 

Vanier                
n = 5 

Angustimassaria sp.             

Atrocalyx glutinosum             

Cadophora sp.             

Calycina sp.             

Cladosporium spp.             

Clitopilus sp.             

Coniochaeta sp. (not velutina)             

Coniochaeta velutina             

Conioscypha sp.             

Cosmospora/Pseudocosmospora spp.             

Crpytostroma corticale             

Cytospora sp.             

Dactylospora sp.             

Epicoccum nigrum             

Exophiala bergeri             

Exophiala moniliae             

Exophiala ramicatenata             

fusarium spp.             

Hysterobrevium sp.             

Kretszchmaria hedjaroudei             

Lophiotrema rubi             

Neocucurbitaria acerina             

Neocucurbitaria unguis-hominis             
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Nigrograna rubescens             

Nothophaeomoniella ekerbergiae             

Paraconiothyrium brasiliense             

Parafenestella sp.             

Parathyridariella sp.              

Penicillium pancosmium             

Phaeoacremonium fraxinopennsylvanicum             

Pseudogymnoascus sp.             

Querciphoma carteri             

Tolypocladium album             

Trichoderma deliquescens             

Trichoderma spp.             

Triseptata sp.             

Umbelopsis isabellina             

Umbelopsis rammaniana             
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Fig. 2.4: Number of species isolated from each site during the first round of particle filtration. Symbols of species from Table 2.1 

indicate which were found in which site.  
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For the second set of 15 moist chambers, 72 specimens were observed, resulting in 45 species, of 

which 21 were isolated in monoaxenic culture. Hyphomycetes were prioritized and most 

coelomycetes and teleomorphs were identified by morphology but were not cultured or 

sequenced. Of the 45 observed species, seven were isolated more than once. Of these seven 

species only three (Cryptendoxyla hypophloia, Hysterium angustatum and a Trichoderma sp.) 

were also obtained using particle filtration, and for Cryptendoxyla hypophloia, only from the first 

particle filtration. These seven species are considered as possibly relevant because they were 

isolated from more than one moist chamber (presented in Table 2.2). No fungi were isolated from 

both the second moist chamber and second particle filtration. Actinomycetes were frequently 

observed in moist chambers, and several specimens were not cultured because of overgrowth by 

opportunistic fungi. An overview of the distribution of the species obtained using the second 

particle filtration is presented as Fig. 2.5. Identification of specimens observed but not isolated 

are presented in Table 2.4 

 

Table 2.2: Overview of all species isolated from more than one moist chamber during the second 

round of collecting (spring 2021). Numbers indicate the number of moist chambers out of five 

from which this taxon was observed. 

 

McCarthy 2 Tryon 2 Vanier 2

Cryptendoxyla hypophloia 2 0 0

Hysterium augustatum 2 2 1

Monodictys  spp. 1 1 1

Morrisographium ulmi 5 1 1

Spadicoides bina 3 0 0

Sporidesmium larvatum 2 0 1

Trichoderma spp. 0 1 3
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Fig. 2.5: species observed from each sites using the second round of moist chambers, symbols of 

species from Table 2.2 indicate which were found at which sites.   

 

 For the second particle filtration, 184 strains totalling 112 species were kept for analysis. 

From the Tryon Road woodlot, sixty-one strains were isolated, resulting in 45 species. Sixty-

three strains resulting in 54 species were isolated from the McCarthy Forest. Sixty strains 

resulting in 46 species were isolated from the Vanier MuseoPark. Overall, most specimens were 

isolated as singletons, with 78 species isolated only once and most species were only found at 

one site. Claussenomyces sp., Coniochaeta spp., Cytospora sp., Epicoccum nigrum, Exophiala 

bergeri and Sporothrix sp. were isolated from both the McCarthy Forest and Tryon Road 
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woodlot. Atrocalyx glutinosum, Fusarium spp., Microcera larvarum, Neocucurbitaria unguis-

hominis, Pseudogymnoascus sp. and Teichospora sp. were found in both the Tryon Road woodlot 

and the Vanier MuseoPark. Cosmospora/Pseudocosmopsora spp., Exophiala aff. monilliae, 

Hysterobrevium sp., Nigrograna sp., Parafenestella sp., Rhinocladiella sp., and were only 

isolated from the McCarthy Forest and the Vanier MuseoPark. Seven species were isolated from 

all sites; Coniochaeta velutina, Dactylospora sp., Exophiala ramicatenata, Neocucurbitaria 

acerina, Nothophaeomoniella ekebergiae, Penicillium pancosmium, Querciphoma carteri. 

Sporidesmium spp., Cladosporium spp., and Trichoderma spp. were also found at each site, but it 

is unclear how many species of each are represented. With the exception of Dactylospora sp. and 

Sporidesmium sp., all of the species were observed in the first particle filtration as well. Forty 

species obtained during the second particle filtration were also isolated from the first particle 

filtration, while 83 species were only isolated during the second particle filtration and 56 species 

only isolated from the first particle filtration. A comparative overview between the strains 

isolated from the second particle filtration is presented as Fig. 2.6 and a comparative overview 

comparing the strains isolated between the first particle filtration, second particle filtration and 

moist chambers associated with the second particle filtration is presented as Fig. 2.7. A list of all 

fungi preserved during this study is present as appendix 2.6.
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Fig. 2.6: Number of species isolated from each site during the second round of particle filtration; Symbols of species from Table 2.1 

indicate which were found in which site. 
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Fig. 2.7: Overview of species isolated during this study, comparing particle filtration (1st PF = first particle filtration, 2nd PF = second 

particle filtration) and moist chambers associated with the second particle filtration (MC = moist chamber). 



[Tapez ici] 
 

65 
 

2.4 Discussion 

Efficiency of methods and interpretation of results 

 This study provides a baseline and reference materials of the culturable fungal diversity of 

A. saccharum bark with 495 isolates resulting in approximatively 240 species obtained. Most 

fungi isolated appear to be either undescribed or not previously reported from A. saccharum. 

Because A. saccharum is a keystone tree from eastern North America, a major lumber tree, and a 

producer of maple syrup, this baseline is important. The bark-associated species can be used, for 

example, to monitor invasive species and pathogens in this important tree species. Well-known 

fungal tree pathogens introduced to Eastern North America that have devastating effects on forest 

ecosystems include Cryphonectria parasitica (on American Chestnut), Ophiostoma ulmi and O. 

novo-ulmi (on native elm trees), Ceratocystis fagacearum (on Oaks) and Sirococcus 

clavigignenti-juglandacearum (on Butternut)(Ostry and Moore 2007; Juzwik et al. 2008). For 

example, C. parasitica, the cause of Chestnut blight, decimated the American Chestnut 

(Castanea dentata), a keystone species of upland Eastern North Americian hardwood forests 

(Murril 1906; Rigling and Prospero 2018). Similarly, Ophiostoma ulmi and Ophiostoma novo-

ulmi, causal agents of Dutch elm disease on Ulmus spp., have had major impacts on tree 

communities including urban forests (Jacobi et al. 2007; Comeau et al. 2015). Globalization has 

seemingly increased the rate of introductions of invasive species. The baseline data of fungi 

inhabiting A. saccharum presented in this thesis may be used to monitor a component of the 

fungal biome of this important tree. 

 Direct observation yielded 46 strains of 41 taxa, most identified to species, but rarely 

found more than once. Direct observation allowed for a direct focus on hyphomycetes. This 
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approach also allows observation of specimens in situ, preservation of herbarium specimens and 

in some cases DNA extraction, even for fungi that did not grow in culture. However, direct 

observation has drawbacks, such as difficulty of visualizing the smaller, inconspicuous 

hyphomycetes and being limited to actively sporulating colonies on the bark. Notably, direct 

observation yielded relatively few microfungi that occur within A. saccharum bark. Ho et al. 

(2002) showed that aquatic microfungi on decaying wood are seasonal and successional. 

However, other studies with soil microfungi suggest that instead, location and composition of the 

collecting sites is a greater factor of fungal variation and that most taxa are only rarely reported 

(Bissett and Parkinson 1979; Widden 1986). However, it is unclear if these studies of soil 

microfungi apply to bark microfungi. Thus, recurrent examination is necessary for observing the 

complete diversity of microfungi actively growing on A. saccharum using a direct observation 

approach. Direct observation may reveal fungal species that are not recovered by culture-based 

techniques,but might also reveal fungi which grow only on the surface of the bark and not deep in 

bark tissues 

In this study, around one third of my attempts to culture fungi observed by direct 

observation were unsuccessful, usually because of culture contamination either by fungi or by 

bacteria, despite the use of antibiotics. Some fungi do not grow in culture. Because most strains 

did not sporulate in monoaxenic culture and were previously unsequenced, the occurrence of 

contamination from other non-sporulating fungi inhabiting the substrate is difficult to discern and 

exclude. Therefore, while useful for isolating specific groups of fungi, direct observation only 

allows for the identification of fungi sporulating on the substrate when collected.  

Moist chambering resulted in the observation of 118 specimens representing about 64 

species. Most species were observed only once, but certain species such as those in Table 2.2, 
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were isolated from two or more moist chambers associated with the second round of particle 

filtration. These species are characterized and briefly discussed in appendix 2.6.3. Similar to the 

practice of direct observation, the technique of moist chambering also allows for selective 

isolation of specific fungal groups such as hyphomycetes. However, in comparison to direct 

observation, moist chambering is carried out over time, allowing for the observation of fungi that 

were not sporulating during time of collection. In this study, moist chambers often had problems 

with overgrowth by organisms such as Trichoderma spp., Actinomycetes and collembola (minute 

arthropods known to feed on fungal hyphae and conidia (Krug 2004)). Actinomycetes were 

especially problematic because they can overgrow moist chambers within a few weeks. Their 

presence was associated with a decline in fungal diversity, possibly due to the production of 

antifungal metabolites (Keikha et al. 2017). Despite being frequently moistened, most bark 

samples in moist chambers failed to retain humidity and became quite dry. Alternatively, in some 

samples, over-wetting was a major problem and resulted in poor fungal diversity, often with an 

increase in collembola. Most hyphomycetes specimens observed in moist chambers were in poor 

condition with limited sporulation. Species mixtures were also common. Similar to direct 

observation, about one third of the strains isolated into pure culture failed to grow or were 

contaminated. Several fungi were not isolated because of obvious overgrowth by other fungi. 

Few of the microfungi observed using direct observation were also observed using moist 

chambers. It is possible that the moist chambers were kept in suboptimal humidity or temperature 

for hyphomycetes sporulation. Therefore, while the incubation of bark samples from A. 

saccharum in moist chambers resulted in the isolation of a distinct subset of fungi, optimization 

such as adding soluble antibiotics in the water and absorbing material should be considered for 

future studies.  
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In this study, almost 345 fungal strains resulting in 170 species were isolated from the two 

rounds of particle filtration. Unlike direct observation and moist chambering, in which 

unculturable fungi were visualized, only culturable fungi are obtained using this approach. In 

addition, unlike direct observation and moist chambers, any fungal structures in the substrate 

were isolated and had an opportunity to grow in axenic conditions. Filtration of particles was 

done using mesh filters of decreasing size, with particle filtered between the 250 μm and 125 μm 

mesh retained. The size of the mesh used is comparable to the mesh size (210 and 105 μm) used 

by Bills and Polishook (1994) in their study on microfungi isolated from leaves using particle 

filtration. This size was used to reduce the risk of contamination by stray conidia and avoiding 

larger particles which might contain several fungi. To reduce the risk of multiple colonies in a 

single well, particles were diluted to a factor of 500x and 1000x for the first particle filtration, 

which was found to be insufficient because several fungi often grew from a single well. 

Therefore, dilution factors of 1500x and 3000x were used for the second particle filtration, with 

satisfactory results.  

Using particle filtration, an average of 10 to 15 species were isolated from most trees 

although, in certain trees, as few as four species were isolated. These results are similar to those 

of Bills and Polishook (1990), in which an average of 11.5 species were isolated per Carpinus 

caroliniana tree after surface sterilization of bark disks with bleach. For each tree in the study by 

Bills and Polishook, twenty-four disks were sterilized and transferred to various culture media. 

Therefore, particle filtration combined with dilution to extinction might be comparable to surface 

sterilization in the number of species obtained in culture. Common contaminant genera such as 

Alternaria, Cladosporium and Aspergillus were uncommon in my experiments. Most fungi 
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isolated grew relatively slowly in culture, demonstrating the capability of particle filtration with 

dilution to extinction to obtain slower growing fungi. 

While particle filtration resulted in the recovery of more species than traditional methods, 

some concerns warranting further consideration arose during the study. One concern was the 

destruction of fungi by the grinding mill. Furthermore, bark samples contained several other 

organisms, such as mosses, insects, nematodes, mites and others. Therefore, the fungi isolated 

might not all be associated with the bark itself. However, few species that might have been 

growing in these other hosts were obtained, although Dactylospora species, which are often 

lichenicolous (Ekanayaka et al. 2019) and Beauveria pseudobassiana, often reported as an insect 

pathogen (Rehner et al. 2011) and as an endophyte (Quesada-Moraga et al. 2014) were isolated. 

Finally, despite the usage of antibiotics, bacteria were common. However, incubation at 15 °C 

often slowed down the growth of bacteria, allowing increased rate of recovery of slow growing 

fungi.  

Because the ITS and LSU are not sufficient in separating certain closely related species, 

the exact number of species might be slightly higher than reported. For about half of the strains 

isolated using particle filtration, identification using DNA barcodes from the ITS and LSU loci 

were inconclusive. Occasionally, the ITS and LSU loci were not specific enough and the 

sequences matched more than one previously published species. However, in most cases the 

sequences did not match any species previously published on GenBank, suggesting that several 

fungi which were isolated during this study are undescribed and/or unsequenced. Unfortunately, 

several of these species lack sporulation, hampering their characterization based on micro-

morphological characters.  
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To improve conidiation, culturing of non-sporulating fungi on a media made from bark 

extract was attempted. Nine species isolated from various substrates including A. saccharum bark 

were grown to evaluate this medium (Table 2.5). By qualitative visualization, increased rates of 

sporulation appeared to occur with 50 to 100 g/L of bark particles with 10 g/L sucrose added. 

Unfortunately, this method was ineffective at inducing sporulation in fungi that lacked 

sporulation on MEA and YEA. Nonetheless, sporulation was seen in species that sporulate 

copiously on MEA, in a fashion often similar in extent to observations on the substrate. 

Therefore, due to the unsatisfactory results, time-consuming preparation and opaque, dark agar 

making contamination and darkly pigmented fungi difficult to visualize, the A. saccharum bark 

extract was rarely used in this study. However, using a water agar supplemented with an 

autoclaved piece of bark was successfully used to generate conidiomata of Atrocalyx glutinosum 

and Nigrograna rubescens allowing for their description in chapter 3.  

For this project, three forests were chosen to assess variability in diversity among sites. It 

was expected the species isolated using particle filtration would reveal a core profile of species 

that would be found in moist chambers. For the first particle filtration, the number of species 

isolated from each site was similar, although a few more were isolated from the Tryon Road 

woodlot. However, this is considered a sampling bias because two additional samples were taken 

from that site. However, from the second particle filtration, more species were isolated from the 

McCarthy Forest (40 compared to 26 and 27 from the Tryon Road woodlot and the Vanier 

Museopark, respectively). This may suggest that old growth mixed hardwood forests that have 

not been used as sugar bush, present a higher diversity of microfungi compared to ‘pristine’ A. 

saccharum stands. However, additional studies would be required, using larger datasets, to fully 

assess this hypothesis. 
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Relatively few species were isolated from more than on tree on the same site, or from 

three or more sites from both rounds of particle filtration. Nonetheless, this small assemblage 

might be considered as the core culturable mycobiota of bark from A. saccharum. The taxonomy 

of specific fungi is discussed in Appendix 2.6.3. However, the profile of fungi isolated using each 

method were quite different from each other. Moist chambers yielded fewer species than particle 

filtrations, as was also seen by Polishook et al. (1996). However, not all fungi observed in moist 

chambers were identified and isolated. The assemblage of culturable fungi isolated using moist 

chambers appears to be drastically different from that isolated using particle filtration even when 

starting with adjacent bark samples. This discrepancy is difficult to explain; a possible cause was 

contamination from the unsterilized water used in moist chambers. However, this is unlikely 

because most of the fungi isolated in moist chambers were observed in the first few weeks of 

incubation, often before the addition of water, and directly on the bark. It is also possible that 

stray conidia found on the surface of the bark, which would have been removed using particle 

filtration, germinated and sporulated in moist chamber. Another possibility was the destruction of 

fungal cells during grinding for particle filtration, but this is also considered unlikely, because 

particle filtration resulted in the isolation of more species than moist chambers, most of which 

were not observed in the latter. Interestingly, Paulus et al. (2005) also reported that the 

microfungi from fallen leaves of Ficus pleurocarpa obtained using particle filtration differs from 

fungi obtained using moist chambers.  

Each method used in this study was useful and complementary. Traditional methods like 

direct observation and moist chamber, favored an emphasis on specific fungal groups, and 

preparation of herbarium specimens. Particle filtration allowed for a more complete overview of 

culturable fungi, but with several unidentified cultures that often do not show any obvious 
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distinctive characters. Using traditional methods and high-throughput methods can also allow 

linkage of sequences obtained from non-sporulating cultures obtained with particle filtration to 

sporulating specimens obtained using traditional methods. Actinocladium rhodospermum, a 

species lacking sequences was isolated from its characterstic conidia obtained in moist chambers. 

The sequences obtained allowed the identification of a non-sporulating culture from particle 

filtration to this species. Therefore, traditional and high-throughput isolation techniques are both 

important for evaluating fungal diversity. Finally, because many of the strains isolated in this 

study are either novel or unsequenced fungi, several culture-based methods should precede the 

use of metagenomics when sampling fungal diversity, so that the dataset used for the 

metagenomics analyses contains these unidentified strains.  

Comparison with prior studies and brief ecological notes 

 Most hyphomycetes observed in this study have generally not been recorded from A. 

saccharum before. Most of the hyphomycetes that were reported from A. saccharum in prior 

studies (Table 1.1) were not observed here. However, some species such as Aureobasidium 

pullulans, Chloridium lignicola, Cryptostroma corticale, Dactylaria acerina, Fusarium spp., 

Epicoccum sp., Clonostachys rosea, Rhinocladiella spp. and Trichoderma sp., were previously 

reported from the wood of A. saccharum. Certain previously reported species might also have 

been isolated in this study, but comparisons are challenging because most previous studies lack 

DNA sequencing, and often used outdated species concepts. Nonetheless, this suggests that the 

mycobiota of A. saccharum wood and bark differ. Common species previously reported from 

wood, such as Trichocladium canadense, were not observed in this study. Unfortunately, while 

sequences are available for other species of Trichocladium, sequences of T. canadense are absent 

from public databases. 
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Some hyphomycetes previously reported from leaves of A. saccharum have also been 

reported in this study. These fungi include Alternaria alternata, Aureobasidium pullulans, 

Clonostachys rosea, Fusarium spp., Isaria farinosa, Marquandomyces marquandii, Penicillium 

spp., Sporothrix spp., Trichoderma spp., and Verticillium psalliotae. However, none of these 

hyphomycetes are specific to leaves (Zare and Gams 2001; Akimitsu et al. 2003; Seifert et al. 

2011; Gul et al. 2014; Bouzodi and Tsaltas 2018; Mongkolsamrit et al. 2020). Unfortunately, 

interpretations were challenging since most previous studies lack DNA sequences, and often 

employed outdated species concepts. Interestingly, a highly unusual taxon, tentatively identified 

as an Elsinoe sp., was isolated three times during this project, twice using particle filtration and 

once as a culture contaminant. This taxon, while appearing to cluster with other species of 

Elsinoe, is distantly related to any other known species of the genus based on the sequences of 

the ITS and LSU loci. Elsinoe spp. are known plant pathogens causing leaf scabs or lesion on 

plant stems (Fan et al. 2017). Perhaps a novel species of Elsinoe occurs on A. saccharum, 

warranting further attention. Therefore, most fungi occurring on the leaves of A. saccharum 

might not occur on bark and vice-versa. A study by Wallace et al. (2018) shows that most fungi 

in the microbiome of A. saccharum are found in higher abundance in either the roots or the leaves 

but did they not look at the wood or the bark of A. saccharum. Of the six hyphomycetes 

previously reported from bark (Table 1.1), only Aureobasidium pullulans was isolated in this 

study. However, A. pullulans is ubiquitous and occurs in a large variety of habitats (Bouzodi and 

Tsaltas 2018).  

Most fungi isolated during this study are believed to saprobic, or of unknown ecology. 

Known plant pathogens were rarely observed. However, the bark canker disease, Eutypella 

parasitica, was isolated from two trees (6.25%) using particle filtration. This is in accord with a 
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prior study suggesting the incidence of E. parasitica cankers on A. saccharum at a frequency 

from 0.9% to 6.6% (Kliejunas and Kuntz 1974). The presence of E. parasitica in our samples 

might suggest that bark from dying and/or dead trees might still harbour populations of plant 

pathogenic fungi, which can be isolated using particle filtration. 

Finally, a single strain tentatively identified as Graphium kuroshium based on the 

sequences of the ITS locus was detected on a single sample from Vanier MuseoPark using moist 

chambers. This strain is notable because G. kuroshium is associated with wood boring beetles of 

the Euwallacea fornicatus species complex (Na et al. 2018). In North America, members of this 

complex were introduced in California and infected a wide variety of trees (Na et al. 2018). In a 

preliminary pest report from Australia, E. fornicatus was recently reported from A. saccharum 

planted in urban settings (Australian Chief Plant Protection Officer Australian Government 

Department of Agriculture 2021). In Ontario, the introduced species, E. validus has been 

reported. This species occurs in several tree species. However, it is unclear whether it is a 

pest(Douglas et al. 2018). The presence of G. kuroshium suggests that it also occurs either with 

E. validus, a species closely related to E. fornicatus, from which Graphium spp. were previously 

isolated (Kasson et al. 2017), or a native boring beetle. Alternatively, there is also the possibility 

that introduced pest species such as E. fornicatus are also present but undocumented in local 

populations of A. saccharum. More studies of the diversity of boring beetles from the bark of A. 

saccharum might resolve this.  

Future directions and conclusion  

 Approaches using multiple isolation methods to isolate microfungi from bark have rarely 

been attempted, and no surveys of microfungi on the bark of A. saccharum have ever been 
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published. This study highlights the feasibility of isolating and sequencing a large diversity of 

hyphomycetes from A. saccharum bark, using both traditional and high-throughput isolation 

methods. This study also generated DNA sequence data from almost 495 isolates representing 

approximately 240 species. A. saccharum bark is therefore a repository of enormous potential for 

the discovery and description of novel fungal species, as many fungi isolated from this project 

appear be undescribed or unsequenced.  

 The results of this work are of interest in understanding the composition of the mycobiota 

from A. saccharum and other trees from Eastern North America. Future research should focus on 

enhancing the list of fungi occurring on A. saccharum using various culture methods, by 

sampling trees outside of this study zone, including trees planted on other continents and from 

leaves, wood and roots, together with metagenomic analyses. Studies combining high-throughput 

and traditional methods should also be considered from other tree species native to northeastern 

North America, to determine the host specificity of the fungi obtained. Water agar supplemented 

with autoclaved substrate should be considered for inducing sporulation in cultures obtained with 

particle filtration. Finally, more studies should focus on the ecology and metabolite profiles 

produced by the fungi obtained to understand the niche and role that these fungi play on bark. 

The importance and role of the plant pathogenic and insect associated fungi obtained should also 

be considered. 

 To conclude, combining direct observation, particle filtration with dilution culturing and 

moist chambers practices resulted in an increased sampling depth in diversity of microfungi 

occurring on the bark of dying and dead A. saccharum trees. The dataset provides a unique 

opportunity for the early detection of introduced pests and provides a framework towards 

understanding the roles of these fungi in their ecosystems. Research using similar approaches 
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should be considered on a broader scale for different trees native to North America to further 

understand the ecology of fungi occurring on tree bark.  

 

2.5 Bibliography 

Akimitsu, K., Peever, T.L. and Timmer L.W. (2003). Molecular, ecological and evolutionary 

approaches to understanding Alternaria diseases of citrus. Molecular Plant Pathology 4: 435–446  

 

Andrew, C., Diez, J., James, T.Y. and Kauserud, H. (2019), Fungarium specimens: a largely 

untapped source in global change biology and beyond. Philosophical Transaction of the Royal 

Society B: Biological Science 7; 374 (1763): 20170392. 

 

Aptroot, A. (1998). A world revision of Massarina (Ascomycota). Nova Hedwigia 66: 89–162  

 

Arenal, F., Platas, G., Monte, E. and Pelaez, F. (2000). TS sequencing support for Epicoccum 

nigrum and Phoma epicoccina being the same biological species. Mycological Research 104: 

301–303  

 

Australian Chief Plant Protection Officer Australian Government Department of Agriculture. 

2021. Euwallacea fornicatus (polyphagous shot-hole borer, PSHB) in Western Australia. 

Accessed online : https://www.ippc.int/en/countries/australia/pestreports/2021/11/euwallacea-

fornicatus-polyphagous-shot-hole-borer-pshb-in-western-australia/ accessed the 7 February 2022 

 

Baral, H. and Rämä T. (2015). Morphological update on Calycina marina (Pezizellaceae, 

Helotiales, Leotiomycetes), a new combination for Laetinaevia marina. Botanica Marina 58: 

523–534   

 

Basham, J.T. and Taylor L.D. (1965). The occurrence of fungi and bacteria in normal and 

discolored heartwood on second-growth Sugar Maple in Ontario. Plant Disease Reporter 49: 

771–775  

 

Basham, J.T. and Anderson, H.W. (1976). Defect development in second-growth sugar maple in 

Ontario.I. microfloral infection relationships associated with dead branches. Canadian Journal of 

Botany 55: 934–976  

 

Bensch, K., Braun, U., Groenewald, J.Z. and Crous, P.W. (2012). The genus Cladosporium. 

Studies in Mycology 72: 1–401  

 

Bien, S. and Damm, U. (2020). Arboricolonus simplex gen. et sp. nov. and novelties in 

Cadophora, Minutiella and Proliferodiscus from Prunus wood in Germany. Mycokey 63 119–

161  

https://www.ippc.int/en/countries/australia/pestreports/2021/11/euwallacea-fornicatus-polyphagous-shot-hole-borer-pshb-in-western-australia/
https://www.ippc.int/en/countries/australia/pestreports/2021/11/euwallacea-fornicatus-polyphagous-shot-hole-borer-pshb-in-western-australia/


[Tapez ici] 
 

77 
 

 

Bills, G.F. and Polishook, J.D. (1990). Microfungi from Carpinus caroliniana. Canadian Journal 

of Botany 69: 1477–1482  

 

Bills, G.F. and Polishook, J.D. (1994). Abundance and diversity of microfungi in leaf litter of a 

lowland rain forest in Costa Rica. Mycologia 86: 187–198 

 

Bissett, J., and Parkinson, D. (1979). The distribution of fungi in some alpine soils. Canadian 

Journal of Botany. 57: 1609–1629 

 

Boehm, E.W.A., Mugambi, G.K., Miller, A.N., Huhndorf, S.M., Marincowitz, S., Spatafora, J.W. 

and Schoch. C.L. (2009). A molecular phylogenetic reappraisal of the Hysteriaceae, 

Mytilinidiaceae and Gloniaceae (Pleosporomycetidae, Dothideomycetes) with keys to world 

species. Studies in Mycology 64: 49–83  

 

Boonmee, S., Calabon, M.S., Phookamsak, R., Elgorban, A.M. and Hyde, K.D. (2020). 

Triseptata sexualis gen. et sp. nov. in Latoruaceae (Pleosporales). Phytotaxa 447 : 252–264  

 

Bouzodi, D. and Tsaltas, D. (2018). The multiple and versatile roles of aureobasidium 

pullulans in the vitivinicultural sector. Fermentation 4:85 doi:10.3390 

 

Brglez, A., Piškur, B. and Ogris, N. (2020). In Vitro interactions between Eutypella parasitica 

and some frequently isolated fungi from the wood of the dead branches of young Sycamore 

Maple (Acer pseudoplatanus). Forest 11: 1072 

 

Cai, F. and Druzhinina, I.S. (2021). In honor of John Bissett: authoritative guidelines on 

molecular identification of Trichoderma. Fungal Diversity 107: 1–69 

 

Cai, L., Hyde, K.D. and Wu, W. (2009). Phylogenetic relationships of Chalara and allied species 

inferred from ribosomal DNA sequences. Mycological Progress 8: 133–143 

 

Chaverri, P. and Samuels, G.J. (2003). Hypocrea/Trichoderma (Ascomycota, Hypocreales, 

Hypocreaceae): species with green ascospores. Studies in Mycology 48: 1–116  

 

Chen, Q., Jiang, J.R., Zhang, G.Z., Cai, L. and Crous, P.W. (2015). Resolving the Phoma 

enigma. Studies in Mycology 82: 137–217 

 

Cole, G.T. and Kendrick, B. (1973). Taxonomic studies of Phialophora. Mycologia 65: 661–688  

 

Comeau, A.M., Dufour, J., Bouvet, G.F., Jacobi V., Nigg M., Henrissat, B., Laroche J.,Levesque, 

R.C. and Bernier L. (2015). Functional annotation of the Ophiostoma novo-ulmi genome: insights 

into the phytopathogenicity of the fungal agent of Dutch Elm Disease. Genome Biology and 

evolution 7: 410–430  

 

Consiglio, G. and Setti, L. (2019). Nomenclatural novelties. Index Fungorum 427  

 



[Tapez ici] 
 

78 
 

Crous, P.W. and Groenewald J.Z. (2017). The genera of fungi — G 4: Camarosporium and 

Dothiora. IMA Fungus 8:131–152  

 

Crous, P.W., Lombard, L., Sandoval-Denis M., et al. (2021a). Fusarium: more than a node or a 

foot cell. Studies in Mycology 98: 100116. 

 

Crous, P.W., Cowan, D.A., Maggs-Kölling, G., Yilmaz, N., Thangavel, R., Wingfield, M.J., 

Nordeloos, M.E., Dima, B., Brantrud, T.E., Jansen, G.M. et al. (2021b). Fungal Planet 

description sheets: 1182–128. Persoonia 46: 313–528  

 

Das M., Royer, T.V. and Leff, L.G. (2008). Fungal communities on decaying leaves in streams: a 

comparison of two leaf species. Mycological Progress 7: 267–275  

 

Douglas, H., Bouchard, P., Anderson, R.S., de Tonnancour P., Vignault, R. and Webster, R.P. 

(2013). New Curculionoidea (Coleoptera) records for Canada. ZooKeys 309: 13–48 

 

Ekanayaka A.H., Jones, E.B.G., Hyde, K.D. and Zhao Q. (2019). A stable phylogeny for 

Dactylosporaceae. Mycologia 40: 23–44  

 

Fan, X.L., Barreto, R.W., Groenewald, J.Z., Bezerra, Pereira, O.L., Cheewangkoon, R., Mostert, 

L., Tian, C.M., and Crous, P.W. (2017). Phylogeny and taxonomy of the scab and spot 

anthracnose fungus Elsinoe (Myriangiales, Dothideomycetes). Studies in Mycology 87: 1–41  

 

Favaro, L., de Melo F.L., Aguilar-Vildoso, C.V. and Araujo W.L. (2011). Polyphasic analysis of 

intraspecific diversity in Epicoccum nigrum warrants reclassification into separate species. PLoS 

ONE 6(8):e14828 

 

Forin, N., Nigris, S., Voyron, S., Girlanda, M., Vizzini, A., Casadoro, G. and Balden, B. (2018). 

Next generation sequencing of ancient fungal specimens: The case of the Saccardo mycological 

herbarium. Frontiers in Ecology and Evolution 6:19 

 

Gramaje, D., Alaniz, S., Pérez-Sierra, A., Abad-Campos, P., Garcia-Jiménez J. and Armengol, J. 

(2007). first report of Phaeoacremonium mortoniae causing Petri disease of grapevine in Spain. 

Plant Disease 91: 1206 

 

Gramaje, D., Mostert, L., Groenewald, J.Z. and Crous, P.W. (2015). Phaeoacremonium: From 

esca disease to phaeohyphomycosis. Fungal Biology 119: 759–783  

 

Gregory, P.H., and Waller, S. (1950). Cryptostroma corticale and sooty bark disease of 

Sycamone (Acer pseudoplatanus). Transactions of the British Mycological Society. 34: 579–597 

 

Gillespie J.E., Wicklund, R.E. and Matthews, B.C. (1966). The soils of Frontenac County. 

Research Branch, Canada Department of Agriculture and the Ontario Department of Agriculture, 

Report No. 39 of the Ontario soil survey.  

 



[Tapez ici] 
 

79 
 

Ginns, J.H. (1986). Compendium of plant disease and decay fungi in Canada 1960–1980. 

Canadian Government Publishing Centre, Ottawa, Ontario, Canada. 

 

Gul, H.T., Saeed, S. and Khan, F.Z.A., (2014). Entomopathogenic fungi as effective insect pest 

management tactic: a review. Applied Science and Business Economic 1: 10–18   

 

Hashimoto, A., Matsumura M., Hirayama, K. and Tanaka, K. (2017), Revision of 

Lophiotremataceae (Pleosporales, Dothideomycetes): Aquasubmersaceae, Cryptocoryneaceae, 

and Hermatomycetaceae fam. nov. Persoonia 39: 51–73 

 

Hernández-Restrepo, M., Gené, J., Castañeda-Ruiz, R.F., Mena-Portales, J., Crous, P.W. and 

Guarro, J. (2017). Phylogeny of saprobic microfungi from Southern Europe. Studies in 

Mycology, 86: 53–97  

 

Herrera, C.S., Rossman, A.Y., Samuels, G.J. and Chaverri, P. (2015). Pseudocosmospora, a new 

genus to accommodate Cosmospora vilior and related species. Mycologia 105: 1287–1305  

 

Hirayama, K. and Tanaka K. (2011). Taxonomic revision of Lophiostoma and Lophiotrema based 

on reevaluation of morphological characters and molecular analyses. Mycoscience 52: 401–412  

 

Houbraken, J., Frisvad, J.C. and Samson, R.A. (2011). Taxonomy of Penicillium section Citrina. 

Studies in Mycology 70: 53–138  

 

Illman, W.I. and White, G.P. (1985). The dark synnematous hyphomycete genus 

Morrisographium: described species transferred from Sphaeronaema, Cornularia, 

Phragmographium, and Arthrobotryum Canadian Journal of Botany 63: 423–428  

 

Jacobi, W.R., Koski R.D., Harrington, T.C., and Witcosky, J.J. (2007), Association of 

Ophiostoma novo-ulmi with Scolytus schevyrewi (Scolytidae) in Colorado. Plant Disease 91: 

245–247  

 

Jaklitsch, W.M. (2011). European species of Hypocrea part II: species with hyaline ascospores. 

Fungal Diversity 48: 1–250  

 

Jaklitsch, W.M., Checa, J., Blanco, M.N., Olariaga, I., Tello, S. and Voglmayr, H. (2018) A 

preliminary account of the Cucurbitariaceae. Studies in Mycology 90: 71–118 

 

Jaklitsch W.M., and Voglmayr, H. (2019). Fenestelloid clades of the Cucurbitariaceae. 

Mycologia 44: 1–40  

 

Jian, S., Beau, t., Zhu, X., Deng, W., Yang, Z. and Zhao, Z. (2019). Clitopilus, Clitocella, and 

Clitopilopsis in China. Mycologia 112 : 371–399  

 

Johnston, W.A. (1917). Pleistocene and recent deposits in the vicinity of Ottawa,  

with a description of the soils. Memoirs (Geological Survey of Canada) 101: 1–65   

 



[Tapez ici] 
 

80 
 

Juzwik, J., Harrington, C., MacDonald, W.L. and Appel, D.N. (2008). The origin of Ceratocystis 

fagacearum, the Oak wilt fungus. Annual Review of Phytopathology 48: 13–26  

 

Kasson, M.T., O’Donnell, K., Rooney, A.P., Sink, S., Ploetz, R.C., Ploetz J.N., Konkol, J.L., 

Carrillo, D., Freeman, S., Mendel, Z. et al. (2013). An inordinate fondness for Fusarium: 

Phylogenetic diversity of fusaria cultivated by ambrosia beetles in the genus Euwallacea on 

avocado and other plant hosts. Fungal Genetic and Biology 56: 147–157  

 

Keikha N., Ayatollahi Mousavi, S.A., Shahidi Bonjar, G.H., Fouladi, B. and Izadi, A.R. (2015). 

In vitro antifungal activities of Actinomyces species isolated from soil sample against 

Trichophyton mentagrophytes. Current Medical Mycology 1: 33–38  

 

Kliejunas J.T. and Kuntz J.E. (1974). Eutypella canker, characteristics and control. Forestry 

Chronicle 50: 106–108  

 

Krug, J.C. (2004). Moist chambers for the development of fungi. Pp 589–593, in Biodiversity of 

Fungi : Inventory and Monitoring Methods (Bills, G.F. and Foster, M.C.). Elsevier, Amsterdam, 

Netherlands. 

 

Kuter, G.A. (1986). Microfungal populations associated with the decomposition of sugar maple 

leaf litter. Mycologia 78: 114–126  

 

Liu, N., Hongsanan, S., Yang, J., Bhat, J., Liu, J., Jumpathong, J. and Liu, Z. (2017). Periconia 

thailandica (Periconiaceae), a new species from Thailand. Phytotaxa 323: 253–263  

 

Malloch, D. and Cain, R.F. (1970). Five new genera in the new family Pseudeurotiaceae. 

Canadian Journal of Botany 48: 1815–1825  

 

Matsushima, T. (1983). Matsushima mycological memoirs. No. 3. Matsushima Fungus 

Collection, Kobe. 90 p. 

 

Minnis, A.M., Linder, D.L. (2013). Phylogenetic evaluation of Geomyces and allies reveals no 

close relatives of Pseudogymnoascus destructans, comb. nov., in bat hibernacula of eastern North 

America. Fungal Biology 117: 638–649  

 

Moncalvo J.M., Lutzoni F.M., Rehner S.A., et al. (2000). Phylogenetic relationships of agaric 

fungi based on nuclear large subunit ribosomal DNA sequences. Systematic Biology 49: 278–

305. 

 

Mongkolsamrit, S., Khonsanit, A., Thanakitpipattana D., Tasanathai, K., Noisripoom, W., 

Lamlertthon, S., Himaman, W., Houbraken, J., Samson, R.A. and Luangsa-ard, J. (2020). 

Revisiting Metarhizium and the description of new species from Thailand. Studies in Mycology 

95: 171–251  

 



[Tapez ici] 
 

81 
 

Mostert, L., Groenewald, J.Z. Summerbell, R.C., Gams, W. and Crous, P.W. (2006). Taxonomy 

and pathology of Togninia (Diaporthales) and its Phaeoacremonium anamorphs. Studies in 

Mycology 54: 1–115  

 

Murrill, W.A. (1906). A new chestnut disease. Torreya 6: 186–189  

 

Na, F., Carrillo J.D., Mayorquin, J.S., Ndinga-muniana, C., Stajich J.E., Stouthamer, R., Huang, 

Y., Lin Y., Chen, C., and Eskalen, A. (2018). Two novel fungal symbionts Fusarium kuroshium 

sp. nov. and Graphium kuroshium sp. nov. of Kuroshio shot hole borer (Euwallacea sp. nr. 

fornicatus) cause Fusarium dieback on woody host species in California. Plant Disease 102(6) 

10.1094/pdis-07-17-1042-re 

 

Ogawa, Y., Sugiyama, M., Hirose, D., Kusama-eguchi, K. and Seiji, T. (2011). Polyphyly of 

intraspecific groups of Umbelopsis ramanniana and their genetic and morphological variation. 

Mycoscience 52: 91–98   

 

Ogris, N., Brglez, A. and Piškur, B. (2021). drought stress can induce the pathogenicity of 

cryptostroma corticale, the causal agent of sooty bark disease of Sycamore Maple. Forest 12:377 

 

Okonechnikov, K., Golosova, O., Fursov, M., the UGENE team. (2012). Unipro UGENE: a 

unified bioinformatics toolkit. Bioinformatics 28: 1166–1167  

 

Ho, W.H., Yanna, Hyde, K.D. and Hodgkiss, I.J. (2002) Seasonality and sequential occurrence of 

fungi on wood submerged in Tai Po Kau Forest Stream, Hong Kong. Fungal Diversity 10: 21–43  

 

Ohman, J.H., Kessler Jr., K.J., and Meyer, G.C. 1969. Control of Cryptostroma corticale on 

stored sugar maple pulpwood. Phytopathology 59: 871-873. 

 

Ostry, M.E., and M. Moore. (2007). Natural and experimental host range of Sirococcus 

clavigignenti-juglandacearum. Plant Disease 91: 581–584  

 

Paulus, B., Gadek, P. and Hyde, K. (2006). Successional patterns of microfungi in fallen leaves 

of Ficus pleurocarpa (Moraceae) in an Australian tropical rain forest. Biotropica 38: 42–51  

 

Poli, A., Bovio, E., Ranieri, L., Varese, G.C. and Prigione, V. (2020). News from the sea: a new 

genus and seven new species in the pleosporalean families Roussoellaceae and Thyridariaceae. 

Diversity 12: 144 

 

Pourmoghaddam, M.J., Khodaparast, S.A., Krisai-Greilhuber, I., Voglmayr, H. and Stadler, M. 

(2018). Two new species and one new record of Kretzschmaria (Ascomycota, Xylariales) from 

Iran. Mycosphere 9: 1197–1208  

 

Quesada-Moraga, E., López-Díaz C., Landa, B.B. (2014). The hidden habit of the 

entomopathogenic fungus Beauveria bassiana: first demonstration of vertical plant transmission. 

PLoS ONE 9: e89278 

 



[Tapez ici] 
 

82 
 

 

Raja, H.A., Stchigel, A.M., Miller, A.N., Crane, J.L. and Shearer, C.A. (2007), Hyphomycetes 

from the Great Smoky Mountains National Park, including three new species. Fungal Diversity 

26: 271–286 

Réblová, M., Miller, A.N., Réblová, K. and Štěpánek, V. (2018). Phylogenetic 

classification and generic delineation of Calyptosphaeria gen. nov., Lentomitella, 

Spadicoides and Torrentispora (Sordariomycetes). Studies in Mycology 89: 1–62  

  

Rehner, S.A., Minnis, A.W., Sung, G., Luangsa-ard, J.J., Devotto, L. and Humber, R.A. (2011). 

Phylogeny and systematics of the anamorphic, entomopathogenic genus Beauveria. Mycologia 

103: 1055–1073 

 

Richard S.H. (1988). Surficial geology, Ottawa, Ontario-Québec / Géologie de surface, Ottawa, 

Ontario-Québec; Geological Survey of Canada, "A" Series Map 1506A, 1 sheet 

 

Rigling, D. and Prospero, S. (2018). Cryphonectria parasitica, the causal agent of chestnut 

blight: invasion history, population biology and disease control. Molecular Plant Pathology 19: 

7–20  

 

 

Rice, A.V. and Currah, R.S. (2006). Two new species of Pseudogymnoascus with Geomyces 

anarnorphs and their phylogenetic relationship with Gymnostellatospora. Mycologia 98: 307–318 

 

Samarakoon, M.C., Gafforov, Y., Liu, N., Maharachchikumbara, S.S.N., Bhat, J.D., Liu, J., 

Promputtha, I. and Hyde, K.D. (2019). Combined multi-gene backbone tree for the genus 

Coniochaeta with two new species from Uzbekistan. Phytotaxa 336 : 43–58  

 

Seifert, K., Morgan-Jones, G., Gams, W. and Kendrick, B. (2011). The genera of Hyphomycetes. 

CBS KNAW Biodiversity Center, Utrecht 

 

Shen, H. Bao, D., Hyde, K.D., Su, H., Bhat, D. and Luo, Z. (2021). Two novel species and two 

new records of Distoseptispora from freshwater habitats in China and Thailand. MycoKeys 84: 

79–101  

 

Si, H., Su, Y., Zheng, X., Ding, M., Bose, T. and Chang, R. (2021). Phylogenetic and 

morphological analyses of Coniochaeta isolates recovered from Inner Mongolia and Yunnan 

revealed three new endolichenic fungal species. MycoKeys 83: 105–121  

 

Taylor, L.D. (1970). Coniochaeta velutina and its synonyms. Canadian Journal of Botany. 48: 

81–83. 

 

Tedersoo, L., Sánchez-Ramírez, S., Kõljalg, U., Bahram, M., Döring, M., Schigel, D., May, T., 

Ryberg M. and Abarenkov K. (2018). detection and molecular characterization of novel dsRNA 

viruses related to the Totiviridae family in Umbelopsis ramanniana. Frontiers in Cellular and 

Infection Microbiology 9:249  



[Tapez ici] 
 

83 
 

 

Thambugala, K.M., Hyde, K.D., Tanaka, k., Tian, Q., Wanasinghe, D.N., Ariyawansa, H.A., 

Jayasiri, S.C., Boonmee, S., Camporesi, E., Hashimoto, A., Hirayama, K., Schumacher, R.K., 

Promputtha, I. and Liu, Z-Y. (2015). Towards a natural classification and backbone tree for 

Lophiostomataceae, Floricolaceae, and Amorosiaceae fam. nov. Fungal Diversity 74: 199–166 

 

Toh, Y.F., Yew, S.M., Chan, C.L., Na, S.L., Lee, K.W., Hoh, C., Yee, W., Ng, K.P. and Kuan, 

C.S. (2016). genome anatomy of Pyrenochaeta unguis-hominis UM 256, a multidrug resistant 

strain isolated from skin scraping. PLoS ONE 11(9): e0162095 

 

UNA 144: McCarthy Woods and Southern corridor (2003) http://greenspace-alliance.ca/wp-

content/uploads/2009/02/UNA_144__McCarthy_Woods_and_Southern_Corridor.pdf. accessed 

online on the 2 March 2022.  

 

Valenzuela-Lopez, N., Cano-Lira, J.F., Guarro, J., Sutton, D.A., Wiederhold, N., Crous, P.W. and 

Stchigel, A.M. (2018). Coelomycetous Dothideomycetes with emphasis on the families 

Cucurbitariaceae and Didymellaceae. Studies in Mycology, 90: 1–69  

 

Vujanovic V. and Brisson, J. (2002). A comparative study of endophytic mycobiota in leaves of 

Acer saccharum in eastern North America. Mycological Progress 1: 147–154  

 

Wallace, J., Laforest-Lapointe, I., and Kembel, S.W. (2018), Variation in the leaf and root 

microbiome of sugar maple (Acer saccharum) at an elevational range limit. PeerJ Aug 

14;6:e5293. 

 

Walsh, E., Duan, W., Mehdi, M., Naphri, K., Khiste, S., Scalera, A. and Zang, N. 2017. 

Cadophora meredithiae and C. interclivum, new species from roots of sedge and spruce in a 

western Canada subalpine forest. Mycologia 110: 201–2014  

 

Wang, C.J.K. (2010). wood-inhabiting microfungi (molds) of New York. The New York State 

Biodiversity Research Institute. 236 Pp.  

 

Weidensaul, C.T. and Wood, F.A. (1974). Analysis of a maple canker epidemic in Pennsylvania, 

Phytopathology 64: 1024–1027  

 

Widden, P. (1986). Seasonality of forest soil microfungi in southern Quebec. Canadian Journal of 

Botany 64: 1413–1423  

 

Xie, J., Strobel, G.A., Feng, T., Ren, H., Mends, M., Zhou, Z. and Geary B. (2015). An 

endophytic Coniochaeta velutina producing broad spectrum antimycotic. Journal of 

Microbiology 53: 390–397 

 

http://greenspace-alliance.ca/wp-content/uploads/2009/02/UNA_144__McCarthy_Woods_and_Southern_Corridor.pdf
http://greenspace-alliance.ca/wp-content/uploads/2009/02/UNA_144__McCarthy_Woods_and_Southern_Corridor.pdf


[Tapez ici] 
 

84 
 

Yilmaz, N., Sandoval-Denis M., Lombard, L., Visagie, C.M., Wingfield, B.D., and Crous, P.W. 

(2021). Redefining species limits in the Fusarium fujikuroi species complex. Persoonia 46: 129–

162  

 

Yu, F.M., Chethana, K.W.T., Wei, D., Liu, J., Zhao, Q., Tang, S., Li, L. and Hyde, K.D. (2021). 

comprehensive review of Tolypocladium and description of a novel lineage from southwest 

China. Pathogens 10: 1389 

 

Zare, R. and Gams, W. (2001). A revision of Verticillium section Prostrata. IV. The genera 

Lecanicillium and Simplicillium gen. nov. Nova Hedwigia 73: 1–50  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



[Tapez ici] 
 

85 
 

2.6 Appendix 

2.6.1 Selected trees used for the second round of particle filtration and moist chambers. 

. 

 

Fig. 2.8: Examples of trees used for the second particle filtration at the McCarthy forest A: 

McCarthy - I, B : McCarthy–H, C: McCarthy – J and D : McCarthy–K. (24th April 2021). 
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Fig. 2.9: Examples of trees used for the second particle filtration at The Tryon woodlot, A : 

Tryon - I , B : Tryon–k , C : Tryon–J, and D : Tryon–L. (23 April 2021).  
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Fig. 2.10: Examples of trees used for the second particle filtration at the Vanier MuseoPark. A: 

Vanier–J, B: Vanier–L, C: Vanier I, and D: Vanier–K. (25 April 2021) 

2.6.2. Overview of the taxonomy of the most commonly isolated fungi using moist chambers and 

particle filtration 

The species discussed here are the species listed in Table 2.1 and Table 2.2 as these species were 

deemed to represent a subset of fungi which might be representative of the culturable core 

mycobiota of A. saccharum bark. 

 Angustimassarina sp. (Ascomycota, Dothideomycetes, Pleosporales, Amorosiaceae). 

This species was isolated only twice, both from the Vanier second particle filtration. Thambugala 
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et al. (2015) introduced Angustimassarina to accommodate for three mycoparasitic species 

overgrowing other ascomycetes. At least one species, A. acerina was reported on Acer 

platanoides (Thambugala et al. 2015) and certain species are known to produce a 

hyphomyceteous asexual morph in culture. Unfortunately, the exact identity of the species 

isolated in this project is unknown because the DNA sequences of the ITS and LSU are identical 

to multiple species of the genus.  

Atrocalyx glutinosum (Ascomycota, Dothideomycetes, Pleosporales, Lophiotremataceae)  

 This species was isolated from seven trees from all sites, except McCarthy, during the 

second particle filtration. This species is described in detail in chapter 3.  

Cadophora spp. (Ascomycota, Leotiomycetes, Helotiales, Ploettnerulaceae) 

 Three strains of Cadophora were isolated, two from the McCarthy forest during the 

second particle filtration and one from the Tryon woodlot during the first particle filtration. This 

hyphomycetous genus contain around 17 species, which were isolated from various substrates 

ranging from soil, plant material and roots and wood (Walsh et al. 2017; Bien and Dam. 2020). 

Cadophora melinii (as Phialophora melinii) was reported from the wood and branches of A. 

saccharum by Cole and Kendrick (1973) and Basham and Anderson (1976). However, based on 

molecular sequencing, each strain obtained in our studies seems to belong to a different species, 

but none can be assigned to a named species either because of a lack of matches, or the existence 

of multiple species with identical sequences.  

Calycina sp. (Ascomycota, Leotiomycetes, Helotiales, Pezizellaceae)  
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 Three strains of Calycina were isolated using particle filtration, all from the Tryon 

woodlot. Calycina produce apothecia and have a Chalara-like hyphomycetous asexual state 

(Baral and Rämä 2015). Our sequences cluster with several Chalara and Calycina sequences, but 

do not appear to match any known sequenced species. Furthermore, cultures lacked sporulation, 

as no asexual or sexual morph were observed. Two Chalara strains were observed in moist 

chambers, but neither grew in culture and they were not identified. Because Chalara is 

paraphyletic (Cai et al. 2009), it is unknown if the Chalara observed in the moist chamber is 

conspecific with Calycina isolates obtained with particle filtration. 

Cladosporium spp. (Ascomycota, Dothideomycetes, Capnodiales, Cladosporiaceae) 

 Cladosporium strains were isolated from nine trees using particle filtration, usually as 

single isolates, but were not observed using other approaches. Cladosporium is a hyphomycetous 

genus containing at least 169 species. It is ubiquitous and cosmopolitan, growing on almost all 

kinds of organic matter, and its conidia are commonly detected in air samples (Bensch et al. 

2012). Unfortunately, identification of Cladosporium to species is difficult and often requires 

sequencing with gene coding sequences such as Elongation Factor or Beta-tubulin. Therefore, 

most strains of Cladosporium isolated in this project were not identified to species. Cladosporium 

cladosporioides has been reported from leaves of A. saccharum in prior studies (Kuter et al. 

1986, Vujanovic and Brisson. 2002). Furthermore, Cladosporium confusum was described from 

bark of A. saccharum in Ontario (Matsushima 1983). However, Bensch et al. (2012) excluded 

this species from Cladosporium, considering its identity unknown. An unidentified 

Cladosporium-like fungus was observed in moist chambers, but failed to grow in culture, and 

was not identified (Fig. 2.11). 
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Fig 2.11: Unidentified cladosporium-like fungus observed from the bark of A. saccharum in 

moist chamber. Scale bar = 10 um. 

 

Clitopilus sp. (Basidiomycota, Agaricomycetes, Agaricales, Entolomaceae) 

 This fungus was isolated four times, twice at McCarthy Forest and twice at Vanier 

MuseoPark, but only during the first round of particle filtration, and was not observed using other 

approaches. Clitopilus contains approximatively 30 species of gilled mushrooms that are either 

found growing on soil or on wood (Jian et al. 2019). Based on the ITS sequences, this taxon 

might be conspecific with Clitopilus baronii, which was described from the wood of Quercus 

cerris in Italy (Consiglio and Setti 2019). Unfortunately, the isolates obtained during this study 

lacked sporulation, making comparison difficult.  

Coniochaeta spp. (Ascomycota, Sordariomycetes, Coniochaetales, Coniochaetaceae) 
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 Four strains of Coniochaeta sp. that did not match any known sequenced species were 

found, all from the second batch of particle filtration. Coniochaeta contains 87 species that are 

perithecial or have a hyphomycetous state that was previously referred to as Lecythophora 

(Seifert et al. 2011; Samarakoon et al. 2018). They occur in a variety of habitats such as soil, 

dung, and rotting vegetation. Some species cause human infection (Samarakoon et al. 2018; Si et 

al. 2021). Interestingly, the four unidentified strains isolated appear to belong to three distinct 

clades, suggesting that the bark of A. saccharum harbors several novel species. In some cases, 

several species occurred in the same sample, with at least four genetically different isolate 

isolated from the particle filtration obtained from the sample Tryon–L.  

Coniochaeta velutina (Ascomycota, Sordariomycetes, Coniochaetales, Coniochaetaceae) 

Six strains identified as C. velutina based on the ITS and LSU sequences were obtained using 

particle filtration and were found from each site, except the Tryon woodlot during the first 

particle filtration. C. velutina is reported on dung, twigs of A saccharum and as endophyte of 

Tsuga heterophylla (Taylor 1970, Xie et al. 2015). C. velutina produces antifungal metabolites 

(Xie et al. 2015). Despite being only observed using particle filtration, the presence of this 

species on the bark of A. saccharum is unsurprising based on prior reports.  

Crpytendoxyla hypophloia (Ascomycota, Sordariomycetes, Sordariales, Cephalotheaceae) 

 Three strains identified as C. hypophloia were obtained in this study. A single strain was 

isolated during the first particle filtration and identified using ITS and LSU sequences. Two 

additional strains were observed in moist chambers and identified using morphology. All strains 

obtained were isolated from the McCarthy Forest. The strains observed in moist chambers were 

identified by their distinctive cephalothecoid cleistothecial walls (Fig. 2.12) . However, 
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knowledge of this specific species was only possible because of examination of close matches 

obtained for the sequences; otherwise, this taxon would have likely been overlooked in moist 

chambers. C. hypophloia produce an Acremonium-like anamorph in culture and was previously 

reported as growing beneath the bark of dead, standing Acer and Betula (Malloch and Cain 

1970).  

 

Fig. 2.12. Cephalothecoid cleisothecia grown in moist chambers and identified as Cryptendoxyla 

hyphloia based on morphology.  
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Cryptostroma corticale (Ascomycota, Sordariomycetes , Xylariales, Incertae sedis) 

A single colony of Cryptostroma corticale was observed by direct observation and four strains 

were isolated during the first round of particle filtration. C. corticale is an asexual fungus 

producing stromatic tissues (but considered hyphomycetous by Seifert et al. 2011) immersed 

underneath the bark of Acer species, including A. saccharum (Ohman et al. 1969), peeling the 

bark off, to expose copious black conidia (Gregory and Waller 1950; Ogris et al. 2021)(Fig. 2.13) 

C. corticale is opportunistic to injuries and produces conidia mainly during dry and hot weather 

(Ogris et al. 2021). Because C. corticale occurs on wood of Acer species, its isolation during this 

survey was expected.  

Fig 2.13: C. corticale growing on the bark of a dead A. saccharum.  
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Dactylospora spp. (Ascomycota, Eurotiomycetes, Dactylosporales, Dactylosporaceae) 

 Four strains of unidentified Dactylospora species were isolated during the second round 

of particle filtration. Dactylospora contains around 70 species of perithecial teleomorph that are 

possibly associated with Scleroccocum, an hyphomycetous genus associated with wood or 

lichens (Ekanayaka et al. 2019). Unfortunately, the isolates obtained in this study lacked 

sporulation, and the ITS and LSU sequences appear distinct from all currently sequenced species 

and thus are only tentatively identified as Dactylospora. 

Distoseptispora sp. (Ascomycota, Sordariomycetes, incertae sedis, Distoseptisporaceae) 

Six isolates tentatively identified as Distoseptispora sp. based on their morphological traits were 

obtained, all using moist chambers. Three isolates were isolated in moist chambers associated 

with the second round of particle filtration, two from the McCarthy woodlot and one from the 

Vanier MuseoPark. Three additional isolates were obtained from miscellaneous moist chambers 

not associated with particle filtration. The ITS and LSU sequences suggest an affinity with the 

genus Distoseptispora, without matching any known species in the genus. Distoseptispora is one 

of the many genera segregated from Sporidesmium (Shen et al. 2021). Strains obtained in this 

study need to be compared to other species of Sporidesmium and its segregates.  

Epicoccum nigrum (Ascomycota, Dothideomycetes, Pleosporales, Didymellaceae) 

 Four strains identified as E. nigrum were isolated using particle filtration, from Tryon 

Road woodlot and McCarthy forest in both rounds of particle filtration. A single collection of E. 

nigrum was also obtained using moist chambers. E. nigrum is an hyphomycete producing 

distinctive verrucose dictyoconidia and a pycnidial synanamorph (Arenal et al. 2000; Favaro et 

al. 2011) contrasting with several other species of Epicoccum which produce pycnidia instead 
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(Chen et al. 2015). E. nigrum is usually considered saprobic but might occasionally be 

pathogenic to plants and is likely a species complex (Favaro et al. 2011). E. nigrum have 

previously been reported from leaves of A. saccharum (Kuter et al. 1986; Vujanovic and Brisson 

2002), but not from wood or bark.  

Exophiala spp. (Ascomycota, Eurotiomycetes, Chaetothyriales, Herpotrichiellaceae)  

 At least three Exophiala-like hyphomycetes were commonly observed in this project. 

However, because several Herpotrichiellaceae were obtained, they are discussed in detail in 

chapter 4. 

Fusarium spp. (Ascomycota, Sordariomycetes, Hypocreales, Nectriaceae) 

 At least five strains of unidentified Fusarium were obtained using particle filtration. 

Fusarium strains also occasionally occurred as culture contaminants from moist chambers and in 

direct observations. Fusarium contains more than 300 species, usually hyphomycetes, many of 

which are plant pathogenic, but can be isolated from almost every substrate (Yilmaz et al. 2021). 

Many secondary metabolites are known in this genus (Crous et al. 2021a). Identification of 

Fusarium species is difficult and usually requires the use sequence from protein coding gene such 

as TEF and RPB2 (Crous et al. 2021a). Therefore, most strains isolated were not identified to 

species. However, based on the ITS sequence, it appears that at least two distinct species of 

unidentified Fusarium were isolated. Prior studies report Fusarium species from the wood and 

leaves of A. saccharum, with old reports of a fungus identified as F. solani, causing cankers on 

wood (Basham and Taylor 1965; Wierdernsaul and Wood; 1974; Basham and Anderson 1976; 

Kuter and al. 1985; Das et al. 2008). 

Hysterium angustatum/pulicare (Ascomycota, Dothideomycetes, Hysteriales, Hysteriaceae) 
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 Eleven strains identified as either Hysterium angustatum or H. pulicare were isolated 

from this study. Three specimens were obtained by direct observation of bark from living trees 

from the McCarthy Forest (Fig. 2.14) and Lalande Conservation Park. Five strains were observed 

from moist chambers associated with the second round of particle filtration and were found at all 

sites. Three were isolated using particle filtration, two from the McCarthy Forest, one from both 

rounds of particle filtration and one from the first round of particle filtration at the Tryon 

woodlot. This fungus was also isolated during the mock particle filtration from the Lalande 

Conservation Park. H. angustatum and H. pulicare appear to overlap based on both their 

morphology and sequences (Boehm et al. 2009). Therefore, the identification of the strains is 

tentative, as it is unclear if they belong to a species complex or whether H. angustatum and H. 

pulicare are conspecific. Ginns (1986) reported H. pulicare from A. saccharum.  
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Fig 2.14 : Hysterothecia of Hysterium angustatum/pulicare on bark from A. saccharum collected 

from the McCarthy forest on the 27 March 2021. 

 

Hysterobrevium sp. (Ascomycota, Dothideomycetes, Hysteriales, Hysteriaceae) 

 Three strains tentatively identified as Hysterobrevium sp. using DNA sequencing of the 

ITS and LSU, were obtained using particle filtration, one strain from both rounds of particle 

filtration at the McCarthy Forest and a single strain from the second particle filtration from 

Vanier Museopark. Hysterobrevium species produce characteristic hysterothecia and are found 

growing on the wood and sometime bark of diverse woody plants. Some species also produce a 
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conidiomatal anamorph (Boehm et al. 2009). All cultures of this species isolated in this study 

lacked sporulation, and the ITS and LSU sequences differ from all previously sequenced species. 

Hysterobrevium species have never been reported from A. saccharum and were not observed by 

direct observation or moist chambers in this study.  

Kretzschmaria hedjaroudei (Ascomycota, Sordariomycetes, Xylariales, Xylariaceae) 

 Two strains of K. hedjaroudei were isolated and identified using their ITS loci, both from 

the first particle filtration at the McCarthy Forest. Kretzschmaria contains 23 species, many of 

which produce stromatic fruit bodies on wood. K. hedjaroudei is currently only known from the 

type collection growing on the wood and bark of a dead branch in Iran (Pourmoghaddam et al. 

2018). The culture obtained in this study lacked sporulation. To confirm the identity of this taxon, 

Kretzschmaria-like stroma growing on A. saccharum should be examined.  

Lophiotrema rubi (Ascomycota, Dothideomycetes, Pleosporales, Lophiotremataceae) 

 Four strains tentatively identified as L. rubi using sequence data of the ITS loci were 

obtained using particle filtration. L. rubi was proposed by Zhang et al. (2009) to accommodate 

Massarina rubi, however later studies focusing on Lophiotremataceae did not include L. rubi 

(Hirayama and Tanka 2011; Hashimoto et al. 2017), making its taxonomic classification 

unresolved. L. rubi produces perithecia on the bark of various trees, including A. saccharum 

(Aptroot 1998). 

“Monodictys-like” (Ascomycota, Dothideomycetes, incertae sedis, incertae sedis)  

 Two strains identified as Monodictys-like based on morphology were obtained from moist 

chambers associated with the second round of particle filtration. Morphologically, both strains 
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produced single, pigmented dictyoconidia in moist chambers and cultures. However, the DNA 

sequences of the ITS and LSU, while identical for both strains, differed from all previously 

sequenced fungi, and their affinities are unclear. Unfortunately, Monodictys is paraphyletic 

(Hernández-Restrepo et al. 2017). The sequences from the strains do not match the sequences of 

Ohleria brasiliensis, which have been reported as the teleomorphic state of M. putredinis, the 

type species of Monodictys (Hernández-Restrepo et al. 2017). Thus, the name Monodictys-like is 

used in this study, pending further analyses.  

Morrisographium ulmi (Ascomycota, Dothideomycetes, Microthyriales, incertae sedis) 

 Ten specimens identified as M. ulmi were obtained in this project, all using moist 

chambers and direct observation. Seven were observed in the moist chambers prepared alongside 

the second batch of particle filtration, five from the McCarthy Forest. Morrisographium contains 

six species of distinctive hyphomycetes with tall dark synnemata producing slimy scolecoconidia, 

none of which have been previously sequenced (Illman and White 1984; Seifert et al. 2011). 

Morrisographium strains isolated from the bark of A. saccharum were cultured and sequenced. 

Furthermore, I collected, cultured and sequenced four other species identified as M. ulmi, M. 

ulmicola, M. persicae and M. boudieri. The ITS and LSU sequences obtained from the 

Morrisographium from A. saccharum were identical to sequences of M. ulmi, but not M. ulmicola 

and M. persicae. The ITS and LSU sequences from the strain tentatively identified as M. boudieri 

on the basis of the short clavate conidia and smooth stems was also identical to the sequences 

obtained from M. ulmi, suggesting that M. ulmi may be a morphologically variable species that is 

not restricted to the bark of Ulmus spp. (Fig. 2.15). All strains of Morrisographium isolated grew 

slowly in culture, reaching less than a millimeter after one month, possibly explaining their 

absence from particle filtration. 
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Fig. 2.15 Synnema (A,C,E) and conidia (B,D,F) of Morrisographium ulmi. A,B was isolated 

from bark of Ulmus, C,D and E,F (identified as M. boudieri) were isolated from the bark of A. 

saccharum. ITS and LSU sequences are identical for all of these strains. Scale bar = 10 μm.  

 

Neocucurbitaria acerina (Ascomycota, Dothideomycetes, Pleosporales, Cucurbitariaceae) 

 Four strains identified as N. acerina using DNA sequencing of the ITS loci were isolated 

using particle filtration. This fungus was found at all sites but was only recorded from one tree at 

the McCarthy Forest during the first particle filtration. N. acerina produces both perithecia and a 

pycnidial asexual morph (Jaklitsch et al. 2018); the latter was occasionally observed in cultures 

from the strain isolated in this study. N. acerina has only been reported from Europe, where it 

commonly grows on wood and bark of Acer campestre and A. pseudoplatanus. Jaklitsch et al. 
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2018, Brglez et al. 2020). This study suggests that North American maples species such as A. 

saccharum are also suitable hosts for N. acerina.  

Neocucurbitaria unguis-hominis (Ascomycota Dothideomycetes, Pleosporales, 

Cucurbitariaceae) 

 Seven strains identified as Neocucurbitaria unguis-hominis using molecular DNA of the 

ITS locus were isolated using particle filtration. This fungus was found at all sites but was not 

isolated from the Vanier MuseoPark during the first round of particle filtration or the McCarthy 

Forest during the second round of particle filtration. N. unguis-hominis was previously isolated 

from human nail infections, lungs of Agapornis sp. (lovebirds) and air (Valenzuela-lopez et al. 

2018). This species is only known from its pycnidial asexual state but has mating genes necessary 

for sexual reproduction (Toh et al. 2016). Because this taxon was commonly isolated during this 

study, it is possible that N. unguis-hominis occur on bark and wood as do several other species of 

the genus (Jaklitsch et al. 2018; Valenzuela-Lopez et al. 2018). 

Nothophaeomoniella ekebergiae (Ascomycota, Eurotiomycetes, Phaeomoniellales, 

Phaeomoniellaceae) 

 Six strains tentatively identified as N. ekerbergiae were isolated using particle filtration. 

This fungus was isolated from all sites from both round of particle filtration, except Tryon Road 

woodlot. N. ekerbergiae was described from South Africa on leaves of Ekebergia pterophylla 

(Crous et al. 2021b). Our strains are only tentatively identified as N. ekebergiae because of the 

remarkably different host, geographical location and slight variation in the ITS locus. Our strains 

need to be compared with the type of N. ekebergiae to confirm their identity. 

Parafenestella sp. (Ascomycota, Dothideomycetes, Pleosporales, Cucurbitariaceae) 
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 Four strains identified as Parafenestella sp. using ITS sequences were isolated by particle 

filtration. Species of Parafenestella occur on bark either as saprobes or as mycoparasites on 

Diaporthales or Cytospora sp., producing perithecia on the substrate and pycnidia in culture 

(Jaklitsch et al. 2018; Jaklitsch and Voglmayr 2019). The genus currently contains 13 species 

(Jaklitsch and Voglmayr 2019). Unfortunately, our sequences do not appear to match any species 

in GenBank and are identified as Parafenestella sp., until more specimens, ideally including the 

putative teleomorphic state, are obtained.  

Parathyridariella sp. (Ascomycota, Dothideomycetes, Pleosporales, Thyridariaceae) 

 Three strains were obtained using particle filtration, two from the Tryon woodlot during 

the first particle filtration and one from the McCarthy Forest during the second particle filtration. 

The ITS and LSU sequences are similar to P. dematiacea, the only species in the genus. P. 

dematiacea is only known from non-sporulating cultures isolated from Flabellia petiolata in a 

marine environment (Poli et al. 2020), the culture obtained in this study also lacked sporulation. 

A critical analysis and comparison of our cultures is necessary to determine if they are 

conspecific with P. dematiacea.  

Penicillium pancosmium (Ascomycota, Eurotiomycetes, Eurotiales, Aspergillaceae) 

 Six strains of P. pancosmium were isolated using particle filtration and identified using 

the Btub and Cal genes. Four of the strains were isolated from the Vanier Museopark with three 

from the first run of particle filtration and a single strain was isolated from the McCarthy Forest 

and Tryon Road woodlot. P. pancosmium is a cosmopolitan member of sect. Citrini and has been 

isolated from various source such as nuts, soils, fungi and dung (Houbraken et al. 2011). While 

P. pancosmium was not isolated from the bark of A. saccharum previously, its presence is not 
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unexpected owning to its wide distribution and host range. However, P. pancosmium cultures 

were previously manipulated in the same room as the species isolated during this study and it is 

unclear if the strains obtained during this study, are contaminants. 

Phaeoacremonium fraxinopennsylvanicum (Ascomycota, Sordariomycetes, Togninales, 

Togninaceae) 

 Seven strains identified as P. fraxinopennsylvanicum based on ITS sequences were 

isolated using particle filtration and a single strain was isolated from a moist chamber. Three 

strains were isolated at the McCarthy Forest from the first particle filtration, two from Vanier 

Museopark from the second particle filtration and two from the Tryon woodlot from the first 

particle filtration. This species produces both perithecia and a hyphomycetous state; the latter was 

previously called P. mortoniae (Gramaje et al. 2015). P. fraxinopennsylvanicum has been isolated 

from lesions on Fagus, brown stain on Fraxinus, beetle galleries and from Vitis vinifera, where it 

causes a disease (Mostert et al. 2006; Gramaje et al 2007). This is the first report of this species 

on A. saccharum, and it is unknown whether it can cause infections as it does on V. vinifera. 

Pseudogymnoascus spp. (Ascomycota, Leotiomycetes, incertae sedis, Pseudeurotiaceae) 

 Three strains isolated using particle filtration were identified as Pseudogymnoascus based 

on ITS sequences. Two had sequences identical to the type of strain of Pseudogymnoasus 

appendiculatus. P. appendiculatus was isolated from decaying Picea wood in a bog. It is 

psychrophilic and capable of good growth at 5 °C and has both a sexual and asexual state in 

culture (Rice and Currah 2006). Pseudogymnoascus species are often isolated from soil or wood, 

and at least one species (P. destructans) is pathogenic on bats (Minnis and Linder 2013). A 

remaining sequence of Pseudogymnoascus cluster with several strains labelled as “Geomyces 
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pannorum” but affinities are unclear because P. pannorum lack sequences from type material 

(Minnis and Linder 2013). No species of Pseudogymnoasus was reported from A. saccharum 

previously. 

Spadicoides bina (Ascomycota, Sordariomycetes, Xenospadicoidales, Xenospadicoidaceae) 

 Four strains identified as Spadicoides bina using morphology (Fig 2.16) and ITS and LSU 

sequences were obtained from moist chambers. Three of the strains were obtained from the moist 

chambers of the McCarthy Forest associated with the second set of particle filtration. Spadicoides 

bina produces pertihecia in nature but only its anamorphic state was observed in this study. S. 

bina grows on wood of hardwood and conifers (Réblová et al. 2018). Therefore, while previously 

undocumented from A. saccharum, its presence is not unexpected.  

 

Fig 2.16 : Conidiophore and conidia of S. bina. Scale bar = 10 µm. 
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Querciphoma carteri (Ascomycota, Dothideomycetes, Pleosporales, Leptosphaeriaceae) 

 Five strains identified as Q. carteri, based on ITS sequences, were isolated from all sites 

using particle filtration except for the McCarthy Forest and the Vanier Museopark during the first 

particle filtration. Q. carteri produces a phoma-like pycnidia on Quercus wood (Crous and 

Groenewald 2017) that we also observed in culture. Q. carteri has not been reported from A. 

saccharum previously. 

Tolypocladium spp. (Ascomycota, Sordariomycetes, Hypocreales, Ophiocordycipitaceae) 

Five strains identified as Tolypocladium spp, were obtained using particle filtration. This 

species was found in all sites and was not observed from the McCarthy forest and Vanier 

MuseoPark during the second round of particle filtration. Our strains cluster with various 

unidentified strains in Tolypocladium, but do not match any sequenced species on GenBank. 

Tolypocladium contains 41 species, which either produce stromatic teleomorph perithecia a 

hyphomycete asexual morph. Tolypocladium species have been isolated from various substrates, 

include false truffles of the genus Elaphomyces, and can be parasitic on insects, lichens, soil and 

plants (Yu et al. 2021). Our strains lacked sporulation and were not compared to other species of 

the genus and more studies are needed to determine their identity and ecology. 

Trichoderma spp. (Ascomycota, Sordariomycetes, Hypocreales, Hypocreaceae) 

 fifteen strains of unidentified Trichoderma were isolated from all particle filtration sites 

and identified to genus using morphology and ITS and LSU sequences. Trichoderma spp. were 

also observed in direct observation and from four of the 15 samples used for the second moist 

chamber set. Trichoderma contains 375 species, most of which are hyphomycetous with some 

also having a teleomorphic state (formerly known as Hypocrea). Unfortunately, ITS and LSU 
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sequences are rarely adequate for identification of Trichoderma species (Cai and Druzhinina 

2021). While most strains sporulated readily in culture (Fig 2.17), morphological identification 

was not attempted because of the difficulty in identifying species in this genus. Additional 

sequencing using the EF and RPB2 genes is necessary to resolve the diversity of Trichoderma 

species isolated from this study. 

 

Fig 2.17: Conidiophore and conidia of an unidentified Trichoderma obtained from a moist 

chamber 

 

Trichoderma deliquescens (Ascomycota, Sordariomycetes, Hypocreales, Hypocreaceae) 

 Two strains were obtained using particle filtration, both from the Tryon woodlot during 

the first particle filtration and identified using morphology and confirmed using ITS sequences. 

The teleomorph of T. deliquescens (previously known as Hypocrea rufa) is usually seen on rotten 
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wood and leaves while the anamorph is isolated from soil and fungi, amongst other substrates 

(Jaklitsch 2011). Our sequences were also similar to those of Trichoderma melanomagna. 

However, the EF and RPB2 also fail to separate these two species and they can only be separated 

by teleomorph morphology, suggesting that both species might be conspecific (Chaverri and 

Samuels 2003). 

Triseptata sp.? (Ascomycota, Dothideomycetes, Pleosporales, Latoruaceae) 

 Four strains isolated using particle filtration, from all sites during the first particle 

filtration, and a single strain from the Vanier MuseoPark during the second round of particle 

filtration. They were tentatively identified as Triseptata sp. Using ITS sequences, our isolates 

cluster with various sequences identified as Periconia macrospinosa and the type specimen of 

Triseptata sexualis. However, these putative P. macrospinosa accessions do not match sequences 

of Periconia macrospinosa CBS 135663, which is nested in Periconia (Liu et al. 2017) and are 

likely to be misidentified. Furthermore, Periconia is distantly related to Triseptata 

(Periconiaceae and Latoruaceae respectively) (Liu et al. 2017; Boonmee et al. 2020). Thus, the 

strains isolated in this study are considered related to, but not conspecific with, T. sexualis. T. 

sexualis produces perithecia on unidentified wood and dark conidia in culture on WA 

supplemented with plant tissues (Boonmee et al. 2020). Unfortunately, our strains lacked 

sporulation in culture but were not cultured on WA agar supplemented with bark.  

 

Umbelopsis ramanniana (Mucormycota, Umbelopsidomycetes, Umbelopsidales, 

Umbelopsidaceae) 
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 Three strains were obtained using particle filtration, all from the Tryon woodlot during 

the first particle filtration and identified with ITS sequences. Umbelopsis species reproduce 

asexually using sporangia and sporangiospores and are often isolated from soils and roots 

(Tedersoo et al. 2018) U. ramanniana has been shown to be polyphyletic, forming three distinct 

clades (Ogawa et al. 2011). More studies are necessary to determine if our isolates are 

conspecific and to which clade they belong. 

Common fungi excluded from analysis.   

Interestingly, we obtained several strains for which sequences cluster within either 

Cosmospora and Pseudocosmospora, with twelve isolates obtained using particle filtration, and 

two isolates obtained using moist chambers (one teleomorph and one anamorph). Unfortunately, 

the ITS and LSU sequences were not sufficient to resolve the identity of these isolate and they 

clustered amongst several other strains identified as either Cosmospora or Pseudocosmospora. 

Hence, while common, these strains were omitted from the discussion on commonly isolated 

fungi because of my inability to identify them to genus. More sequences of protein coding genes 

would be required for these strains to resolve this issue and to determine the diversity of fungi 

isolated. Species of both genera are mycoparasites on other fungi such as Xylariales and 

Eutypella (Herrera et al. 2015).  
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2.6.3. Complete list of fungi isolated during this study  

Table 2.3 : List of fungi kept during this study, including collection number, species name, location (acronyms used : McCarthy forest 

= M; Tryon road woodlot = T; Vanier MuseoPark = V), tree ID from the particle filtration and moist chamber analysis, with 

associated fungal strain number and method of isolation (DO = Direct observation, MC = moist chamber and PF = particle filtration)  

 

Coll. Number species name Site 
Tree and sample 

ID Isolation method 

CHEM_2735 Acericola sp. M L-8 PF 

CHEM_2127 Acremonium curvulum T  culture contaminant 

CHEM_2922 Acremonium sp. V I MC 

CHEM_2558 Acremonium sp. M I-14 PF 

CHEM_2836 Acremonium sp. T K MC 

CHEM_2081 Acrogenospora sp. Mcnamara Trails  MC 

CHEM_2537 Acrostalagmus luteoalbus V H-8 PF 

CHEM_1785 Actinocladium rhodosporum M  MC 

CHEM_2734 Actinocladium rhodosporum M L-7 PF 

CHEM_2388 Alternaria spp. T F-8 PF 

CHEM_2697 Alternaria spp. T K-17 PF 

CHEM_2779 Anastomitrabeculia sp. V L-6 PF 

CHEM_2652 Angustimassaria spp. V J-7 PF 

CHEM_2723 Angustimassaria spp. V K-26 PF 

CHEM_2186 Anteaglonium sp. T G-15 PF 

CHEM_2572 Anteaglonium sp. T I-11 PF 

CHEM_2741 Arthrinium arundineum M L-14 PF 

CHEM_2137 Arthrinium sp. L Mock #2 PF 

CHEM_2818 Arthrobotrys sp. M L MC 

CHEM_1739 Ascobolus sp. Dominion arboretum  MC 
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CHEM_2565 Ascocoryne sarcoides M I-21 PF 

CHEM_2357 Aspergillus creber T D-8 PF 

CHEM_2592 Aspergillus hiratsukae V I-21 PF 

CHEM_1732 Atractium stilbaster L  MC 

CHEM_1737 Atractium stilbaster M  MC 

CHEM_1832 Atractium stilbaster V  DO 

CHEM_2094 Atrocalyx glutinosum T Mock #1  PF 

CHEM_2151 Atrocalyx glutinosum L Mock #2 PF 

CHEM_2161 Atrocalyx glutinosum T E-2 PF 

CHEM_2208 Atrocalyx glutinosum V A-25 PF 

CHEM_2321 Atrocalyx glutinosum M C-16 PF 

CHEM_2422 Atrocalyx glutinosum M A-1 PF 

CHEM_2721 Atrocalyx glutinosum V K-24 PF 

CHEM_2761 Atrocalyx glutinosum T L-10 PF 

CHEM_2794 Atrocalyx glutinosum V L-26 PF 

CHEM_2690 Atrocalyx sp.  T K-7 PF 

CHEM_2111 Aureobasidium pullulans L Mock #2 PF 

CHEM_2194 Aureobasidium pullulans V A-7 PF 

CHEM_2308 Aureobasidium pullulans T C-13 PF 

CHEM_1752 Beauveria pseudobassiana Dominion arboretum  MC 

CHEM_2212 Beauveria pseudobassiana V A-32 PF 

CHEM_2276 Bionectriaceae M B-15 PF 

CHEM_2502 Bionectriaceae L  DO 

CHEM_2383 Blastobotrys buckingamii V E-9 PF 

CHEM_2444 Blastobotrys buckingamii V E-7 PF 

CHEM_2405 Bloxamia truncata V A MC 

CHEM_2803 Bloxamia truncata M H MC 

CHEM_1753 Botryotrichum-like  Dominion arboretum  MC 

CHEM_2454 Brachydesmiella biseptata Mer bleu forest  MC 

CHEM_2253 Cadophora sp. T A-19 PF 

CHEM_2555 Cadophora sp. M I-9 PF 
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CHEM_2559 Cadophora sp. M I-15 PF 

CHEM_2610 Cadophora sp. M J-9 PF 

CHEM_2837 Calcarisporium-like  V L MC 

CHEM_2265 Caliciopsis sp. V B-7 PF 

CHEM_2570 Calycina sp. T I-6 PF 

CHEM_2773 Calycina sp. T L-29 PF 

 Calycina sp. T B-12 PF 

CHEM_2637 Candolleomyces candolleana T J-20 PF 

CHEM_2398 Capnodiales  V A-38 PF 

CHEM_2577 Capnodiales  T I-20 PF 

CHEM_2706 Capnodiales  T K-26 PF 

CHEM_2752 Capnodiales  M L-31 PF 

CHEM_2120 Capronia sp. L Mock #2 PF 

CHEM_2163 Capronia sp. T E-4 PF 

CHEM_2225 Capronia sp. M A-12 PF 

CHEM_2228 Castanediella sp. M A-15 PF 

CHEM_2441 Cephalotrichum gorgonifer V C MC 

CHEM_2254 Chaetomium sp. T A-20 PF 

CHEM_2707 Chaetothyriales  T K-27 PF 

CHEM_1748 Chloridium sp.  V  DO 

CHEM_1929 Chloridium sp.    DO 

CHEM_1833 Chromelosporium sp. V  DO 

CHEM_2112 Cladophialophora aff. chaetospirea T Mock #1  PF 

CHEM_2643 Cladophialophora sp.  T J-29 PF 

CHEM_2731 Cladophialophora sp. 2  M L-4 PF 

CHEM_2261 Cladosporium spp. T A-34 PF 

CHEM_2306 Cladosporium spp. T C-10 PF 

CHEM_2391 Cladosporium spp. T F-11 PF 

CHEM_2587 Cladosporium spp. V I-16 PF 

CHEM_2622 Cladosporium spp. M J-31 PF 

CHEM_2627 Cladosporium spp. T J-8 PF 
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CHEM_2656 Cladosporium spp. V J-13 PF 

CHEM_2672 Cladosporium spp. M K-8 PF 

CHEM_2710 Cladosporium spp. V K-4 PF 

CHEM_2396 Cladosporium velox T F-16 PF 

CHEM_2625 Claussenomyces sp. T J-4 PF 

CHEM_2680 Claussenomyces sp. M K-16 PF 

CHEM_2130 Clitopilus sp. L Mock #2 PF 

CHEM_2205 Clitopilus sp. V A-20 PF 

CHEM_2235 Clitopilus sp. M A-26 PF 

CHEM_2326 Clitopilus sp. M C-22 PF 

CHEM_2335 Clitopilus sp. V D-14 PF 

CHEM_2403 Clonostachys rosea V E MC 

CHEM_2401 Codinea sp. Nielson wood  MC 

CHEM_2203 Coniochaeta aff. hoffmanii V A-18 PF 

CHEM_2297 Coniochaeta hoffmanii V C-11 PF 

CHEM_2298 Coniochaeta pruni V C-12 PF 

CHEM_2121 Coniochaeta sp. L  PF 

CHEM_2638 Coniochaeta sp. T J-21 PF 

CHEM_2671 Coniochaeta sp. M K-7 PF 

CHEM_2800 Coniochaeta sp. T L-BLUE PF 

CHEM_2689 Coniochaeta sp.  T K-4 PF 

CHEM_2760 Coniochaeta sp. 1 T L-9 PF 

CHEM_2762 Coniochaeta sp. 2 T L-12 PF 

CHEM_2764 Coniochaeta sp. 3 T L-16 PF 

CHEM_2771 Coniochaeta sp. 4 T L-27 PF 

CHEM_2289 Coniochaeta velutina V C-1 PF 

CHEM_2349 Coniochaeta velutina M D-14 PF 

CHEM_2372 Coniochaeta velutina M E-13 PF 

CHEM_2584 Coniochaeta velutina V I-7 PF 

CHEM_2730 Coniochaeta velutina M L-3 PF 

CHEM_2758 Coniochaeta velutina T L-5 PF 
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CHEM_2184 Conioscypha sp. T G-13 PF 

CHEM_2204 Conioscypha sp. V A-19 PF 

CHEM_2240 Conioscypha sp. M A-31 PF 

CHEM_2301 Coniothyrium pyrinum T C-5 PF 

CHEM_1733 Cosmospora/Pseudocosmospora spp.  L  MC 

CHEM_2134 Cosmospora/Pseudocosmospora spp.  L Mock #2  PF 

CHEM_2238 Cosmospora/Pseudocosmospora spp.  M A-29 PF 

CHEM_2255 Cosmospora/Pseudocosmospora spp.  T A-23 PF 

CHEM_2322 Cosmospora/Pseudocosmospora spp.  M C-17 PF 

CHEM_2338 Cosmospora/Pseudocosmospora spp.  M D-1 PF 

CHEM_2363 Cosmospora/Pseudocosmospora spp.  M E-2 PF 

CHEM_2402 Cosmospora/Pseudocosmospora spp.  V E MC 

CHEM_2543 Cosmospora/Pseudocosmospora spp.  V H-20 PF 

CHEM_2551 Cosmospora/Pseudocosmospora spp.  M I-2 PF 

CHEM_2595 Cosmospora/Pseudocosmospora spp.  V I-25 PF 

CHEM_2657 Cosmospora/Pseudocosmospora spp.  V J-15 PF 

CHEM_2674 Cosmospora/Pseudocosmospora spp.  M K-10 PF 

CHEM_2732 Cosmospora/Pseudocosmospora spp.  M L-5 PF 

CHEM_2784 Cosmospora/Pseudocosmospora spp.  V L-12 PF 

CHEM_2921 Cosmospora/Pseudocosmospora spp.  M I MC 

CHEM_2124 Crinula caliciiformis T  DO 

CHEM_2323 Cryptendoxyla hypophloia M C-18 PF 

CHEM_1928 Cryptostroma corticale T  DO 

CHEM_2192 Cryptostroma corticale V A-4 PF 

CHEM_2345 Cryptostroma corticale M D-9 PF 

CHEM_2360 Cryptostroma corticale T D-12 PF 

CHEM_2368 Cryptostroma corticale M E-9 PF 

CHEM_2767 Cucurbitariaceae T L-23 PF 

CHEM_1734 Cylindrocarpon sp L  MC 

 Cytospora sp. T  culture contaminant 

CHEM_2623 Cytospora sp. T J-1 PF 
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CHEM_2729 Cytospora sp. M L-2 PF 

CHEM_2305 Cytospora sp. T C-9 PF 

CHEM_2390 Cytospora sp. T F-10 PF 

CHEM_2152 Dactylaria acerina V D MC 

CHEM_1735 Dactylaria fusarioidea  L  MC 

CHEM_1751 Dactylaria fusarioidea  M  DO 

CHEM_2629 Dactylospora sp. T J-11 PF 

CHEM_2724 Dactylospora sp. V K-28 PF 

CHEM_2747 Dactylospora sp. M L-27 PF 

CHEM_2774 Dactylospora sp. T L-30 PF 

CHEM_2395 Debaryomyces hansenii T F-15 PF 

CHEM_2523 Delitschia aff. chaetomioides M H-1 PF 

CHEM_2606 Dendrophoma cytisporioides M J-4 PF 

CHEM_1841 Dictyosporium sp. M  DO 

CHEM_2299 Didymellaceae T C-1 PF 

CHEM_2675 Didymellaceae M K-11 PF 

CHEM_2183 Didymellaceae B  T G-12 PF 

CHEM_2307 Didymellaceae B  T C-12 PF 

CHEM_2443 Dinemasporium sp. C C-X PF 

CHEM_1750 Diploccocum sp. M  DO 

CHEM_2233 Diplococcum sp. M A-24 PF 

CHEM_1784 Distoseptispora sp. T  MC 

CHEM_2125 Distoseptispora sp. M  DO 

CHEM_2453 Distoseptispora sp. McCarthy wood  MC 

CHEM_2495 Distoseptispora sp.    

CHEM_2817 Distoseptispora sp. M  MC 

CHEM_2844 Distoseptispora sp. V  MC 

CHEM_2144 Ellisembia leptospora Mcnamara Trails  MC 

CHEM_2146 Ellisembia sp. Nielson ood  MC 

CHEM_2211 Elsinoë sp. V A-31 PF 

CHEM_2681 Elsinoë sp. M K-18 PF 
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CHEM_1743 Epicoccum nigrum T  DO 

CHEM_2369 Epicoccum nigrum M E-10 PF 

CHEM_2392 Epicoccum nigrum T F-12 PF 

CHEM_2733 Epicoccum nigrum M L-6 PF 

CHEM_2835 Epicoccum nigrum T H-4 PF 

CHEM_2378 Eutypella parasitica V E-3 PF 

CHEM_2659 Eutypella parasitica V J-19 PF 

CHEM_1835 Excipularia fusispora M  MC 

CHEM_2209 Exophiala bergeri V A-28 PF 

CHEM_2311 Exophiala bergeri M C-1 PF 

CHEM_2530 Exophiala bergeri M H-12 PF 

CHEM_2571 Exophiala bergeri T I-8 PF 

CHEM_2634 Exophiala bergeri T J-17 PF 

CHEM_2736 Exophiala bergeri M L-9 PF 

CHEM_2757 Exophiala bergeri T L-4 PF 

CHEM_2196 Exophiala moniliae V A-10 PF 

CHEM_2545 Exophiala moniliae V H-23 PF 

CHEM_2743 Exophiala moniliae M L-16 PF 

CHEM_2778 Exophiala moniliae V L-4 PF 

CHEM_2315 Exophiala moniliae M C-7 PF 

CHEM_2098 Exophiala oligosperma T Mock #1  PF 

CHEM_2190 Exophiala ramicatena V A-2 PF 

CHEM_2275 Exophiala ramicatena M B-13 PF 

CHEM_2579 Exophiala ramicatena T I-22 PF 

CHEM_2599 Exophiala ramicatena V I-31 PF 

CHEM_2612 Exophiala ramicatena M J-13 PF 

CHEM_2626 Exophiala ramicatena T J-5 PF 

CHEM_2554 Exophiala ramicatena M I-5 PF 

CHEM_2250 Exophiala sp. 1 T A-16 PF 

CHEM_2607 Exophiala sp. 2 M J-5 PF 

CHEM_2589 Exophiala xenobiotica V I-18 PF 
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CHEM_2296 Fragosphaeria purpurea V C-10 PF 

CHEM_2180 Fragosphaeria purpurea T G-9 PF 

CHEM_2093 Fusarium spp. T Mock #1 PF 

CHEM_2170 Fusarium spp. T E-10 PF 

CHEM_2333 Fusarium spp. V D-9 PF 

CHEM_2598 Fusarium spp. V I-30 PF 

CHEM_2801 Fusarium spp. T K-1 PF 

CHEM_2576 Fusarium spp. T I-19 PF 

CHEM_2742 Geotrichum sp. M L-15 PF 

CHEM_2380 Gliomastix tumulicola V E-5 PF 

CHEM_2153 Graphium aff. kuroshium  V A MC 

CHEM_2078 Haplotrichum conspersum M  MC 

CHEM_2082 Helicoma minutissima L  DO 

CHEM_2077 Helicoma sp. M  MC 

CHEM_1746 Helicomyces roseus V  DO 

CHEM_2804 Helicomyces roseus M J MC 

CHEM_1730 Helicosporium griseum L  MC 

CHEM_1749 Helicosporium griseum V  DO 

CHEM_1745 Helicosporium sp. T  DO 

CHEM_1781 Helicosporium sp. M  MC 

CHEM_2105 Helicosporium sp. M  MC 

CHEM_2916 Helicosporium sp. M L MC 

CHEM_2583 Helicosporium sp. V I-5 PF 

CHEM_2247 Helotiaceae T A-8 PF 

CHEM_2220 Hydropisphaeria fungicola M A-7 PF 

CHEM_2215 Hyphochytrium catenoides M B-1 PF 

CHEM_2722 Hypomyces aurantius V K-25 PF 

CHEM_2535 Hypoxylon sp. V H-6 PF 

CHEM_2140 Hypoxylon submonticulosum L Mock #2 PF 

CHEM_2221 Hysteriobrevium sp. M A-8 PF 

CHEM_2593 Hysteriobrevium sp. V I-23 PF 
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CHEM_2604 Hysteriobrevium sp. M J-1 PF 

CHEM_2158 Hysterium angustatum L Mock #2  PF 

CHEM_2177 Hysterium angustatum T G-6 PF 

CHEM_2503 Hysterium angustatum L  DO 

CHEM_2513 Hysterium angustatum M  DO 

CHEM_2521 Hysterium angustatum   DO 

CHEM_2270 Hysterium sp. M B-2 PF 

CHEM_2446 Hysterium sp. L Mock #2 PF 

CHEM_2620 Hysterium sp. M J-29 PF 

CHEM_2169 Irpex lacteus T E-9 PF 

CHEM_2079 Isaria farinosa M  DO 

CHEM_1731 Junewangia sp. L  MC 

CHEM_2096 Kalmusia longispora T Mock #1  PF 

CHEM_2385 Kalmusia longispora T F-3 PF 

CHEM_2692 Kalmusia longispora T K-11 PF 

CHEM_2552 Keissleriella sp. M I-3 PF 

CHEM_2709 Kirschsteiniothelia aff. submersa V K-2 PF 

CHEM_2348 Kretzschmaria hedjaroudei M D-13 PF 

CHEM_2371 Kretzschmaria hedjaroudei M E-12 PF 

CHEM_2499 Lachnum sp. L  DO 

CHEM_2157 Lasiosphaeris sp. L Mock #2 PF 

CHEM_2925 Lecanicillium psalliotae T L MC 

CHEM_2370 Lentitheciaceae M E-11 PF 

CHEM_2438 Leotiomycetes M  DO 

CHEM_2455 Leotiomycetes  L   

CHEM_2377 Leptodontidium elatius M E-21 PF 

CHEM_2447 Leptodontidium elatius T E-12 PF 

CHEM_2673 Libertascomyces sp. M K-9 PF 

CHEM_2516 Lophiostoma sp. M  DO 

CHEM_2179 Lophiotrema rubi T G-8 PF 

CHEM_2309 Lophiotrema rubi T C-14 PF 



[Tapez ici] 
 

118 
 

CHEM_2316 Lophiotrema rubi M C-8 PF 

CHEM_2691 Lophiotrema rubi T K-9 PF 

CHEM_2116 Marquandomyces marquandii L Mock #2 PF 

CHEM_2769 Melogramma sp. T L-25 PF 

CHEM_2214 Menispora glauca T  PF 

CHEM_2440 Menispora glauca M  DO 

CHEM_2700 Microcera larvarum T K-21 PF 

CHEM_2789 Microcera larvarum V L-19 PF 

CHEM_2279 Microcera sp. T B-3 PF 

CHEM_2083 Monodictys sp. L  DO 

CHEM_1736 Monodictys sp. L  MC 

CHEM_2512 Monodictys sp. M  DO 

CHEM_2917 Monodictys sp. M J MC 

CHEM_2923 Monodictys sp. V I MC 

CHEM_2337 Montagnula opulenta V D-16 PF 

CHEM_2515 Morrisographium ulmi M  DO 

CHEM_2820 Morrisographium ulmi M  MC 

CHEM_2821 Morrisographium ulmi M I MC 

CHEM_2927 Morrisographium ulmi V K MC 

CHEM_2226 Mortierella alpina M A-13 PF 

CHEM_2331 Mortierella sp.  V D-6 PF 

CHEM_2508 Navicella elegans L  DO 

CHEM_2505 Navicella elegans (as Monodictys sp.) L  DO 

CHEM_2832 Nectriaceae T K-28 PF 

CHEM_2324 Nectriopsis exigua M C-19 PF 

CHEM_2351 Nectriopsis exigua T D-2 PF 

CHEM_2229 Neocucurbitaria acerina M  A-17 PF 

CHEM_2695 Neocucurbitaria acerina T K-14 PF 

CHEM_2748 Neocucurbitaria acerina M L-28 PF 

CHEM_2795 Neocucurbitaria acerina V L-27 PF 

CHEM_2239 Neocucurbitaria cava M A-30 PF 



[Tapez ici] 
 

119 
 

CHEM_2591 Neocucurbitaria juglandicola V I-20 PF 

CHEM_2191 Neocucurbitaria sp. V A-3 PF 

CHEM_2585 Neocucurbitaria sp. V I-11 PF 

CHEM_2596 Neocucurbitaria sp. 2 V I-26 PF 

CHEM_2090 Neocucurbitaria unguis-hominis T Mock #1  PF 

CHEM_2131 Neocucurbitaria unguis-hominis L Mock #2 PF 

CHEM_2217 Neocucurbitaria unguis-hominis M A-4 PF 

CHEM_2249 Neocucurbitaria unguis-hominis T A-15 PF 

CHEM_2393 Neocucurbitaria unguis-hominis T F-13 PF 

CHEM_2540 Neocucurbitaria unguis-hominis V H-13 PF 

CHEM_2573 Neocucurbitaria unguis-hominis T I-13 PF 

CHEM_2624 Neocucurbitaria unguis-hominis T J-3 PF 

CHEM_2720 Neocucurbitaria unguis-hominis V K-21 PF 

CHEM_2528 Neoocultibambusa sp. M H-10 PF 

CHEM_2714 Neosetophoma cerealis V K-11 PF 

CHEM_2092 Nigrograna aff. antibiotica T Mock #1  PF 

CHEM_2193 Nigrograna aff. antibiotica V A-6 PF 

CHEM_2650 Nigrograna aff. antibiotica V J-5 PF 

CHEM_2609 Nigrograna obliquum M J-8 PF 

CHEM_2162 Nigrograna rubescens T E-3 PF 

CHEM_2266 Nigrograna rubescens V B-10 PF 

CHEM_2344 Nigrograna rubescens M D-8 PF 

CHEM_2445 Nigrograna rubescens V D-10 PF 

CHEM_2787 Nigrograna rubescens  V L-17 PF 

CHEM_2605 Nigrograna sp. M J-3 PF 

CHEM_2654 Nigrograna sp. V J-9 PF 

CHEM_1783 Nodulisporium sp. M  DO 

CHEM_2838 Nodulisporium sp. V L MC 

CHEM_2114 Nothophaeomoniella ekebergiae  T Mock #1  PF 

CHEM_2213 Nothophaeomoniella ekebergiae  V A-33 PF 

CHEM_2318 Nothophaeomoniella ekebergiae  M C-12 PF 
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CHEM_2527 Nothophaeomoniella ekebergiae  M H-9 PF 

CHEM_2539 Nothophaeomoniella ekebergiae  V H-12 PF 

CHEM_2586 Nothophaeomoniella ekebergiae  V I-12 PF 

CHEM_2696 Nothophaeomoniella ekebergiae  T K-15 PF 

CHEM_2173 Ophiostomataceae T G-2 PF 

CHEM_2678 Ophiostomatales  M K-14 PF 

CHEM_2728 Orbilia sp. M L-1 PF 

CHEM_2135 Ovicilium sp. L Mock #2 PF 

CHEM_2251 Oxyporus sp. T A-17 PF 

CHEM_2236 Paecilomyces aff. formosus M A-27 PF 

CHEM_2263 Paraconiothyrium brasiliense V B-1 PF 

CHEM_2647 Paraconiothyrium brasiliense V J-2 PF 

CHEM_2694 Paraconiothyrium brasiliense T K-13 PF 

CHEM_2245 Parafenestella sp. T A-6 PF 

CHEM_2676 Parafenestella sp. M K-12 PF 

CHEM_2718 Parafenestella sp. V K-19 PF 

CHEM_2745 Parafenestella sp. M L-18 PF 

CHEM_2197 Parathyridaria robiniae V A-11 PF 

CHEM_2272 Parathyridaria robiniae M B-9 PF 

CHEM_2669 Parathyridaria sp. M K-5 PF 

CHEM_2189 Parathyridariella sp. V A-1 PF 

CHEM_2280 Parathyridariella sp. T B-4 PF 

CHEM_2084 Paspalomyces aureus Parc de la rivière Lorette DO 

CHEM_2830 Penicillium bialowiezense T I-27 PF 

CHEM_2364 Penicillium brevicompactum M E-5 PF 

CHEM_2382 Penicillium glandicola V E-8 PF 

CHEM_2207 Penicillium pancosmium V A-24 PF 

CHEM_2332 Penicillium pancosmium V D-7 PF 

CHEM_2582 Penicillium pancosmium T I-3 PF 

CHEM_2809 Penicillium pancosmium V I-10 PF 

CHEM_2827 Penicillium pancosmium M H-14 PF 
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CHEM_2737 Penicillium pancosmium M L-10 PF 

CHEM_2777 Penicillium rubens V L-3 PF 

CHEM_2663 Penicillium sect. thysanophora  V J-26 PF 

CHEM_2715 Penicillium sp. nov. 1 V K-12 PF 

CHEM_2781 Penicillium sp. nov. 2 V L-8 PF 

CHEM_2165 Penicillium sumatrense T E-5 PF 

CHEM_2415 Penicillium thomii M C-27 PF 

CHEM_2827 Penicillium thomii M H-14 PF 

CHEM_2744 Petriella guttulata M L-17 PF 

CHEM_2703 Phacidium sp. T K-24 PF 

CHEM_2336 Phaeoacremonium aff. scolyti V D-15 PF 

CHEM_2095 Phaeoacremonium fraxinopennsylvanica T Mock #1  PF 

CHEM_2223 Phaeoacremonium fraxinopennsylvanica M A-10 PF 

CHEM_2243 Phaeoacremonium fraxinopennsylvanica T A-2 PF 

CHEM_2273 Phaeoacremonium fraxinopennsylvanica M B-10 PF 

CHEM_2314 Phaeoacremonium fraxinopennsylvanica M C-5 PF 

CHEM_2358 Phaeoacremonium fraxinopennsylvanica T D-9 PF 

CHEM_2713 Phaeoacremonium fraxinopennsylvanica V K-10 PF 

CHEM_2788 Phaeoacremonium fraxinopennsylvanica V L-18 PF 

CHEM_2373 Phaeoacremonium inflatipes M E-16 PF 

CHEM_2129 Phaeoacremonium sp. L Mock #2 PF 

CHEM_2330 Phaeoacremonium sp. V D-2 PF 

CHEM_2679 Phaeoacremonium sp. M K-15 PF 

CHEM_1780 Phaeoacremonium sp. M  MC 

CHEM_2258 Phaeoisaria fasciculata T A-29 PF 

CHEM_1740 Phialocephala oblonga T  isolated from 
teleomorph 

CHEM_2185 Phialophora americana T G-14 PF 

CHEM_2542 Phialophora americana V H-19 PF 

CHEM_2740 Phoma sp. M L-13 PF 

CHEM_1931 Plectosphaerellaceae 1   Dominion arboretum  culture contaminant 
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CHEM_1932 Plectosphaerellaceae 2  Dominion arboretum  culture contaminant 

CHEM_2106 Pleomonodictys sp. M  DO 

CHEM_1782 Pleomonodictys sp. Blom property  DO 

CHEM_1930 Pleomonodictys sp. T  DO 

CHEM_2150 Pleomonodictys sp. M  DO 

CHEM_2506 Pleomonodictys sp. L  DO 

CHEM_2635 Pleosporales T J-18 PF 

CHEM_2766 Pleurotheciales  T L-20 PF 

CHEM_2822 Pleurotheciales  M I-22 PF 

CHEM_1754 Pleurothecium recurvatum M  MC 

CHEM_2756 Proliferodiscus sp. T L-2 PF 

CHEM_1927 Prosthecium sp. T  DO 

CHEM_2563 Protoventuria sp. M I-19 PF 

CHEM_2195 Psathyrella candolleana V A-8 PF 

CHEM_2407 Pseudobotrys terrestris M B MC 

CHEM_2840 Pseudodictyosporium wauense M H MC 

CHEM_2219 Pseudogymnoascus sp. M A-6 PF 

CHEM_2653 Pseudogymnoascus sp. V J-8 PF 

CHEM_2642 Pseudogymnoascus sp. T J-26 PF 

CHEM_2148 Pseudolachnea sp. V  DO 

CHEM_2199 Pyrenochaeta sp. V A-13 PF 

CHEM_2310 Querciphoma carteri T C-15 PF 

CHEM_2384 Querciphoma carteri T F-2 PF 

CHEM_2538 Querciphoma carteri V H-9 PF 

CHEM_2631 Querciphoma carteri T J-14 PF 

CHEM_2670 Querciphoma carteri M K-6 PF 

CHEM_1747 Reticulascus clavatus V  DO 

CHEM_2406 Rhinocladiella quercus T E culture contaminant 

CHEM_1787 Rhinocladiella quercus V  DO 

CHEM_2541 Rhinocladiella sp. V H-17 PF 

CHEM_2302 Rhinocladiella sp.  T C-6 PF 
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CHEM_2187 Rhinocladium dingleyae   MC 

CHEM_2557 Rousoella sp. M I-13 PF 

CHEM_2693 Sclerococcales  T K-12 PF 

CHEM_2218 Sclerostagonospora sp.  M A-5 PF 

CHEM_2926 Scytalidium sp. T J MC 

CHEM_2452 Simplicillium lanosoniveum Mer bleu forest  MC 

CHEM_1789 Spadicoides atra L  MC 

CHEM_2145 Spadicoides atra Gillies grove  DO 

CHEM_2080 Spadicoides bina Jack pine trail  MC 

CHEM_2412 Spadicoides bina M  MC 

CHEM_2919 Spadicoides bina M I MC 

CHEM_2920 Spadicoides bina M J MC 

CHEM_2409 Sphaerosporium lignatile M  DO 

CHEM_2640 Sporidesmium sp. A T J-25 PF 

CHEM_2823 Sporidesmium sp. B M L-35 PF 

CHEM_2791 Sporidesmium sp. B  V L-21 PF 

CHEM_2677 Sporothrix sp. M K-13 PF 

CHEM_2256 Talaromyces aff. heiheensis T A-26 PF 

CHEM_2825 Talaromyces albobiverticillius T L MC 

CHEM_2628 Teichospora sp. T J-9 PF 

CHEM_2785 Teichospora sp. V L-15 PF 

CHEM_2136 Thelebolales L Mock #2 PF 

CHEM_2553 Thermomyces lanuginosus M I-4 PF 

CHEM_2160 Thyridariella sp. T E-1 PF 

CHEM_2262 Tolypocladium sp. T A-35 PF 

CHEM_2281 Tolypocladium sp. T B-6 PF 

CHEM_2295 Tolypocladium sp. V C-9 PF 

CHEM_2362 Tolypocladium sp. M E-1 PF 

CHEM_2641 Tolypocladium sp. T J-26 PF 

CHEM_2739 Tremella indecorata M L-12 PF 

CHEM_2329 Tremellomycetes  M C-25 PF 
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CHEM_2567 Tremellomycetes  T I-1 PF 

CHEM_2172 Trichoderma deliquescens T G-1 PF 

CHEM_2353 Trichoderma deliquescens T D-4 PF 

CHEM_2099 Trichoderma sp. T Mock #1  PF 

CHEM_2154 Trichoderma sp. L Mock #2 PF 

CHEM_2176 Trichoderma sp. T G-5 PF 

CHEM_2230 Trichoderma sp. M A-19 PF 

CHEM_2291 Trichoderma sp. V C-4 PF 

CHEM_2334 Trichoderma sp. V D-13 PF 

CHEM_2340 Trichoderma sp. M D-4 PF 

CHEM_2379 Trichoderma sp. V E-4 PF 

CHEM_2389 Trichoderma sp. T F-9 PF 

CHEM_2404 Trichoderma sp. V D MC 

CHEM_2414 Trichoderma sp. M E MC 

CHEM_2532 Trichoderma sp. V H-1 PF 

CHEM_2556 Trichoderma sp. M I-11 PF 

CHEM_2574 Trichoderma sp. T I-15 PF 

CHEM_2630 Trichoderma sp. T J-12 PF 

CHEM_2668 Trichoderma sp. M K-1 PF 

CHEM_2717 Trichoderma sp. V K-14 PF 

CHEM_2776 Trichoderma sp. V L-1 PF 

CHEM_2806 Trichoderma sp. V I-6 PF 

CHEM_1786 Trichothecium roseum T  MC 

CHEM_2227 Triseptata sp. M A-14 PF 

CHEM_2277 Triseptata sp. T B-1 PF 

CHEM_2292 Triseptata sp. V C-5 PF 

CHEM_2780 Triseptata sp. V L-7 PF 

CHEM_2201 Umbelopsis isabellina V A-15 PF 

CHEM_2284 Umbelopsis isabellina T B-9 PF 

CHEM_2575 Umbelopsis isabellina T I-17 PF 

CHEM_2442 Umbelopsis isabellina D D-3 PF 
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CHEM_2182 Umbelopsis ramanniana  T G-11 PF 

CHEM_2287 Umbelopsis ramanniana  T B-13 PF 

CHEM_2346 Umbelopsis ramanniana  M D-10 PF 

CHEM_2304 Umbelopsis sp. T C-8 PF 

CHEM_2765 Umbelopsis sp. T L-19 PF 

CHEM_2496 Veronaea japonicum L  MC 

CHEM_2918 Verticimonosporium sp.  M H MC 

CHEM_2841 Wardomyces humicola V K MC 

CHEM_1840 Xylocoremium flabelliforme M  DO 

CHEM_2753 Xylohypha sp. M L-32 PF 

CHEM_2399 Xylohypha sp. V E MC 
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2.6.4 List of fungi observed but not isolated during the second round of particle filtration 

Table 2.4. List of fungi observed and identified based on morphology, but not isolated during the 

second round of particle filtration, location (acronyms used: McCarthy forest = M; Tryon road 

woodlot = T; Vanier MuseoPark = V and tree number. 

species name site 
tree 
num. 

Acanthostigma sp. T I 

Acremonium sp. T K 

Acremonium sp. V L 

Arthrobotrys sp. M L 

Chaetomium sp. V K 

Chalara sp. M K 

Coniochaeta sp.? T I 

Cryptendoxyla hypophloia M I 

Cryptendoxyla hypophloia M J 

Dactylaria fusarioidea M H 

Dictyosporum sp. V I 

Ellisembia sp. M J 

Ellisembia sp. T K 

Graphis scripta V H 

Graphium sp. V K 

Helicomyces roseus M J 

Hysterium angustatum M H 

Hysterium angustatum M I 

Hysterium angustatum T H 

Hysterium angustatum T I 

Hysterium angustatum V I 

Junewangia sp. V J 

Lojkania melasperma M H 

Monodictys sp. T I 

Morrisographium ulmi M H 

Morrisographium ulmi M J 

Morrisographium ulmi M K 

Morrisographium ulmi M L 

Morrisographium ulmi T J 

Morrisographium ulmi V J 

Mortierella sp. T H 

Neta sp. M J 

Paecilomyces sp. M I 

Phoma-like M H 

Phoma-like M I 
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Phoma-like M J 

Phoma-like T H 

Phoma-like T I 

Phoma-like T J 

Phoma-like T k 

Phoma-like T L 

Phoma-like V H 

Phoma-like V I 

Phoma-like V L 

Rebentischia sp. M I 

Spadicoides bina M K 

Togninia sp? M J 

Trichoderma sp. T L 

Trichoderma sp. V I 

Trichoderma sp. V K 

Trichoderma sp. V L 

 

2.6.5 Media used in this study  

Malt Extract Agar (MEA) 

Ingredients for 1 liter 

Agar–15 g 

Malt extract–290g  

Peptone–1 g  

Dextrose–20 g 

Trace elements–1 ml 

Distilled water–1 L 

 

 

Yeast Extract Agar (YEA) 

 

Ingredients for 1 liter 

 

Yeast extract–6 g 

Dextrose–20 g 

KH2PO4 (Potassium dihydrogen phosphate)–1 g 

Amino acid nitrogen bases–400 mg  

Agar–15 g 

Distilled water–1 L  

 

 

Trace elements 

 

Ingredients for 100 ml 
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ZnSO4 7H20 (Zinc sulphate, heptahydrate)–1 g 

CuSO4 5H20 (Copper sulphate, pentahydrate)–0.5 g 

Distilled water–100 ml 

 

 

* 100mg/L of chloramphenicol can be added to any of these media if necessary 

2.6.6 Sporulation assay for fungi on ASBA 

Table 2.5: Sporulation of selected fungi when grown on ASBA with various concentration of 

bark and sucrose. Values of + denote poor sporulation and ++++ profuse sporulation, - denote 

lack of sporulation.  

 Growth condition (bark (g)/500ml - sucrose (g)/500 ml (MEA as control) 

species name and culture age (day) 5-0  5-5 10-0 10-5 25-0 25-5 50-0 50-5 MEA 

Alternaria sp. (4d) + + + + + + + + or ++ +++ 

Schizophyllum commune (4d) - - - - - - - - - 

Botryotrichum-like - - - - - - or + - - or + - or + 

Beauveria pseudobassiana (7d) ++ ++ ++ or +++ + or ++ +++ ++ +++ ++ or +++ +++ 

Trichothecium roseum (7d) + + ++ + ++ ++ +++ ++ or +++ +++ 

Bactridium flavum (7d) - - - - - - - - - 

Querciphoma carteri (7d) - - - - or + - - - - ++ 

Atractium stilbaster (30d) + - or + + - + ++ + ++ +++ 

Cryptocoryneum condensatum (30d) - - - - - - - - - 
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Chapter 3: Two novel and unusual 

Pleosporalean fungi isolated from the bark of 

Acer saccharum 
 

3.1 Introduction 

The order Pleosporales is the largest of the Dothideomycetes, containing 75 families. The 

Pleosporales are cosmopolitan, found in diverse habitats and have diverse lifestyles including 

saprophytes and parasitic on other fungi. Most Pleosporales produce conidiomatous anamorphs 

(when known) although some species also produce hyphomycetous anamorphs. Pleosporalean 

teleomorphs are highly variable but typically produce perithecia with bitunicate asci and 

numerous spore morphologies. (Hongsanan et al. 2020). During a survey documenting the 

culturable microfungi from the bark of the Sugar Maple (Acer saccharum), two unusual 

Pleosporalean fungi, belonging to the families Nigrogranaceae and Lophiotremataceae, were 

commonly isolated and found to be unique based on both their morphological characters and 

molecular phylogenetic analyses.  

The family Lophiotremataceae was introduced in 2011 for the genus Lophiotrema 

(Hirayama and Tanaka 2011). It was revised and expanded by Hashimoto et al. (2017) to 

accommodate several novel genera such as Atrocalyx, a new genus proposed for Lophiotrema 

lignicola, which was found to be distinct from Lophiotrema. Hashimoto (2017) also described a 

new species, Atrocalyx acutisporus. Both species produce a teleomorph characterized by the 

production of small, immersed perithecia with large crest-like ostiolar necks and single septate 

ascospores surrounded by a conspicuous sheath, and for A. acutisporus, a coelomycetous asexual 
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morph in culture. Currently, the genus contains nine species (Index fungorum 2022), all of which, 

apart from A. quercus, have a known teleomorphic state (Hyde et al. 2020). Coelomycetous 

anamorphs have been reported in A. acutisporus, A krabiensis and A. quercus (Hashimoto et al. 

2017; jayasiri et al. 2019; Hyde et al. 2020). The ecology and host specificity relationships of 

Atrocalyx spp. are largely unknown although they appear to be commonly isolated from woody 

substrates and occasionally from seed pods and bamboos. Currently, members of this genus have 

only been reported from Europe and Asia.  

The genus Nigrograna was introduced for the medically important anamorphic species 

previously known as Pyrenochaeta mackinonii, which causes eumycetomas in humans (De 

Gruyter et al. 2013). Ahmed et al. (2014) then transferred N. mackinonii to the teleomorphic 

genus Biatriospora, noting similar DNA sequences and the lack of known anamorphic state for 

B. marina. The family Nigrogranaceae was introduced by Jaklitsch and Voglmayr (2016) to 

accommodate N. mackinonii, after discovering that newly discovered teleomorphs closely to N. 

mackinonii were dissimilar to B. marina. Kolařík et al. (2017) described four non-sporulating 

species of Biatriospora following the Ahmed et al. (2014) concept. Kolařík (2018) subsequently 

transferred these species to Nigrograna.  

Currently, Nigrograna contains 20 species (Index Fungorum 2022), isolated from various 

habitats such as wood, hive-stored pollen, stromatic fungi, eumycetomas and as endophytes of 

healthy trees. Most species are morphologically very similar and cryptic, producing perithecia on 

the substrate with brown three septate spores lacking gelatinous sheets. Some species, such as N. 

fuscidula, N. mycophila, N. magnoliae, N. samueliana and N. rhizophorae, also produce 

coelomycetous states on the natural substrate, while N. mackinonii produce a coelomycetous 

morph in culture (De Gruyter et al. 2013; Jaklitsch and Voglmayr 2016; Dayarathne et al. 2020; 
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Wanasinghe et al. 2020). Some species, such as N. antibiotica, produce numerous secondary 

metabolites that inhibit the fast-growing fungus Pyronema domesticum and actin cytoskeleton 

formation in human cells (Stodůlková et al. 2015). 

In this chapter. the novel species, Atrocalyx glutinosum and Nigrograna rubescens, are 

described. Colony morphologies of axenic cultures on various media for both species are 

described, and morphological characters of their asexual state obtained in culture are compared to 

other species in their respective genus. The novelty of both species is also supported by multi-

gene phylogenetic analyses including ribosomal (including intergenic spaces) and protein coding 

genes. These two species provide the first reports of both Nigrograna and Atrocalyx species in 

North America, expanding the knowledge of the range and ecology of these genera.    

 

3.2 Methods  

Specimen collection 

The specimens used in this study were obtained using methods discussed in chapter 2, from 

samples collected at the Tryon woodlot, McCarthy Woods and Vanier Museopark. 

Morphological analysis  

To observe the morphological characters of the novel species, four representative axenic 

cultures of each species, sharing common morphology and sequences of the Internal transcribed 

spacer (ITS) locus, were subcultured on Malt Extract Agar (MEA) using the recipe provided in 

chapter 2 with the exclusion of chloramphenicol. Potato Dextrose Agar (PDA) was prepared by 

mixing 39g/L of Potato Dextrose agar (BDH) with 1 L of water and 1 mL of trace elements (as 
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described in chapter 2). All cultures were incubated in darkness at either 20°C or 25°C, for 28 

days. For further characterization of the ex-type cultures, additional media such as Corn Meal 

Agar (CMA), Dichloran Glycerol Agar (DG18) and Yeast Extract Sucrose (YES) were used 

(recipes provided in appendix 3.6.1). To determine cardinal growth temperatures, both ex-type 

cultures were also grown on MEA and PDA at temperatures ranging from 10°C to 30°C with an 

interval of 5°C, and 37°C. Culture diameter was measured every 7 days for 28 days, and culture 

morphology was recorded at day 14 and 28. Colony coloration was determined with the 

alphanumeric codes and names (with initial capitals) used by Kornerup & Wanscher (1976). 

Photographs of cultures in Petri plates were taken using an Olympus Tough TG-5 camera 

(Olympus, Tokyo) with black velvet as a background. For the novel Atrocalyx, three strains 

(CHEM 2138, CHEM 2171 and CHEM 2208), and for the novel Nigrograna, four strains 

(CHEM 2166, CHEM 2269, CHEM 2344, CHEM 2445), were grown on Water Agar 

supplemented with autoclaved pieces of A. saccharum bark (WAM) for approximatively 6 

months, to induce the formation of reproductive structures. Small pieces of cultures were 

mounted on a microscope slide in lactic acid and heated under a flame for five seconds for 

examination of any fungal structures. Cultures were examined using an Olympus SZX12 

dissecting microscope and BX50 compound microscope (Olympus, Tokyo), and photographed 

using Infinity 2 or Infinity X USB microscope cameras, using Infinity Capture software 

(Lumenera, Ottawa). For both species, 50 conidia were measured and up to 10 conidiophore and 

conidiogenous, cells were measured when possible. For each micromorphological structures, the 

length and width were measured and the average, standard error and Q values (length/width) 

were calculated using Excel 2016 (Microsoft, Redmond).  

 



[Tapez ici] 
 

133 
 

DNA extraction, sequencing and analyses 

DNA extraction and amplification of the LSU and ITS loci were completed using the same 

methods described in Chapter 2. A partial sequence of the RNA Polymerase II (RPB2) gene was 

obtained for both new species. The primers used were RPB2–5F and RPB2–7cr (Liu et al. 1999) 

for the Atrocalyx strains, PCR amplification was completed as follows: preheat at 95 °C for 5 

minutes, then 30 cycles of 95°C for 1 minute, 50°C for 2 minutes and 72°C for 2 minutes 

followed by a final round of annealing at 72°C for 10 minutes. For the Nigrograna strains, PCR 

amplification was completed as follows: preheat at 94°C for 15 minutes, and then 35 cycles of 

94°C for 1 minute, 58°C for 1 minute and 72°C for 1 minute, followed by a final round of 

annealing at 72°C for 7 minutes. A partial sequence of the Translation Elongation Factor (TEF) 

gene was also obtained for both species, the primers used were EF 526F, EF 983F, EF 1567R and 

EF 2218 R (Rehner et al. 2005) using the following PCR amplification program: 3 minutes 

preheat at 95°C; a touchdown cycle with a denaturation at 94°C for 30 seconds; annealing at 

66°C for 30 seconds; and extension at 72 °C for 90 seconds, with a decrease of annealing 

temperature of 1°C each cycle until reaching 62°C. Then, there was a decrease of annealing 

temperature of 2°C every two cycles until the annealing temperature reached 56°C. Finally, 

amplification was continued for an additional 31 cycles with an annealing temperature of 50°C. 

However, due to poor amplification, only the section from EF 983F and EF 2218 R was used in 

our phylogenetic analysis.  
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 Table 3.1. GenBank accession number of newly generated sequences generated during this study and from strains used for the 

phylogenetic analyses.  

 

Species strain # Host Country Genbank Acession # Reference 
        ITS LSU EF RPB2   
Anteaglonium 
rubescens T CBS 143911  Pistacia lentiscus Greece NR_164489 MG912910 _ MG912918 

Jaklitsch et al. (2018) 

Aquasubmersa japonica KT2813 Dead wood Japan LC061591 LC061586 _ LC194420 
Hariyawansa et al 
(2015), Hasimoto et 
al. (2017) 

Aq. japonica T KT2862 Dead wood Japan LC061592 LC061587 _ LC194421   “ 

 KT2863 Dead wood Japan LC061593 LC061588 _ LC194422   “ 

Atrocalyx acutisporus T KT 2436 Woody plant Japan LC194475 LC194341 _ LC194423   “ 

A. asturiensis T CBS 143912 Cytisus sp. Spain MG912912 MG912912 _ MG912920 Jaklitsch et al. (2018) 

A. bambusae 
MFLUCC 10-
0558 

Bamboo dead 
stem 

Thailand KX672149 KX672154 _ KX672161 Hyde et al. (2016) 

A. glutinosum T CHEM 2171 Acer saccharum Canada ? ? ? ? This study 

A. glutinosum  CHEM 2224 Acer saccharum Canada ? ? ? ?   “ 

A. glutinosum  CHEM 2721 Acer saccharum Canada ? ? ? ?   “ 

A. glutinosum  CHEM 2761 Acer saccharum Canada ? ? ? ?   “ 

A. krabiensis T 
MFLUCC 18-
0237 

Acacia sp. Thailand NR_163342 NG_066315 _ _ Jayasiri et al. (2019) 

A. lignicola T CBS 122364 Populus sp. wood Belgium NR_153587 MH874736 _ LC194424 
Hashimoto et al. 
(2017) 

A. nordicus CBS 147533 Populus tremula Norway MW759245 MW750374 _ MW762376 
Andreasen et al. 
(2021) 

A. nordicus T CBS 147532 Fraxinus excelsior Norway MW759243 MW750375 _ MW752379   “ 

Biatriospora borsei  T NFCC 4245 Avicenna marina India MK358818 MK358813 MK330938 _ 
Hongsanan et al. 
(2020) 
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B.carollii T CCF 4484 Hevea brasiliensis Peru  LN626657 _ LN626668 LN626662 Kolařík et al. (2017) 

B. marina CY 1228 Mangrove wood Singapore _ GQ925848 GU479848 GU479823 
Suetrong et al. 
(2009) 

B.peruviensis T CCF 4485 Hevea brasiliensis Peru  LN626658 LN626683 LN626671 LN626665 Kolařík et al. (2017) 

Biatriospora yasuniana 

T 
E8604b 

Conceiviba 
guianensis 

Ecuador HQ108005 LN626684 LN626670 LN626664 
Bascon-slack et al. 
(unpublish) Kolařík 
et al. (2017) 

Crassimassarina 
macrospora 

KH 152 Woody plant Japan LC194477 LC194343 _ LC194425 
Hashimoto et al. 
(2017) 

C. macrospora T KT 1764 
Cornus 
controversa 

Japan LC194478 LC194344 _ LC194426   “ 

Cryptoclypeus 
oxysporus T 

KT 2772 Sasa sp. Japan LC194479 LC194345 _ LC194427   “ 

Cr. ryukyuensis AH 342 
Pleioblastus 
linearis 

Japan LC194480 LC194346 _ LC194428   “ 

Cr. ryukyuensis T KT 3534 
Pleioblastus 
linearis 

Japan LC194481 LC194347 _ LC194429   “ 

Cryptocoryneum 
akitaense T 

KT3019 
Rhododendron 
brachycarpum 

Japan NR_153935 LC194348 _ LC194430 
Hashimoto et al. 
(2016), Hashimoto et 
al. (2017) 

Cry. brevicondensatum 
T 

YONE152 Dead wood Japan NR_153936 NG_059034 _ LC194431   “ 

Cry. condensatum CBS 113959 Salix fragilis Sweden LC096156 LC194350 _ LC194432   “ 

 CBS 122629 Plant debris Portugal LC096157 LC194351 _ LC194433   “ 

 CBS 122633 Plant debris Spain LC096158 LC194352 _ LC194434   “ 

Cry. congregatum T KT2892 Fagus crenata Japan NR_153937 NG_069470 _ LC194435   “ 

Cry.japonicum KT2961 Fagus crenata Japan LC096160 LC194355 _ LC194437   “ 

Cry. japonicum T KT3300 Fagus crenata Japan LC096162 LC194356 _ LC194438   “ 

 KT3413 Fagus crenata Japan LC096163 LC194357 _ LC194439   “ 

Cry. longicondensatum KT2913 Fagus crenata Japan NR_153939 NG_069471 _ LC194442   “ 

Cry. paracondensatum T KT 3241 Fagus crenata Japan NR_153940 NG_069472 _ LC194445   “ 
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Cry. pseudorilstonei T CBS 113641 
Elegia 
equsetaceae 

South Africa NR_153941 LC194364 _ LC194446   “ 

Galeaticarpa 
aomoriensis T 

KT 2563 Woody plant Japan NR_154104 NG_059809 _ LC194448 
Hashimoto et al. 
(2017) 

Lophiotrema 
eburnoides T 

KT1424 Vitis coignetiae Japan NR_138014 NG_059801 _ LC194458 
Liu et al (2015), 
Hashimoto et al. 
(2017) 

L.  mucilaginosis T HMAS 255437 Wood litter China NR_164039 MH822890 _ MH822892 
Phookamsak et al. 
(2019) 

L. neoarundinaria KT 856 
Phyllostachys 
bambusoides 

Japan AB524786 AB524596 _ LC194460 
Tanaka et al. (2009), 
Hashimoto et al. 
(2017) 

 KT 1034 
Phyllostachys 
bambusoides 

Japan LC194492 AB524597 _ AB539096 
Tanaka et al. (2009) 
Schoch et al (2009) 

 KT 2200 
phyllostachys 
bambusoides 

Japan AB524787 AB524598 _ AB539097   “ 

L. neohysterioides KT 588 
Phyllostachys 
bambusoides 

Japan LC194494 LC194377 _ LC194462 
Hashimoto et al. 
(2017) 

 KH 17 Woody plant Japan LC194493 LC194376 _ LC194461   “ 

L. nucula CBS 627.86 Acer platanoides Norway LC194497 AB619021 _ LC194465 
Hashimoto et al. 
(2017) Hirayama and 
Tanaka (2011) 

L. vagabundum KH 164 Vitis coignetiae Japan LC194498 AB619022 _ LC194466   “ 

 KH 172 Vitis coignetiae Japan LC194499 AB619023 _ LC194467   “ 

 KT 664 
Unknown woody 
plant 

Japan LC194500 AB619024 _ LC194468   “ 

 KT 3310 Artemisia indica Japan LC194501 LC194378 _ LC194469 
Hashimoto et al. 
(2017) 

Massarina albocarnis CBS 119345 Leucadendron sp. South Africa LC194503 LC194379 _ LC194471   “ 

Nigrograna antibiotica 
T 

CCF 4378 Ulmus laevis Czech Republic NR_158296 NG_058663 JX570934 LN626661 
Stodukolva et al. 
(unpublish), Kolařík 
et al. (2017) 

N. cangshanensis T 
MFLUCC 15-
0253 

Submerged wood China KY511063 KY511064 KY511066 _ 
Tibpromma et al. 
(2017) 
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N. chromolaenae T 
MFLUCC 17-
1437 

Unclear Thailand NR_168877 MT214568 MT394628 MT394691 Mapook et al. (2020) 

N. fuscidula CBS 141476 Sambucus nigra Austria KX650547 KX650547 KX650522 KX650576 
Jaklitsch and 
Voglmayr (2016) 

N. fuscidula T CBS 141556 Sambucus nigra Austria NR_147653 KX650550 KX650525 _   “ 

N. hydei T MFLU18-2073 
Unidentified 
branch 

Thailand NR_172415 MN387227 MN389249 _ Zhang et al. (2020) 

N.  Impatientis T MFLU18-2072 Impatiens sp. Thailand NR_172416 MN387228 MN389250 _   “ 

N. jinghongensis DWX01-2 Dead twig China MZ493304 MZ493317 MZ508413 MZ508421 Boonme et al. (2021) 

 DWX01-3 Dead twig China MZ493303 MZ493318 MZ508412 MZ508422   “ 

N. locuta-pollinis T LC 11685 
Hive-stored 
pollen 

China MF939601 MF939583 MF939613 MF939610 Zhao et al.  

 LC 11690 
Hive- stored 
pollen 

China MF939603 MF939584 MF939614 MF939611   “ 

 LC 11691 
Hive-stored 
pollen 

China MF939602 MF939585 MF939615 MF939612   “ 

N. mackinnonii CBS 110022 
Human superficial 
tissues 

Mexico KF015653 LN907384 KF407986 KF015704 
Ahmed et al. (2014), 
Valenzuela lopez et 
al. (2017) 

 UTHSCD I16-
241 

Human 
mycetoma 

Venezuala LT796847 NG_057838 KF407985 LT797007 
Amhed et al. (2014), 
de Gruyter et al. 
(2010) 

N. mackinnonii T CBS 674.75 
Human 
mycetoma 

Mexico NR_132037 GQ387614 LT797087 KF015703   “ 

N. magnoliae 
MFLUCC 20-
0021 

Magnolia 
denudata 

China MT159629 NG_075345 MT159606 MT159612 
Wanasinghe et al. 
(2020) 

N. magnoliae T 
MFLUCC 20-
0020 

Magnolia 
denudata 

China NR_172424 MT159623 MT159605 MT159611   “ 

N. mycophila CBS 141483 
Acer 
pseudoplatanus 

Denmark KX650555 KX650555 KX650528 _ 
Jaklitsch and 
Voglmayr (2016) 

N. mycophila T CBS 141478 Acer campestre Austria NR_147654 KX650553 KX650526 KX650577   “ 

N. norvegica T CBS 141485 Tilia platyphyllos Norway NR_147655 KX650556 _ KX650578   “ 

N. obliqua CBS 141475 
Sambucus 
racemosa 

Austria KX650558 KX650558 KX650530 KX650579   “ 

N.obliqua T CBS 141477 Salix caprea Austria KX650560 KX650560 KX650531 KX650580   “ 
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 MRP Ribes uva-crispa Austria KX650561 KX650561 KX650532 KX650581   “ 

N. rhizophorae T MFLU 19-1233 Rhizophora sp. Austria MN047085 _ MN077064 MN431489 
Dayarathne et al. 
(2020) 

N. rubescens CHEM 2177 Acer saccharum Canada ? ? ? ? This study 

 CHEM 2269 Acer saccharum Canada ? ? ? ?   “ 

N. rubescens T CHEM 2344 Acer saccharum Canada ? ? ? ?   “ 

 CHEM 2445 Acer saccharum Canada ? ? X ?   “ 

N. samualiana NFCCI-4383 Avicenna marina India MK358817 MK358812 MK330937 MK330939 
Dayarathne et al. 
(2020) 

Nigrograna sp. JZ-
2017b 

GZCC 17-0057 Decaying twig China MF399066 MF415393 MF498583 _ Zhang et al. (2020) 

N. thymi 
MFLUCC 19-
0039 

Thymus 
oenipontanus 

Italy MN075272 NG_064431 MN095405 _ 
Wanasignhe et al. 
(2020) 

N. thymi T 
MFLUCC 17-
0497 

Thymus 
oenipontanus 

Italy NR_160462 MN075269 KY775578 _   “ 

Occultibambusa 
bambusae T 

MFLUCC 15-
1212 

  NR_154339 KU863112 KU940193 KU940170 Dai et al. (2017) 

Pseudocryptoclypeus 
yakushimensis T 

KT 2186 Bamboo    Japan NR_154379 NG_059810 _ LC194472 
Hashimoto et al. 
(2017) 
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BLAST analyses of each loci for the two species consistently showed relationships with 

Atrocalyx or Nigrograna spp. Since these two genera are distantly related, separate alignments 

using sequences summarized in Table 3.1 were completed using Geneious v. 2022.0.01 

(Biomatter, Aukland). All alignments were completed using MUSCLE v. 3.8.425 (Edgar 2004) 

and manually trimmed. The ITS, LSU and RPB2 loci alignments for the novel Atrocalyx species 

included all species of Lophiotremataceae and Cryptocoryneaceae sequenced by Hashimoto et 

al. (2017), with Anteaglonum globosum as the outgroup. When possible, additional species of 

Atrocalyx described since the Hashimoto revision were also included. Fragments measuring 507 

bp, for ITS, 862 bp for LSU and 800 bp for RPB2, were concatenated into a 2169 long sequences 

(including gaps) used for multigene phylogenetic analyses. Individual phylogenetic analyses for 

each fragment are shown in appendix 3.6.3 (Fig. 3.11–3.13) 

 The ITS, LSU, EF and RPB2 loci alignments for the novel Nigrograna species included 

selected species of Nigrograna, for which at least three loci, including a protein coding gene, 

were available for study (see Discussion), with Occultibambusa bambusae as outgroup. 

Fragments measuring 453 bp for ITS, 818 bp for LSU, 699 bp for EF and 717 bp for RPB2, were 

concatenated into a 2690 bp long sequence (including gaps) used for multigene phylogenetic 

analyses. Individual phylogenetic analyses for each fragment are shown in appendix 3.6.3 (Fig. 

3.7–3.10) 

 Phylogenetic trees were constructed using both Maximum likelihood (ML) and Bayesian 

inference (BI). For ML analysis the IQ TREE web server was used for individual loci using 

default settings. For the multi-gene analysis, each locus was partitioned and the best model for 

each partition was determined using ModelFinder and replicated 1000 times using ultrafast 

bootstrap (Trifinopoulos et al. 2016; Kalyaanamoorthy et al. 2017; Hoang et al. 2018). For 
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individual loci, BI analyses were run using MrBayes v. 3.2 (Ronquist et al. 2012) with the GTR + 

G + I model. For the concatenated analyses, each locus was partitioned and analysed using a 

mixed model sampling thorough the General Time Reversible (GTR) space. All BI analyses were 

run using four simultaneous Markov chains until split frequency reached  < 0.01, for which 

convergence was deemed attained. Sample frequency was 1 in 500 generations, with the first 

25% of trees discarded as burn-in. The adequate convergence value was confirmed by ensuring 

that the average estimated sample size value (EES) was higher than 100 and the PSRF+ value 

was ≈ 1.000 (with values ± 0.05 accepted) for each parameter. Trees were observed and modified 

using FigTree v. 1.4.3 (with further modification completed using PowerPoint 2016 (Microsoft, 

Redmond)).  

3.3 Results 

Phylogenetic analysis 

The multi-gene phylogenetic analysis using the ITS, LSU, TEF and RPB2 of the four 

examined strains of our new species Nigrograna rubescens, showed that they are conspecific and 

differ among each other by 0–2 nucleotides. Nigrograna locuta-pollinis was found to be the sister 

species to N. rubescens with full support on the multi-gene analysis and with good (BI between 

70 and 90, and ML between 90 and 99) support on analyses of individual loci apart from LSU. 

For the ITS loci, N. rubescens had a similarity of 98% to N. locuta-pollinis and differed by 7 

nucleotides and 3 gaps. For the LSU loci, N. rubescens had a similarity of 99.4% to N. locuta-

pollinis differing by 5 nucleotides and no gaps. For the EF locus, N. rubescens had a similarity of 

98.4% with N. locuta-pollinis differing by 15 nucleotides and 1 gap. For the RPB2, N. rubescens 

was 94.5% similar to N. locuta-pollinis differing by 43 nucleotides and no gaps. While the 
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phylogenetic placement of most species of Nigrograna was highly supported on the multi-gene 

phylogenetic analysis (Fig 3.1), basal clades and several species belonging to a clade containing 

N. mackinonii lacked support. 

The multi-gene phylogenetic analysis using the ITS, LSU and RPB2 loci of the four 

selected strains of the new species A. glutinosum showed that they are conspecific, with the 

strains differing by 0–2 nucleotide per loci. On the multi-gene phylogenetic analysis, A. 

glutinosum is sister to A. nordicus with good support. The phylogenetic analysis of the ITS locus 

suggests that A. glutinosum is closely related to A. nordicus but provides poor (BI < 70, ML < 90) 

support for most branches. The analysis of the LSU sequence was also inconclusive because of 

the very poor support for most branches, while RPB2 indicates that A. glutinosum is sister to A. 

nordicus with high support. For the ITS locus, A. glutinosum is 99.3% similar to A. nordicus and 

differs by 4 nucleotides and no gaps. For the LSU locus, A. glutinosum is 99.9% similar to A. 

nordicus, differing by one nucleotide and no gaps. For the RPB2, the type specimen of A. 

glutinosum is 94.3% similar to the type of A. nordicus, differing by 41 nucleotides and no gaps. 

While sequences of the EF gene were obtained from A. glutinosum, they were not used in the 

phylogenetic analysis, because A. nordicus lacks TEF sequences. In the multi-gene phylogenetic 

analysis, the phylogenetic arrangement of most species of Atrocalyx was poorly supported, 

except for A. nordicus and A. glutinosum, which are fully supported sister taxa (Fig. 3.2) 
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Fig. 3.1: Phylogenetic tree of the best ML tree obtained using IQtree of a combined ITS-LSU-

EF-RPB2 dataset including selected species of Nigrograna, including N. rubescens in bold and 

Occultibambusa bambusae as an outgroup. Label values are given as BI/ML with values  

inferior to 70 replaced with an hyphen (-) bracket values of 100 replaced with an asterisk (*), T 

indicate type specimens 
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Fig. 3.2: Phylogenetic tree of the best ML tree obtained using IQtree of a combined ITS-LSU-

RPB2 dataset including Lophiotremataceae and Cryptocorynaceae, including A glutinosum in 

bold and Anteaglonium rubescens as an outgroup. Label values are given as BI/ML with values  

inferior to 70 replaced with an hyphen (-) bracket values of 100 replaced with an asterisk (*), T 

indicate type specimens 
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3.4 Taxonomy 

Nigrograna rubescens J. Mack & Overy, sp. nov. Fig 3.4 

MycoBank no.: MB 00000 

Etymology : Rubescens for reddish, based on the dark reddish pigments produced in culture. 

Holotype : Canada, Ontario, Ottawa, McCarthy forest (N 45°21.25, W -075°40.30), isolated from 

ground bark of a dead Acer saccharum tree, date, J. Mack and D. Overy, (CHEM 2344, 

DAOMCCxxxxx) 

Description:  

 Colonies on MEA at 25°C, flat, often with a small umbo (2–3 mm) at the center, 

sulcations radiating from the umbo to nearly the colony margin, colony margin irregularly raised 

and wavy, felty or cottony, often with prominent aerial hyphae near the center, coloration 

variable, brownish gray to grayish brown, or olive gray; reverse black; soluble pigments 

relatively opaque, filling plate, brownish orange to dark brown, yellowish, greyish yellow or 

brownish orange at 20°C, faintly or not produced at 10 °C and 15 °C Colonies on PDA at 25°C, 

slightly raised often with an umbo up to 5–7mm diam in the center, sulcations radiating from the 

umbo to nearly the colony margin, margin irregular; cottony or linty, platinum gray to medium 

gray; reverse black; soluble pigments relatively opaque, filling plate, brown to dark brown, or 

grayish yellow to olive at 20°C. Colonies on DG18, rather flat, radially sulcate, somewhat 

irregular, smooth or faintly velvety, margin pastel gray and center of colonies dust gray; reverse 

black; soluble pigments black and opaque, diffusing up to 10 mm from colonies. Colonies on 

YES highly raised and strongly sulcate; smooth or somewhat crinkled, brownish gray (cement 
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4D2); reverse black; volatile odor pleasant, reminiscent of decaying litter or chocolate; soluble 

pigments black, opaque. Colonies on CMA irregular, mostly immersed, except for a few 

scattered hyphae in the center of the colonies, hyaline and lacking diffuse pigments. Colonie 

diameters after 28 d MEA, 10°C, 9–10 mm; 15°C, 16–18 mm; 20°C, 17–22 mm; 25°C, 15–20 

mm; 30°C, 12–14 mm; 37°C, no growth; PDA, 20°C; 30–45 mm; 25°C, 28–38 mm; DG18 25°C, 

22–24 mm; YES 25°C, 52 –56 mm; CMA 25°C, 35–40 mm. 

Hyphae pale brown, 1–1.5 μm wide, swollen, dark cells produced either intercalary or 

apically on aerial hyphae in DG18 after approximatively four months of incubation, 12–20(–22) 

× 10–18(–20) μm. Asexual morph rarely observed but produced on WAM, after several months 

of incubation at 20°C, or more rarely on MEA after 1 month. On MEA, conidiomata deeply 

embedded in the mycelium, and not visible unless aerial hyphae are rigorously scraped, on 

WAM, conidiomata pycnidial, black, solitary or gregarious, up to 600 μm wide, mostly immersed 

in agar or sterilized A. saccharum bark; ostiolar neck measuring up to 250 × 50 μm, ostiole and 

exuding conidial mass not observed. Peridium up to 35 μm wide, outer layers of black, 

progressively becoming hyaline in the inner layers, composed of textura angularis cells, 5–8 × 2–

4.5 μm (mean: 6.4 ± 0.2 × 2.8 ± 0.2 Q = 2.5 ± 0.2). Conidiophores arising from conidiomatal 

wall, sparsely branched, multiseptate up to 30 μm long, and 2 μm wide. Conidiogenous cells 

phialidic, with phialides formed pleurogenously below each septum or terminal, variable in 

length, up to 7 μm long and 1 μm wide. Conidia smooth, hyaline, aseptate, cylindrical, measuring 

2.5–3.0(–3.5) × 0.5–1.5 μm Q = 2–4(4.5), (mean: 2.9 ± 0.3 × 1 ±0.2 μm, Q = 3.1 ± 0.1) n = 50. 

Teleomorph unknown. 
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Fig 3.3. Nigrograna rubescens A. Colony appearance from left to right: MEA, PDA, DG18, 

YES; B–C. Ostiolar neck on WAM ; D. Pycnidia in WA agar; E. Hyphae and swollen cells on 

DG18; F–H. Conidiophore; I. Conidia. Scale bars: B–D = 100 μm; E = 10 μm; F–I = 5 μm 
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Nigrograna rubescens appear to be common on the bark of A. saccharum and was often 

isolated using particle filtration; however, no teleomorphic state was observed. Based on 

molecular phylogeny, N. rubescens is closely related to N. locuta-pollinis. N. locuta-pollinis can 

easily be distinguished from N. rubesencens by its much faster growth rate, reaching 49 mm on 

PDA at 25°C after 2 weeks (Zhao et al. 2018). Species such as N. antibiotica and N. carollii, 

which also produce diffuse pigments in culture, might be difficult to distinguish from N. 

rubescens by culture morphology, but each have very distinct sequences for all loci examined. 

These species are also not known to produce an anamorph in culture (Kolařík et al. 2017, Kolařík 

2018). Five species (N. fuscidula, N. mycophila, N. norvegica, N. rhizophorae and N. 

samueliana) produce conidiomata in situ that are almost identical to those of N. rubescens. 

However, N. rubescens produce slightly narrower conidia, on average about 1 μm wide (Jaklitsch 

and Voglmayr 2016, Dayarathne et al. 2020). Therefore, based on molecular and morphological 

evidence, N. rubescens is considered a novel species of Nigrograna. 

Additional strains examined:  

Canada, Ontario, Sharbot Lake, Tryon Road woodlot, isolated from bark of A. saccharum, 

October 2019, J. Mack, (CHEM 2162, DAOMCC00000); Ottawa, Vanier MuseoPark, isolated 

from bark of A. saccharum, November 2019, J. Mack (CHEM 2266, DAOMCC000000); Ibid, 

CHEM 2445 DAOMC00000); Ibid, April 2021, J. Mack (CHEM 2787). 
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Atrocalyx glutinosum J. Mack & Overy, sp. nov. Fig. 3.3 

MycoBank no.: MB00000 

Etymology: From glutinous referring to the sticky gel (pullulan) produced by this species in 

culture on MEA.  

Holotype: –Canada, Ontario, Sharbot Lake, isolated from ground bark from recently dead Acer 

saccharum, date, J. Mack and D. Overy, (CHEM 2171, DAOMCCxxxxx) 

Description:  

Colonies on MEA at 25°C, flat to irregularly slightly raised, margin usually entire, 

slightly felty, producing copious amounts of hyaline, sticky droplets of exudate (pullulan – see 

Appendix 3.6.2); platinum to dark gray, with numerous dark spots where exudate droplets are 

located; reverse black. Colonies on PDA at 25°C, irregularly raised, wavy or occasionally 

sulcate, margin irregular, velvety to cottony, exudate droplets scarce and inconspicuous, hyaline, 

sticky; uniformly light gray to medium gray; reverse black. Colonies on DG18 at 25°C, strongly 

raised, irregular, lumpy, crateriform and with irregular margins, velvety, exudate rarely produced 

as miniature droplets near the center of the colonies; medium gray, uniformly colored; reverse 

black. Colonies on YES at 25°C, strongly crateriform, with raised margins, highly irregular and 

lumpy, radially sulcate on the outer half, and circularly sulcate in the center, velvety, with a 

strong yeast-like odor, with a hyaline, sticky exudate produced as small droplets and forming a 

thin layer on surrounding agar; mottled in colours ranging from platinum to dark gray; reverse 

medium gray. Colonies on CMA at 25°C, mostly flat, immersed, hyaline with cottony dark gray 

center, exudate absent. On MEA, exudate produced in high concentration at 20°C, 25°C and 

30°C, but not at 15°C and 10°C. Colony diameters after 28 d, MEA 10°C, 7–10 mm; 15°C, 12–14 
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mm; 20°C, 15–20 mm; 25°C, 15–25 mm; 30°C, 16–18 mm; 37°C, no growth; PDA 20°C, 15–24 

mm; 25°C 19–26 mm; DG18 25°C, 11–13 mm; YES 25°C, 21–23 mm; CMA 25°C, 20–27 mm. 

Hyphae in MEA, pale brown, 2–2.5 μm wide, often with darker somewhat globose 

intercalary cells 7–12 × 4–9μm, sometimes covered by gelatinous exudate 1–2 μm thick. Asexual 

morph rarely observed, isolated conidiomata produced on DG18 after approximatively 4 months 

of incubation at 20°C and on WAM after 4–6 month of incubation. Conidiomata pycnidial black, 

solitary, isolated, immersed in agar, approximately 250 μm wide, ostiole not observed. 

Conidiomata measurement were not obtained due to their scarcity. Peridium composed of textura 

angularis or textura globose cells, measuring 4–6.5(–7.5) × 3–5 μm, Q = 1–2 (mean 5.3 ± 0.2 × 

3.9 ± 0.1, Q = 1.4 ± 0.1) n = 20. Conidiophore arising from angular peridial cells. Conidiogenous 

cells blastic hyaline, globose peridial cells or ampulliform to somewhat elongated, 4.5–7.5(–10) × 

(1.5–)2–3.5 μm with a Q value of 2–5 (mean 6.6 ± 0.5 × 2.6 ± 0.2, Q = 3.3 ± -0.2) n = 10. 

Conidia slimy, pale brown, black in mass, aseptate, cylindrical measuring 3–4 × (1–)1 –1.5(–2) 

μm with a Q value of (1.5–)2–3(–4), (mean 3.5 ± 0.1 × 1.4 ± 0.1μm, Q = 2.44 ± 0.1), n = 50. 

Teleomorph unknown.  



[Tapez ici] 
 

150 
 

 

Fig. 3.4 Atrocalyx glutinosum A. Colony morphology from left to right: MEA, PDA, DG18, 

YES; B. Pullulan gel; C. Colonies in culture on WA; D–E. Conidiogenous cells; F. Conidia; G–I 

Hyphae. Scale bars: C = 100 μm; D–H = 5 μm; I = 20 μm 
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A. glutinosum was isolated relatively frequently from bark of A. saccharum using particle 

filtration and was found on multiple trees of each surveyed site. Examination of the bark itself 

failed to reveal any teleomorphic state. Consequently, the teleomorphic state of this species is 

currently unknown, limiting morphological comparisons to other species of Atrocalyx. Based on 

multigene phylogeny, A. glutinosum is closely related to A. nordicus with high support. However, 

unlike A. glutinosum, A. nordicus is not known to produce pullulan gels on MEA. Furthermore, 

A. glutinosum grow slower in culture on MEA at 20°C (15–20 mm) than A. nordicus (30–34 mm, 

Andreasen et al. 2021). A. acervatus was also isolated from Acer but differs from A. glutinosum 

by its faster growth rates (23 vs 10 mm on PDA at 20°C after 14 days) and production of diffuse 

pigments in the agar (de Silva et al. 2017). Unfortunately, for this latter species only the ITS 

locus could be compared (Fig 2.6.11), which was 96.5% similar, differing by ten nucleotides and 

one gap. Atrocalyx acutisporus, A. krabiensis and A. quercus also produce pycnidial asexual state 

similar to A. glutinosum, either in situ or in culture (Hashimoto et al. 2017; Jayasiri et al. 2019, 

Hyde et al. 2020). However, the asexual state of A. glutinosum can be distinguished from each of 

these species by its narrower conidia, averaging less than 2 μm wide. Therefore, based on 

molecular and morphological evidence, A. glutinosum is considered a distinct species of 

Atrocalyx. 

Additional strains examined:  

Canada, Ontario, Sharbot Lake, Tryon road woodlot, isolated from A. saccharum bark, July 

2019, J. Mack (CHEM 2094); Ibid, April 2021, J. Mack (CHEM 2761 DAOMCC000) Ottawa, 

Lalande Conservation Park, Isolated from A. saccharum bark, August 2019, J. Mack (CHEM 

2151), McCarthy forest, isolated from A. saccharum bark, November 2019, J. Mack (CHEM 

2321); ibid (CHEM 2422); Vanier MuseoPark, isolated from A. saccharum bark, November 
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2019, J. Mack, (CHEM 2208, DAOMCC000000); ibid, April 2021, J. Mack (CHEM 2721, 

DAOMCC000000); ibid (CHEM 2794). 

3.5 Discussion:  

Discussion on methods used for characterization 

In this study, two new species of Pleosporales were commonly isolated from ground bark 

of Acer saccharum using particle filtration with dilution to extinction culturing. Both species had 

distinctive morphologies, which ensured identification based on culture morphologies alone, such 

as the copious production of pullulan gel by A. glutinosum and soluble dark red pigments in N. 

rubescens. However, despite this, diagnostic micromorphological characters were limited, 

because most species of Atrocalyx and Nigrograna were previously described in situ in the 

teleomorphic state and lacked sporulation in culture. For both new species, prolonged incubation 

in the dark on WAM elicited the production of some conidiomata, suggesting that this approach 

could be used to induce the sporulation of other cultures.  

The use of unconventional media such as DG18 and YES might also merit consideration. 

DG18 is a low water content media which is used to measure the growth rates of xerophilic 

species (Visagie et al. 2014; Black 2020). Because bark can be exposed to dry environments, 

fungi isolated from this substrate might grow in a more typical fashion on a xerophilic medium. 

For instance, on DG18 A. glutinosum also produced a few conidiomata after several months of 

incubation and N. rubescens produced unidentified cells on aerial hyphae that were not observed 

on other media (Fig 3.4, E). YES is commonly used for secondary metabolites profiling in 

Penicillium (Sun et al. 2022). While YES failed to induce the production of conidiomata, it 

resulted in the colonies with exaggerated features such as prominent sulcation, which might be of 
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morphological value if more species of each genus were incubated on this medium. This study 

also provides the second observation of a Nigrograna species sporulating in pure culture, 

previously seen only in N. mackinonii. A few pycnidia formed on MEA after 28 days. These 

pycnidia were not at first visible using a dissecting microscope because they were deeply 

immersed underneath a thick layer of non-sporulating hyphae, that first had to be removed before 

they were observed. Therefore, careful examination and removal of aerial hyphae may provide an 

opportunity to observe reproducing structures in strains. 

Discussion of N. rubescens 

Nigrograna rubescens was commonly isolated in this study, suggesting that this species is 

common on the bark of A. saccharum. The ITS sequences do not match any environmental 

samples available on GenBank, suggesting that N. rubescens might have a narrow host 

distribution. However, additional sampling of other native trees using particle filtration in the 

known range of N. rubescens is necessary to solve this issue. Furthermore, more effort is 

necessary to locate and characterize a putative teleomorphic state of N. rubescens to facilitate 

further comparison with the known species of Nigrograna. In this study, N. rubescens was found 

to be the sister species of N. locuta-pollinis. In a prior study by Dong et al. (2020) N. aquatica 

was also found to be sister to N. locuta-pollinis. However, N. aquatica was excluded in this 

study, because of the absence of protein coding sequences for the ex-type strain, and dubious 

sequences from the non-type strain. The hyphomycetous anamorph described for N. aquatica is 

very similar to Phaeoisaria (Rhamphoriaceae) and does not fit the concept of Nigrogranaceae 

established by Voglmayr and Jaklitsch (2016) and was not observed by Dong et al. (2020) in 

culture. The putative hyphomycetous morph of N. aquatica should be reconfirmed with 

additional collections. Even if the identification of the sequences of N. aquatica are correct, it is 
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still easily distinguished from N. rubescens, which produce a coelomycetous morph in culture. In 

addition, N. aquatica grow more slowly in culture, lack red pigments and occurs in aquatic 

environments. The sequence of the ITS loci of N. rubescens is 97.7% similar to the sequences of 

the type of N. aquatica, differing by 11 nucleotide and 2 gaps. 

Unlike N. aquatica and N. locuta-pollinis, N. antibiotica produce diffuse pigments of 

similar coloration to N. rubescens. From these pigments, several secondary metabolites were 

detected using NMR spectroscopy, some of which are currently unique to N. antibiotica 

(Stodůlková et al. 2014; Kolařík et al. 2016). N. antibiotica is also antagonistic to Pyronema 

domesticum an aggressive species in culture, and some metabolites isolated from A. antibiotica 

are cytotoxic (Stodůlková et al. 2014). Unfortunately, the pigments produced by N. rubescens 

were not examined using NMR and we do not know if they are similar to the pigments produced 

by N. antibiotica.  

Discussion of A. glutinosum 

Atrocalyx glutinosum was commonly isolated in this study, and shares a similar 

corticolous habitat with A. nordicus, the most closely related species based on phylogenetic 

analyses. Some environmental strains on GenBank are conspecific with A. glutinosum as they 

differ by one or two nucleotides on the sequence of their ITS locus. These strains were isolated 

from various substrates such as endophytes in healthy leaves of Quercus gambelii in Arizona 

(U’ren et al. 2010; HM123518), dead wood of Fagus sylvatica in Germany (Floren et al. 2015; 

LC015677), wood of Vitis vinifera in Switzerland (Hofstetter et al. 2012; JQ070520) and 

Hylesinus varius on Fraxinus excelsior in Czech Republic (Kolařík, unpublished ; LR961708 and 

LR961709). Therefore, A. glutinosum might have a broad host and georgraphic range both in 



[Tapez ici] 
 

155 
 

North America and in Europe. Furthermore, several DNA sequences labelled as Lophiostoma 

cynaroidis appear closely related to A. glutinosum. The ITS sequence of the ex-type specimen of 

L. cynaroidis was 98.2% similar to A. glutinosum, differing by 6 nucleotides and 4 gaps. 

Although Marincowitz et al. described L. cynaroidis in 2008, Hashimoto et al. (2017) did not 

mention it in their review of the Lophiotremataceae. In addition, L. cynaroidis lacks sequences 

for protein coding genes and was only described based on its teleomorphic state. More study with 

additional strains and protein coding sequences are necessary to settle the correct classification of 

L. cynaroidis.  

All examined strains of A. glutinosum, produced a copious amount of hyaline, transparent, 

stretchy gel, especially when grown on MEA at temperature between 20 and 30°C. This gel 

consistently confounded DNA extractions, and cultures of A. glutinosum used for DNA 

sequencing should be grown media such as PDA. Using NMR spectroscopy (appendix 3.6.2), the 

structure of the gel was determined to be mostly pullulan. Pullulan is an edible, but poorly 

digestible polysaccharide originally isolated from Aureobasidium pullulans. It is currently in use 

in the food industry to produce edible films, amongst multiple other uses. Despite its multiple 

uses, pullulan is rarely used due to high production costs (Oğuzhan and Yangılar 2013). 

Therefore, because A. glutinosum produce a copious amount of pullulan, this species might be 

useful for production of industrial quantities. Interestingly, no other known species of Atrocalyx 

are reported to produce gel exudates, even when grown on MEA such as A. nordicus, suggesting 

that this metabolite might be particular to A. glutinosum.  

Our preliminary data suggests that A. glutinosum and N. rubescens are not the only 

species of these two genera on bark of A. saccharum. A single isolate identified as Atrocalyx sp. 

based on ITS sequence appears to be genetically quite different from any known species. This 
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strain also failed to produce any significant amount of pullulan gel. Furthermore, at least three 

other taxa that appear to belong to Nigrograna, were obtained. A single strain was identified as 

N. obliqua based on molecular phylogenies, while two taxa possibly belong to novel species, 

although more work is necessary to confirm this. 

Conclusion and future steps:  

In this study, two novel species of Pleosporalean fungi were isolated from the bark of 

Acer saccharum using particle filtration combined with dilution to extinction culturing, 

highlighting the ability of these methods to yield novel species from bark. While both species had 

distinctive morphology in culture, sporulation was challenging to achieve, with the most 

pronounced sporulation occurred on WAM, suggesting that this might be an efficient method in 

obtaining sporulation. Alternative media such as DG18 and YES also encourage the production 

of structures not seen in other media, or unusual growth morphology. Both media could be 

considered as standards when describing novel species of Atrocalyx and Nigrograna, especially 

when in situ sporulation might be difficult to observe. This study also indicates that unique 

Nigrograna and Atrocalyx species are found in North America. In this study, we observed 

pullulan exuding from Atrocalyx rubescens. In future studies, more species of both genera should 

be grown on WAM to induce the formation of an asexual morph. Additional work is also needed 

identify the compounds responsible for the diffuse pigments produced by N. rubescens and to 

describe the remaining Atrocalyx and Nigrograna taxa isolated during this study.  
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3.7: Appendix 

 

3.7.1. Media used in this study 

 

Malt Extract Agar (MEA) 

Ingredients for 1 liter 

Agar–15 g 
Malt extract–290g  
Peptone–1 g  
Dextrose–20 g 
Trace elements–1 mL 
Distilled water–1 L 
 
Potato Dextrose Agar (PDA) 
 
Ingredients for 1 liter 
 
Potato dextrose agar–39g 
Trace elements–1 mL 
Distilled water–1 L 
 
Corn Meal Agar 
 
 
DG-18 
 
Ingredients for 1 liter 
 
Commercial DG-18 mix–31.5 g 
Chloramphenicol–100 mg 
Glycerol–220 g 
Distilled water–1 L 
 
Yeast extract Sucrose Agar (YES) 
 
Ingredients for 1 liter 
 
Sucrose–150 g 
Yeast extract–20 g 
MgS04 7H2O (Magnesium sulphate, heptahydrate)–500 mg  
Trace elements–1 mL 
Distilled water–850 mL  
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Corn Meal Agar (CMA) 
 
Ingredients for 1 Liter 
 
Corn meal Agar (Difco)–20 g 
Distilled water–1 L 
 
Water Agar (WA) 
 
Ingredient for 1 L.  
Agar–15 g 
Water–1 L 
Pieces of A. saccharum bark weighing 1 g. each, previously autoclaved for 60 minutes–3 per 
petri dish 
 
Trace elements 
 
Ingredients for 100 mL 
 
ZnSO4 7H20 (Zinc sulphate, heptahydrate)–1 g 
CuSO4 5H20 (Copper sulphate, pentahydrate)–0.5 g 
Distilled water–100 mL 
 
 
* 100mg/L of chloramphenicol can be added to any of these media if necessary 

 

3.7.2. HRMS and H NMR characterization of gel produced by Atrocalyx glutinosum. 

 The clear colourless fungal exudate was harvested from cultures on agar plates by 

scraping with a spatula and transferred to a glass vial. The exudate was dissolved in water and 

analyzed using HILIC (Merck/EMD Millipore, SeQuant ZIC®-cHILIC 100 Å, 2.1 x 100 mm, 3 

µm equipped with a 20 x 2.1 mm guard column) on a Thermo Scientific Dionex Ultimate 3000 

UHPLC system coupled to a Thermo LTQ - Orbitrap XL high-resolution mass spectrometer 

(Thermo Scientific, Waltham MA, USA). The column was maintained at 30°C and the flow rate 

was 0.350 mL/min. A 2 µL aliquot was injected onto the column. The mobile phase began at 
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10% water with 5 mM ammonium acetate (solvent A) 90% acetonitrile (solvent B) for 0.5 min, 

decreased to 40% solvent B over 5 min and was held for 2 min before increasing back to 90% 

solvent B over 0.5 min and left to equilibrate for 3 min. The mass spectrometer was operated in 

ESI- mode scanning an m/z range of 100-2000 Da at a resolution of 30 000 in profile mode. The 

ESI source was operated with the following settings: sheath gas (45), auxillary gas (10), sweep 

gas (0), spray voltage (3.2 kV), capillary voltage (-35 V), capillary temperature (320°C), tube 

lens (-100 V) and FTMS full scan maximum injection time (500 ms). Two peaks at 5.49 and 5.65 

in the total ion current (TIC) chromatogram of the fungal exudate corresponded to an [M-H]- of 

179.0561 m/z and were a match with D-glucose (Figure 1). 

 

Figure 3.5. Chromatograms of the fungal exudate total ion current (top trace), extracted ion 

chromatogram (XIC) of a hexose sugar [M-H]- of 179.0561 m/z of the fungal exudate data 

(middle trace) and XIC of a hexose sugar [M-H]- of 179.0561 m/z in D-glucose standard sample 

data (bottom trace). 

 

 The fungal exudate was dissolved in deuterated water and a 1H NMR spectrum was 

acquired with a standard pulse sequence on a Bruker Avance II 500 MHz NMR spectrometer 

using a 5 mm triple resonance inverse probe with Z-gradient coils. The 1H spectrum was a match 

to that of pullulan1, with some additional peaks corresponding to a free hexose. A pullulan 
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standard was acquired (Millipore Sigma, Milwaukee WI, USA) and 1H NMR data was acquired 

on the standard as well as a mixture of pullulan and D-glucose (Figure 2). The fungal exudate 

was determined to be pullulan containing additional glucose.  

 

Figure 3.6. 1H NMR spectra of a pullulan mixture of D-glucose (top), pullulan (middle) and the 

fungal exudate (bottom). 
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3.7.3 Individual gene analyses for multi gene sequences for A. glutinosum and N. rubescens 

 

 

 

Fig. 3.7: Phylogenetic tree of the best ML tree obtained using IQtree of the ITS locus including 

selected species of Nigrograna, including N. rubescens in bold and Occultibambusa bambusae as 

an outgroup. Label values are given as BI/ML with values inferior to 70 replaced with a hyphen 

(-) bracket values of 100 replaced with an asterisk (*).  
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Fig. 3.8: Phylogenetic tree of the best ML tree obtained using IQtree of the LSU locus including 

selected species of Nigrograna, including N. rubescens in bold and Occultibambusa bambusae as 

an outgroup. Label values are given as BI/ML with values inferior to 70 replaced with a hyphen 

(-) bracket values of 100 replaced with an asterisk (*).  
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Fig. 3.9: Phylogenetic tree of the best ML tree obtained using IQtree of the EF locus including 

selected species of Nigrograna, including N. rubescens in bold and Occultibambusa bambusae as 

an outgroup. Label values are given as BI/ML with values inferior to 70 replaced with a hyphen 

(-) bracket values of 100 replaced with an asterisk (*).  
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Fig. 3.10: Phylogenetic tree of the best ML tree obtained using IQtree of the RPB2 locus 

including selected species of Nigrograna, including N. rubescens in bold and Occultibambusa 

bambusae as an outgroup. Label values are given as BI/ML with values inferior to 70 replaced 

with a hyphen (-) bracket values of 100 replaced with an asterisk (*).  
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Fig. 3.11: Phylogenetic tree of the best ML tree obtained using IQtree of the ITS locus from 

selected Lophiotremataceae and Cryptocorynaceae, including A glutinosum in bold and 

Anteaglonium rubescens as an outgroup. Label values are given as BI/ML with values  

inferior to 70 replaced with a hyphen (-) bracket values of 100 replaced with an asterisk (*).  
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Fig. 3.12: Phylogenetic tree of the best ML tree obtained using IQtree of the LSU locus from 

selected Lophiotremataceae and Cryptocorynaceae, including A glutinosum in bold and 

Anteaglonium rubescens as an outgroup. Label values are given as BI/ML with values  

inferior to 70 replaced with a hyphen (-) bracket values of 100 replaced with an asterisk (*).  
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Fig. 3.13: Phylogenetic tree of the best ML tree obtained using IQtree of the RPB2 locus from 

selected Lophiotremataceae and Cryptocorynaceae, including A glutinosum in bold and 

Anteaglonium rubescens as an outgroup. Label values are given as BI/ML with values  

inferior to 70 replaced with a hyphen (-) bracket values of 100 replaced with an asterisk (*).  
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Chapter 4: An overview of the biodiversity of 

Herpotrichiellaceae isolated from the bark of 

Acer saccharum, with the description of a 

novel species 
 

4.1 Introduction to Herpotrichiellaceae 

Ecology and morphology of Herpotrichiellaceae 

 The family Herpotrichiellaceae is part of the Chaeothyriales and contains several asexual 

genera of variable morphology. Several of the asexual Herpotrichiellaceae also exhibit 

pleomorphy, in which two or more asexual states (synanamorphs) are produced by the same 

strain. In the following sections, the genera of asexual fungi belonging to the Herpotrichiellaceae 

are briefly introduced, with an emphasis on their taxonomy, polyphyly and pleomorphy. 

 Using the LSU and the small ribosomal subunit (SSU),Vicente et al. (2013) recovered a 

polyphyletic clade in the Herpotrichiellaceae containing species of Phialophora, 

Cladophialophora and Fonsecaea. The genus Phialophora is characterized by the production of 

phialides often with large and pigmented collarettes (Gams 2000). The morphological concept of 

Phialophora was found to be polyphyletic based on morphology with species belonging to the 

Leotiomycetes, Dothideomycetes, Eurotiomycetes and Sordariomycetes (Gams 2000). 

Phialophora verrucosa, the type species, belongs to the Herpotrichiellaceae (Untereiner et al. 

2008) and in the strict sense, Phialophora contains about seven species (Li et al. 2017). 

Phialophora are common on wood, leaves and soil, and some species cause skin infections in 

humans (Li et al. 2017). Cladophialophora produce branched chains of pigmented conidia, and, 
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in some species a Phialophora-like synanamorph, especially in nutrient poor media (Honbo et al. 

1984; Badali et al. 2008). As of 2011, the genus contains 22 species (Seifert et al. 2011), but is 

paraphyletic, with some species belonging to a different family in the Chaetothyriales such as 

Chaetothyriaceae (Badali et al. 2008; Chomnunti et al. 2012). Cladophialophora have been 

isolated as endophytes in plants, decaying litter, cactus spines, and sometimes human infections 

(Badali et al. 2008). The genus Fonsecaea is characterized by the production of short chains of 

usually aseptate, ellipsoid conidia originating from denticulate sympodial conidiophore and, in 

some species, a Phialophora-like synanamorph is obtained in nutrient-poor media (De hoog and 

Guarro 1995). Fonsecaea contains around seven species that cluster amongst species of 

Cladophialophora based on genetic studies of the LSU and SSU. These species are known from 

various types of plant litter and human infections (Vicente et al. 2013). 

Several additional genera in the Herpotrichiellaceae are better known for their denticulate 

conidiogensis, in which conidia are produced on small tooth-like structures. These genera are 

Rhinocladiella, Veronaea and Thysanorea. Of these, Rhinocladiella is polyphyletic and often 

pleomorphic. The genus Rhinocladiella is characterized by the production of single conidia on 

denticulate sympodial conidiophores. Some species, such as R. atrovirens, the type species, have 

an Exophiala synanamorph, which is dominant on fresh cultures, but tend to be replaced by the 

Rhinocladiella state after multiple subcultures (Tsuneda et al. 1986). The genus is polyphyletic 

and comprises at least five species (Abdolrasouli et al. 2020) to 11 species (Seifert et al. 2011). 

Species such as R. atrovirens are common on sap-stained tree cores and beetle galleries (Tsuneda 

et al. 1986; Kim et al. 2001). Members of the genus Veronaea produce denticulate sympodial 

conidiophores but are considered distinct from Rhinocladiella by septate conidia and lack of 

synanamorphs (Arzanlou et al. 2007b). There are 21 known species of Veronaea, but only five 
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have been sequenced (Chandrasiri et al. 2021). Species of Veronaea have been isolated from 

various substrates including dung and litter (Arzanlou et al. 2007b). The genus Thysanorea, was 

recently expanded to accommodate species of Minimelanolocus (Hernández-Restrepo et al. 

2020). Thysanorea is characterized by denticulate sympodial conidiophores that can be branched 

in some species depending on culture characters, and often, multiseptate conidia (Arzanlou et al. 

2007b; Hernández-Restrepo et al. 2020). One species is also known to produce a phialophora-

like synanamorph (Hernández-Restrepo et al. 2020). Thysanorea species are often isolated from 

submerged wood or litter (Arzanlou et al. 2007b; Liu et al. 2015; Wan et al. 2021), and 

Thysanorea obscurus, was described by Matsushima (1983) (as Pseudospiropes obscura) from 

rotten wood of Acer saccharum in Ontario.  

 Three additional, poorly characterized, monotypic genera are also included in the 

Herpotrichiellaceae. Atrokylindriopsis setulosa produces setulose, multiseptate conidia from 

single apical phialides and was isolated from dead branches (Ma et al. 2015). Finally, both 

Aculeata aquatica and Melanoctona tectonae produce solitary, darkly pigmented dictyospores 

and occur on rotten wood (Tian et al 2016 Dong et al. 2018). 

 The largest and perhaps best-known asexual genus of the Herpotrichiellaceae is 

Exophiala. Exophiala was introduced to accommodate Exophiala salmonis, causing brain 

infections in trout (Carmichael 1966). As of 2011, the genus contained at least 33 species and as 

of 2020, Wijayawardene (2020) considered the genus to contain 51 species. Species of Exophiala 

usually produce conidia from annellides. However, in some species, such as E. brunnea, 

conidiogenesis is phiallidic (Papendorf 1969). The morphology of the conidiophore can be 

variable, ranging from absent in E. exophiala, undifferentiated to two to four cells long in E. 

jeanselmei, torulose in some species such as E. moniliae (de Hoog 1977) and penicilliate in E. 
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lignicola (Crous et al 2018). Exophiala are usually mononematous, but E. calicioides is 

synnematous and was previously considered to be a species of Graphium (Seifert and okada 

1993; Okada et al. 2000). Several species of Exophiala are pleomorphic and are associated with 

synanamorphs such as Rhinocladiella, Phaeococcomyces and Phialophora. The presence of 

synanamorphs varies due to the age of cultures, media used, and temperature (de Hoog 1977; 

Cañete-Gibas, and Wiederhold 2018). Most species of Exophiala produce budding cells that can 

be dominant in some species such as E. exophialae and E. dermatiditis (de Hoog 1977; Kirchhoff 

et al. 2019), while E. brunnea and E. dopicola lack budding cells (Papendorf 1969; Katz 1980). 

Because of the presence of budding cells and slimy conidia, Exophiala cultures sometimes appear 

yeast-like in culture and Exophiala is considered to be one of the black yeast genera (Cañete-

Gibas, C.F. and Wiederhold 2018). Because of their pleomorphy and often-simplified 

morphology, species of Exophiala are difficult to identify based on morphology and are 

paraphyletic to other genera of Herpotrichiellaceae (de Hoog et al. 2011; Zeng et al. 2017; 

Cañete-Gibas, and Wiederhold 2019).  

Like most other asexual genera of the Herpotrichiellaceae, species of Exophiala have 

been isolated from various substrates including rocks (Sun et al. 2020), plant litter, other fungi, 

water (Texeira et al. 2017), and some are parasitic on aquatic cold-blooded animals (Carmichael 

1966, de Hoog et al. 2011). Several species can cause serious and occasionally fatal infections in 

humans, including immunocompetent individuals (Zeng et al. 2007). 

 Several genera of asexual Herpotrichiellaceae are associated with the genus Capronia, 

for which teleomorph states are known. Capronia are placed within the Herpotrichiellaceae and 

comprises almost 70 species, characterized by setose ascomata and octospored to polysporous 

asci (Friebes 2012). Capronia is polyphyletic with species found amongst the 
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Herpotrichiellaceae (Sánchez et al 2019; Quan et al. 2019). Capronia are found in various 

habitats, including wood, fungi and lichens (Friebes 2012). Depending on the Capronia species, 

various anamorphs are produced in culture, including Cladosporium-like, Exophiala-like, 

Phialophora-like, and Rhinocladiella-like morphs (Untereiner 1997; Untereiner 2000; 

Untereiner; 2008). The anamorphs produced are also often pleomorphic and some species are 

pleomorphic in culture.  

Sequencing of the Herpotrichiellaceae 

Because of the simple and often pleomorphic colonies when cultured, morphology-based 

identification is hindered and several phylogenetic analyses of Exophiala and other black yeasts 

have been undertaken (Untereiner and Naveau 1999; de Hoog 2003; de Hoog 2011; Texeira et al. 

2017; Wang et al. 2019; Quan et al. 2020). DNA barcoding is currently the main method used to 

identify and distinguish species of Exophiala (Maciá-Vicente et al. 2016). 

In prior analyses of Herpotrichiellaceae, the ITS and LSU loci were usually used for 

molecular identification through DNA sequencing (Badali et al. 2008; Texeira et al. 2017). The 

ITS is often used for species delimitation (Badali et al. 2008; Borman et al. 2017) while the LSU 

locus is often used for delimitation of genera in the Herpotrichiellaceae (Texeira et al. 2017). 

Several studies of Herpotrichiellaceae included protein coding genes such as β-tubulin (Btub) 

(Geisert et al. 2006; Maciá-Vicente et al. 2016) and actin (de Hoog et al. 2011). These protein-

coding genes might be more efficient in resolving species delimitation; however, the PCR 

amplification of protein-coding genes can be more difficult than ITS and LSU (Schoch et al. 

2012). 
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Overview of the current study 

 During an ongoing survey of microfungi from the bark of the sugar maple (A. 

saccharum), several strains of Herpotrichiellaceae were isolated. Twenty-six were retained for a 

multi-gene phylogenetic analysis of the ITS, LSU, Btub and actin loci, revealing at least 11 

distinct taxa on this substrate. Only four species of Herpotrichiellaceae were isolated from A. 

saccharum previously, Capronia chlorospora, Capronia minima, Rhinocladiella anceps and 

Thysanorea obscura (Matsushima 1983; Ginn 1986; Barr 1991) Genetic sequences are available 

for R. anceps and T. obscura, but not for either Capronia species.  

In this study, twenty-three Herpotrichiellaceae strains were retained for a multi-gene 

phylogenetic analysis of the ITS, LSU, Btub and actin loci, revealing at least 11 distinct taxa on 

this substrate. Based on morphology and DNA sequencing, Exophiala ramicatenata sp. nov is 

described and compared to selected species of Exophiala and other genera in the family based on 

morphology and phylogenetic analyses. Finally, recommendations for the use of the Btub and 

actin genes, to solve the taxonomy and phylogeny of the Herpotrichiellaceae are discussed. 

4.2 Methods: 

 

Specimen collection  

The specimens used in this study originated were obtained using methods discussed in 

chapter 2, from samples collected at the Tryon woodlot, McCarthy Woods and Vanier 

Museopark. 

Morphological analysis 

An examination of colonies was completed as described in Chapter 3 with some 

exceptions: Oatmeal agar (OA) was prepared by adding 15 g of oats to 400 ml of water and 
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stirred on a hot plate at around 90°C for 2 hours. The mixture was transferred in a 1-Liter bottle 

with cheesecloth to remove large particles and water was added to reach 500 mL. Finally, 7.5 g 

of agar was added and the medium autoclaved for 20 minutes (Samson et al. 2010).  

DNA extraction and amplification: 

 For the β-tubulin gene, the primers used for amplification were Bt2a (F) and Bt2b (R) 

(Glass and Donaldson 1995) with these settings: denaturation at 95°C for 1 minute, annealing at 

56°C for 1 minute and extension at 72°C for 90 seconds for 40 cycles followed by a final 

extension at 72°C for 10 minutes. For the actin gene, the primers used for amplification were 

ACTF2a (F) and ACTRa (Arzanlou et al. 2007a) with the following settings: denaturation at 94°C 

for 30 seconds, annealing at 60°C for 30 seconds and extension at 72°C for 40 cycles, then a final 

extension at 72°C for 7 minutes.
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Table 4.1 : GenBank accession number of newly generated sequences generated during this study and from strains used for the 

phylogenetic analyses. T indicate type specimens and Y indicate specimens isolated during this study. 

Species Strain # Habitat Country GenBank accession # Reference 
        ITS LSU Btub actin   

Capronia. camelliae-
yunnanensis T 

CGMCC 39061 Camelia yunnanensis China NR_164589 NG_066425 _ _ 
Phookamsak et al. 
(direct submission) 

Ca. coronata ATCC 56201 Wood New Zealand AF050242 AF050242 JN112422.1 JN112378.1 de Hoog et al. (2011) 

Ca. pilosella DAOM 216387 
Hypoxylon on Fagus 

sp. 
United States AF050254 AF050254 _ _ 

Untereiner and 
Naveau (1999) 

Ca. pulcherrima DAOM 216384 Vitis sp. Canada AF050256 AF050256 _ _ “ 

Ca. sp. CHEM 2237 Bark Acer saccharum Canada Y Y Y Y This study 

Ca. sp CHEM 2163 Bark Acer saccharum Canada Y Y Y Y This study 

Cladophialophora 
carrionii 

CBS 160.54 Chromoblastomycosis Australia KF928453 MH868813 XM_008730518.1 XM_008729194.1 
Texeira et al. (2017), 

Attili-Angelis et al. 
(2014) 

Cl. chaetospira CBS 514.63 Wheat field soil Germany KF928449 MH869959 _ _ 
Attilis-Angelis, D et al. 
(2014), Vu et al. (2019) 

Cl. chaetospira var. pini CBS 482.63 
Trunk Pinus contorta 

var. latifolia 
Canada MH858329 MH869946 _ _ Vu et al. 2019 

Cl. psammophila T CBS 110553 Soil Netherlands AY857517 KX712346 XM_007745883.1 XM_007744977.1 
Texeira et al. (2017), 

Prenafeta-boldu et al. 
(2006) 

Cl. sp.  CHEM 2643 Bark Acer saccharum Canada Y Y Y Y This study 

Cl. boppii T CBS 126.86 Skin lesion Brazil NR_131297 FJ358233 _ _ 
Vicente et al. 

(unpublished), 
Gueidan et al. (2008) 
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Cl. immunda CBS 834.96 Human ulcer United States MH862619 MH874242 EU137203.1 XM_016393664.1 
Texeira et al. (2017), 

de Hoog et al. (2007), 
Vu et al. (2019) 

Cl. yegresii CBS 114405 Stenocereus griseus Venezuela EU137322 KX822323 EU137209.1 XM_007757541.1 
Texeira et al. (2017), 
de Hoog et al (2006) 

Exophiala alcalophila CBS 520.82 Soil Japan NR_111624 MH873269 JN112423.1 JN112379.1 
de Hoog et al (2011),  
Schoch et al. (2014) 

E. angulospora CBS 482.92 Water in well Japan NR_111625 NG_070601 JN112426.1 JN112383.1 
de Hoog et al. (2011), 
Schoch et al. (2014) 

E. attenuata F106825 Felis catus Canada KT013095 KT013094 _ _ Overy et al. (2015) 

E. bergeri CHEM 2209 Bark Acer saccharum Canada Y Y Y Y This study 

E. bergeri CHEM 2311 Bark Acer saccharum Canada Y Y Y Y This study 

E. bergeri CHEM 2634 Bark Acer saccharum Canada Y Y Y Y This study 

E. bergeri CBS 353.52 Chromomycosis Canada NR_165997 NG_059199 EF551497.1 EF551464.1 
Zeng et al. (2008), Vu 

et al. (2019) 

E. bergeri T CBS 526.76 Supepiderma cyst United States MH861000 MH872773 _ _ Vu et al. (2019) 

E. bonariae CCFEE 5899 Stone monument Italy KP791795 KR781082 _ _ Isola et al. (2016) 

E. brunnea CBS 587.66 
Acacia karoo, leaf 

litter 
South Africa MH858890 MH870554 JN112442.1 JN112393.1 

de Hoog et al. (2011), 
Vu et al. (2019) 

E. cancerae CBS 115142 Water from CIP tank Netherlands MH862980 MH874540 KF928567.1 JN112396.1 de Hoog et al. (2011) 

E. castellanii T CBS 158.58 Human Sri-Lanka NR_121460 NG_070513 _ _ 
Schoch et al. (2014), 
Gueidan et al. (2008) 

E. clavispora CGMCC:37513 Rock China KP347943 MG197830 KP347933.1 KP347893.1 “ 

E. clavispora T CGMCC:3:17517 Rock China KP347942 KP347964 KP347932.1 KP347892.1 Sun et al. (2020) 

E. ellipsoidea CGMCC:37521 Rock China KP347953 KP347956 KP347920.1 KP347885.1 “ 
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E. ellipsoidea T CGMCC:37348 Rock China  KP347955 MG197832 KP347921.1 MG012713.1 “ 

E. embothrii CBS 146560 
Embothrium 

coccineum rizosphere 
Chile MW045819 MW045821 _ _ Crous et al. (2020a) 

E. embothrii T CBS 146558   NR_171982 MW045823 _ _ “ 

E. equina CBS 127576 Rock China MH864583 MH876025 KP347926.1 KP347887.1 Sun et al. (2020) 

 CBS 127579 Rock China MH864585 MH876027 KP347927.1 KP347888.1 “ 

E. exophialae CBS 668.76 
Straw in Armadillo 

burrow 
Uruguay NR_111130 KX822326 EF551499.1 EF551466.1 

Zeng et al. (2008), 
Schoch et al. (2014) 

E. hongkongensis T HKU32 Toenail Hong Kong JN625231.2 LC159284 JN625236.1 JN625241.1 Woo et al. (2013) 

E. jeanselmei CBS 507.90 Human  Uruguay NR_111129 NG_070514 EF551501.1 EF551468.1 
Zeng et al. (2008), 

Schoch et al. (2014) 

E. lacus T FMR 3995 Treated lake water Netherlands KU705830 KU705847 _ JN112407.1 
de Hoog et al. (2011), 
Schoch et al. (2014) 

E. lecanii-corni CBS 232.39 Chromomycosis Brazil MH855991 MH867492 _ _ Vu et al. (2019) 

E. lecanii-corni T CBS 123.33 Unknown N/A NR_145351 NG_059200 _ _ 
Prenafeta-boldu, F.X. 

et al. (2006) 

E. mali CPC 38208 Malus sp. fruit South Africa NR_171988 NG_074484 _ _ Crous et al. (2020a) 

E. Mesophila CBS 402.95 Shower silicon seal Germany NR_121461 MH877351 JN112476.1 XM_016370320.1 
de Hoog et al. (2011), 

Schoch (unpublish) 

E. mesophila T CBS 131562 Shower silicon seal Germany MH865916 KX712349 _ _ 
Vu et al. (2019), 

Teixeira et al. (2017) 

E. moniliae CHEM 2196 Bark Acer saccharum Canada Y Y Y Y This study 

E. moniliae CHEM 2545 Bark Acer saccharum Canada Y Y Y Y This study 

E. moniliae CHEM 2743 Bark Acer saccharum Canada Y Y Y Y This study 
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E. moniliae T CBS 520.76 Quercus sp. twig Russia NR_111448 MH872772 _ _ 
Schoch et al. (2014), 

Vu et al. (2019) 

E. nagquensis CGMCC:37284 Rock China KP347947 KP347960 _ _ Su et al. (unpublish) 

 CGMCC:37333 Rock China NR_172237 MG197838 KP347922.1 KP347894.1 Sun et al. (2020) 

E. nishimurae T CBS 101538 Culture contaminant Venezuela NR_137092 KX822327 EF551506.1 EF551463.1 
Zeng et al. (2008), 
Woo et al. (2013) 

E. oligosperma CHEM 2098 Bark Acer saccharum Canada Y Y Y Y This study 

E. oligosperma T CBS 725.88 
Sphenoid cavity 

tumor 
Germany  NR_111134 NG_059201 KF928550.1 EF551474.1 

Schoch et al. (2014), 
Atilli-angelis et al. 
(2014), Zeng et al. 

(2008) 

E. opportunistica CBS 122268 Drinking water Germany KF928436 KF928500 JN112488.1 JN112408.1 
de Hoog et al. (2011), 

Attili-Angelis et al. 
(2014) 

E. opportunistica T CBS 109811 Drinking water Germany NR_154906 KF928501 KF928565.1 JN112410.1 
de Hoog et al. (2011), 

Attili-Angelis et al. 
(2014) 

E. pisciphila CBS 537.73 Ictalurus punctatus United States NR_121269 MH872483 JN112493.1 JN112412.1 
Vu et al. (2019), de 
Hoog et al. (2011) 

E. prostantherae T CPC 38251 
Prostanthera sp., 

leaves 
Australia NR_171990 MW175384 _ _ Crous et al. (2020a) 

E. psychrophila T CBS 191.87 Salmo salar Norway NR_145371 MH873750 _ _ 
de Hoog et al. (2011), 

Vu et al. (2019) 

E. quercina T CPC:33408 
Quercus sp., dead 

wood 
Germany NR_170053 MT223892 _ _ Crous et al. (2020b) 

E. radicis T CPC:33408 
Microthlaspi 
perfoliatum 

Germany NR_158397 NG_069319 KT723463.1 KT723443.1 
Glynou et al. (2016), 
Macia-Vicente et al. 

(2016) 

E. ramicatenata T CHEM 2275 Bark Acer saccharum Canada Y Y Y Y This study 

E. ramicatenata CHEM 2579 Bark Acer saccharum Canada Y Y Y Y This study 
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E. ramicatenata CHEM 2599 Bark Acer saccharum Canada Y Y Y Y This study 

E. ramicatenata CHEM 2612 Bark Acer saccharum Canada Y Y Y Y This study 

E. ramicatenata CHEM 2626 Bark Acer saccharum Canada Y Y Y Y This study 

E. salmonis T CBS 157.67 Salmon brain Canada NR_121270 MH870616 JN112499.1 JN112415.1 
de Hoog et al. (2011), 
Schoch et al. (2014) 

Exophiala sp. CHEM 2250 Bark Acer saccharum Canada Y Y Y Y This study 

E. spinifera CBS 899.68 
Human nasal 
granuloma 

United States NR_111131 MH870977 EF551516.1 EF551482.1 
Zeng et al (2008), 

Schoch et al. (2014) 

E. xenobiotica CHEM 2589 Bark Acer saccharum Canada Y Y Y Y This study 

E. xenobiotica CBS 117665 Human United States DQ182588 _ DQ182572.1 EF551489.1 
de Hoog et al. (2006), 

Zeng et al. (2008) 

 CBS 117674 Blood United States DQ182589 _ DQ182573.1 EF551491.1 “ 

 CBS 117676 Finger United States DQ182592 _ DQ182576.1 EF551492.1 “ 

 CBS 130118 N/A N/A MH865642 MH877072 _ _ Vu et al. (2019) 

Fonsecaea monophora CBS 289.93 
Arctocephalus 

australis lymph node 
Australia AY366925 _ EU938554.1 EU938608.1 

Najafzadeh et al. 
(2009), de Hoog et al. 

(2004) 

F. pedrosoi T CBS 271.37 Human 
South 

America 
NR_130652 KJ930166 EU938559.1 EU938613.1 

Tanabe et al. (2003), Li 
et al. (2017), 

Najafzadeh et al. 
(2009) 

Phaeoblastophora sp.  CHEM 1780 Bark Acer saccharum Canada Y Y Y Y This study 

Phialophora americana CHEM 2185 Bark Acer saccharum Canada Y Y Y Y This study 

 UAMH 10873 Tilia cordata 
Czech 

Republic 
EU514692 EU514692 EU514705.1 _ Untereiner et al 2008 

 CBS 281.35 Chromoblastomycosis unknown EU514694 EU514694 _ _ “ 
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 CBS 400.67 Soil Brazil EU514695 EU514695 EU514708.1 _ “ 

Rhinocladiella anceps T CBS 181.65 soil Canada NR_111275 NG_027584 _ _ Arzanlou et al. (2007b) 

R. aquaspersa CBS 122635 Chromoblastomycosis Mexico GU017732 KX822357 GU079659.1 GU079656.1 Badali et al. (2009) 

 CBS 313.73 Chromomycosis Brazil NR_119760 MH872396 _ _ 
Schoch et al. (2014, Vu 

et al. (2019) 

R. aquaspersa T CBS 313.73 Chromomycosis Mexico GU017733 MH872396 GU079660.1 GU079658.1 “ 

R. atrovirens CBS 317.33 Pine wood Sweden MH855447 MH866906 _ _ Vu et al. (2019) 

R. atrovirens CBS 264.49 Honey France MH856518 MH868048 _ _ “ 

R. basitona CBS 101460 Subcutaneous lesion Japan AY163561 EU041863 EF551520.1 EF551494.1 Zeng et al. (2008) 

R. basitona T CBS 101460 Subcutaneous lesion Japan NR_111135 NG_057783 _ _ 
De Hoog et al. (2003), 
Arzanlou et al. (2007b) 

R. coryli T CPC 26654 Corylus avelana Germany NR_155727 NG_059697 _ _ 
Hermandez-Restrepo 

et al. (2016) 

R. fasciculata T CBS 132.86 Decayed wood India NR_145356 NG_057784 _ _ Arzanlou et al. (2007b) 

R. mackenziei CBS 367.92 Human Saudi Arabia EU041808 EU041865 _ _ sa 

 CBS 368.92 Human Israel EU041809 EU041866 _ _ “ 

R. phaeophora T CBS 496.78 Soil  Columbia MH861169 EU041868 GU079661.1 GU079657.1 
Badali et al. (2009), Vu 

et al. (2018) 

 CBS 496.78 Soil Columbia NR_103592 NG_057785 _ _ Arzanlou et al. (2007b) 

R. quercus CHEM 1787 Bark Acer saccharum Canada Y Y Y Y This study 

R. quercus CHEM 2406 Bark Acer saccharum Canada Y Y Y Y This study 

R. quercus CPC 30459 
Sorbus acuparia 

branch 
Germany MH107914 MH107960 MH108048.1 _ Crous et al. (2018) 

R. quercus T CPC 26621 Quercus robur twig Germany KX306769 KX306794 _ _ 
Hermandez-Restrepo 

et al. (2016) 
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R. similis CBS 126848 Cutaneous ulcer Brazil MH864258 KU752195 EF551521.1 LC018824.1 
Zeng et al. (2008), Vu 

et al. (2018) 

Rhinocladiella sp. CHEM 2302 Bark Acer saccharum Canada Y Y Y Y This study 

Rhinocladiella sp. CHEM 2541 Bark Acer saccharum Canada Y Y Y Y This study 

R. tropicalis T RA776 Clinical sample Brazil KU854928 KX356663 _ _ Gomes et al. (2016) 

Thysanorea aquatica T 
MFLUCC:15-

0414 
Submerged wood China NR_154181 NG_070385 _ _ Liu et al. (2015). 

T. asiatica T 
MFLUCC:15-

0237 
Submerged wood china NR_154179 NG_070384 _ _ “ 

T. cantrelliae T CBS 145909 Unidentified twig Puerto Rico NR_166360 NG_068351 _ _ 
Hermandez-Restrepo 

et al. (2020) 

T. clavata  T DLU 3022 Submerged wood China MT271774 MT271772 _ _ Wan et al. 2021 

T. curvata T 
MFLUCC:15-

0259 
Submerged wood China NR_154180 NG_070383 _ _ “ 

T. melanica T 
MFLUCC:15-

0415 
Submerged wood China NR_154182 NG_070386 _ _ “ 

T. obscura 
MFLUCC:15-

0416 
Submerged wood China KR215606 KR215611 _ _ “ 

T. papuana CBS 212.96 N/A 
Papua New 

Guinea 
NR_111276 NG_057787 _ _ Arzanlou et al. (2007b) 

T. rousseliana  CBS 126086 Quercus ilex branch Spain MH863784 MH875246 _ _ Vu et al. (2019) 

T. seifertii T CBS 145910 Unidentified twig Puerto Rico NR_166361 NG_068352 _ _ 
Hermandez-Restrepo 

et al. (2020) 

T. submersa T KUMCC 15-0206 Submerged wood China KX789212 KX789215 _ _ Hyde et al. (2016) 

Veronaea botryosa CBS 350.65 Dung of goat India MH858603 MH870245 _ _ Vu et al. (2019) 

V. botryosa T CBS 254.57 Sansa olive slag Italy NR_103593 NG_057788 JN112505 JN112421.1 De Hoog et al. (2011) 

V. compacta T CBS 268.75 N/A South Africa NR_077176 NG_057790 _ _ Arzanlou et al. (2007b) 

V. japonica T CBS 776.83 Dead bamboo culm Japan NR_111277 NG_057789 _ _ “ 

V. japonica CHEM 2496 Bark Acer saccharum Canada Y Y Y Y This study 

Verrucaria nigrescens CHEM 2519 Rock Canada Y Y Y Y This study 
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DNA sequence alignments were completed using MUSCLE and phylogenetic analyses 

were completed using Maximum Likelihood (ML) and Bayesian inference (BI) using the GTR + 

G + I as described in Chapter 3. For ML analysis the IQ TREE web server was used for 

individual loci using default settings. For the multi-gene analysis, each locus was partitioned and 

the best model for each partition was determined using ModelFinder and replicated 1000 times 

using ultrafast bootstrap (Trifinopoulos et al. 2016; Kalyaanamoorthy et al. 2017; Hoang et al. 

2018). Verrucaria nigrescens (Verrucariales) was used as the outgroup of Fig. 4.1, 4.7-4.8 and 

4.11-4.14, while Cladophialophora carrionii was used as the outgroup of Fig. 4.2, 4.9-4.10.  

To confirm the identification of each culture, separate phylogenetic analyses of ITS and 

LSU sequences of selected members of the Herpotrichiellaceae were undertaken, as shown in 

Fig. 4.7 and 4.8 and summarized in Table 4.1. Additional sequences that were available on 

GenBank were used for the phylogenetic analysis. To produce the phylogenetic tree, 

concatenated alignment of ITS, LSU, Btub and actin loci were done with strains in table 4.1 for 

which protein coding genes were available. In this case, aligned sequences measuring 513 bp for 

the ITS, 503 bp for the LSU, 468 bp for actin, and 338 bp for Btub were concatenated into an 

1822 bp long sequence (gaps included) (Fig. 4.1). Phylogenetic analyses for individual loci are 

presented as Fig. 4.11–4.14.   

To confirm the phylogenetic placement of our new species E. ramicatenata suggested by 

Fig. 4.7 and 4.8, a concatenated phylogenetic analysis was generated using the ITS and LSU loci. 

Aligned sequences measuring 533 bp for ITS and 707 bp for LSU were concatenated into a 1240 

bp sequence (gap included)(Fig 4.2). Phylogenetic analyses for individual loci are presented as 

Fig 4.9–4.10. ITS and LSU sequences were longer in the analyses, because of the smaller dataset 

containing less gaps and more LROR to LR5 sequences. 
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4.3 Results: 

Phylogenetic analyses 

 The 23 strains of Herpotrichiellaceae clustered in at least 11 distinct taxa. Of the strains 

analyzed, all yielded successful amplification of the ITS locus, 21 for the LSU locus 20 for β-

tubulin gene and 21 for the actin gene. 

 For each of these strains, BLAST analysis consistently identified them as members of the 

Herpotrichiellaceae. The ITS and LSU loci often resulted in species identification, and they are 

more commonly used in this family compared to Btub and actin. Phylogenetic analyses of Btub 

resulted in generally poorly supported clades. Alignments revealed two sections around 40 bp 

long that were poorly conserved and are probably introns. For actin, a single segment measuring 

around 40 bp was found in aligned sequences and seemed to be highly variable. The 

phylogenetic tree of actin (Fig 4.14) generally shows good differentiation between sister taxa, 

but poor support for basal branches.  

 Fig. 4.8–4.14 show E. ramicatenata to be phylogenetically distinct from all other species. 

All strains of E. ramicatenata differed by two or less nucleotides for the ITS, LSU, and actin 

loci. For Btub, they differed by five or less nucleotides. For ITS and LSU, E. ramicatenata was 

basal to a clade consisting of various species of Veronaea and Exophiala, including E. salmonis, 

and V. botryosa, the type species of the respective genera, albeit with variable support depending 

on the locus and algorithm used (Fig. 4.11 and Fig. 4.12). The actin locus suggests E. 

ramicatenata is a sister to Veronaea, with good BI support, but poor ML support (Fig. 4.14). The 

placement of E. ramicatenata as sister to Veronaea and Exophiala sensu stricto, was also seen in 

the concatenated analysis the ITS and LSU of closely related taxa (Fig 4.2), although this  
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Fig. 4.1: The best ML phylogenetic tree obtained using IQtree of a combined ITS-LSU-Btub and 

actin dataset including selected species of Herpotrichiellaceae with Verrucaria nigrescens as an 

outgroup. Label values are given as BI/ML with values inferior to 70 replaced with a hyphen (-) 

bracket values of 100 replaced with an asterisk (*), T indicates type specimens, bold indicate 

sequences generated during this study. 
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Fig. 4.2: Phylogenetic tree of the best ML tree obtained using IQtree of a combined ITS-LSU- 

dataset including selected species of Herpotrichiellaceae found to be closely to E. ramicatenata, 

in bold and Cladophialophora carrionii as an outgroup. Label values are given as BI/ML with 

values inferior to 70 replaced with a hyphen (-) bracket values of 100 replaced with an asterisk 

(*), T indicate type specimens 

 



[Tapez ici] 
 

190 
 

placement was only supported with BI, and the Veronaea clade also contained species of 

Exophiala in all analyses. 

4.4 Taxonomy: 

Exophiala ramicatenata J. Mack & Overy. Sp. Nov Fig. 4.3 

Mycobank No. MB00000 

Etymology: rami = branched, catenata = chains, referencing the branched chains of conidia 

produced by this species.  

Holotype–Canada, Ontario, Ottawa, McCarthy Forest (N 45°21.25, W -075°40.30), isolated from 

ground bark from recently dead Acer saccharum, November 2019, J. Mack and D. Overy 

(CHEM 2275 DAOMCxxxxx) 

Description:  

Colonies on MEA at 25°C usually are regular, or slightly irregular, flat to slightly raised, 

with a prominent umbo 3–5mm wide at the centre, velvety or slightly floccose; centre medium 

gray to platinum gray, margin dark gray; immersed hyphae black; sporulation absent; reverse 

black. Colonies on PDA at 25°C, highly raised, with a flat margin up to 3mm, prominent umbo 

at the centre up to 5 mm wide, sulcation occasionally present from umbo to margin; surface 

lumpy, irregular, velvety, centre platinum to medium gray centre, margin dark gray; sporulation 

absent; reverse black. Colonies on DG18, diminutive, raised velvety, black, sporulation absent. 

Colonies on CMA inconspicuous, mainly immersed, margin regular, greyish brown, centre 

black; sporulation poor, mostly restricted to isolated conidiophore near the colonies edge or 

centre; reverse greyish brown with a black centre. Colonies on OA poorly defined, flat, except 
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for a small tuft of hyphae near the colonies centre, chocolate brown to black toward centre, with 

platinum gray tuft; sporulation absent; reverse chocolate brown to black. Colony diameters in 

mm after 28 days (14 days for MEA 37°C); MEA 10°C, 3–5 mm; MEA 15°C, 8–9 mm; MEA 

20°C, 16–19 mm; MEA 25°C, 18–22 mm; MEA 30°C, 16–18 mm; MEA 37°C, 0*; PDA 25°C, 

19–24 mm; DG18 25°C, 1–2 mm; CMA 25°C, 18–22 mm; PDA 25°C, 20–22 mm. 

* No visible growth after 14 d. at 37°C, but growth of up to 1 mm at 14 days after subsequent 

transfer to 15°C. 

Asexual morph: Scarce to absent on most media, best observed on CMA incubated for 28 d. at 

25°C, then approximatively two weeks at 5 °C. Conidiophore, fasciculate, compact groups, 

composed of solitary or short chains of torulose secondary cells, one to three terminal cells 

originate from thin loci on the apical side of the secondary cells and measure 3–5(–5.5) × 2–3.5 

μm, Q = 1–3 μm (mean 4.2 ± 0.2 × 2.6 ± 0.1 μm, Q = 1.6 ± 0.1 μm), (n = 20) Conidiogenesis 

occurring from, single, apical monoblastic or polyblastic conidiogenous loci appearing either 

annellidic or occasionally sympodial with denticles, often produced apically and singly from 

terminal cells and (Fig 4.3F and 4.3H) measuring 1–2 × 0.5–1 μm (n = 10) or laterally from 

undifferentiated hypha where they measure up to 2.5–4 × 0.5–1 μm (n = 10). Conidia, 

ellipsoidal, slimy in mass, not budding, hyaline or very pale brown, aseptate, smooth, usually 

with a short basal scar, 3–4.5 × 1.3–2 μm (n = 50), Q = 1.5–2.5 μm (mean 3.5 ± 0.1 × 1.8 ± 0.1 

μm, Q = 2 ± 0.1 μm), n=50. Teleomorph, unknown.  
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Fig 4.3. Exophiala ramicatenata A. colony appearance from left to right: MEA, PDA, CMA, 

DG18; B–H. detail of conidiogenous loci; I–M. conidiophore branching patterns; N. conidia. 

Scale bar: B–N = 5 μm.  
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Exophiala ramicatenata is characterized by its well-differentiated, often highly branched 

conidiophores, absence of budding conidia, and lack of sporulation on MEA after 28d for all 

tested temperatures. Based on our phylogenetic analyses, E. ramicatenata appears to occupy a 

remote position, basal to a clade containing V. botryosa, the type species of Veronaea and an 

Exophiala clade containing E. salmonis (Exophiala sensu stricto, comprising species more 

closely related to E. salmonis than V. botryosa. However Exophiala sensu stricto differ as they 

produce budding conidia and sporulate on MEA at 24°C (de Hoog et al. 2011) while species of 

Veronaea such as V. botryosa are sympodial, lack branched conidiophores and produce septate 

conidia (Arzanlou et al. 2017b; Chandrasiri et al. 2021). E. ramicatenata is morphologically 

similar to species such as E. brunnea, E. dopicola, E. dermatitidis and E. moniliae. E. brunnea 

and E. dopicola are similar as they lack budding conidia. However, conidiogenesis in E. brunnea 

is phialidic and the conidia are septate (Papendorf 1969), while E. dopicola has much longer 

conidia (Katz and McGinnis 1980). Furthermore, both species lack the branched conidiophores 

characteristic of E. ramicatenata. E. dermatitidis and E. moniliae, are similar to E. ramicatenata, 

because they produce branched chains of torulose cells on which the conidiogenous loci are 

formed. These toruloid chains appears to be very similar to the chains observed in E. 

ramicatenata and strains of both of these species should be compared in culture using the same 

conditions as E. ramicatenata. Nonetheless these two species can easily be distinguished from E. 

ramicatenata because E. dermatitidis grows at 37°C (Zalar et al. 2011), while in E. moniliae, 

conidia are monoblastic and originate from inconspicuous annellides (de Hoog 1977). Finally, 

each of these species can also easily be distinguished from E. ramicatenata by DNA barcoding 

(although the two sequence currently available on GenBank for E. dopicola are confusing 
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because one sequence (MH862483) is identical to E. dermatiditis while the other sequence 

(AB025872) is identical to E. castelanii).  

Thysanorea papuana is also similar as it produces complex, branched conidiophore, but 

differs by its septate conidia and consistently denticulate conidiogenous cells (Arzanlou et al. 

2007b). Species of Thysanorea have previously been reported, from wood, and often submerged 

(Hernández-Restrepo et al. 2021). Most species do not produce branched conidiophore, and 

conidiogenesis is always denticulate, unlike E. ramicatena. Fig. 4.2, 4.9 and 4.10 suggest that 

Thysanorea is relatively closely related to E. ramicatena. However, both ML and BI, recover E. 

ramicatena as more closely related to Veronaea botryosa and Exophiala salmonis, which are the 

type species of their respective genus, than to T. papuanea, the type of Thysanorea. Finally, 

Thysanorea species lack sequences for Btub and Actin.  

Additional strains examined:  

Canada, Ontario, Sharbot Lake, Tryon road woodlot, isolated from bark of A. saccharum, April 

2021, J. Mack (CHEM 2579, DAOMCC000000); ibid (CHEM 2626, DAOMCC000000); 

Ottawa, McCarthy Forest, isolated from bark of A. saccharum. J. Mack (CHEM 2612, 

DAOMCC00000); ibid (CHEM 2554); Vanier MuseoPark, isolated from bark of A. saccharum. 

November 2019. J. Mack (CHEM 2190); ibid, April 2021, J. Mack (CHEM 2599, 

DAOMC0000) 
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4.5 Discussion  

Ecology of Herpotrichiellaceae  

A brief review of selected taxa obtained during this study is presented as appendix 4.6.1 

The presence of Herpotrichiellaceae from the bark of A. saccharum is currently limited to four 

reports. While the teleomorphic Capronia chlorospora and C. minima were previously reported 

from A. saccharum, they lack reference DNA sequences and as of 2000, lacked associated 

anamorphs (Untereiner 2000). None of our strains produced a teleomorphic state in culture. 

Neither Rhinocladiella anceps nor Thysanorea obscura, which were previously reported from A. 

saccharum, were isolated during this study.  

Herpotrichiellaceae have been previously isolated from various habitats. Several species 

occur on wood, and species such as R. atrovirens which can be dominant on sap-stained wood. 

(Kim et al. 2001). Furthermore, several species of Cladophialophora, Phialophora and 

Thysanorea occur on wood (Badali et al. 2008; Li et al. 2008; Hernández-Restrepo et al. 2020). 

An overview of the ecology of Herpotrichiellaceae is provided by Texeira and al. (2017), which 

shows that some species isolated in this current study, such as Veronaea japonica and Exophiala 

moniliae, occur on wood.  

Capronia species are also isolated from various woody substrates, and these isolates 

often produce Exophiala-like colonies in culture (Untereiner 1997; Untereiner 1998). However, 

to the best of our knowledge, only two Capronia have their anamorphic state described as a 

distinct anamorphic species; C. semiimersa with its Phialophora americana anamorph 

(Untereiner 2008) and C. coronata with its Exophiala angulospora anamorph (Gjessing et al. 

2011). Furthermore, as of 2000, only two species of Capronia were observed with an asexual 



[Tapez ici] 
 

196 
 

state in-situ, Capronia montana and E. calicioides associated with an unidentified Capronia 

(Untereiner 2000). Because sequence data from most species of Capronia are lacking, (Quan et 

al. 2020) it is possible that unidentified Herpotrichiellaceae species isolated in this study belong 

to Capronia. Further studies should attempt to characterize the asexual states of Capronia and 

understand their phylogenetic placement amongst asexual members of Herpotrichiellaceae. 

We rarely isolated Herpotrichiellaceae from direct observation or moist chambers, 

possibly because of the elevated humidity of moist chambers, or because colonies would be 

inconspicuous by direct observation. Nevertheless, we did isolate from moist chambers, a 

Rhinocladiella identified as R. quercus based on genetic sequencing of the ITS, LSU and Btub. 

While several Herpotrichiellaceae are common on wood, they were rarely isolated using 

traditional methods such as direct observation or moist chambers in this study, and this suggests 

that high-throughput methods such as particle filtration with dilution to extinction might yield a 

higher diversity of species, including undescribed species. 

 Some species of Exophiala are extremophiles that can grow on rocks and lichens 

(Harutyunyan et al. 2008; Sun et al 2020) or in habitats rich in phenolic hydrocarbons (Isola et 

al. 2021). Various phenols occur in the bark of A. saccharum (St-Pierre et al. 2013). Because 

bark might be exposed to harsh environments such as drought and UV light, and contain 

phenolic compounds, it is possible that extremophile Herpotrichiellaceae species are selected to 

grow on A. saccharum bark. Finally, some species that were isolated during this study, such as E. 

bergeri, E. oligosperma and Phialophora americana, can infect humans (Zeng 2007, Ahmed et 

al. 2021).  
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Taxonomy of Exophiala ramicatenata  

The commonly isolated species, E. ramicatenata was distinct from all other known 

Herpotrichiellaceae. It appears to be basal to a clade containing the type species of both 

Exophiala (E. salmonis) and Veronaea (V. botryosa). The close relationship between V. botryosa 

and E. salmonis was also seen in prior studies (Wang et al. 2019; Quan et al. 2020; Chandrasiri 

et al. 2021). Because of this, the possibility of accommodating E. ramicatenata in a new genus 

was considered. However, E. ramicatenata was kept in Exophiala for several reasons. As 

observed by de Hoog et al. (2003), Quan et al. (2020), and in our analyses (Fig. 4.1), Exophiala 

is polyphyletic with several genera of Herpotrichiellaceae. Unfortunately, no recent taxonomic 

revisions of Exophiala are available. Veronaea could be considered distinct from Exophiala, 

because of the denticulate conidiogenesis. However, several genera of Herpotrichiellaceae are 

pleomorphic, and in some instances, different synanamorphs are produced between closely 

related species. Several species of Rhinocladiella produce an Exophiala synanamorph depending 

on the culture conditions (Tsuneda et al. 1986; Arzanlou et al. 2007b). While E. jeanselmei is an 

annelidic species that also produce a denticulate Rhinocladiella-like synanamorph and is closely 

related to Rhinocladiella similis and R. basitona, which are only known to produce denticulate 

Rhinocladiella state (de Hoog 1977; de Hoog et al. 2003). In addition, the phialidic E. brunnea 

(Papendorf 1969) was found to be clustered in Veronaea, a genus producing denticulate 

conidiophores, by Quan et al. (2020). Finally, while several species of Exophiala have aseptate 

conidia (de Hoog et al. 1977), both E. salmonis and V. botryosa produce septate conidia, 

(Carmichael 1966; Arzanlou et al. 2007b). These characters make the separation between 

Veronaea and Exophiala difficult, and E. ramicatenata is considered as an Exophiala as of now.  
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 Because members of the Herpotrichiellaceae tend to be pleomorphic and have simplified 

morphology, their taxonomy is complicated. Several species of Herpotrichiellaceae have been 

synonymized to different genera depending on interpretations of species concepts (McGinnis and 

Padyhe 1977; McGinnis 1977; Tsuneda et al. 1986), with a long list of synonym and often-

confused species concepts and interpretation of synanamorphs. Hence, the taxonomic concepts 

of anamorphic Herpotrichiellaceae, established using morphology often resulted in poorly 

defined assemblage of artificial genera with poor delimitation, which were not supported by 

phylogenetic analyses (Haase 1999).  

In this study, E. ramicatenata is classified in Exophiala based on morphology and 

phylogeny. However, if future studies restrict Exophiala to species more closely related to E. 

salmonis than to V. botryosa, E. ramicatenata may need to be transferred to a different, possibly 

new genus. Then a combination of characters such as an absence of sporulation on MEA and the 

production of complex conidiophores, could possibly help to define this genus, although more 

studies are needed to determine the variation in the conidiophore production in E. ramicatenata.  

 Interestingly, an environmental ITS sequence in GenBank, labeled, as Cladophialophora 

sp. Sh20 (FJ265753), is 99% similar to E. ramicatenata. This fungus was isolated from 

Physcomia americana, a lichen which occurs in dry habitats, using particle filtration without 

dilution to extinction (Harutyunan et al. 2008). This might suggest that E. ramicatenata is 

associated with corticolous lichens rather than bark itself. However, despite the similarity 

between the ITS sequences, our new species is quite different from Cladophialophora because it 

lacks branched conidial chains. However, the branched chains of conidiophores of E. 

ramicatenata are superficially similar to the conidial chains of Cladophialophora. Finally, E. 
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ramicatenata is distantly related Cladophialophora carrionii, the type species (Badali et al. 

2008) of Cladophialophora, in our multi-gene phylogeny (Fig 4.1). 

DNA sequencing markers for the Herpotrichiellaceae 

The ITS locus is probably the most sequenced locus in fungi and is accepted as a universal 

barcode for fungi (Schoch et al. 2012). ITS is most frequently used for sequencing 

Herpotrichiellaceae strains, and in this study, generated good support for most clades (Fig. 4.7 

and Fig. 4.9). However, most basal branches were not well supported on both ML and BI. 

Rhinocladiella was polyphyletic across various lineages, often basal to the remainder of the 

Herpotrichiellaceae. Furthermore, both Exophiala and Capronia were polyphyletic, as 

previously noted (de Hoog et al. 2003). Partial sequences of the LSU locus were well conserved 

but generated poor support for several clades in the phylogenetic analyses (Fig. 4.8 and 4.10).  

   

Two protein-coding genes (Btub and actin) were added because sequences of these loci 

were available on GenBank for several species of Herpotrichiellaceae. On its own, actin was 

efficient in separating closely related species but often resulted in poorly resolved basal clades. 

Actin sequences were around 650 bp long, but a different primer set was used in prior studies 

such as de Hoog et al. (2011), which result in shorter sequences of up to about 450 bp long. 

However, primers for even longer actin sequences up to 1500 bp have been used for eukaryotic 

organisms including fungi and the feasibility for their use might be considered in future studies 

(Voigt et al. 2000). Unfortunately, actin amplification of two strains resulted in double bands 

(amplicons), yielding unusable sequences. However, it is unknown if the double bands occurred 

because of contamination during sample preparation and amplification, or the presence of two 
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paralogs in these species. Actin sequences from the environmental samples of Verrucaria, a 

lichen that also host eukaryotic algae (Thüs et al. 2011), did not show double bands. Despite 

these issues, the actin primer set used appears to be efficient in generating sequences of 

Herpotrichiellaceae and should be useful for future analyses.  

Partial β-tubulin sequence resulted in generally poorly supported phylogenies, especially 

at the basal branches. The btub sequences obtained were quite variable in length, from 400 to 

500 bp, and contained large introns, leading to numerous gaps in the alignments. Amplification 

failed for three strains. However, it is unknown if these failures were due to lab error, or 

variation in the primer binding sites of the Herpotrichiellaceae. Nonetheless, β-tubulin is 

relatively commonly sequenced in Herpotrichiellaceae, and usually useful for multi-gene 

phylogeny analyses.   

Recent major phylogenetic analyses of the Herpotrichiellaceae often used the LSU and 

ITS gene for phylogenetic analyses (Texeira et al 2017; Quan et al. 2020; Chandrasiri et al. 

2021). Elongation Factor 1-α, (EF) also appears to be commonly sequenced in 

Herpotrichiellaceae, but the sequences available on GenBank were mostly very short (around 

200bp) because the primer pair used is often Ef1-728F/Ef1-986R (Maciá-Vicente et al. 2016). 

The short sequences resulted in poor alignments and phylogenetic trees (not shown), and 

therefore EF was not used in this study. More work is necessary to determine the efficiency of 

EF in Herpotrichiellaceae and the possibly of generating longer sequences of EF. 

Overall, based on the phylogenetic analyses generated in this study, the ITS appeared to 

be the best locus to use for generating phylogenetic analyses, mainly because of its broad usage 

in the Herpotrichiellaceae, reliable amplification and reasonable discriminatory characteristics. 
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Nonetheless, additional loci such as LSU, Btub and actin, are also efficient and easy to amplify 

and should be considered for multi-gene phylogeny. Hence, future studies might consider their 

uses as supplemental loci for multi-gene phylogenetic analyses, especially from taxa currently 

lacking protein coding genes sequences. 

Conclusion and future steps: 

 This study provides evidence for a large diversity of Herpotrichiellaceae, including 

human pathogenic species, occurring on the bark of A. saccharum, indicating that bark might not 

only be a reservoir for these species and for novel taxa such as E. ramicatenata. Perhaps these 

species can occur on bark, because they are well adapted for harsh environments and are capable 

of degrading hydrocarbons and phenolic compounds. Sequences of protein coding genes such as 

actin and β-tubulin are useful for phylogenetic reconstruction of various distinct lineages of 

Herpotrichiellaceae. Future work should focus on use of protein-coding genes for clarifying the 

delimitation of genera such as Thysanorea, which lack sequences for these genes. Broader 

application of these genes for species of the Herpotrichiellaceae might also help resolve the 

recurrent issues of polyphyly occurring in this medically significant family.  
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4.7 Appendix 

4.7.1 Overview of individual taxa of Herpotrichiellaceae obtained during this study 

Two isolates tentatively identified as Capronia sp. based on DNA barcodes were obtained using 

particle filtration. These two isolates cluster in a clade containing Capronia species such as C. 

pilosella, C. Pulcherrima and C. camelliae-yunnanensis with high phylogenetic support. All of 

these species were previously isolated from wood. Both C. pilosella and C. pulcherrima produce 

perithecia with 8 spored asci and 3 septate ascospores and are associated with an Exophiala-like 

anamorph in culture, while C. camelliae-yunnanensis produce ascospores with transverse septa 

and has no reported asexual morph (Untereiner 1997; Phookamsak et al. 2019). Isolate CHEM 

2237 produced an anamorph similar to that described by Untereiner (1997) in culture. Our two 

isolates differ from previously sequenced taxa and appear distinct from each other. 

Unfortunately, none of these Capronia species currently have sequences for the Btub or actin, 

and our conclusions are based on ITS and LSU sequences.  

 A single strain tentatively identified as Cladophialophora sp. was isolated using particle 

filtration. This fungus appears to cluster basal to a clade comprising C. boppii and C. chaetospira 

based on LSU and ITS sequences. C. boppii was previously reported from human skin lesion 

(Brasch et al. 2011) while C. chaetospira occurs on wood, roots, and soil (Crous et al. 2007). 

However, based on ITS and LSU analyses, these species do not appear to be congeneric with the 

strains isolated during this study.  

 Seven strains tentatively identified as Exophiala bergeri (Fig. 4.4) using DNA barcoding 

were isolated using particle filtration. E. bergeri was previously reported from various substrates 

such as human lesions, railway ties treated with creosote 15 year before isolation and soil 
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(Vicente et al. 2008; Zeng and de Hoog 2008) E. bergeri is abundant on railway ties treated with 

creosote (Vicente et al. 2008). Interestingly, the three isolates we included in the multi-gene 

phylogeny clustered as sister to E. bergeri and might belong to a novel species. Morphological 

studies and additional sequences of protein coding gene such as Btub and actin are necessary to 

solve this issue. This species was the most commonly isolated Herpotrichiellaceae obtained 

during this study.  

 

Fig 4.4 : Budding conidia from a strain isolated during this study tentatively identified as E. 

bergeri. Scale bar = 10 um  

 

 five strains tentatively identified as Exophiala moniliae were isolated using particle 

filtration. However, based on DNA barcodes, these strains might belong to two distinct species, 

and their relationship with E. moniliae and the closely related E. quercina is unclear. Both E. 

moniliae and E. quercina were isolated from Quercus wood (de Hoog and Hermanides-Nijhof 

1977; Crous et al. 2020), although the former has also been isolated from skin lesions according 
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to old case reports (de Hoog and Hermanides-Nijhof 1977; Matsumoto et al. 1984). 

Unfortunately, both E. moniliae and E. quercus lack Btub and actin gene sequences and were 

only compared based on the ITS and LSU loci. 

 A single strain identified as Exophiala oligosperma was isolated using particle filtration 

and identified using ITS and LSU barcodes. E. oligosperma was previously isolated from 

habitats such as water, plastic, soil, human lesions and rarely, fatal infections in apparently 

immunocompetent humans (de Hoog et al. 2003).  

 A single strain tentatively identified as Exophiala sp. (CHEM 2250) was obtained using 

particle filtration. It appears be distantly related to any sequenced species of the 

Herpotrichiellaceae, and the ITS sequence suggests a placement basal to Rhinocladiella. 

However, this placement is not supported by either the ML or BI . This taxon should be 

considered for description in a future study combining morphological and molecular characters  

 A single strain identified as Exophiala xenobiotica was obtained using particle filtration 

and clustered with various other strains of E. xenobiotica using the multigene phylogenetic 

analyse. In prior studies, E. xenobiotica was isolated from habitats enriched with hydrocarbons 

and occasionally from lesions on human skin (de Hoog et al. 2006; Espanhol et al. 2020). 

 A single strain tentatively identified as Phaeoblastophora sp. based on morphology was 

obtained from a moist chamber. The morphological identification was based on the 

dematiaceous, poorly differentiated chains of conidia similar to the illustration shown in Seifert 

et al (2011). These morphological characters are reminiscent of the conidiophores and 

conidiogenous cells of certain Exophiala species such as E. moniliae. Phaeoblastophora may be 

a reduced species of Exophiala reproducing by fragmentation of poorly differentiated hyphae. 
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Unfortunately, no species of this genus have been sequenced, and more specimens are needed to 

confirm the phylogenetic placement of Phaeoblastophora in Herpotrichiellaceae. Our putative 

Phaeoblastophora sequences do not match any sequences currently available in GenBank and 

appears to be either basal to other Herpotrichiellaceae or occupying a remote position without 

close relatives, depending on the loci used.  

 One of the two strains obtained using particle filtration identified as Phialophora based 

on culture morphology (Fig. 4.5) and identified as P. americana based on DNA phylogeny was 

used. P. americana have been isolated from various substrate including but not limited to: wood, 

soil, and human skin lesions (Li et al. 2017). The closely related P. verrucosa are sometime 

associated with skin lesion and infections, but can also be found on wood as well (Yan et al. 

1995; Li et al. 2017). 

 

Fig 4.5 : Phialidic conidiophores with collarettes produced by a strain of P. Americana. Scale bar 

= 10 μm 
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 A strain obtained from a moist chamber and identified as Rhinocladiella sp. (Fig 4.6). 

based on morphology clustered with Rhinocladiella quercus based on ITS and LSU sequences. 

An additional strain was obtained as a culture contaminant while attempting to isolate an 

unrelated fungus from a moist chamber. R. quercus was described Hernández-Restrepo et al. 

(2016) from twigs of Quercus robur in Europe. This species has also been isolated from 

millipedes in the United States (Macias et al. 2019) suggesting that it may have a broad 

geographical range. 

 Two strains identified as Rhinocladiella sp. were obtained using particle filtration. These 

strains appear to be the sister taxa of R. atrovirens, the type species of Rhinocladiella (Arzanlou 

et al. 2007b), with high support in our phylogenies. R. atrovirens has previously been isolated 

from beetle galleries and sapstain wood but has also been reported causing human infections 

(Tsuneda et al 1986; del Palacia-Hernanz et al. 1989; Kin et al. 2000). Based on sequences, our 

strain may belong to a distinct species and further studies using morphology and phylogenetic 

analyses are required to confirm whether it is an undescribed species of Rhinocladiella. 

A single strain identified as Veronaea sp. using morphology and as V. japonica using 

DNA barcoding was isolated from a moist chamber. The isolate clusters with the sequence of V. 

japonica type with full support in our phylogenetic analyses. V. japonica was previously isolated 

from bamboo culm in Japan (Arzanlou et al. 2007b). 
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Fig. 4.6 : Denticulate conidiophore produced by R. quercus in culture. Scale bar = 10 μm 
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4.7.2 Phylogenetic analyses of individual loci 
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Fig. 4.7 : Phylogenetic tree of the best ML tree obtained using IQtree with ITS sequences of selected 

species of Herpotrichiellaceae. Branch label values are given as BI/ML with values lower than 70 

presented as a hyphen (-), and bracket values of 100 replaced by an asterisk (*). Sequences generated 

during this study in bold. 
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Fig. 4.8 : Phylogenetic tree of the best ML tree obtained using IQtree with LSU sequences of selected 

species of Herpotrichiellaceae. Branch label values are given as BI/ML with values lower than 70 

presented as a hyphen (-), and bracket values of 100 replaced by an asterisk (*). Sequences generated 

during this study in bold. 
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Fig. 4.9 : Phylogenetic tree of the best ML tree obtained using IQtree with ITS sequences of 

selected species of Herpotrichiellaceae. Branch label values are given as BI/ML with values 

lower than 70 presented as a hyphen (-), and bracket values of 100 replaced by an asterisk (*). 

Sequences generated during this study in bold. 
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Fig. 4.10 : Phylogenetic tree of the best ML tree obtained using IQtree with LSU sequences of 

selected species of Herpotrichiellaceae. Branch label values are given as BI/ML with values 

lower than 70 presented as a hyphen (-), and bracket values of 100 replaced by an asterisk (*). 

Sequences generated during this study in bold. 
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Fig 4.11 : Phylogenetic tree of the best ML tree obtained using IQtree with ITS sequences of 

selected species of Herpotrichiellaceae. Branch label values are given as BI/ML with values 

lower than 70 presented as a hyphen (-), and bracket values of 100 replaced by an asterisk (*). 

Sequences generated during this study in bold. 
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Fig. 4.12 : Phylogenetic tree of the best ML tree obtained using IQtree with LSU sequences of 

selected species of Herpotrichiellaceae. Branch label values are given as BI/ML with values 

lower than 70 presented as a hyphen (-), and bracket values of 100 replaced by an asterisk (*). 

Sequences generated during this study in bold. 
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Fig. 4.13 : Phylogenetic tree of the best ML tree obtained using IQtree with Btub sequences of 

selected species of Herpotrichiellaceae. Branch label values are given as BI/ML with values 

lower than 70 presented as a hyphen (-), and bracket values of 100 replaced by an asterisk (*). 

Sequences generated during this study in bold. 
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Fig. 4.14 : Phylogenetic tree of the best ML tree obtained using IQtree with Actin sequences of 

selected species of Herpotrichiellaceae. Branch label values are given as BI/ML with values 

lower than 70 presented as a hyphen (-), and bracket values of 100 replaced by an asterisk (*). 

Sequences generated during this study in bold 
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Chapter 5: General Conclusion 

 

 Sugar Maple (Acer saccharum) is a well-known species of Maple, used for its edible sap 

and lumber – and it is host to numerous microfungi. Several prior studies have looked at the 

microfungal diversity of A. saccharum using various methods such as direct observation, surface 

sterilization and particle plating. Most of these studies focused on microfungi occurring on the 

wood or leaves of A. saccharum and did not include molecular analyses of the isolated fungi. 

Hyphomycetes are rarely reported from the bark of A. saccharum, with only six species 

previously recorded from this habitat. 

 In this thesis study, several methods were used to isolate and sequence the microfungi 

from A. saccharum, including traditional methods such as direct observation and moist chambers 

and high-throughput methods such as particle filtration with dilution to extinction culturing. Two 

rounds of collections, one in autumn 2019 and one in spring 2021 were conducted to collect bark 

samples from five dead A. saccharum, used for both moist chambering and particle filtration. It 

was expected that the fungi isolated using moist chambers and particle filtration of the same 

samples would be similar, but there was almost no overlap between the two datasets. 

Furthermore, it was expected that more species would be isolated from forests more distant to 

large urban sites and that the fungal diversity between each site would be relatively similar, 

however each sites appeared to mostly have their own set of fungi, with few overlaps. 

 During this research, approximatively 495 isolate totalling 240 species were isolated 

from the bark of A. saccharum. Most were isolated only once. Nonetheless, 44 species were 

considered potentially relevant because they were commonly isolated. However only three of 
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these species were consistently isolated using both traditional and high throughput approaches. 

All isolation methods were efficient at observing and isolating species of fungi, but the species of 

fungi obtained from the various methods, for the most part, did  not overlap. Interestingly, most 

fungi isolated during this study were not previously reported from A. saccharum.  

This study is the first to employ particle filtration with dilution to extinction culturing to isolate 

fungi from bark. This approach was effective and an efficient way to isolate an unique set of 

fungi from this substrate. This work is also the first survey combining traditional approaches 

with high-throughput approaches to generate cultures and sequences of fungi from the bark of A. 

saccharum. Results generated from this survey provide insight into the breadth of diversity of the 

microfungi naturally occurring on the bark of A. saccharum and will hopefully be leveraged by 

researchers working towards the detection and prevention of invasive fungal pests that may 

threaten this valuable Canadian resource – the Sugar Maple tree.  

Two Pleosporalean fungi were commonly isolated during this study and described in this 

thesis as two new species – Atrocalyx glutinosum and Nigrograna rubescens. These two species 

were found at all study sites with particle filtration but not the traditional approaches isolation 

approaches (direct observation and moist chambers). Their isolation (and description) represents 

the first reported occurrence of species for both genera in North America, with the exception of a 

report of N. mackinonii in Mexico. Most species of both genera are known from either their 

teleomorphic state or from non-sporulating cultures. Both species failed to sporulate or 

sporulated infrequently on typical media such as MEA. Use of specific media such as WAM 

were required to successfully induce pycnidia production. A. glutinosum is unique for its copious 

production of pullulan, a polysaccharide with various industrial and culinary applications and 

might be of interest to both the food and personal care industries. N. rubescens is distinguished 
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by the production of effuse pigments in culture; more studies are necessary to identify these 

pigments and compare them with pigments produced by other species of Nigrograna and assess 

their biological activities.  

 Members of the Herpotrichiellaceae were commonly isolated in this study. Several 

species in this family thrive in harsh environment exposed to UV light, droughts, and phenolic 

hydrocarbons, all of which might occur on the bark of A. saccharum. However, only four species 

were previously reported from A. saccharum, with molecular data available for two. Twenty-tree 

strains were kept for multi-gene analyses of the ITS, LSU, Btub and Actin loci, with the latter 

two originating from protein coding DNA. The 23 strains clustered in 11 different species, 

several of which have been previously described. A few species were distinct from all other 

known species using molecular phylogeny and possibly represented undescribed species. A new 

species, Exophiala ramicatenata, was described and found to be distinct from other Exophiala 

based on the morphological and molecular characteristics. This study also provides an overview 

of the phylogeny of Herpotrichiellaceae and recommendations were made for the usage of Btub 

and actin in future taxonomic revisions regarding this family.  

 The results presenting in this thesis provide several opportunities for future research. 

Because this study focused only on bark microfungi, additional surveys using several methods 

including traditional and high-throughput approaches should be considered on A. saccharum 

tissues such as leaves, wood, branches and roots. These additional surveys will help in 

documenting the diversity of micro-fungi on this host and determine wether or not fungal taxa 

exhibit specifity to different plant tissues.. Additional surveys of the microfungi from the bark of 

A. saccharum should be considered, especially in regions not surveyed during this study and in 

regions were A. saccharum was introduced, to better understand the distribution of the fungi 
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obtained in this study. Additional species of native and non-native trees, including other Acer 

species, from Eastern North America will increase our understanding of potential host specific 

relationships that might exist with the fungi isolated during this study.  

Some species commonly isolated using particle filtrations were found to be undescribed. 

Three of these species, A. glutinosum, N. rubescens and E. ramicatenata are described in this 

work. Because A. glutinosum and N. rubescens are only known from asexual states but belong to 

species better known for their sexual states, more efforts are necessary to collect their putative 

sexual states, which likely occur on A. saccharum bark, but have yet to be collected. Approaches 

such as using uncommon media including DG18, YES and WAM, were efficient in inducing 

either asexual states or colonies with distinctive morphologies. More studies are necessary to 

understand the relationship of E. ramicatena to other Herpotrichiellaceae, using a larger dataset 

of Herpotrichiellaceae with additional Btub and Actin sequences from species currently lacking 

them. 

Finally, the sequences obtained during this study provide an opportunity to compare the 

fungal sequences obtained in this study to DNA sequences obtained using metagenomics. 

Therefore, analyses using metagenomics approaches of the bark of A. saccharum would increase 

our knowledge of the complete fungal diversity of the bark of A. saccharum and provide a mean 

for determining the efficiency of traditional and high-throughput approaches in isolating fungi. 

Metagenomic approaches coupled with the sequences obtained during this study will also help 

confirm the relevance of the species isolated, especially regarding to the 44 species commonly 

obtained during this study and provide a better understanding and coverage of the core 

mycobiota from the bark of the A. saccharum. This work is currently being done, with the intent 

to publish the data in conjunction with the results obtained in this thesis.   


