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Abstract

The identification and proper naming of microfungi, in particular plant, animal and human 

pathogens, remains challenging. Molecular identification is becoming the default approach for 

many fungal groups, and environmental metabarcoding is contributing an increasing amount of 

sequence data documenting fungal diversity on a global scale. This includes lineages represented 

only by sequence data. At present, these taxa cannot be formally described under the current 

nomenclature rules. By considering approaches used in bacterial taxonomy, we propose solutions 

for the nomenclature of taxa known only from sequences to facilitate consistent reporting and 

communication in the literature and public sequence repositories.

The kingdom Fungi forms a highly diverse lineage of eukaryotes that shares a common 

ancestor with animals. Both comprise heterotrophic organisms, but Fungi form (chitinous) 

cell walls and are exclusively osmotrophic; that is, nutrient uptake is extracellular1. 

Although nearly 150,000 species of Fungi have been described, between 2.2 and 3.8 million 

are estimated to exist2. Fungi are ubiquitous and perform essential ecosystem processes and 

are of economic importance as agents of diseases or sources of biocontrol agents, biofuel, 

food and food additives, industrial enzymes and pharmaceuticals.

Fungi follow a simple body plan that underwent convergent evolution3, which makes it 

challenging to identify them with accuracy and precision4. Methods in fungal taxonomy 

depend on whether a species is in culture, available as a dried fungarium sample or assessed 

in situ, and diagnostic tools encompass phenotype-based identification, physiological 

profiling and sequence-based DNA barcoding or phylogenetic reconstruction, including 

phylogenomics. In addition, the recent past has seen a shift towards laboratory-based 

approaches for many fungal groups, which has resulted in an increasing methodological 

overlap with prokaryote taxonomy4.

Some unrelated microbial groups have evolved life forms similar to Fungi and are studied 

by mycologists5. The most important are the Oomycota (‘egg fungi’), which include the 

causal agents of late blight on potatoes (Phytophthora infestans) and white rust on mustards 

(Albugo candida) (Fig. 1a,b). Oomycota belong to the Straminipila, forming a heterotrophic 

lineage closely related to brown algae and diatoms5,6. The non-taxonomic term ‘fungi’, 

without italics and capitalization, is used to encompass Fungi, Oomycota and several other 

unrelated but fungus-like organisms. This is similar to the usage of ‘algae’ for unrelated 

organisms with an algal-like habit, for example, in the Archaeplastida, Straminipila and 

Rhizaria.
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Fungi and fungus-like organisms are treated under the same nomenclatural rules set forth 

in the International Code of Nomenclature for algae, fungi, and plants7 (ICNafp; Box 1). 

The ICNafp reflects advancements made along a historical timeline spanning three centuries 

(Fig. 2 and Supplementary Information). With fungal taxonomy beginning before the official 

start of scientific nomenclature in the middle of the eighteenth century, the nineteenth 

century brought substantial advancements in cataloguing fungal diversity and witnessed the 

discovery of lichen symbiosis. During the twentieth century, the mycological community 

became increasingly networked, and fungal systematics organized itself in platforms such as 

Index of Fungi and Systema Ascomycetum. The increasing importance and refinement of 

molecular approaches after the turn of the millennium led to substantial changes in fungal 

classifications and nomenclature (Fig. 2 and Supplementary Information).

Many fungi form phenotypically and biologically divergent life stages that reproduce 

sexually or asexually. Sexual and asexual morphs were traditionally named and classified 

separately under the concept of ‘dual nomenclature’8. Molecular systematics has 

documented numerous instances whereby differently named fungi represent different 

morphs of the same species. Therefore, mycologists adopted the principle of ‘one fungus 

= one name’8. Consequently, well-known fungal names, for example, in clinical mycology 

or plant pathology, may end up as synonyms of older, unfamiliar names. Such changes can, 

however, be held to a minimum due to new provisions in the ICNafp that allow greater 

flexibility in selecting the preferred name (Box 1).

Providers and users of fungal taxonomy

Owing to the diversity of fungal biology, ranging from simple to complex life cycles 

and including multiple morphs within one species, a universal approach to unambiguously 

identify all fungi is currently not feasible. Identification is also often confused with the 

underlying processes of species delimitation and recognition4. Species delimited through 

molecular phylogenies may exhibit diagnostic phenotypic characteristics, which makes 

identifications feasible without molecular data. Likewise, resolving species complexes may 

require phylogenomic approaches, while the individual taxa may be identifiable with DNA 

barcoding markers. Consequently, species identification by a broad user community should 

require fewer, more readily available resources than species delimitation performed by a 

small number of taxonomic experts.

The level of accuracy and precision in fungal taxonomy depends on the group under 

study, the sample size, the available tools and the underlying objectives, and is particularly 

critical in plant pathology, food safety and clinical mycology4. While species name labels 

imply accuracy and precision, identifications may be incorrect or imprecise, which has 

consequences for understanding the biology, the distribution ranges and the conservation 

status of the underlying taxa. Therefore, verification of identifications is of crucial 

importance4. While physiological profiling is routinely used in food microbiology and 

clinical settings, molecular identification has become a major tool in fungal taxonomy. In 

addition to accuracy and precision, it offers universal coverage and broad applicability9. 

Regrettably, the increasing availability of molecular tools generates the misleading 

impression that DNA barcoding can replace taxonomic expertise, thereby overlooking the 
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fact that such expertise remains indispensable to establish comprehensive and accurate 

reference databases for molecular identifications, a task that is still in its infancy.

A particular challenge for DNA-based identifications of fungi is the choice of genetic 

markers. While mycologists routinely use the nuclear internal transcribed spacer (ITS) 

region of the ribosomal RNA operon as a standard DNA barcode9, the Fusarium and 

Trichoderma communities employ translation elongation factor 1 alpha (TEF-1α) as 

secondary barcode. In arbuscular mycorrhizal (AM) and in rust fungi, the small subunit 

(nuSSU) and the large subunit (nuLSU) of the nuclear ribosomal RNA operon are preferred, 

whereas the Oomycota community focuses on the mitochondrial cytochrome oxidase c 
subunits (COX1 and COX2)4. Users must be aware of such community-specific approaches 

to prevent inaccurate or imprecise identifications, which is a problem arising particularly in 

environmental metabarcoding approaches4.

Species identification in applied mycology

Problems of correct identification and nomenclature are notorious in economically 

and medically important species, whereby different methods may result in conflicting 

identifications. The use of physiological profilers, such as API 20C, API ID32C and VITEK 

2, has led to misidentification of the emerging, multidrug-resistant yeast Candida auris 
(Fig. 1c). It can accurately be identified using matrix-assisted laser desorption/ionization–

time of flight (MALDI–TOF) mass spectrometry or the ITS barcoding marker10. This 

example also shows how outdated taxonomy may result in misinformation. Classification 

of yeasts in vast, polyphyletic genera, such as Candida, gives the misleading impression 

that these species are closely related11. Multimarker and genome data indicate that C. 
auris is a member of the Candida haemulonis species complex, which is more closely 

related to Clavispora than to Candida in the strict sense, which is typified by Candida 
albicans12. Although the introduction of new genus names to accurately reflect such 

relationships may cause short-term confusion for users, it provides long-term, community-

wide benefits. For instance, antifungal-resistance profiles of yeasts currently classified under 

the genus name Candida correlate with their phylogenetic position in different families, 

including C. albicans (Debaryomycetaceae), C. auris (Metschnikowiaceae) and Candida 
glabrata (Saccharomycetaceae)10. Separating distantly related species into different genera 

or families therefore provides a clear signal that these fungi can be expected to have different 

properties and treatment options.

The causal agent of the invasive Asian soybean rust, Phakopsora pachyrhizi, posed a similar 

problem in plant pathology, since species classified in Phakopsora represent a polyphyletic 

assemblage13. Revised tools provided by the ICNafp (Box 1) allow these issues to be 

resolved, but name changes are sometimes unavoidable or deemed acceptable by the user 

community. In the case of P. pachyrhizi, the genus and species name were proposed 

for conservation so that this fungus will retain its name. A contrasting case is the rice 

blast fungus, which has been placed in the genus Magnaporthe based on its sexual stage. 

Molecular studies showed that Magnaporthe is polyphyletic and that the fungus, previously 

known under the name Magnaporthe grisea, encompasses distinct, host-specific lineages. 
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The rice blast fungus is now correctly referred to by its original name Pyricularia oryzae14 

(Fig. 1d).

Taxonomic interpretations may also be challenging in a broader context. The human 

pathogen Cryptococcus neoformans (Fig. 1e), best identified with MALDI–TOF mass 

spectrometry and molecular tools15,16, is classified in a genus that traditionally included 

diverse members of Tremellomycetes; however, that genus is now restricted to C. 
neoformans and its relatives17. As a result, fungi in plant and soil samples that are 

identified with the name Cryptococcus may not actually represent that genus, and may 

give the erroneous impression that these substrata bear human-pathogenic yeasts. Therefore, 

ecological tools, such as the FUNGuild pipeline18, require continuous updates to reflect 

revised phylogenetic classifications.

Resolving species complexes remains a major challenge when it comes to obtaining 

accurate identifications. Panama disease (fusarium wilt) of banana (Fig. 1f) is caused by 

a species of Fusarium, in particular tropical race 4 (TR4) of Fusarium oxysporum f. sp. 

cubense (Foc), which affects the popular Cavendish cultivar of banana. Using secondary 

barcoding markers, this Fusarium lineage was recognized as a separate species, Fusarium 
odoratissimum (Fig. 1g), which is phenotypically characterized by conidial septation and 

peculiar volatile secondary compounds19. However, it may be unclear where to draw the 

limit between species and infraspecific lineages. In Colletotrichum siamense (Fig. 1h), 

a plant pathogen that causes postharvest rot of tropical crops, an integrative taxonomic 

approach encompassing phenotyping, multiple molecular markers and mating tests found 

evidence of genetic recombination and cross fertility, which therefore did not support the 

separation of lineages as separate species20.

Oomycota exhibit similar challenges as Fungi when it comes to accurate identifications. 

Basil downy mildew has become a global pandemic that was at first attributed to 

a common species, Peronospora lamii, with an assumed broad host range. Through 

morphological and phylogenetic analyses, it was shown that the pandemic was caused by a 

previously unrecognized species, Peronospora belbahrii21, which has led to more effective 

phytosanitary precautions. These findings suggest that fine-scaled diversification in fungi 

is triggered by dynamic pathogen–host interactions that generate conditions for abundant 

diversification but also require sophisticated approaches to properly delimit, recognize and 

identify these species.

Classification of fungal ‘dark taxa’

Environmental metabarcoding via high-throughput sequencing (HTS) has added a new 

dimension to assessing the diversity of fungi22. Many ecologically cryptic groups, such 

as anaerobic gut fungi and chytrids, have seen improved sampling, and environmental 

sequencing has uncovered new lineages of evolutionary importance: while early diverging 

clades have expanded the range of organisms included in Fungi23,24, others have emerged 

within the better studied Ascomycota and Basidiomycota25. For new lineages discovered 

through environmental metabarcoding, taxonomy is operating metaphorically in the dark 
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because sequence-based identifications cannot be verified with voucher specimens, and 

culturing is necessary to bring these fungi ‘to life’.

The term ‘dark taxa’ was originally coined for unnamed sequences26. However, some of 

these may represent known species but have not been linked to a published name. Therefore, 

dark taxa in a fungal context denote new lineages known from sequence data only, but 

for which no individual voucher specimens or cultures exist. Consequently, a lineage is no 

longer considered a dark taxon when a matching specimen or culture becomes available.

Environmental sequencing has generated more than 99.9% of the available molecular 

sequence data for fungi. The Sequence Read Archive (SRA), which collects data from 

metabarcoding studies separately from the nucleotide archive in GenBank27, has amassed 

more than 16,000,000,000 HTS-derived fungal ITS reads (https://ftp.ncbi.nih.gov/sra/fungi). 

Compared with about 1,400,000 mostly Sanger-derived fungal ITS sequences in GenBank, 

this results in a ratio of over 11,000:1. These numbers are not comparable, as HTS reads 

represent multiple instances from single individuals, but even so, only a fraction of fungal 

sequence data are derived from voucher specimens or cultures.

While the staggering amount of HTS data encompass substantial fungal diversity 

not captured by specimen-based or culture-based sequencing (Fig. 3), environmental 

metabarcoding faces important challenges4. Because this approach targets a broad range 

of higher taxa across fungal phyla, accuracy and precision cannot be achieved for all 

fungal groups with a single DNA barcode, and different markers sequenced from the same 

environmental samples cannot be linked back to the same individual sources. Analytical 

HTS pipelines are optimized to rapidly process hundreds of thousands of sequences28; 

however, they are not able to satisfactorily recognize species-level lineages or derive formal 

classifications, thereby resulting in a trade-off between speed and accuracy4. A substantial 

proportion of sequences in public repositories is incorrectly or incompletely named and 

should be treated with caution4. Matching but misidentified or unidentified sequences will 

lead to inaccurate names or imprecise identifications, and new lineages may not be properly 

recognized.

Curated sequence databases, such as UNITE, MaarjAM and NCBI RefSeq Targeted 

Loci, attempt to overcome this problem. UNITE has emerged as the most widely used 

resource for curated fungal ITS sequences, including data from vouchered specimens 

(indexed with a UDB prefix) and reference sequences for so-called ‘species hypotheses’, 

that is, phylogroups of sequences that are interpreted as species. These data are 

curated by taxonomy experts during taxonomic workshops29. Its General FASTA Release 

(https://unite.ut.ee/repository.php) provides vetted reference sequences. Using the nuSSU 

marker, MaarjAM provides curated reference sequences for phylogroups of arbuscular 

mycorrhizal fungi, so-called ‘virtual taxa’30. The NCBI RefSeq Targeted Loci project 

(https://www.ncbi.nlm.nih.gov/bioproject/41209) provides curated reference sequences from 

type material annotated as part of the NCBI Taxonomy31 and keeps track of biocollections 

and collection identifiers in the sequence records to facilitate verification.
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A major issue regarding the documentation of fungal diversity from environmental 

metabarcoding is their formal naming. The ICNafp requires fungal names to have a type: 

either a physical voucher specimen (Fig. 1i) or alternatively a culture (Fig. 1j) cryopreserved 

in a metabolically inactive state or, in certain cases, an illustration. The requirement for 

a type enforces the permanent linking of a name to an individual, thereby providing 

context for the stability of nomenclature and for taxonomic comparisons. Similarly, the 

International Code of Nomenclature of Prokaryotes (ICNP)32 requires a preserved pure 

culture to represent a new species. Since dark taxa do not immediately provide such types, 

there is no possibility to formally name species known from sequence data alone under the 

current ICNafp rules33,34. New lineages first detected through metabarcoding can only be 

validly described using laboratory approaches. One option is subsequent culturing from the 

environment (Table 1, Option 1), as was done for Archaeorhizomyces25 and Bifiguratus35. 

Another is visualizing fungal structures corresponding to sequence data, thereby resulting 

in an illustration as the type (Table 1, Option 2), for example, with fluorescent in situ 

hybridization (FISH), which was employed in the case of the new phylum Cryptomycota24. 

Additionally, fluorescence-activated cell sorting (FACS) can be utilized to obtain an actual 

sample from the environment.

Fungal taxonomists may argue that techniques such as FISH or FACS are difficult to 

access, but since they are widely used in microbiology, the formal naming of dark taxa 

may offer new opportunities for interdisciplinary collaboration. While culturing has a long 

history of use in microbiology and mycology, it faces various challenges. Not all fungi 

grow readily in culture, especially in early diverging fungal clades such as Aphelidiomycota 
and Cryptomycota, or in arbuscular mycorrhizal Glomeromycotina or parasitic rust fungi 

(Pucciniomycotina). Since the physiological requirements of dark taxa are not known, 

culturing requires resource-intensive approaches, a situation that is comparable to prokaryote 

microbiology. For example, the cultivation of an Asgard archaeon took more than 5 years36, 

and cultivation of a bacterial strain may cost 10,000 euros37. Even for fungi that can be 

readily cultured, the quantity of predicted undiscovered species poses a logistical challenge. 

According to the World Directory of Culture Collections (http://www.wfcc.info/ccinfo/

statistics), culture collections currently hold about 870,000 fungal strains, representing 

around 30,000 known species. This number represents just 3% compared with the 1 

million unrecognized fungi estimated to be hidden in environmental samples2. During 

the past two decades, about 10,000 new fungi have been described based on cultures 

(Index Fungorum; http://www.indexfungorum.org). While this is an impressive number, a 

comparable effort would need another 2,000 years to formally catalogue dark fungal taxa 

through culturing alone, or else the underlying resources would have to be increased by two 

orders of magnitude. Prokaryote taxonomy faces the same problem: some 16,000 Bacteria 

and Archaea have been formally described38, whereas around 1 million are estimated to 

exist39, thereby challenging their formal classification based on pure cultures alone37,40.

While these issues limit the options for formally naming dark taxa under the ICNafp, 

unambiguous naming of all fungal species is desirable for precise communication in 

science, conservation and applications41. It also complies with the obligation to make 

associated data findable, accessible, interoperable and reusable (FAIR data principles42). 

Therefore, alternative options for sequence-based nomenclature are being explored, for 
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which proof-of-concept studies are needed to gain broad acceptance among the mycological 

community. Some earlier proposed options either circumvented the ICNafp, creating 

invalid names, or attempted a flexible interpretation of existing provisions. de Beer et 

al.43 deliberately described a new species with a non-ICNafp-compliant, invalid name, 

Hawksworthiomyces sequentia sp. nov. ENAS, adding the acronym ENAS (environmental 

nucleic acid sequences). Khan et al.44 established two invalid names in the genus 

Archaeorhizomyces using the denomination ‘nom. seq.’. Arguing that a sequence illustration 

would constitute a valid type under the ICNafp, Lücking and Moncada45 introduced seven 

new species in the newly proposed genus Lawreymyces. This approach has been rejected 

because a DNA sequence is an abstract letter code, and so its depiction does not represent 

an actual fungal feature7. A further strategy consisted of the deposition of the environmental 

sample, a so-called ‘bag type’. The species thus published, Piromyces cryptodigmaticus46, 

was ruled invalid by the Nomenclature Committee for Fungi (Box 1) because of an 

insufficient diagnosis, but it was based on a technically permissible type as the ICNafp 

allows admixtures with other organisms. However, the ‘bag type’ is not a desired strategy 

as the individual fungus corresponding to the sequence data is not discernible within the 

sample or might have even been used up for DNA extraction.

The straightforward solution would be to amend the ICNafp to allow formal names based on 

sequence types (Table 1, option 3). Two such proposals have been rejected and referred to 

internationally appointed committees, with reports expected at the International Mycological 

Congress (IMC) in Amsterdam 2022 or the next International Botanical Congress in Rio de 

Janeiro 2023 (ref.47). This is comparable to the situation in prokaryotes, for which proposals 

for the formal naming of uncultivated taxa based on sequence data have likewise been 

rejected, thereby prompting an alternative proposal for a separate nomenclatural code for 

uncultivated species40. The main arguments against formal sequence-based nomenclature in 

fungi are the potential establishment of artefactual taxa based on compromised sequence 

data, the inability to link sequences from different markers back to the same lineage and 

the notion that sequence-based nomenclature cannot be subjected to verification based on 

mycological expertise34.

The Candidatus status in prokaryote nomenclature is one model that aims to overcome this 

conflict. It allows provisional names under the guidance of an appendix to a nomenclatural 

code, and such names do not have priority until a pure culture becomes available32. 

Analogously, the ICNafp could, either in a commentary in the introductory matter to 

Chapter F or in an appendix, refer to provisional fungal names that have no priority over 

names based on currently permissible types (Table 1, option 4). Recommendations could 

then be put forward through a resolution at an IMC plenary session, under governance 

by the International Commission on the Taxonomy of Fungi (ICTF; Box 1). As outlined 

above, such names could be indicated by a specific denomination such as nom. seq. A 

corresponding amendment to the ICNafp was proposed, but has been rejected and referred 

for further discussion to a special purpose committee47.

A fifth option would be to establish provisional names independently of the ICNafp (Table 

1, option 5). UNITE offers the tools to implement such an informal classification29, and the 

strings applied to its species hypotheses could be used as a naming convention. For instance, 
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the unnamed species hypothesis SH1566369.08FU (https://unite.ut.ee/bl_forw_sh.php?

sh_name=SH1566369.08FU), represented by sequences in the genus Archaeorhizomyces, 

could be given the informal dark taxon name Archaeorhizomyces SH1566369.08FU, 

with a corresponding digital object identifier (doi:10.15156/BIO/SH1566369.08FU). Such 

alphanumeric identifiers are not meant to do away with formal Latinized names, but they 

speed up the recognition of taxa, thereby allowing precise communication while awaiting 

formal solutions and avoiding invalid Latinized binomials.

Databases such as GlobalFungi48 have adopted the UNITE species hypotheses as searchable 

name strings, so there is potential for broad acceptance of this option. This approach 

is analogous to species clusters in the prokaryotic Genome Taxonomy Database (https://

gtdb.ecogenomic.org), which provides species hypotheses based on genome sequences in the 

form of alphanumeric designations49.

Formal requirement for registration of fungal names of dark taxa under options 4 and 5 

would allow quality control measures at the registration step that are difficult to enforce 

through peer review. The mycological community would have to agree on the requirements, 

with rules put forward by the ICTF (Box 1). These could include a minimum length for 

underlying sequence data, a minimum number of independent recoveries and an underlying 

phylogenetic analysis based on multiple sequence alignments, together with metadata to 

assess distribution and ecology. A subcommittee of the ICTF could then check published 

names and add them to a vetted list. There are therefore several instruments that the 

mycological community can use to advance the naming of dark taxa while maintaining 

high quality standards and opening new pathways to cataloguing fungal biodiversity.

Conclusions

Fungal taxonomy has entered a new phase with methodological and conceptual advances. A 

single, universal approach to the identification of fungi is not feasible because of different 

needs by communities focusing on different groups, species limits remaining in flux and 

the majority not having been catalogued yet. Although the increased availability of whole-

genome data will shift approaches towards genome-based identification, phenotype-based 

identifications, physiological profiling and DNA barcoding will remain important, which 

emphasizes the importance of broadly employed standards for these tools. The ICNafp has 

become increasingly flexible in dealing with nomenclatural challenges, mediating between 

revised phylogenetic classifications of fungi and the need for stable nomenclature.

Environmental metabarcoding allows for the rapid documentation of unknown fungal 

diversity. The mycological community is divided as to how this diversity should be 

named. Obtaining physical types, cultures or visualization of these fungi to meet formal 

requirements for valid publication of names may be impracticable, and discovery rates of 

dark taxa greatly exceed the current culturing capacities. Proposals to allow DNA sequence 

data as types have met with limited support, but sequence-based nomenclature appears to be 

the only alternative to name the vast diversity of dark taxa within a reasonable time frame. 

Therefore, alternative solutions that allow provisional names under a standardized approach 

need to be sought, either as an appendix to or outside the ICNafp, mirroring challenges 
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in prokaryotic taxonomy. Before the adoption of a unified approach for fungi, case studies 

should assess potential problems. The mycological community would then put forward a 

strategy leading up to a decision at the 12th or the 13th IMCs planned for 2022 and 2026, 

respectively. Simultaneously, further technical advancements are expected that will allow 

substantially longer sequence reads of higher quality in metabarcoding, therefore improving 

the basis for sequence-based nomenclature.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Box 1 |

Regulating the naming of fungi

The nomenclature of Fungi and fungus-like organisms is regulated by the ICNafp (https://

www.iapt-taxon.org/nomen/main.php), which historically goes back to the first Lois de 
la Nomenclature Botanique (Laws of Botanical Nomenclature) published in 1867. A 

new edition of the ICNafp is prepared every 6 years following the deliberations of the 

Nomenclature Section of an International Botanical Congress. Since 2018, provisions 

that specifically relate to Fungi and organisms treated as fungi have been included in a 

special Chapter F of the ICNafp, which can be modified only during an International 

Mycological Congress (IMC), which occurs every 4 years. The IMC now appoints the 

Nomenclature Committee for Fungi (NCF) with around 20 members, which operates 

between IMCs and considers and votes on formal nomenclatural matters submitted to 

it, including those related to the conservation or rejection of names (http://www.ima-

mycology.org/nomenclature/nomenclature-committee-fungi).

The International Commission on the Taxonomy of Fungi (ICTF), established in 1982, 

complements the NCF and has the primary remit of promoting sound taxonomic 

practice through disseminating guidelines and recommendations as to best practice and 

developing proposals for consideration by the NCF or IMCs. Membership is also decided 

at IMCs, and the ICTF now has 23 members supplemented by five subcommissions and a 

series of start-and-finish task-related working groups (https://www.fungaltaxonomy.org).

The ICNafp contains provisions that allow retention of names of fungi in current use 

even if they do not have priority, either through proposals to conserve or reject names or 

through lists of names proposed for protection, all of which are reviewed by the NCF. 

Other fungal-specific provisions include the sanctioning of names; that is, giving priority 

to names of fungi (except slime moulds) adopted in Persoon’s Synopsis Methodica 
Fungorum (1801) and Fries’ Systema Mycologicum (1821–1832), and the obligate 

registration of new fungal names (since 2012) and new typifications (since 2019).
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Fig. 1 |. Fungal diversity.
Although Fungi and fungus-like organisms exhibit striking phenotypic diversity, accurate 

and precise identification often requires molecular approaches or specific tools such as 

metabolic profiling owing to widespread cryptic diversification and a lack of diagnostic 

features in microscopic vegetative structures. a, Albugo laibachii (Oomycota) sporogenous 

hyphae. b, Albugo candida oospore. c, Candida auris cells. d, Pyricularia oryzae 
conidiophore with conidia. e, Cryptococcus neoformans cells in tissue. f, Banana plant 

infected with fusarium wilt. g, Fusarium odoratissimum macroconidia. h, Colletotrichum 
siamense section of acervulus. i, Trypethelium purpurinum (also known as Marcelaria 
purpurina) physical type specimen. j, Chaetocapnodium tanzanicum culture. Credit: 
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photographs courtesy of Young-Joon Choi (a,b), Nani Maryani (f,g), Min Fu (h) and Jafar 

Abdollahzadeh (j). Scale bars, 10 μm (a–e, g and h) or 10 mm (i and j).
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Fig. 2 |. Timeline of important events in fungal taxonomy and nomenclature.
See Supplementary Information for detailed references regarding each event.
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Fig. 3 |. Visualization of new lineages.
Environmental samples of ITS amplicons generated from the fungal microbiome of 

switchgrass (Panicum virgatum) at a site in North Carolina, USA (SRA accession number 

SRS7144269; see ref.50 for the corresponding paper). The approximately 60,000 original 

fungal ITS reads from the switchgrass sample (black dots) were analysed together 

with 84,000 ITS sequences (blue dots) from the UNITE General FASTA Release 8.2. 

(https://unite.ut.ee/repository.php). Visualization was done in the rgl package in R (https://

r-forge.r-project.org/projects/rgl) after employing a sparse similarity matrix approach, with 

multidimensional ordination using LargeVis51 based on fast multilevel clustering (fMLC; 

thresholds of 0.95 and 0.98)52. The two ellipses indicate the approximate location 

of Ascomycota (separate smaller cluster represents Eurotiomycetes) and Basidiomycota 
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sequences; the large centre cluster also contains representatives of the other phyla present in 

Fungi. The reads from the Panicum sample form two additional clusters (A and B) in the 

periphery of the UNITE reference sequences, which indicate phyla or classes only sparsely 

captured in the UNITE General FASTA Release.
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