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Abstract 

Fomes have attracted much attention because of their important ecological, economic and 

medical values. In forest ecosystems, Fomes play a core role in promoting the circulation of 

nutrients and the flow of energy. In the application of modern medicine and biotechnology, the 

effective substances extracted from Fomes also have a great economic value. The aims of this 

review are to (1) review the historical taxonomy of Fomes, (2) briefly describe important species of 

Fomes together with their distribution, and (3) discuss the economic value of Fomes. 
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Introduction  

Fungi are an ecologically important branch of the tree of life based on its distinct and diverse 

characteristics, in which these organisms play a vital role in ecosystems. Fungi are found in soil, 

forests, rocks, and ocean, but their roles are primarily enacted behind the scenes, literally as hidden 

layers within their substrate (James et al. 2020). Taxonomy plays a central role in understanding the 

diversity of life, discovering into systems of names that capture the relationships between species, 

and translating the products of biological exploration (Hibbett 2016, Cui et al. 2019, James et al. 

2020). 

Polyporales is now well accepted and strongly supported order of Agaricomycetes and one of 

the most intensively studied groups of fungi, in which fungal ecologists and applied scientists are 

focusing on many taxa of this order (Hibbett et al. 2014, Justo et al. 2017, James et al. 2020). These 

taxa play a key role as food, enzymes and medicine, based on their important and potential 

applications in biomedical engineering and biodegradation (Dai et al. 2009, Levin et al. 2016, 

Bankole et al. 2020). Among 1,589 genera and 30,000 accepted species of Basidiomycota, roughly 

1,800 species belong to Polyporales and its accounts only about 1.5 % of all known species of 

fungi (Kirk et al. 2008). Polyporales were sampled extensively in phylogenetic studies using 

ribosomal RNA (rRNA) genes (Hibbett & Vilgalys 1993, Hibbett & Donoghue 1995, Larsson et al. 

2004, Binder et al. 2005). From such analyses, four informally named clades of Polyporales were 

recognized: antrodia clade, core polyporoid clade, phlebioid clade and residual polyporoid clade. 

Addition of protein-coding genes, including RNA polymerase II subunit 2 (rpb2), and translation 

elongation factor 1-a (tef1) are necessary to achieve strong support for monophyly of Polyporales 

as a whole, and many internal nodes (Matheny et al. 2007, James et al. 2020). 

The genus Fomes (Fr.) Fr. was proposed by Fries (1849) typified with F. fomentarius (L.) Fr, 

which was readily recognized by the non-specialist because of the layering of the tubes (Lowe 
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1957). The original definition of the genus Fomes was broad and inaccurate, but the actual concept 

of the genus Fomes s. str. includes comparatively low species diversity (Justo et al. 2017). 

Macromorphically, this genus is characterized by the perennial, sessile, ungulate basidiomata with a 

gray to blackish pileus surface (Fig. 1); a smooth, hard crust and pale brown pore surface with 

small pores; regular, brown tube layers, and pale brown, tough-fibrous context (Fig. 2). 

Micromorphically, it can be characterized by a trimitic hyphal structure with clamps on generative 

hyphae, in which, the skeletal hyphae show pale brownish pigment in KOH, and presence of the 

sclereids, and fusoid cystidioles, imbedded or projecting slightly, clavate basidia, four-celled, with 

a basal clamp (Fig. 3), and cylindrical basidiospores, colorless, smooth, inamyloid or negative in 

Melzer’s reagent (Gilbertson & Ryvarden 1987). Additionally, this genus causes white rot of living 

or dead hardwoods (Gilbertson & Ryvarden 1987). The macroscopic characteristics most useful in 

identifying species in this genus are the size, shape, and comparative weight of the basidiomata, 

size of the pore, color and texture of context, and texture and distinctness of tube layers (Lowe 

1957). 

According to Index Fungorum (http://www. indexfungorum.org/, accessed 1st June, 2021), 48 

species have been accepted in the genus worldwide. Currently, the species F. fomentarius is a hot 

topic (Grand & Vernia 2005, Júdová et al. 2012, McCormick et al. 2013). 

 

 
 

Fig 1. Basidiomata of Fomes fomentarius A–B. The upper surface of the basidiomata. Bars: A=1 

cm; B=1 mm. 
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Fig 2. Basidiomata of Fomes fomentarius C. The lower surface of the basidiomata; D. A section of 

hymenophore. Bars: C=1 cm; D=1 mm. 

 

Morphological studies of Fomes 

Until the late 1980s, the taxa of polypores have been described mostly based on their macro-

morphological and micro-morphological characteristics. The simple morphology of fungal 

structures (e.g., hyphae, spores, basidiomata), polypore diversity, and the lack of a useful fossil 

record have been major impediments to progress in this field (Júdová et al. 2012). The research 

showed that the genus Fomes was similar in its morphology to Polyporus P. Micheli ex Adans., 

Poria P. Browne, and Trametes Fr., but there can be no absolute demarcation of these genera, and 

three new combinations based on morphological studies: F. jobnsonianus (Murrill) J. Lowe, F. 

santic-georgii (Pat.) J. Lowe and F. viticola (Schwein.) J. Lowe were proposed (Lowe 1957). In the 

study of Gilbertson & Ryvarden (1986), it was found that the genus Fomes is well characterized by 

its perennial basidiomata, which have a conspicuous mycelial granular core close to the substratum, 

consisting of very thick-walled and irregularly shaped hyphae. The granular core instantaneously 

separated this genus from other similar genera that may or may not be closely related (Gilbertson & 

Ryvarden 1986). In the early part of the 20th century, several hundreds of specific epithets were 

associated with this generic name, in which most of these species have been gradually shown to 

belong in other genera, thus the most recent concept of the genus was incomparably narrower and it 

comprised two different morphological species, F. fomentarius and F. fasciatus (Sw.) Cooke, in 

addition to some cryptic species within this group of strains (Ryvarden 1991). Nevertheless, both 

species F. fomentarius and F. fasciatus shared many morphological traits that historically have 
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made species delimitation challenging (Júdová et al. 2012). Based on similarities in the basidiomata 

morphology of F. fomentarius and F. fasciatus, mycologists reported that basidiomata of F. 

fomentarius tended to be more consistently ungulate and typically have a concave pore surface, but 

F. fasciatus basidiomata vary greatly from applanate to ungulate and generally have a convex pore 

surface (Murrill 1915, Ryvarden & Gilbertson 1993). The results showed that F. fomentarius 

basidiomata produce larger basidiospores (12–18 × 4–7 μm), whereas F. fasciatus has smaller 

basidiospores (12–14 × 4–4.5 μm, Ryvarden & Gilbertson 1993). A few years later, research 

reported evidence of the conidial stages in the development of primary and dikaryotic mycelia of F. 

fomentarius, in which the experiments focused on the viability and the dynamics of basidiospore 

germination, primary and dikaryotic mycelia growth, conidia development of F. fomentarius and 

proposed a new model of their life cycles (Mukhin & Votintseva 2002). In recent years, the 

researches focused on the tinder polypore mushroom F. fomentarius, within medicinal fungal 

species and their implications for morphological variability, physiological activity, biochemical 

variability, and geographic ecology, in which the species epithet F. fomentarius had often 

misleadingly been used for 2 closely related species: F. fomentarius and F. fasciatus and both 

species were principally separated from one another by the mean basidiospore size (Gáper et al. 

2016). The detailed examination of a number of different Fomes strains had been collected and 

isolated from different habitats in Italy and Austria, which confirmed the presence of distinct 

lineages in F. fomentarius clade, additionally, in their study, they also showed that physiological 

characteristics were species-specific properties, in which the daily mycelial growth rates or the 

temperature range of pure cultures and the production of VOCs could be considered as a very 

promising tool for fast and reliable species delimitation in the future (Peintner et al. 2019). 

 

 
 

Fig 3. Microscopic structures of Fomes fomentarius A. Basidia; B. Basidioles; C. Cystidioles; D. 

Hyphae from trama; E. Hyphae from context. Bars: A–E=10 μm. 
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Molecular systematics of Fomes 

In the middle of 1990s, the evolutionary based species concepts began to occur (Hibbett & 

Donoghue 1995, Boidin et al. 1998). The use of population tools and DNA-based methods for the 

identification of taxa emerged, and especially rDNA genes have been successfully used as a target 

for species identification in taxonomic, evolutionary, and environmental studies of fungi 

(Borneman & Hartin 2000, Chase & Fay 2009). Most studies focused on the internal transcribed 

spacer (ITS) region located between rRNA structural genes in the rDNA cistron, in which this 

approach was widely used for identification of many eukaryotic specimens, including fungi 

(Anderson & Cairney 2004, Naumann et al. 2007, Justo et al. 2017, Zhao & Zhao 2021). 

In the middle of the 19th century, the genus Fomes was proposed as a polyphyletic group in 

several analyses of mitochondrial small-subunit (mt-ssu) ribosomal DNA (rDNA) or mt-ssu rDNA 

and nuclear small-subunit rDNA (Gáper et al. 2016). Fomes was determined to be monophyletic in 

phylogenetic analyses of nuclear and mitochondrial large- and small-subunit rDNAs, but support 

for this group was weak in these analyses (Gáper et al. 2016). Fomes fomentarius had been 

considered a homogeneous species, in which the existence of two lineages was revealed based on 

ITS sequence variability (Júdová et al. 2012). A study found evidence suggesting the presence of a 

third group within the North American strains of F. fomentarius (McCormick et al. 2013). An 

analysis using sequence data from nuclear and mitochondrial large- and small-subunit rDNAs from 

91 species of homobasidiomycetes revealed that Fomes grouped with other polypores, which had a 

similar characteristic of the trimitic hyphal system (Hibbett et al. 2014). The phylogenetic tree 

distinguished a fourth group within F. fomentarius from China (Dresch et al. 2015). Based on the 

comparison of ITS sequences, three different lineages and sublineages in F. fomentarius were 

clearly identified (Gáper et al. 2016). 

 

Economic importance 

The importance of biodiversity and biogeography of fungi, especially in unique ecosystems 

and specific regions, was previously addressed by Grand & Vernia (2005). Fungi of the Fomes are 

the traditional morphological polypore genus, almost found on broad-leaved forest trees, and cause 

wood rot, and play a highly beneficial role in slash disposal (Júdová et al. 2012). On the other hand, 

many species under favorable conditions, attacking standing timber, causing heart rot and decaying 

wood products (Júdová et al. 2012, Hibbett et al. 2016, James et al. 2020). Though the economic 

loss from wood decay is large, it should be remembered that the harmful decay was a minor part of 

the indispensable and vastly beneficial cyclic process that replenishes carbon dioxide and other 

substances essential for green plant growth, which in turn supports all animal existence (Lowe 1957, 

Pozzi et al. 2020). In natural ecosystems, they have ecological functions such as nutrient cycle and 

providing insects with nesting holes and shelters (Gilbertson 1980, Makinen et al. 2019, Gonzalez 

et al. 2020). 

Fomes not only act as reductors in nature, but also rely on resources of early people, and its 

extracted substances are of great value in modern medical treatments (Lowe 1957). The perennial 

bracket fungi, because of their size and persistence, have attracted attention from very early times, 

and the medicinal value soon brought specific recognition to F. officinalis, which was well-known 

to the Greeks and the Romans (Lowe 1957). The 5000-year-old Neolithic man was the first to apply 

tinder material prepared from genus F. basidiomata for medicinal purposes in a first aid kit 

(Peintner et al. 1998, Pöder & Peintner 1999). So far, the study of fungi of Fomes has been a hot 

topic, in which its extracts have remarkable efficacy on some diseases, and have great potential and 

economic value in modern medicine, bio-pharmaceuticals and applications (Suriya 2020, Kalitukha 

2021, Liudmila & Miriam 2021). 

 

Ecology and distribution 
The genus Fomes are widely distributed in Africa, Asia, Europe and North America. For 

example, F. fomentarius is very common and widespread in all habitat zones of the West Siberian 

Plain, whose forest vegetation was shaped mainly by climate (Mukhin & Votintsevav 2002, Júdová 
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et al. 2012). The valid distribution records depend upon accurate determination of specimens and 

the species in the North Temperate Zone are usually those long known by tradition, or adequately 

represented by type material, the identity of each of these is clear and its distribution quite certain 

(Lowe 1957). Tropical species, are often known from scanty material, and are frequently 

represented by sterile types; in contrast, the distribution of tropical species is hazy (Lowe 1957). 

 

Important species and applications of Fomes 

Fomes fomentarius is the traditional morphological polypore species, and it is almost always 

found on broad-leaved forest trees, where it causes white rot (McDonald 1938). This very common 

fungus is distributed within the northern hemisphere in North America, North Africa, Asia, and all 

over Europe (McDonald 1938, Breitenbach & Kränzlin 1986, Kotlaba 1997). This is commonly 

known as the “tinder fungus”, “hoof fungus”, “tinder conk”, “tinder polypore”, or “Iceman’s 

fungus” (Peintner et al. 2019). Besides the widespread and important use as tinder, F. fomentarius 

was a valued medicinal polypore in European traditional medicine (Killermann 1938). The 5000-

year-old Iceman probably used this polypore to make and preserve fire, as a first aid kit, an insect 

repellent, or for spiritual purposes (Peintner et al. 1998, Pöder & Peintner 1999). It is first 

mentioned date back to the times of Hippocrates, who reported its topical use for cauterizing 

wounds and for externally treating inflamed organs (Pöder 2005). In the medieval times, it is use in 

in Europe and Western Siberia as a styptic and it was prescribed as a remedy against dysmenorrhea, 

hemorrhoids, and bladder disorders, the active substance being “fomitin” and used as a hemostatic 

dressing and ban-dage to maintain body temperature and compress parts of the body (Killermann 

1938). Stretched stripes or smaller pieces were used as a remedy against bleeding wounds and for 

various skins injures, and it therefore was called “agaric of surgeons” “Chirurgenschwamm” 

“Wundschwamm” or “Fungus chirurgorum” (Roussel et al. 2002). The basidiomata have been used 

as a traditional medicine for centuries in China and Korea in treating various diseases such as 

gastroenteritic disorder, hepatocirrhosis, oral ulcer, inflammation, and various cancers (Cheng et al. 

2000, Chen et al. 2008, Huang et al. 2012, Gáper et al. 2016, Bari et al. 2021). 
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