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Abstract

The magnitude and understargliof the KigdomFungi are expanding with the application
of DNA-based molecular approaches. Noikaryaf u n g i (someti mes referre
6early divergent fungi é or o6l ower fungi 06), a

phyla, compriseapproximately 5000 species to date. This paper compiles all existing information
on the families of the nebikarya fungal phyla. Two phylogenomic analyses are provided
separately to show the relationships of the phyla ofDiarya and familes of Mucoramycota
respectively. A phylogenetic tree basedpanrtial 45S or partial 28S sequences is provided to show
the placements of families falomeromycotaWe provide the descriptions of each family and its
type genus, including an illustration tfe type spcies or a welestablished other genus in the
family. All the genera included in the family are listed with their type speBigdbosporaceaéam.

nov. is introduced to accommodateBulbospora in Gigasporales (Glomeromycetes
Glomeromycota  Densosporales Tedersoo, Densosporaceae Desiro et al, and
Jimgerdemanniaceakedersoo are validate@iaxa inRozellomycotdincluding Microsporidig) and
Aphelidiomycotare currently accepted as groups of fungi. Still, most species names require further
revision following the International Code of Nomenclature for algae, fungi, and plants.
CaudosporinaY.S. Tokarev & L.V. Issi nom. nov. anélesnilivella Frolova & Nassonova nom.
nov. are provided to accommoda@audosporal. Weiser (nom. illegit.) andlesnilia Frolova etal.

2023 (nom. illegit.), respectivelyraxa introduced based on eDNA (by Tedersoo et al. 2024) are
listed separately, as currently these taxa are treated as invalid. FosBilkaoya taxa are also
provided separately.

Keywords 1 Aphelidsi 6 b a s g 1T Micrasporidiai Rozellomycot& subkingdoms
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INTRODUCTION

The magnitude of the Kingdoffungiand t he Omega cl assificati
important topics among mycologists. A recent estimation predict&dnillion species in the
kingdom (Nskanen et al. 2023). Currently, only ca. 205,000 species are accepted in Species
Fungorum (2025). However, most of these belonddoomycotaand Basidiomycotan Dikarya.
According to Species Fungorum, 2025 (accessed on 15 April 2025), apatelyirB000species
have been accepted under 16 phyla of basal taxa, which share 0.02% of total species (Fig. 1, species
number based on Species Fungorum 2025). Among th®ikamnya fungi, a comparatively large
number of species have been reported f@mgtridiomycot, MucoromycotaGlomeromycotand
Rozellomycota

The classification ofFungi has been changing with the advancements of molecular
techniques. For instance, Tedersoo et al. (2018) yEdandrpb?2 loci, Voigt et al. (2021) used
LSU and SSU, Wayawardee et al. (2020a) used LSU, SSigh1 andrpb2, and Li et al. (2021),
as well as Strassert & Monaghan (2022) used genomes and transcriptomes for phylogenetic tree
inferences. Recently, Wijayawardene et al. (2024a) used a phylogenomic analysiseptdd 9

phyla in the Kingdom Fungi viz., Aphelidiomycota Ascomycota Basidiomycota
Basidiobolomycota Blastocladiomycota Calcarisporiellomycota Chytridiomycota
(=Caulochytriomycotg Entomophthoromycota  Entorrhizomycota Glomeromycota
Kickxellonycota Mondblepharomycota Mortierellomycota Mucoromycota

Neocallimastigomycotdlpidiomycota RozellomycotaSanchytriomycotandZoopagomycota

James &Rokas (2025) argued that the terms Oea
fungi 6 moprate adostiggested using formal taxonomic names. In this compilation, we do
not argue against or support this sugges-tion.

Dikarya f ungi 6 as an u mb r e IAphalidiomyeotam Badidmbologroad, e r t
Blagocladiomycota Calcarisporiellomycota Chytridiomycota (= Caulochytriomycotg
Entomophthoromycota Glomeromycota Kickxellomycota Monoblepharomycota
Mortierellomycota Mucoromycota Neocallimastigomycota Olpidiomycota Rozellomycota
SanchyriomycotaandZoopagomycota.

Phyla

Number of species

Aphelidiommypcota
Basidiobolomycota
Blastocladiomycota
Calcarisporieflomycota
Chytridiomycota
Entomophthoromycota
Glomeromycota
Kickxellomycota
Monoblepharomycota
Mortiereliomycota
Mucoromycota
Neocallimastiqomycota
Oipldiomycota
Rozeliomycota
Sanchytriomycota
Zoopagomyeoia

19

1 \
214 965 \‘\

2 1036
1036 \
338
363
243

40
149
1033

a7

57
965

2
223

Figure 17 Number of species in the phyla of nbikaryafungi

Classification of the nonDikarya fungi

Wijayawardene et al. (2024) accepted 16 phyla that compois®ikarya fungi, i.e., except
three phyla in subkingdonbikarya (viz.,, Ascomycota Basidiomycotaand Entorrhizomycota
These 16 phyla were accommodated in eight-ksnggdoms, namely Aphelidiomyceta
Basidiobolomyceta Blastocladiomyceta Chytridiomyceta Mucoromyceta Olpidiomyceta
Rozellomycetaand Zoopagomgeta (Tedesoo et al. 2018; Wijayawardene et al. 2024; Fig. 1).
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PhylumCaulochytriomycotdoweld has been rejected as its lineages are nested within the phylum
Chytridiomycota(Galindo et al. 2021, Strassert & Monaghan 2022, Wijayawardene et al. 2024).
Tale 1 summases the classes, orders, and families of the phyl@mDikarya fungi.

Table 1 The classes, orders, and families of the phyla ofDidarya fungi. The number of genera
accepted in each family is provided in brackets.

Phyla

Classes

Orders

Families

Aphelidiomycota
Basidiobolomycota
Blastocladiomycota

Calcarisporiellomycota
Chytridiomycota

Aphelidiomycetes

Basidiobolomycetes
Blastocladiomycetes

Physodermatomycetes

Calcarisporiellomycetes

Caulochytriomycetes

Aphelidiales
Basidiobolales
Blastocladiales

Callimastigales
Catenomycetales

Physodermatales
Calcarispaiellales
Caulochytriales

Aphelidiacead5)
Basidiobolacea¢?)
Blastocladiaceag3)
Catenariaceag?)
Paraphysodermateeae
1)

Sorochytriaceaél)
Callimastigaceadl)
Catenomycetacedé)
Coelomomycetaced@)
Physodermatacead)
Calcarisporiellaceae
Caulochytriaceae

Chytridiomycetes Chytridiales Asterophlyctaceag?)
Chytridiaceaq6)
Chytriomycetaceagl5)
Pseudorhizidiaceag)
Scherffelionycetaceae
(1)
Nephridiophagales Nephridiophagaceaéb)
Polyphagales Polyphagacea€?)
Saccopodiales Saccopodiaceafl)
Zygophlyctidales Zygophlyctidacea€l)
families incertae Amoebochytriaceagl)
sedis
Sparrowiaceadl)
Sphaeromoadacead1)
Tetrachytriaceag?)
Thalassochytriaceagl)
Cladochytriomycetes Cladochytriales Cladochytriaceadl)
Endochytriacea¢l)
Nowakowskiellaceagl)
Septochytriacea€r)
Lobulomycetes Lobulomycetales Lobulomycetaceag)
Mesothytriomycees Gromochytriales Gromochytriacea€?)
Mesochytriales Mesochytriaceaél)
Polychytriomycetes Polychytriales Polychytriaceadb)
Rhizophlyctidomycetes Rhizophlyctidales  Arizonaphlyctidaceaél)
Borealophlyctidaceaél)
Rhizophlyadaceae(1)
Sonoraphlyctidaceagl)
Rhizophydiomycetes Rhizophydiales Alphamycetacea@)
Angulomycetacead)
Aguamycetaceal)
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Table 1 Continued

Phyla

Classes

Orders

Families

Chytridiomycota
family incertaesedis

Entomophthoromycota Entomophthoromycetes

Glomeromycota

Spizellomycetes

Synchytriomycetes

Neozygitomycetes
Archaeosporomycetes

Glomeromycetes

Spizellomycetales

Synchytriales

Entomophthorales

Neozygitales
Archaeosporales

Diversisporales

Entrophosporales
Gigasporales

Glomerales

Batrachochytriacea€l)
Collimycetacea€l)
Coralloidiomyceaceae
(1)

Dinomycetacea€?)
Ericiomycetacea¢l)
Globomycetacea@)
Gorgonomycetacead)
Halomycetaceaét)
Kappamycetacead)
Operculomycetacead)
Pateramycetacea)
Protrudomycetaceag)
Rhizophgiaceag(1)
Staurastromycetaced#)
Terramycetaceag?)
Uebelmesseromycetace
(1)
Powellomycetacea@)
Spizellomycetaced8)
Synchytriaceaéb)
Quaeritorhizacea€l)

Ancylistacead?)
Batkoaceadl)
Capillidiaceae(1)
Completoriaceagl)
Conidiobolaceaé3)
Entomophthoraceag 0)
Meristacracead?)
Neoonidiobolacead1)
Neozygitaceaéld)
Ambisporaceaél)
Archaeosporaceag)
Geosiphonaceaf)
Polonosporaceaél)
Acaulosporacee(1)
Diversisporacea¢b)
Pacisporaceadl)
Sacculosporacead)
Entrophosporaceaél)
Bulbosporaceaél)
Dentiscutataceaé?)
Gigasporaceaél)
Intraornatosporacea€?)
Racocetraeae(2)
Scutellosporaceag?)
Glomeracead3)
Dominikiaceagb)
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Table 1 Continued

Phyla

Classes

Orders

Families

Kickxellomycota

Monoblepharomycota

Mortierellomycota
Mucoromycota

Paraglomeromycetes
Asellariomycetes
Barbatosporomycetes
Dimargaritomycetes
Harpellomycetes
Kickxellomycetes
Ramicandelaberomycetse

Hyaloraphidiomycetes
Monoblephardomycetes

Mortierellomycetes
Endogmomycetes

Mucoromycetes

Umbelopsidomycetes

Paraglomerales

Asellariales
Barbatosporales
Dimargaritales
Harpellales

Kickxellales
Orphellales
Ramicandelaberales

Hyaloraphidiales
Monoblepharidales

Mortierellales
Bifiguratales
Densosporales
Endogonales

Mucorales

Umbelopsidales

Neocallimastigomycot: Neocallimastigomycetes Neocallimastigales

Kamienskiacea€3)
Sclerocystaceafb)
Septoglomeraced®)
Paraglomeracea€?)
Pervetustaceaél)
Asellariacead1)
Barbatosporaceaél)
Dimargaritaceaq3)
Harpellaceaq6)
Legeriomycedceae(36)
Kickxellaceag10)
Orphellaceadq1)
Ramicandelaberaceae
(1)
Hyaloraphidiacead1)
Gonapodyaceag?)
Harpochytriacead1)
Monoblepharidaceaél)
Oedogoniomycetaceae
(1)
Telasphaerulacea@)
Mortierellaceag(14)
Bifigurataceag(1)
Densosporaceagl)
Densosporaceafl)
Endogonaceaés)
Jimgerdemanniacead)
Vinositunicaceaél)
Backusellaceaél)
Circinellaceag(b)
Cunningtamellacead6)
Lentamycetacead)
Lichtheimiaceag?2)
Mucoraceae (24)
Mycocladacea€l)
PhycomycetaceaR)
Pilobolaceag2)
Protomycocladaceagl)
Radiomycetacead)
Rhizomucoraceafl)
Rhizopodaceaél)
Sakseaeacead?)
Syncephalastraceg@)
Syzygitacea?)
Thermomucoracea@)
Pygmaeomycetacedg)
Umbelopsidaceaél)
Anaeromycetazae(4)
Caecomycetaced@)
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Table 1 Continued

Phyla

Classes

Orders

Families

Olpidiomycota
Rozellomycota

Microsporidia families
incertae sedis

Olpidiomycetes
Rozellidea
Chytridiopsea

Rudimicrosporea

Microsporidea

Olpidiales
Rozellida
Chytridiopsida

Metchnikovellida

Amblyosporida

Neopereziida

Ovavesiculida
Glugeida

Nosematida

Neocallimastigaceaéb)
Piromycetacea€l)
Olpidiaceae(4)
Rozellidag1)
Buxtehudiidag?2)
Chytridiopsidag5)
Hesseidadl)
Burkeidae(1)
Amphiacanthida¢l)
Metchnikovellidad4)
Amblyosporidag17)
Caudosporida€10)
Gurleyidae (13)
Berwaldiidae(2)

Neopereziidagb)
Tubulinosematidaé€3)
Ovavesiculidag3)
Facilisporidae(1)
Glugeidae(9)
Myosporidag1)
Pereziidag4)
Pleistophoridag7)
Spragueidag8)
Theldhaniidae(15)
Unikaryonidag(4)
Encephalitozoonidag?)
Enterocytozoonidaéb)
Heterovesiculida¢l)
Mrazekiidae(9)
Nosematidag2)
Ordosporidag1)
Abelsporidag1)

Areospriidae (1)
Burenellidag(3)
Cougourdellidag1)
Cylindrosporidag(1)
Duboscqiidag5)
Golbergiidae(3)
Microfilidae (1)
Neonosemoidiidagl)
Pleistosporidiidag1)
Pseudopleistophoridae
(2)
Striatosporidag?2)
Telonyxidae(1)
Toxoglugeidadl)
Tuzetiidag4)
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Table 1 Continwed

Phyla Classes Orders Families
Rozellomycota orders Paramicrosporidiales Paramicrosporidiaceae
incertae sedis (1)
Morellosporales Morellosporaceadl)
Mitosporidiacea (1)
Nucleophagales Nucleophagaceal)
Sanchytriomycota Sanchytriomycetes Sanchytriales Sanchytriacea€?)
Zoopagomycota Zoopagomycetes Zoopagales Cochlonematacea®)

Helicocephalidaceaét)
Piptocephalidaceaé3)
Sigmoideomycetace{4)
Zoopagaceadg?)

Taxa registered under the Zoological Nomenclature
Chapter F of the International Code of Nomenclature for Algae, Fungi, and Plants (ICNafp)

or Shenzhen Code currently governs the registration of newly introduced fungal taxasénsas

to register novel taxa (including fossil fungi and licHerming fungi) in a repository such as
Fungal Names, Index Fungorum, and MycoBank before publishing and including citation of the
identifier in the protologue (Redhead & Norvell 2013). Téea desdbed in Apheldiomycotaand
Rozellomycota(including Microsporidiad), which were traditionally regarded as protists, have,
however, been governed by the Code of Zoological Nomenclature (see Article 1.1.1, ICZN).
Nevertheless, Karpov et al. (2018howed tha Antoeboaphelidium protococcarynforms a
monophyletic group witiRozellaand microsporidia as a sister group to Fungi. Several subsequent
studies confirmed the findings of Karpov et al. (2013) and confirmedAgla¢lidiomycotaand
Rozellomyca reside n the Kingdom Fungi (Tedersoo et al. 2018, Voigt et al. 2021,
Wijayawardene et al. 2024). Furthermore, novel species have been introduced with MycoBank
numbers (e. g. Letcher et al. 2015b, Corsaro et al. 2016) but later listed in Index Fungbuaoiim o
MycoBank and ZooBank identifiers (Seto et al. 2020a, 2022).

Taxa introduced with sequences as the type (or eDNA as the type)

It is mandatory to follow the rules and guidelines provided by ICNafp when introducing new
species. Designating type maads (Art. 40, Shenzhe@ode) and indicating the identifiers obtained
from a repository (i.e., Index Fungorum, MycoBank or Fungal Names) in the protologue (Art.
F.5.1, San Juan Chapter F) are two important rules that are necessary to follow. Howewly,curre
taxanomists and mycologists focus on Next Generation Sequencing and reveal dark taxa that lack
any phenotypes. Hence, sequebased nomenclature is being promoted for naming the dark taxa
(Lucking et al. 2021); however, it is still not concludedddferent opinions aregprevailing among
the mycology community.

Tedersoo et al. (2024) is a recent study focused on the classificatBlanoéromycotand
Endogonomycete@n Mucoromycoty based on combined SSU, ITS and LSU sequences. In this
study, Tea@rsoo et b (2024) introduced several taxa (including novel species and new
combinations) based on eDNA samples and sequence data. However, ICNafp does not accept
eDNA as the type material, thus all new species are invalid (see Index Fungorum 2025).
Nevetheless, w list all geera and suprgeneric ranks separately (not in the outline section) in
this compilation to gather all prevailing data (Table 2). We regard it as necessary to adapt the use of
eDNA samples and sequence data by the code and impléserse asa type material in the
future.
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Table 2Invalid genera and supegeneric ranks in Tedersoo et al. (2024)

Classes Orders Families Genera
Glomeromycetes Entrophosporales Pseudoentrophosporace: Pseudoentrophospor
Tedersoo & Magurno Tedersod& Magurno

Table 2 Continued

Classes Orders Families Genera

Endogonomycetes Hoforsales Hoforsaceadl edersoo HoforsaTedersoo
Tedersoo
Kahvenales Kahvenacead@edersoo KahvenaTedersoo
Tedersoo
Kelottijaerviales Kelottijaerviaceae Kelottijaervia
Tedersoo Tedersoo Tedersoo
Kungsaengenales Kungsaengenaceae Kungsaengena
Tedersoo Tedersoo Tedersoo
Langduoales Langduoacea&edersoo LangduoaTedersoo
Tedersoo
Lehetuales Lehetuacead@edersoo LehetuaTedersoo
Tedersoo
Lokrumales Lokrumaceadedersoo  LokrumaTedersoo
Tedersoo
Moosteales Moosteaceadedersoo MoostedaTledersoo
Tedersoo
Nikkaluoktales Nikkaluoktaceae Nikkaluokta
Tedersoo Tedersoo Tedersoo
Parniguales Parniguaceadedersoo ParniguaTedersoo
Tedersoo
Riederbergales Riederbergceae Riederberga
Tedersoo Tedersoo Tedersoo
RuualesTedersoo Ruuaceadedersoo RuuaTedersoo
Tammsaareales = Tammsaareaceae Tammsaarea
Tedersoo Tedersoo Tedersoo
Unemaeeales Unemaeeaceakedersoo Unemaeededersoo
Tedersoo
Densosporales DensosporaeaeDesii et
Tedersot al.*

Planticonsortiaceae
Tedersoo

EndogonalesJacz. Jimgerdemanniaceae
& P.A. Jacz.# Tedersod

*Indicates taxa that are validated in this study and # indicates valid taxa that have been introduced
previously.

Fossil nonDikarya fungi

The lower fungi are frequently found as fossils in rocks of all ages. The most important
fossil genera of this group are as follows.

Chytridiomycota Brijax M. Krings & C.J. Harper, Cultoraquaticus Strullu-Derr.,
Globicultrix M. Krings et al., Grilletia Renault & C.E. Bertrand, GuizhounemaX. Mu,
lllmanomycedM. Krings & T.N. Taylor,KrispiromycesT.N. Taylor et al.L.yonomyced.N. Taylor
et al., MilleromycesT.N. Taylor et al.,,NimbosphaeraC.J. Harper & M. Krings,Oochytrium
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Renault,PalaeozoosporiteStrullu-Derr., Perexiflascavl. Krings et al.Rhizophydite$1. Krings &
C.J. Harper andrewinomyce$/. Krings et al.

Glomeromycota Archaeosporite<C. Walker et al. GigasporitesCarlie J. Phipps & T.N.
Taylor, GlomitesT.N. Taylor et al.,GlomorphitesGarcia Mass, HelmutellaM. Krings & T.N.
Taylor, KryphiomycedV. Krings et al.,MycokidstoniaD. Pons & Locq.PalaeoggasporaR. Kar
et al.,Palaeoglomu®R. Redecker et alRalaeomyce®. Ellis, Scutellosporite®otzler, M. Krings,
T.N. Taylor and AgereiJdaria A. Gupta an@wergimyced. Krings & T.N. Taylor.

Mucoromycota LithomucoritesR. Kar et al. andPalaeomycitedlesch.

We provide all the species belonging to the abmeationed genera in the taxonomy section.

Aim of the study

In this study, we 8t the laest classification of nebDikarya fungi based on recent
publications and our phylogenetics and phylogenoamalyses. We provide descriptions for all
families of nonDikarya fungi, notes including life modes, distribution, important previousissud
and ceescriptions and notes of the type genera. Moreover, we validate several taxa that have been
introduced erroneously in the original protologues. We recognise that several Rozeitomycota
have not been registered in any of the fungal repaesstoandtherefore, we registered them in
Index Fungorum (2025).

MATERIALS AND METHODOLOGY

Data collection and arrangements of the families

We follow Wijayawardene et al. (2018, 2020, 2022) and Hyde et al. (2024) to gather the list
of genera of noiikarya fungi and follow the same for highdevel rankings. Tedersoo et al.
(2018), Galindo et al. (2021), Strassert & Monaghan (2022), Mikhailov et al. (2022a), Hyde et al.
(2024) and Wijayawardene et al. (2024) are some of the studies that we follow piarectine
arrangements of the classification of FAdikarya fungi.

The descriptions of the families and their type genera and illustrations (microscopic images or
line drawings) are based on previous publications. The species number is based on Species
Fungorum (2@5).

Registration of novel taxa and validation of invalid taxa (including proposing new names)

We obtained Index Fungorum lIdentifiers for the novel taxa, invalid taxa and previously
unregistered taxa such Bezellomycotaincluding Microsporidia, which were regarded as protists
following ICNafp.

Phylogenomictree of non-Dikarya fungi

The dataset for phylogenomic analysis was assembled using 300 orthologous groups, which
were used in an earlier study of fungal phylogéjayawardene et al. 2@). Theoriginal dataset
was updated to include all families of ndikaryan fungi with at least one representative with a
sequenced genome. The genomic data were acquired from public repositories of the National
Center for Biotechnology Information andidt Genane Institute, utilizing the MycoCosm portal
(Grigoriev etal. 2014)and the NCBI Taxonomy browséSchoch et al. 2020)o0 survey the
available fungal species. The protein datasets Gapillidium heterosporum Cochlonema
odontosperma Thermomucor indicaeseudaticag Protomycocladus faisalabadensisand
Densosporaceasp. MVCG580 were prepared with the help of the protehgenome searches of
the exonerate 2.2.0 progrgi@later & Birney 2005using a set of orthologous sequences from the
related spcies. Tle genomes dProtomycocladus faisalabadensandDensospraceaesp. MVG
580 were assembled from the WGS data available in the NCBI Sequence Read Archive (SRA
accessions: SRR10127521 and SRR17035067) with SPAdes(Rrild&lski et al. 2020)The
proteomeof Metchnikovella incurvatavas obtained using ORF prediction of TransDecoder v5.7.1
(https://github.com/TransDecoder/TransDecoder) with the genome assembly in GenBank
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(GCA_003600395.1). Orthologous sequences were identified in the proteomgsHMMER
searchegEddy 2011)with the alignment profiles, and r@cocal BLAST searche@\ltschul et al.
1997) The orthologous sequences were aligned with MAFFT 7.525 using the locahisi-{)-
algorithm(Katoh & Standley 2013)and trimmed using theimAl 1.5 program(CapellaGutierrez

et al. 2009)with a gap threshold of 0.1, followed by processing with a custom mask, designed to
exclude ambiguously aligned and lmomplexity regions. The trimmed alignments were
concatenated using SCaF@Soure et al 2007)into a matrix with 176 species and 120K amino
acid sitesMaximum likelihood analysis with the concatenated alignment was performed with 1Q
TREE 1.6.12(Nguyen et al. 2015)Tree reconstruction employed the LG+C60+F+G4 profile
mixture model, and e suppdrwas evaluated using the ultrafast bootstrap approximétioang

et al. 2018)with 1000 replicates. The tree was visualized using the MEGA sofiifarear et al.
2016)

Phylogenomic analyses dflucoromycota

Genomes collected

A total of 58 gepnmes weredownloaded from the NCBI database, including 56 genomes
from Mucoromycotaand two genomes fronMortierella as outgroups. The 5®ucoromycota
genomes represented 19 families. However, no genome from the Rygilgaecomycetaceaeas
obtained in ths study.

Phylogenomic analysis

In this study, the phylogenomic relationshipsMdéicoromycotawere reanalyzed following
previous studies (Spatafora et al. 2016, Vandepol et al. 2020, Zhao et al. 2023). Briefly, 434
clusters of orthologous proteins (COPs) erev retreved using HMMER v3.3.1
(http://hmmer.org/download.htmBnd trimmed with Trimal v1.4.4 (Chim&anchez et al. 2011)
according to the methods of Spatafora et al. (2016). Phylogenetically informative protein markers
followed those identified by Vatepol etal. (2020). Maximum likelihood (ML) phylogenomic
analysis was performed using RAXML v8 (Ronquist et al. 2012), with the optimal model estimated
by ModelTestNG v0.1.7 (Darriba et al. 2020). For the ML analysis, 1,000 bootstrap replications
were camducted uder the besfit model. The ML tree was visualized usirfggtree v1.4.4
(http://tree.bio.ed.ac.uk/software/figtree/), and nodes with ML bootstrap values below 50% were
not considered.

Phylogenetic analyses of the phylurslomeromycota

Maximum likelihood (ML) and Bayesian inference (BI) analyses were performed using a
dataset including all th&lomeromycotaspecies in possession of partial 45S or partial 28S
sequences. Overall, the dataset included 235 species and 48 genera represented bgrié@é.sequ
Sajuence alignment was performed in three steps: a) fdr eater separately, sequences were
aligned using MAFFT 7.243 (Katoh et al. 2019), strategiN&-i; b) after trimming the ITS, the
alignments were aligned together using the MAFFT functiberge’, p eser vi n@rdlee ofi
alignments; c) for each order in the alignment, it's related ITS block was concatenated, not
overlapping ITS blocks of other orders. In such a way, the information of ITS was preserved but
used only to infer phylogenetirelatimships among taxa in each order. In both ML and BI
analy®s, the alignment was divided into two partitions (18S+5.8S, 28S), plus additional partitions
for ITS1 and ITS2 exclusive to each order. GTR+I+G was chosen in both Bl and ML analyses as a
nucleotide substitution model for each nucleotide partition (Abadi et al. 2019). The ML tree was
estimated using RAXMING 1.0.1 (Kozlov et al. 2019), using a maximum likelihood/1000
bootstrapping run, and ML estimated proportion of invariable sites andriegsences. In the Bl
analysis, four Markov chains were run ofiéleen million generations in MrBayes 3.2 (Ronquist et
al. 2012), sampling every 1000 generations, with a -burat 25% sampled trees. The order
Paraglomeralesas the earliest diverginméage inGlomeromycotawas used to root the tree.
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Results

Phylogenomic tree of norDikarya fungi

The phylogenomic analysis was carried out using a previously assembleig®d@ataset
(Wijayawardene et al. 20240pdated to include every family of m®ikarya fungi with sequenced
genomes. To properly sample theagable data, we collected all genomic datasets forDi@arya
fungi and reconstructed individual phylogenies for major fungal phyla or subkingdoms. In total, the
current tally of nearly 40@ondikaryan species with available genomes covers 85 families and
severalincertae sedigaxa, which is less than half of the registered families for these groups of
fungi. Particularly poorly represented are groups suclClagridiomycotaand Rozellomyota,
where 30 to 40 known families have no sequenced represergati

For the combined phylogeny, we reduced the initial dataset to 14dlikanyan species by
excluding closely related species, while preserving one to several representatives per femily. T
ML tree reconstructed for this condensed dataset using thbes@i@geneous profile mixture
model of IQTREE reproduces the earlier result of ML inference for fungal ptWigayawardene
et al. 2024) lending full support to many early nodes of fungddylogeny, including the
controversial grouping oMucoromycotaand Glomeromycota(Fig. 2). Relationships between
families of nonDikarya fungi likewise receive high support values. Notably, the improved
sampling withinChytridiomycotgprovides better retution for the positions oCaulochytriumand
Polychytrium which were conflicting in the previous analysis. Yet, several nodes of this new
phylogeny remain poorly supported. The sister group position Lehtamyces to
Cunninghamellaceaén Mucoromycotareceives aly 60% supporti the distinctly divergent
sequences dientamycedikely impel its placement closer to the root in 40% of replicates, sister to
the group that includes familiézhycomycetacea€unninghamellaceaand Mucoraceae Among
microsporidans, theearly branching oEdhazardia(fam. Amblyosporidagis not well supported,
and the alternative position, sisterAstathelohaniais observed in 37% of replicates. The relative
branching withinAphelidiomycotas uncertain, with the twéphelidium specis competing with
Amoeboaphelidium protococcarufor the sster group position to other aphelids. The exact
placement ofBasidiobolomycotaalso remains ambiguous, with 79% of replicates supporting a
sister relationship to a group unitisgitomophthoomycotaandKickxellomycotal8% of replicates
supporting a closer relationship t@oopagomycota and the remaining 3% placing
Basidiobolomycotas the earliest branch of the subkingdféoopagomycetaAmong chytrids, the
alternative placement dfowakowsiellaceae and Cladochytrium replicatuntloser to the root of
thegroup is observed in 9% of replicates.

Several families emerge as paraphyletic in the reconstruction. The fatadgchytriaceage
represented in the dataset Gladochytrium replicatumand Cladochytium tenue is particularly
problematic. The tw&ladochytriumspecies are not closely related, w@&h replicatumbranching
sister toNowakowskiellacegewhile C. tenuebranches withCladochytriumpolystomunthat was
redescribed agopfochytrium plystomun of family Chytridiaceae(Fig. 2). As pointed out in the
study that introducedopfochytrium polystomuynfamily Cladochytriaceaels paraphyletic and
requires revision following a clearer ultrastructural investigation of type spéciesiugPowdl! et
al. 2018a) The current phylogenomic reconstruction, however, also refutes the inclusion of
Zopfochytriumin Chytridiaceaei the group ofZ. polystomunandC. tenueis close to the family
Chytriomycetacea@and severalncertae sedishytrids, renderig the Chytridiaceaeparaphyletic.
Therefore, the taxonomic afftres of Z. polystomunand Cladochytriumspecies conflict with the
phylogeny, and the delineations of both famil@gdochytriacea@ndChytridiaceae need further
reassessment.

Phylogenanic tree of Mucoromycota

In this study, phylogenomic analysis was performed on 58 genomes using the
PROTGAMMALGX model. The resulting ML tree indicated strong support for 18 families within
the Mucoromycota(Fig. 3). However, the familyDensosporaceaelid not form a clade with
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Endogonaceaeas both families belong todhorderEndogonalegDesiro et al. 2017, Zhao et al.
2023) Within the family Mucoraceae the genusMucor was also found to be polyphyletic.
Additionally, the familyPygmaeomycetaceaeas clasifiedunder the ordetmbelopsidale®ased

on ITS sequencg®Walsh et al. 2021)However, the taxonomic status of some groups could not be
determined from the phylogenomic analysis due to the lack of published genome data.
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Figure 21 Phylogenomic argsis of relationships between families of n@nkarya fungi. The
phylogeny was reconstructed using the maximum likelihood approach TREE with a 306gene
dataset, featuring representatives of all families ofdikaryan fungi where sequenced genomes
were avdable; the inference utilized the profile mixture evolutionary model LG+C60+F+G4, with
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support values estimated by ultrafast bootstrap approximation; only
support have the support values shawindicated by a redicle ard the

nodes that fail to achieve full
corresponding bootstrap

percentage; the branchestbe microsporidian subtree were shortened to a third of their actual
length for the illustration (the branches drawn in red); families that emerge as paraphyletic in the

reconstruction havtneir nanes highlighted with a red colour.
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Figure 37 A maximum likelihood tree of 56 genomes Miucoromycota and two genomes of
Mortierella as outgroups. The ML bootstrap values are shown at the branch nodes. The scale bar at

the bottom left indicatethe nunber of substitutions per site.

Phylogenetic analyses oBlomeromycota

Tree topology of the ML analysis at genus or higher taxonomic rank was mostly identical to
the one recovered in the Bl analysis, generally in agreement with previous phylasjievias!ly
recent phylogenetic analysis (da Silva et al. 2024), involving also data from environmental
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sequences (Tedersoo et al. 2024). Among th&letheromycotdamilies considered, 16 received

full ML and BI support. All families included in the analgsivere paced in the expected order
clades, except foPacisporaeae (Diversisporales sensehl, G.A. Silva & Sieverd) that
clustered, very weakly supported, wihigasporalesThe phylogenetic placement of this family, as
proposed by Walker et al. (20043 unikely to be contentious, as its species are the only ones
reported to form both intraradical vesicles and extraradical auxiliary cells, structures which are
characteristic oDiversisporalesandGigasporales r especti vely (Bg@genszkow
affiliation of Pacisporaceaeto DiversisporalessensuOehl, G.A. Silva & Sieverd should be
considered uncertain, requiring further investigation.

Furthermore, the analysis showed the clade populateButlyosmpra minima sequences
represents an independent clade at the family level. The previous inclusBualbaisporain
ScutellosporaceagMarinho et al. 2014) rendered this family unsupported. Based on the
phylogenetic analyses presented here (Fig. 4) anddar$eo et al. (2024, Supplementary material
2), Bulbosporadoes not show any sister relationship with eitBcutellosporaceaelade or other
family clades inGigasporales Therefore, considering also the morphologyBafbospora minima
the new familyBulbosporaceaés erected to accommodate the monospecific genus.

Among the families not fully supported, those with the weakest @égasporaceaeand
Scutellosporaceadoth inGigasporalesGigasporaceaéi s uf f er ed 0 t HGeasporat r o d L
siqueirae recently added into the genus (Manawasinghe et al. 2025), occupying a sister position to
the clade formed yothe otherGigasporaspecies. The new species was retaineGigsispora
based on the spore morphology, undoubtedly resembling those of the ggrnsaPemendations
of the Gigasporaceadntraornatosporaceaelade should be considered once additional molecular
data become available, especially fotraornatosporaand Paradentiscutatagenera, whose SSU
ITS-LSU sequences are still lacking, as welhtsrnative molecular markers (gb1).

Outline of non-Dikarya fungi (The number of species of each geis given inside the brackets)
APHELIDIOMYCOTA Tedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Ddring, Schigel, T.W.
May, M. Ryberg & Abarenkov

AphelidiomycetesTedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Ddring, Schigel, T.W. May,
M. Ryberg & Abarenkov

Aphelidiales Tedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Ddring, Schigel, T.W. May, M.
Ryberg & Abarenkov

AphelidiaceaeTedersoo, Sanchdzamirez Kdljalg, Bahram, M. Déring, Schigel, T.W. May, M.
Ryberg & Abarenkov

AmoeboaphelidiurBcherff. (5)

Aphdidium Zopf (10)

ParaphelidiumKarpov, Moreira, Lopefarcia (2)

ProtaphelidiumSeliuk & Karpov (1)

Pseudaphelidiunschweikert & Schnepf (1)

BASIDIOBOLOMYCOTADoweld

BasidiobolomyceteBoweld

BasidiobolalesJacz. & P.A. Jacz.

Basidiobolacead&ngl. & E. Gilg

Basidiobolussidam (7)

Schizangiellal. Dwyer, B. Burwell, Humber, C. Mcleod, M. Fleetwood & T. Johnson bis (1)

BLASTOCLADIOMYCOTAT.Y. James
BlastocladiomyceteBoweld
BlastocladialedH.E. Petersen
Blastocladiaceadd.E. Petersen
Allomyce<E.J. Buter (10)
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BlastocladiaReinsch (30)
BlastocladiopsisSparrow (2)

CatenariaceaeCouch
CatenophlyctikKarling (2)
Nematoceromycd3oweld (3)

Paraphysaermatacead®oweld
Paraphysoderm@&oussiba, Zarka & T.Y. James (1)

Sorochytriaceaddewel
SorochytriumDewel (1)

CallimastigalesDoweld
Callimastigacead-onseca
CallimastixWeissenb. (2)

CatenomycetaleBoweld
CatenomycetaceaBoweld
CatenomyceA.M. Hanson (2)

Coelomomycetaceagouch
CoelomomyceKeilin (66)
CoelomycidiunDebais (2)

Physodermatomycetefedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Doéring, Schigel, T.W.
May, M. Ryberg & Abarenkov

Physodermatale€aval-Sm.

Physodermatacea8parrow

Physodermawallr. (99)

CALCARISPORIELLOMYCOTA Tedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Doring,
Schigel, T.W. May, M. Ryberg & Abarenkov

CalcarisporiellomycotinalTedersoo, Sanchézamirez, Kéljalg, Bahram, M. Déring, Schigel, T.W.
May, M. Ryberg & Abarakov

Calcarisporiellomycete§edersoo, Sanchdzamirez, Kdljalg, Bahram, M. Doéring, Schigel, T.W.
May, M. Ryberg & Abarenkov

CalcarisporiellalesTedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Doring, Schigel, T.W. May,
M. Ryberg & Abarenkov

Calcarisporielaceae Tedersoo, Sanchdézamirez, Kéljalg, Bahram, M. Ddring, Schigel, T.W.
May, M. Ryberg & Abarenkov

Calcarisporiellade Hoog (1)

Echinochlamydosporiud.Z. Jiang, H.Y. Yu, M.C. Xiang, X.Y. Liu & Xing Z. Liu (1)

CHYTRIDIOMYCOTA Doweld (=Caulochytriomyota Doweld)
Caulochytriomycete®oweld

CaulochytrialesDoweld

CaulochytriaceaeSubram.

CaulochytriumVoos & L.S. Olive (2)

ChytridiomycetegCaval-Sm.
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ChytridialesCohn

Asterophlyctacea®oweld

AsterophlyctidH.E. Petersen (2)

Wheelerophlycti®.M Letcher M.J. Powell, W.J. Davis (2)
ChytridiaceaeNowak.

ChytridiumA. Braun (143)

DendrochytridiunmLetcher, Longcore & M.J. Powell (1)
DinochytriumLesham, Letcher & M.J. Powell (1)
IrineochytriumLetcher, Longcore & M.J. Powell (1)
Phlyctochytrium]. Schrét. ¢a. 50)

PolyphlyctisKarling (3)

ZopfochytriumM.J. Powell, Longcore, Letcher (1)

Chytriomycetaceatetcher (=Phlyctorhizacea®oweld)
AvachytriumVélez & Letcher (1)

Chytriomycesarling (33)

EntophlyctisA. Fisch. (29)

Fayochytriomyce8V.J. Davis, Lé&cher, Longcore & M.J. Powell (1)
ObelidiumNowak. (3)

Odontochytriumvélez & Letcher (1)
PendulichytriunK. Seto & Degawa (1)
PhlyctorhizaA.M. Hanson (1)

PhysocladiaSparrow (1)

PodochytriumPfitzer (7)

Rhopalophlyctigkarling (1)

RhizidiumA. Braun (34)

RodmanochytriunM.J. Powell & Letcher (2)
Rhizoclosmatiuril.E. Petersen (4)

SiphonariaH.E. Petersen (3)

Pseudorhizidiacea®oweld
DelfinachytriumVélez & Letcher (1)
PseudorhizidiunM.J. Powell, Letcher & Longcore (1)

ScherffeliomycetaceaPoweld
ScheffeliomycesSparrow (4)

NephridiophagaleDoweld

Nephridiophagacea®. Radek, Letcher, Wijayaw., P.M. Kirk & K.D. Hyde
ColeosporaGibbs (1)

MalpighivincoRadek & Strassert (1)

Nephridiophagd vani | (12)

NephridiochytriumRadek & Strassert (1)

OryctosporaPurrini & Weiser (1)

Peltomyced.éger (1)

PolyphagaleDoweld
Polyphagacea&. Maekawa
PolyphagudNowak.(15)
VolvoraxDoweld (1)
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Saccopodiale®oweld
Saccopodiaceadacz. & P.A. Jacz.
Saccopodiunsor ok on (1)

ZygophlyctidaleX. Seto
Zygophlyctidacea&. Seto
ZygophlyctisDoweld (3)

Zygorhizidialesk. Seto
Zygorhizidiaceaeboweld
ZygorhizidiumLéwenthal (9)

Chytridiomycetegamiliesincertae sedis
Amoebochytriacea®oweld
AmoebochytriunZopf (1)

Sparrowiaceaéddoweld
SparrowiaWilloughby (2)

Sphaerononadaceadoweld
Sphaeromonak. Liebet. (3)

TetrachytriaceaeDoweld
TetrachytriumS o r o k
ZygochytrumS o r o k

v\./

on (1
on (1

Thalassochytriacea®oweld
ThalassochytriunNyvall, M. Pedersén & Longcore (1)

CladochytriomycetesTedersoo, Sanchdzamirez, Kdéljalg, Bahram, M. Ddéring, Schigel, T.W.
May, M. Ryberg & Abarenkov

CladochytrialesMozl.-Standr.

Cladochytriaceae€l. Schrot.

CladochytriumNowak. (51)

Karlingiella (Karling) G.H. Jerénimo, A.L. Jesus & Piré&sttar. (1)

EndochytriaceaeSparrow ex D.J.S. Barr
EndochytriumSparrow (7)

Nowakowskiellacea&parrow ex MoztStandr.
Nowakowskiellal. Schrot. (18)

SeptaehytriaceaeMozl.-Standr.(= 2Catenochytridiacege

AllochytridiumD.J.S. Barr & Desauln (3)

CatenochytridiunBerdan (6)

CylindrochytridiumKarling (2)

Dogmamyce&.H. Jeronimo, C.L.A. PireZottar., T.Y. James & J.E. Longcore (1)
NephrochytriumKarling (4)

PhytochytriunLongcore & G.H. Jerdnimo (1)

SeptochytriunBerdan (5)

SparrowiellaLongcore & G.H. Jerénimo (1)
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Cladochytrialesgeneraincertae sedis
?DiplophlyctisJ. Schrét. (12)
ThomasiaG.H. Jerdnimo (1)

LobulomycetesTedersoo, &chezRamirez, Kdljatj, Bahram, M. Doring, Schigel, T.W. May, M.
Ryberg & Abarenkov

Lobulomycetale®.R. Simmons

Lobulomycetacea®.R. Simmons (;Alogomycetaceaboweld)
AlgochytropsDoweld (1)

Algomyced/an den Wyngaert, K. Rojas & K. Seto (1)
Alogomyce®.R. Simmons & Letcher (1)

ClydaeaD.R. Simmons (1)

CyclopsomyceK. Seto & Degawa (1)

Lobulomyce®.R. Simmons (2)

MaunachytriumD.R. Simmons (1)

MesochytriomycetesTedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Ddéring, Schigel, T.W.
May, M. Ryberg & Alarenkov

Gromochytriales Karpov & Aleoshin

Gromochytriacea&arpov & Aleoshin

ApiochytriumKarpov & D. Moreira (1)

GromochytriumKarpov & Aleoshin (1)

MesochytrialeDoweld
Mesochytriaceaddoweld
MesochytriunB.V. Gromov, Mamkaeva & Pljusch (1)

PolychytriomycetesTedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Déring, Schigel, T.W. May,
M. Ryberg & Abarenkov

PolychytrialesLongcore & D.R. Simmons

PolychytriaceadDoweld (= ?Arkayaceaddoweld)

ArkayalLongcore & D.R. Simmons (2)

KarlingiomycesSparrow (8)

Lacustromyced.ongcore (}

NeokarlingiaLongcore & D.R. Simmons (1)

PolychytriumAjello (1)

Rhizophlyctidomycete3edersoo, Sanchdzamirez, Kdljalg, Bahram, M. Ddring, Schigel, T.W.
May, M. Ryberg & Abarenkov

Rhizophlyctidaled_etcher

Arizonaphlyctidaceaé etcher

Arizonaphlyctid_etcher (1)

Borealophlyctidaceaéetcher
Borealophlyctid_etcher (2)

Rhizophlyctidaceadl.E. Petersen
RhizophlyctidA. Fisch. (31)

Sonoraphlyctidaceaé&etcher
Sonoraphlyctid etcher (1)
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Rhizophydiomycete3edersoo, Sanchézamire, Kdljalg, Bahram, Déing, Schigel, T. May, M.

Ryberg & Abarenkov
Rhizophydialed_etcher
Alphamycetaceaé&etcher
Alphamyced.etcher (2)
Betamycesetcher (1)
Gammamyceketcher (1)

Angulomycetacea&etcher
Angulomycesetcher (1)

Aquamycetaceaketcher
Aquamyced etcher (1)

Batrachochytriaceaddoweld
BatrachochytriumLongcore, Pessier & D.K. Nichols (2)

Collimycetacead. Seto & Degawa
CollimycesK. Seto & Degawa (1)

Coralloidiomycetacea®oweld
Coralloidiomyced_etcher (1)

Dinomycetacea&arpov & Gullou
DinomyceKarpov& Guillou (2)
Paradinomycefefié & Karpov (2)

Ericiomycetaceadlarpov & Refié
EriciomycesKarpov & Refié (1)

Globomycetaceaketcher
Globomyces etcher (1)
Urceomyced.etcher (1)

Gorgonomycetaceaketcher
Gorgonomycegetcher (5)

Halomycetaceaéetcher & M.J. Powell
Halomyced_ etcher & M.J. Powell (1)

Paludomyce&etcher & M.J. Powell (1)
Paranamycesetcher & M.J. Powell (1)
Ulkenomyces&etcher & M.J. Powell (1)

Kappamycetaceaketcher
Kappamycesetcher & M.J. Powell (2)

Opercubmycetacea®oweld
OpeculomycedM.J. Powell, Letcher & Longcore (1)

Pateramycetaceaketcher
Pateramycesetcher (2)
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Protrudomycetaceaketcher
Protrudomyces.etcher (1)

Rhizophydiacea&etcher
Rhizophydiunschenk ex Rabenh. (ca. 150)

Staurastromyceteeae S. Van den Wyngaert, K. Seto & K. Rojas
Staurastromyce¥an den Wyngaert, K. Seto & K. Rojas (1)

Terramycetaceaéetcher
Boothiomyces&etcher (1)
Terramyced etcher (4)

UebelmesseromycetaceltJ. Powell & Letcher
Uebelmesseromycés.J. Powell & Lethe (1)

Rhizophydiaésgeneraincertae sedis
Homolaphlyctid.ongcore, Letcher & T.Y. James (1)
Polyrhizophydiuniongcore & D.R. Simmons (1)

Spizellomycete3edersoo, Sanchdzamirez, Kdljalg, Bahram, M. Doring, Schigel, T.W. May, M.
Ryberg & Abarenkov

Spizellomycetale$.J.S. Barr

Powellomycetaceab.R. Simmons

FimicolochytriumD.R. Simmons & Longcore (2)

Geranomyce®.R. Simmons (4)

Powellomyce&ongcore (1)

ThoreauomyceB.R. Simmons & Longcore (1)

Spizellomycetacea@.J.S. Barr
BarromycedM.J. Powell& Letcher (1)
Brevicdcar Letcher & M.J. Powell (1)
Bulbosomyceketcher & Longcore (1)
Gaertneriomyce.J.S. Barr (4)
GallinipesLetcher & M.J. Powell (3)
Kochiomyce®.J.S. Barr (1)
Spizellomyceb.J.S. Barr (7)
Triparticalcar D.J.S. Barr (1)

SynchytiomycetesTedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Doring, Schigel, T.W. May,
M. Ryberg & Abarenkov

SynchytrialesDoweld

Synchytriaceae). Schrot.

Carpenterophlycti©oweld (2)

EndodesmidiunCanter (1)

JohnkarlingiaPavgi & S.L. Singh (1)

MicromycesP.A. Dang. (11)

?MicromycopsisScherft (6)

Synchytriuntde Bary & Woronin (ca. 200)
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Chytridiomycotafamily incertae sedis
Quaeritorhizacead.ongcore, D.R. Simmons & T.Y. James
QuaeritorhizaLongcore, D.R. Simmons & T.Y. James (1)

ENTOMOPHTHOROMYCOTAHumkber
EntomophthoromycotindHumber
Entomophthoromyceteslumber
EntomophthoralesG. Winter
Ancylistaceael. Schrot.
AncylistesPfitzer (4)
MacrobiotophthoraReukauf (1)

Batkoaceadsryganskyi, A.E. Hajek & Stajich
BatkoaHumber (10)

CapillidiaceaeY. Nie, Stgich & K.T. Hodge
Capillidium B. Huang & Y. Nie (7)

Completoriacea¢iumber
CompletoriaLohde (1)

Conidiobolacead3. Huang, Stajich & K.T. Hodge
Azygosporu8. Huang & Y. Nie (2)
ConidiobolusBref. (ca. 30)

MicroconidiobolusB. Huang & Y. Nie (3)

Entomophthoraceadowak.
Entomophaga\. Batko (22)
Entomophthordresen(63)

Erynia (Nowak. ex A. Batko) Remaud. & Hennebert (27)
EryniopsisHumber (5)

Furia (A. Batko) Humber (16)
Massospord@eck (15)

OrthomycesSteinkr., Humber & J.BOliv. (1)
Strongwellsa A. Batko & J. Weiser (3)
TarichiumCohnsensu strict@26)
ZoophthoraA. Batko (38)

MeristacraceaeHumber
MeristacrumDrechsler (2)

Neoconidiobolacea&.Y. Liu, Stajich & K.T. Hodge
Neoconidiobolu$3. Huang & Y. Nie (13)

NeozygibmycetesHumber

NeozygitalesHumber

NeozygitaceaBenZe'ev, R.G. Kenneth & Uziel
ApterivoraxS. Keller (2)

NeozygiteWitlaczil (22)
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GLOMEROMYCOTAC. Walker & A. Schuf3ler

ArchaeosporomyceteSieverd., G.A. Silva, B.T. Goto & Oehl

Archaeosporale€. Walker & A. Schussler

AmbisporaceaeC. Walker, Vestberg & A. Schissler &ppendicisporacea€. Walker, Vestberg
& A. Schussler)

Ambispora C. Walker, Vestberg & A. Schissler (basionylyppendicisporaSpain, Oehl &
Sieverding) (11)

Archaeosporaceaé.B. Morton& D. Redecker
Archaeosporal.B. Morton & D. Redecker (6)
PalaeosporaDehl, Palenz., Sdnch&€zastro & G.A. Silva (1)

Geosiphonaceag&ngl. & E. Gilg
Geosiphorf. Wettst. (1)

PolonosporaceaB gasz k., Niezgoda, B. T. Got o, Magur no
PolonosporaB § a s z k .da, B.N iGetaMggurno(1)

Glomeromycete€aval-Sm. emend. Oehl, G.A. Silva, B.T. Goto & Sieverd.
DiversisporaleC. Walker & A. Schissler emen@ehl, G.A. Silva & Sieverd.
Acaulosporacead.B. Morton & Benny

AcaulosporaGerd. & Trappe (&KuklosporaOeH & Sieverd.)(58)

Diversisporacea€. Walker & A. Schiessler
Corymbigomu8gaszk. & Chwat (
DesertisporaBgasz k., Koz gowdhlkya
DiversisporaC. Walker & A. Schiissler (21)
Redeckera&. Walker & A. Schissler (6)
SieverdingiaBg as z k. ,& BNl Goto ¢lp d a

3)
OeRy KRz ISy mamkilczi k (1)

Pacisporacea€ . Wa | k e r ,SchBs§ler & SckwarzottA .
PacisporaSieverd. & Oehl (7)

Sacculosporacea®ehl, Sieverd., G.A. Silva, B.T. Goto, Sanci@astro & Palenz.
Sacculospor®ehl, Sieverd., G.A. Silva, B.TGoto, I.C. Sdnchez & Palenz. (2)

Entrophosporale8 g a s &nkhezGar&, B.T. Goto & Magurno
Entrophosporaceae s. stOehl & Sieverd.
EntrophosporaR.N. Ames & R.W. Schneid2)

GigasporalesS.P. Gautam & U.S. Patel (GigasporalesSieverd., G.ASilva, B.T. Goto & Oel)
Bulbosporaceaélagurno, F.A. de Souza, N.V.L. Olivai& B.T. Goto
BulbosporaOehl& G.A. Silva (1)

Dentiscutatacea&.A. Souza, Oehl & Sieverd.
DentiscutataSieverd., F.A. Souza & Oehl (9)
FuscutataOehl, F.A. Souza & Sieverdr)

Gigasporacead.B. Morton & Benny
GigasporaGerd. & Trappe (7)
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Intraornatosporacead3.T. Goto & Oehl
IntraornatosporaB.T. Goto, Oehl & G.A. Silva (1)
Paradentiscutatd8.T. Goto, Oehl & G.A. Silva (2)

Racocetracea®ehl, Sieverd. & F.A. Souza
Cetraspoa Oehl, F. A. Souza &ieverd. (9)
RacocetraDehl, F.A. Souza & Sievergl3)

Scutellosporacea8ieverd., F.A. Souza & Oehl
OrbisporaOehl, G.A. Silva & D.K. Silva (2)
ScutellosporaC. Walker & F.E. Sanders (14)

Glomerales].B. Morton & Benny emendeH, G.A. Silva, B.T. Goto & Sieverd.
Glomeraceadiroz. & Dalpé emend. Oehl,.&. Silva & Sieverd.

Complexispord8 g as z k . B. T. Goto, Ni ezgoda & Magurno
GlomusTul. & C. Tul. emend. Oehl, G.A. Silva & Sieverd. (58)
SclerocarpunB.T.Got o, Bgaszk., Niez@oda, Kozgowska &

DominikiaceaeG.A. Silva, Sieverd. & Oehl

DominkaeBgaszk., Chwat &Kov8cs (14)
MacrodominikiaOehl, Sieverd. & G.A. Silva (1)

MicrodominikiaOehl, CorazofGuivin & G.A. Silva (1)
NanoglomusCorazonGuivin, G.A. Silva & Oehl (1)

OrientoglomugG.A. Silva, Oehl & CorazotGuivin (1)

Kamienskiacea&s.A. Silva, Sieverd. & Oehl

KamienskiaB § &.sChwat & Kovéacs (1)

EpigeocarpunB g as z k . B. T. Goto, Jobim, Niezgoda & N
MicrokamienskiaCorazonGuivin, G.A. Silva & Oehl (3)

Sclerocystacea®ehl, G.A Silva, & Sieverd.
SclerocystiBerk. & Broome (13)

HalonatosporaB g a s z k . , NcCezgodlaKoBgdwska (1)
OchliaBgaszk. , Kozgowska, Ni ezgoda, B.T. Goto &
RhizaglomusSieverd., G.A. Silva & Oehl (23)

SilvasporaBg as z k . , Ni ezgoda, B. T. Goto, Crossay & 1|

ParvocarpumMagurno (1)

Septogbmeraceadehl, G.A. Silva & Sievaet.

SeptoglomuSieverd., G.A. Silva & Oehl (14)

Blaszkowski&.A. Silva & Oehl (1)

FunneliformisC. Walker & A. Schussler emen@ehl, G.A. Silva & Sieverd. (13)
FunreliglomusCorazonGuivin, G.A. Silva & Oehl1)

Viscospra Sieverd., G.A. Silva & Oehl (3)

Paraglomeromycete®ehl, G.A. Silva, B.T. Goto & Sieverd.
ParaglomeraleC. Walker & A. Schiissler

Paraglomeracead.B. Morton & D. Redecker

Paraglomus].B. Morton & D. Redecker (8)

InnosporaB g as z k . Ko v 8jcosw s kCah w(alt) & Koz
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PervetustaceaBgasz k., Chwat, Ko zYployales k a, Symanczi k
PervetustuBgaszk., Chwat, KozYpwas@)a, Symanczi k

KICKXELLOMYCOTA Tedersoo, Sanchdzamirez, Kdljalg, Baram, M. Ddring, Schigel, W.
May, M. Ryberg & Abarenkov

AsellariomycetesTedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Ddéring, Schigel, T.W. May,
M. Ryberg & Abarenkov

AsellarialesManier ex Manier & Lichtw.

AsellariaceaedVlanier ex Manier & Lichtw.

AsellariaR.A. Poiss. (9)

Asdlariales genusincertae sedis
Baltomyce<Cafaro (1)

BarbatosporomyceteJedersoo, Sanchézamirez, Kdljalg, Bahram, M. Doéring, Schigel, T.W.
May, M. Ryberg & Abarenkov

Barbatosporaleoweld

Barbatosporacea®oweld

BarbatosporaM.M. White, Siri & Lichtw. (1)

DimargaritomycetesTedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Doéring, Schigel, T.W.
May, M. Ryberg & Abarenkov

DimargaritalesR.K. Ben;.

DimargaritaceaeR.K. Ben;.

Dimargaris Tiegh. (7)

Dispira Tiegh. (4)

TieghemiomyceR.K. Benj. (2)

HarpellomycetesTedersoo, Sanchdzamirez, Koljalg, Bahram, M. Ddring, Schigel, T.W. May,
M. Ryberg & Abarenkov

HarpellalesLichtw. & Manier

Harpellaceael. Léger & Duboscq ex P.M. Kirk & P.F. Cannon

CarouxellaManier, Rioux & Whisler (2

HarpellaL. Léger & Dubscq (7)

Harpellomyced.ichtw. & S.T. Moss (4)

Klastostachysichtw., M.C. Williams & M.M. White (1)

Stachylinal.. Léger & M. Gauthier (40)

Stachylinoided.ichtw. & LopezLastra (1)

LegeriomycetaceaBouzar

AustrosmittiunLichtw. & M.C. Williams (Nom. Inv&) (6)
Bactromyce®Villiam & Strongman (1)

Baetimycet..G. Valle & Santam. (1)
Bojamyced.ongcore (3)

Capniomyce$.W. Peterson & Lichtw. (3)
Caudomycesichtw., Kobayasi & Indoh (3)
ColeopteromyceBerrington, Lichtw. & Loped_astra (1)
Dacryodiomycesichtw. (1)

Ejectosporus.W. Peterson, Lichtw. & M.C. Williams (1)
Ephemerellomycead.M. White & Lichtw. (1)
Furculomyced.ichtw. & M.C. Williams (3)
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Gauthieromycesichtw. (3)

GenistelloidesS.W. Peterson, Lichtw. & B.W. Horn (5)
Genistellospord.ichtw. (6)

GlotziaM. Gauthier ex Manier & Lichtw. (7)
GraminellaL. Léger & M. Gauthier ex Manier (3)
LaculusWilliam & Strongman (1)
LancisporomyceSantam (5)

LegerioidesM.M. White (1)

Legeriomyce®ouzar (14)

LegeriosimilisM.C. Williams, Lichtw., M.M. White& J.K. Misra (8)
PennellaManier (8)

Plecopteromycekichtw., Ferrington & Loped.astra (3)
Pseudoharpelld&errington, M.M. White & Lichtw. (1)
PteromaktrorwWhisler (2)

Simuliomycesichtw. (1)

SinotrichiumJuan Wang (1)

SmittiumR.A. Poiss.(1)

SpartiellaTuzet & Manier ex Manier (3)

StipellaL. Léger & M. Gauthier (2)
StypomyceBoweld (2)

Tectimyced..G. Valle & Santam. (3)
Trichozygospora.ichtw. (1)

Trifoliellum Strongman & M.M. White (1)
Zancudomyce¥an Wang, Tretter, Lichtw& M.M. White (1)
Zygopoaris S.T. Moss, Lichtw& Manier (2)
Zygopolaropsidirok. Sato & Degawa (1)

KickxellomycetesTedersoo, Sanchézamirez, Kdljalg, Bahram, M. Déring, Schigel, T.W. May,
M. Ryberg & Abarenkov

KickxellalesKreisel ex R.K. Ben;.
Kickxellaceaelinder

Coemansidiegh. & G. Le Monn. (25)
DipsacomyceR.K. Ben;. (1)

KickxellaCoem. (1)

LinderinaRaper & Fennell (2)
MartensellaCoem. (1)

Martensiomycesd.A. Mey. (1)
MycoemiliaKurihara, Degawa & Tokum. (1)
Myconymphae&urihara, Degawa & dkum. (1)
Pinnaticoemansi&urihara & Degawa (1)
UnguisporaT. Ri & Degawa (1)

Kickxellalesgenusincertae sedis
SpirodactylorR.K. Benj. (1)

OrphellalesDoweld
OrphellaceaeDoweld

OrphellaL. Léger & M. Gauthier (12)
Kickxellomycetegenusincertae sedis
Spiromyce®.K. Benj. @)
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Ramicandelaberomycetéedersoo, Sanchdzamirez, Kdljalg, Bahram, M. D&ring, Schigel, T.W.
May, M. Ryberg & Abarenkov

Ramicandelaberale®oweld

RamicandelaberaceaPoweld

RamicandelabeY. Ogawa, S. Hayashi, Degawa & Yaguh)

MONOBLEPHAROMYCOTADoweld
Hyaloraphidiomycete®oweld
HyaloraphidialesDoweld
HyaloraphidiaceaeDoweld
HyaloraphidiumKorshikov (1)

Monoblepharidomyceted.H. Schaffn.

MonoblepharidalesSparrow

Gonapodyaceael.E. Petersen ex P.M. Kirk, P.F. Cannon & J.C. David
GonapodyadA. Fisch. (5)

MonoblepharellaSparrow (5)

HarpochytriaceaeWille
HarpochytriumLagerh. (12)

Monoblepharidacead\. Fisch.
MonoblepharisCornu (13)

Oedogoniomycetaced2.J.S. Barr
Oedogoniomycekobayasi & M. Okubo (1)

Telasphaerul@eaelLongcore & T.Y. James
Telasphaeruld.ongcore & T.Y. James (1)

MORTIERELLOMYCOTA Tedersoo, Sanchdzamirez, Kdljalg, Bahram, M. Ddéring, Schigel,
T.W. May, M. Ryberg & Abarenkov
MortierellomycotinaKerst. Hoffm., K. Voigt & P.M. Kirk
MortierellomycetedDoweld

MortierellalesCaval.-Sm.

MortierellaceaeA. Fisch.

ActinomortierellaChalab. (5)

AquamortierellaBEmbree & Indoh (1)
BenniellavVandepol & Bonito (1)

DissophoraThaxt. (4)

Entomortierellavandepol & Bonito (10)

Gamsiella(R.K. Benj.) Benny & M. Blakw. (2)
Gryganskiellavandepol & Bonito (2)
Linnemanniavandepol & Bonito (24)
LobosporangiunM. Blackw. & Benny (1)
Lunasporangiospor&andepol & Bonito (2)
ModicellaKanouse (4)

Mortierella Coem.(112)

Necromortierellavandepol & Bonito (1)

Podila Stajich, Vandepol & Bonito (7)

4090



MUCOROMYCOTADoweld

MucoromycotinaBenny

EndogonomyceteBoweld

Bifiguratales Tedersoo

BifigurataceaeTedersoo

BifiguratusTor res Cruz @) Porras Al faro

DensosporaleJedersoo, ex Madrid, P.M. Kirk & Wijayaw.
DensosporaceaPesiro, M.E. Sm., Bidartondo, Trappe & Bonéw Madrid, Kirk & Wijayaw.
DensosporaMcGee (9)

Endogonalesiacz. & P.A. Jacz.
Endogonaceadaol.

EndogneLink (26)

JimwhiteaM. Krings &T.N. Taylor (1)
PeridiosporaC.G. Wu & Suh J. Lin (2)
SclerogonéVarcup (1)

Jimgerdemanniacead@edersoex Madrid, P.M. Kirk & Wijayaw.
Jimgerdemannidrappe, Desirdo, M.E. Sm., Bonito & Bidartondo (2)

Vinositunicaceael edersoo
Vinositunicakoh. Yamam., Degawa & A. Yamada (2)

MucoromycetePoweld
MucoralesFr.

Backusellacea K. Voigt & P.M. Kirk
BackusellaHesselt. & J.J. Ellis (26)

CircinellaceaeH. Zhao, Y.C. Dai, B.K. Cui, F. Wu, Yuan Yuan & X.Y. Liu
CircinellaTiegh & G. Le Monn. (11)

Fennellomyce8enny & R.K. Ben;. (4)

PhascolomyceBoedijn ex Benny & R.K. Benj. (1)

Thamnostylumi\rx & H.P. Upadhyay (4)

ZychaeaBenny & R.K. Benj. (1)

CunninghamellaceadNaumov ex R.K. Ben;.
AbsidiaTiegh. (70)
Chlamydoabsididdessé. & J.J. Ellis (1)
Cunninghamellavatr. (123)
GongronellaRibaldi (26)
HalteromycesShipton & Schipperl)
HesseltinellaH.P. Upadhyay (1)

Lentamycetaceal&. Voigt & P.M. Kirk
Lentamyce&erst. Hoffm. & K. Voigt (4)

LichtheimiaceaeKerst. Hoffm., Waltler & K. Voigt

DichotomocladiunBenny & R.K. Ben;. (5)
LichtheimiaVuill . (11)
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MucoraceaeDumort.
ActinomucorSchostak. (1)
AmbomucoR.Y. Zheng & X.Y. Liu (3)
BenjaminiellaArx (3)

Blakeslearhaxt. (2)
Chaetocladiuntresen. (2)
ChoanephoraCurr. (2)
CokeiomycesShanor (1)
Dicranophorald. Schrot. (1)
EllisomyceBenny & R.K. Benj(1)
GilbertellaHesselt. (2)
HelicostylumCorda (2)
HyphomucoiSchipper & Lunn (1)
Isomucord.l. Souza, PireZottar.& Harakava (2)
Kirkiana L.S. Loh, Kuthub. & Nawawi (1)
KirkomycesBenny (1)

Mucor Fresen. (98)
MycotyphaFenner (4)

NawawiellaL.S. Loh & Kuthub. (1)
ParasitellaBainier (1)

Pilaira Tiegh. (10)

Pirella Bainier (2)

PoitrasiaP.M. Kirk (1)
RhizopodopsiBoedijn (1)
ThamnidiumLink (1)

Tortumyced..S. Loh (2)

MycocladaceaeKerst. Hoffm.
MycocladusBeauverie (1)

Mycotyphaceadenny & R.K. Ben,;.
MycotyphaFenner (4)

Phymmycetaceaérx
Phycomyce&unze (3)
SpinellusTiegh. (5)

PilobolaceaeCorda
PilobolusTode (8)
Utharomyced®oedijn ex P.M. Kirk & Benny (1 sp. andslibspecies)

Protomycocladaceakl. Zhao, Y.C. Dai, B.K. Cui, F. Wu, Yuan Yuan & X.Y. Liu
Protomycocladu$chipper & Samson (1)

Radiomycetaceaklesselt. & J.J. Ellis
Radiomyce&mbree (3)

Rhizomucoraceaéd. Zhao, Y.C. Dai, B.K. Cui, F. Wu, Yuan Yuan &¥.Liu
Rhizomucotucet & Costantin (6)
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Rhizopodacea&. Schum.
Rhizopus£hrenb. (13)

Saksenaeaceades®lt. & J.J. Ellis
ApophysomyceR.C. Misra (6)
Saksenae&.B. Saksena (5)

Syncephalastraceadaumov ex R.K. Benj.
Syncephalastrurd. Schrot. (3)
Nedennellomyceslyang B. Lee & T.T.T. Nguyen (1)

Syzygitaceaél. Zhao, Y.C. Dai, B.K. Cui, F. Wu, Yuan Yuan & X.Y. Liu
SporodiniellaBoedijn (1)
Syzygiteg€hrenb. (1)

Thermomucoraceadd. Zhao, Y.C. Dai, B.K. Cui, F. Wu, Yuan Yuan & X.Y. Liu
ThermomucoBulrahm., B.S. Mehrotra & Thirum. (1)

Umbelopsidomycete3edersoo, Sanchdzamirez, Kdljalg, Bahram, M. Dorg) Schigel, T.W.
May, M. Ryberg & Abarenkov

Umbelopsidale$Spatafora & Stajich

Pygmaeomycetacede Walsh & N. Zhang

Pygmaeomyces. Walsh & N. Zhag (2)

Umbelopsidacea®/. Gams & W. Mey.
UmbelopsisAmos & H.L. Barnett (17)

NEOCALLIMASTIGOMYCOTA M.J. Powell

Neocallimastigomycetelsl.J. Powell

Neocallimastigales).L. Li, I.B. Heath & L. Packer

AnaeromycetaceaPoweld

Anaeromyce8reton, Bernalier, Dsser, Fonty, B. Gaillard & J. Guillot (4)
Capellomyce#ianafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Da@aW. Griff., Elshahed &
N.H. Youssef (2)

Liebetanzomyce¥oshi, G.W. Griff. & Dagar (1)

Oontomyce®agar (1)

Caecomycetacede.A. Hanafy, Yan Wag, Stajich, C.J. Pratt, N.H. Youssef & Elshahed
Caecomycegd.J. Gold (5)
CyllamycesOzkose, B.J. Thomas, D.R. Davies, G.W. Griff. & Theodorou (1)

NeocallimastigaceaéB. Heath(= Piromonadacea®oweld)

Aestipascuomycestabel, R. Hanafy, Schweitzer, Gredliyu, Flad, D. Young, Lebuhn, Elshahed,
Ochsenreither & N.H. Youssef (1)

Feramycefkadwa Hanafy, MostafElshahed & Noha Youssef (1)

Ghazallomycesianafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed &
N.H. Youssef (1)

Neocallimastix Vavra & Joyon ex |.B. Heath (7)

Orpinomyce®.J.S. Barr, H. Kudo, Jakober & K.J. Cheng (2)

Paucimyce®R.A. Hanafy, N.H. Youssef & Elshahed (1)

Pecoramyceslanafy, N.H. Youssef, G.W. Griff. & Elshahed (1)
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Piromycetacea®.A. Hanafy, Yan Wang, Stajiclg.J. Pratt, N.H. Youssef & Elshahed
Piromyces].J. Gold, I.B. Heath & Bauchop

Neocallimastigalegieneraincertae sedis

Agriosomycedianafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed &
N.H. Youssef (1)

Aklioshbomyceblanafy, Lafekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed &
N.H. Youssef (1)

Buwchfawromyce$.M. Callaghan & G.W. Griff. (1)

JoblinomycedHanafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed &
N.H. Youssef (1)

Khoyollomyceddanafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed &
N.H. Youssef (1)

Tahromyce Hanafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed &
N.H. Youssef (1)

OLPIDIOMYCOTA Doweld
Olpidiomyceteoweld
OlpidialesCaval-Sm.

Olpidiaceael. Schrot.
ChytridhaemaMvoniez (1)
CibdeliaJuel (1)

LeiolpidiumDoweld (5)

Olpidium(A. Braun) J. Schro{ca. 50)

ROZELLOMYCOTADoweld
RozellideaCavalieeSmith
RozellidaCavalierSmith
RozellidaeCavalieeSmith
RozellaCorru (ca 27)

ChytridiopseaWeiser
ChytridiopsidaWeiser
BurkeidaeSprague
BurkeaV. Sprague (2)

BuxtehudiidaeJ.l.R. Larss.
Jirovecianal.l.R. Larss. (1)
Buxtehuded.l.R. Larss. (1)

ChytridiopsidaeR. Sprague, Ormieres & Manier
AcarisporaR. Radek, M. Kdton, J. Dabert & G. Alberti (1)
ChytridiopsisW.G. Schneid. (11)

IntextaJ.l.R. Larss., M.Y. Steiner & Bjgrnson (1)

Nolleria C.B. Beard, J.F. Butler & J.J. Becnel (1)
Sheriffiad.l.R. Larss. (1)

Hesseidag®rmieres & R. Sprague
HesseaDrmieres & R. Spague (1)
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RudimicrosporeaV. Sprague
MetchnikovellidaCaullery & Mesnil
Amphiacanthidael.l.R. Larss.
AmphiacanthaCaullery & Mesnil (3)

MetchnikovellidaeCaullery & Mesnil emend. Larsson
AmphiamblyCaullery & Mesnil (7)

CaulleryettaV.A. Dogiel (8)

Degortesial.V. Issi & Voronin (1)
MetchnikovellaCaullery & Mesnil (8)

Metchnikovellidagenusincertae sedis
MesnilivellaFrolova & Nassonova (1)

MicrosporideaCorliss & Levine

AmblyosporidaY.S. Tokarev & Issi

AmblyosporidadNeiser emendy.S. Tokarew& Issi
AedisporaP.J. Kilochitskii (1)

AmblyosporaHazard & Oldacre (90)

AndreannaA.V. Simakova, C.R. Vssbrinck & Andreadigl)
BecneliaT. Tonka & J. Weiser (1)

CrepidulosporaA.V. Simakova, T.F. Pankova & I.V. Issi (1)
CristulosporalL.F. Khodzhaeva &.V. Issi (3)
CulicosporaWeiser (2)

CulicosporellawWeiser(1)

DimeiosporaA.V. Simakova, T.F. Pankova & I.V. Issi (1)
EdhazardiaBecnel, V. Sprague & Fukuda (1)
HyalinocystaHazard & Oldacre (1)

IntrapredatorusChen, Kuo & Wu (1)
NovothelohanigAndreadis Simakova, Vossbrinck, Shepard & Yurcherfkd
ParastempellisKhodzhaeva (2)

ParathelohaniaCodreanu (25)

Trichoctosporeal.l.R. Larss. (1)

Tricornia J.K. Pell & E.U. Canning (1)

Caudosporida@Veiser emendy.S. Tokarev &1.V. Issi
BinucleosporaA.M. Bronnvall & J.I.R. Larss. (1)

CaudosporingJ. Weiser) Y.S. Tokarev &V. Issi(1)

FlabelliformaE.U. Canning, R. Killickkendrick & M. Killick-Kendrick (4)
MyrmecomorbaR.M. Plowes, J.J. Becnel, E.G. LeBrun, D.H. Oi, S.M. Valles, N.T. Jones & L.E.
Gilbert (1)

NeoflabelliformaD.J. Morris & M.A. Freeman (2)

OctosporedFiu (18)

PolydispyrenisE.U. Canning & E.l. Hazard (2)

Ringueletiuml.J. Garcia (1)

Scipionospor&.K.C. Bylén & J.I.R. Larss. (1)

Weiserial.M. Doby & F. Saguez (3)

Gurleyidae Sprague emend..S. Tokarev &.V. Issi

Agglomeratal.l.R. Larss. & N.D. Yan (6)
BinucleataD. Refardt, E. Decaestecker, P.T.J. Johnson & Vavra (1)
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Conglomeratd . V8vr a, P. Fial a, Kryl ovsg, Petrusek &
Episeptum].l.R. Larss. (6)

GurleyaDoflein (10)

Lanatosporavoronin (4)

LarssoniaS.S. Vidtmann & Y.Y. Sokolova (2)

MarssoniellaLemmermann (1)

NorlevineaVavra (1)

ParaepiseptuntM. Hyl i g, Oborn2k, J. Nebes§Sov§ & V8vr
Pseudoberwaldi¥ 8 vr a, | . Fiala, P. Krylovsg8, Petrusek
Senom A.V. Simakova, T.F. Pankova, Y.S. Y.S. Tokarev & I.V. Issi (1)

ZelenkaiaM. Hyl i g, Oborn2k,1)J. Nebes§Sov§ & V8vr a

Neopereziidar.S. Tokarev &I.V. Issi

BerwaldiidaeSimakova, Y.S. Tokarev &V. Issi

BerwaldiaLarsson(4)

FibrillanosemaG.M.J. Slothouber Galbreath, J.E. Smith, R.S. Terry, J.J. Becnel & A.M. @Jnn

Neopereziida&/oronin emendl.V. Issi, Y.S. Tokarev, Seliverstova \oronin
Bryonosemd&.U. Canning, D. Refardt, C.R. Vossbrinck, B. Okamura & A. C(#)y
Neoperezid.V. Issi & Voronin (2)

Pseudonosema.U. Canning, D. Refardt, C.R. Vossbrinck, B. Okamura & A. C(it}y
Schroederd.J. Morris & A. Adams (2)

Trichonosemd.U. Canning, D. Refardt, C.R. Vossbrinck, B. Okamura & A. Curry (2)

TubulinosematidaeC. Franzen, S. Fisch., Schrdd., J. Schélmerich & S. Schneuwly eMe&hd.
Tokarev &1.V. Issi

Anncaliial.V. Issi, S.V. Krylova & V.M. Nikolaeva (6)

KneallhaziaSokobva & Fuxa (2)

Tubulinosem&. Franzen, S. Fisch., Schrdd., J. Schélmerich & S. Schneuwly (5)

Ovavesiculiday.S. Y.S. Tokarev & I.V. Issi

OvavesiculidadR. Sprague, J.J. Becnel & E.I. Hazard eméh8. Tokarev &..V. Issi

Antonospord. Fr., R.J. Paxton]. Teng6, J.A. da Silva, S.B. Slemenda & N.J. Pienig2ek
OvavesiculdAndreadis & Hanula (1)

ParanosemaSokolova, Dolgikh, E.V. Morzhina, Nassonova, 1.V. Issi, R.S. Terry, J.E. lronside,
J.E. Sm. & Vossbr. (4)

GlugeidaGurley emend. Y.S. Tokarev & |.\ssi
FacilisporidaeS.R.M. Jones, Prospdpiorta & E. Kim
FacilisporaS.R.M. Jones, Prospefiorta & E. Kim(1)

GlugeidaeGurley emend. Y.S. Tokarev BV. Issi

Alloglugeal. Paperna & R. Lainsofl)

Amazonspor&. Azevedo & E. Matos (1)

Cambarasporaojko, C.E. Stratton, Moler, Stratton & Reising&)

GlugeaThélohan (41)

IchthyosporidiunCaullery & Mesnil (5)

JohenreaC.E. Lange, J.J. Becnel, E. Razafindratiana, J. Przybyszewski & H. Razafindrafara (1)
LomaC.M. Morrison & R. Sprague (12)

Parapleistoplora I.V. Issi, Kadyrova, Pushkar, Khodzhaeva & S.V. Krylova (1)

4096



Pseudolomal.L. Matthews, A.M.V. Br., K. Larison, K. Bishop-Stewart, P. Rogers & M.L. Kent
(6)

MyosporidaeG.D. Stentiford, K.S. Bateman, H.J. Small, J. Moss, Shields, Reece & I. Tuck
Myogora G.D. Stentiford, K.S. Bateman, H.J. Small, J. Moss, Shields, Reece & I(Tuck

Pereziidad.oubes, Maurand, Comps & Campillo emend. Y.S. Tokardw&Issi
AmesorV. Sprague (2)

NadelsporeDlson, Tiekotter & Reno (1)

PerezialL. Léger & Duboscq (12

PernicivesiculeE.K.C. Bylén & J.I.R. Larss. (1)

PleistophoridaeDoflein emend. Y.S. Tokarev &V. Issi

Dasyatipora A . Di amant , Gor en, M. B. Yokek, B. S. Gal
& S.U. Karhan (1)

Heterosporigs. Schub. (4)

MyosporidiumE. Baquero, M. Rubio, I.N.S. Moura, N.J. Pieniazek & R. Jordana (1)
OvipleistophoraPekkar., Lom & F. Nilsen (2)

PleigophoraGurley (10)

TrachipleistophoraVN.S. Hollister, E.U. Canning, E. Weidner, A.S. Field, J. Kench & D.J. Marriott

4)

VavraiaJ. Weiser (10)

SpragueidaéNeissenberg emend.S. Tokarev &..V. Issi

ApotasporaSokolova & R.M. Overstreet (1)

InodosrusR.M. Overstreet & E. Weidner (2)

KabatanaLom, Dykova & Tonguthai (5)

Microgemmal.R. Ralphs & R.A. Matthews (6)

PotasporaG. Casal, E. Matos, M.L. Teldgsrilo & C. Azevedo (3

PseudokabatanXing H. Liu, G.D. Stentiford, V.N. Voronin, H. Sato, A.H. Li & Jin Y. Zhang (1)
SpragueaR. Weissenb. (2)

TetramicraR.A. Matthews & A.B.F. Matthews (1)

ThelohaniidaeHazard & Oldacre emend. Y.S. TokareJ.&. Issi

Bohuslavial.l.R.Larsson (1)

Chapmaniuntk.l. Hazard & Oldacre (4)

CoccosporaR.R. Kudo (1)

CucumisporaM. O. Ov ¢ h ar e iSpyochalskak T. WikiNsore U.R Ironside, T. Rigaud &
Wattier (2)

HypersporaG.D. Stentiford, Ramilo, E. Abollo, R. Kerr, K.S. Bateman, Feist, D. Bass & A.
Villalba (1)

Napamichund.l.R. Larss. (3)

Octotetraspord.V. Issi, Kadyrova, Pushkar, Khodzhaeva & S.V. Krylova (1)

OrmieresiaC.P. Vivarés, Bouix & Manier (1)

OrthothelohaniaCodreanu & CodreanBalcescu (1)

ParadoxiumG.D. Stentiford, S.HRoss, R. Kerr, D. Bass & K.S. Bateman (1)

Pegmathec&.l. Hazard & Oldacre (2)

Resiomgea J.I.R. Larss. (1)

Spherospora.J. Garcia (1)

SystenostremB.l. Hazard & Oldacre (5)
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ThelohaniaHenneguy (50)

UnikaryonidaeSprague emend..S. Tokarev &L.V. Issi

CanningiaWe i ser, Wegensteiner & Gigka (2)
DictyocoelaR.S. Terry, J.E. Sm., R.G. Sharpe, T. Rigaud, D. Littlew., J.E. Ironside, Rollinson,
Bouchon, MacNeil, J.T.A. Dic& A.M. Dunn (8)

Larssoniellal. Weiser & L. David (2)

UnikaryonE.U. Canning, P.F. li&& J.K. Lie (19)

Nosematida_abbe emend. Y.S. TokarevI&/. Issi
Encephalitozoonidad/oronin

Encephalitozooi©. Levaditi, Nicolau & R. Schoen (12)
MockfordiaSokolova, .M. Sokolov & C.E. Carlton (1)

Enterocytozoonida€ali & Owenemend. Y.S. Tokarev &V. Issi

Desmozoom.A. Freeman & C. SommervillE3)

Enterocytozoon. Desp., Le Charpentier, Galian, F. Bernard, Cockrmdllet, Lavergne, Ravisse
& Modigliani (2)

EnterosporaStentiford, K.S. Bateman, Longshaw & Feist (2)

Hepatosporas.D. StentifordK.S. Bateman, Dubuffet, E. Chambers & D.M. Stone (1)
NucleosporaR.P. Hedrick, J.M. Groff & D.V. Baxa (3)

ObrusporaA . Di amant , S.B. S. Rot hman, Gor en, B. S.
Huchon(1)

HeterovesiculidaeC.E. Lange, C.M. Macvean, J.Henry & D.A. Streett
HeterovesiculeC.E. Lange, C.M. Macvean, J.E. Henry & D.A. Streett (1)

MrazekiidaelL. Léger & E. Hesse

Agmasomd.l. Hazard & Oldacre (3)

AnostraosporaN.O. Rode, J. Landes, E.J.P. Lievens, E. Flaven, A. Segard, R. Jaltabalr,
Michalakis, P. Agnew, C.P. Vivares & T. Lenormand (1)

Euplotespora-okin, Di Giuseppe, Erra & Dini (1)

GlobosporidiumY. Yakovleva, Nassonova, N.A. Lebedeva, O. Lanzoni, G. Petroni, A. Potekhin &
E. Sabaneyevb)

HrabyeiaLom & Dykova (1)

JiroveciaJ. Weisel(8)

Mrazekial. Léger & E. Hesse (17)

Rectisporal.l.R. Larss. (1)

Nosematidaer.S. Tokarev, Huang, Solter, Malysh, Becnel & Vossbrinck
Nosema\éageli (20)
Vairimorpha B.M. Pilley (15)

Ordosporidael.l.R. Larss., D. Ebert & Vavra
Ordosporal.l.R. Larss.D. Ebert & Vavra (2)

Microsporidiafamilies incertaesedis

AbelsporidaeC. Azevedo
AbelsporaC. Azevedo (1)
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AreosporiidaeG.D. Stentiford, S. Bateman, Feist, S. Oyarzun, J.C. Uribe, Palacios Vargas & D.M.
Stone
AreosporaG.D. Stentiford, S. BatemangBt, S. Oyarzun, J.C. Uribe, M. Palacios & D.M. Stone

(1)

BurenellidaeJouvenaz & E.I. Hazard
BurenellaJouvenaz & E.I. Hazard (1)
PilosporellaE.l. Hazard & Oldacré2)
TabanisporaH.l. Bykova, Sokolova & I.V. Issi (2)

CougourdellidaeR.A. Poiss
Cougaurdella E. Hesse (7)

Cylindrosporidael.V. Issi & Voronin
Cylindrosporal.V. Issi & Voronin (2)

DuboscqiidaeV. Sprague

DuboscqiaC. Pérez (11)
MitoplistophoraCodreanu (1)
PulicisporaVedmed, S.V. Krylova & I.V. Issi (1)
Tardivesiculal.l.R. Larss. & EK.C. Bylén (1)
Trichoduboscqid.. Léger (1)

Golbergiidael.V. Issi

GolbergiaJ. Weiser (1)

Krishtalia P.J. Kilochitskii (1)
Simuliospor&Khodzhaeva, S.V. Krylova &V. Issi (2)

Microfilidae R. Sprague, J.J. Becnel & E.I. Hazard
Microfilum N. Faye, B.SToguebaye & Bouix (1)

Neonosemoidiidad\. Faye, B.S. Toguebaye & Bouix
NeonosemoideN. Faye & B.S. Toguebaye (4)

PleistosporidiidagCodr-Balc. & Codreanu
PleistosporidiunCodr-Balc. & Codreanu (1)

Pseudopleistophorida®. Spragu
Pseudopleistophor®. Sprague (1)
Steinhausid&R. Sprague, Ormieres & Manier (4)

Striatosporidad.V. Issi & Voronin
Striatosporal.V. Issi & Voronin (1)
Toxosporavoronin (2)

Telomyxidae L. Léger & E. Hesse
Telomyxal. Léger & E. Hesse (4)

Toxoglugeidael.l.R. Larss.
ToxajlugealL. Léger & E. Hesse (15)
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TuzetiidaeV. Sprague, Tuzet & Maurand

Nelliemelbal.l.R. Larss. (1)

PankovaiaA.V. Simakova, Y.S. Y.S. Tokarev & I.V. Issi (1)
ParatuzetiaL.G. Poddubnaya, Y.S. Y.S. Tokarev & L.V. Issi (1)
TuzetiaMaurand, Fize, Fenwic& R. Michel (7)

Rozellomycotarders incertae sedis

Paramicrosporidialed. Corsaro

Paramicrosporidiacea®. Corsaro

ParamicrosporidiumD. Corsaro, J. Walochnik, DVenditti, J. Steinmann, K.D. Miller & R.
Michel (2)

MorellosporalesD. Corsaro
MorellogporaceaeD. Corsaro
MorellosporaD. Corsaro, J. Walochnik, D. Venditti, B. Haurdder & R. Michel (1)

MitosporidiaceaeD. Corsaro
MitosporidiumK.L. Haag, T.Y. James, Pombert, R. Larsson, T.M.M. Schaer, D. Refardt & D.
Ebert (1)

Nucleophagale®. Corsaro

Nucleophagacea®. Corsaro

NucleophagaDangeard 1895, emend. D. Corsaro, J. Walochnik, D. Venditi).KMdller, B.
Haurdder & R. Michel 2014 (8)

Microsporidiagenea incertae sedis
Aurasporal. Weiser & K. Purrini (1)
BaculeaLoubes & Akbarieh (1)

Burkea V. Sprague (2)
ChytridioidesTrégouboff (1)
Ciliatosporidiuml. Foissner & W. Foissner (1)
CryptosporinakE.l. Hazard & Oldacre (1)
Evlachovaiavoronin (1)

GeusiaV.H. Ruhl & H. Korn (1)
Gurleyidesvoronin (1)

HamiltosporidiumK.L. Haag, J.I.R. LarssD. Refardt & D. Ebert (2)
HirsutosporosB.S. Batson (1)
HolobisporaVoronin (1)

IssiaWeiser (3)

Kinorhynchosporadrianov & Rybakov (1)
Mariona Stempell (1)

Merocinta Pell & Canning (1)
MyxocystidMrazek (1)

Nematocenato6apir, Dillman, Connon, Grupéngels, MundeOcampo, Levin, Bladwin, Orphan
& Sternberg (1)

Nosemoide¥inckier (5)

PyrothecaHesse (4)

SheriffiaLarsson (1)

Spirogluged_éger & Hesse (1)
Stempellid_éger & Hesse (19)
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WittmanniaCzaker (1)
#Microsporidiumis a collective genus lvich incorporates species with uncertain genus allocation

SANCHYTRIOMYCOTAGalindo, LépezGarcia, Torruella, Karpov & Moreira
Sanchytriomycete3edersoo, Sanchdzamirez, Kdljalg, Bahram, M. Doéring, Schigel, T.W. May,
M. Ryberg & Abarenkov

SanchytrialesTedersoo, SancheRamirez, Kdljalg, Bahram, M. Déring, Schigel, T.W. May, M.
Ryberg & Abarenkov

Sanchytriaceadarpov & Aleoshin

AmoeboradiXarpov, LopezGarcia, Mamkaeva & Moreira (1)

SanchytriunKarpov & Aleoshin (1)

ZOOPAGOMYCOTAGryganskyi, M.E. Sm$patafora & Stajich
ZoopagomyceteBoweld

ZoopagaleBessey ex R.K. Ben.

Cochlonematacea®udd.

Amoebophilu®.A. Dang. (4)

Aplectosomdrechsler (1)

BdellosporaDredhsler (1)

Cochlonemd@rechsler (11)

EndocochludPrechsler (4)

EuryancaleDrechsler (4)

HelicocephalidaceadBoedijn
Brachymyce&.L. Barron (1)
HelicocephalunThaxt. (6)
Rhopalomyce€orda (11)
Verrucocephalunbegawa (1)

Piptocephalidacead. Schrot.
KuzuhaedaR.K. Benj. (1)
Piptocephalidde Bary (ca. 25)
SyncephaliFiegh. & G. Le Monn. (c&bb5)

Sigmoideomycetacedgenny, R.K. Benj& P.M. Kirk
Reticulocephali8enny, R.K. Benj. & P.M. Kirk (2)
SigmoideomyceBhaxt. (1)
Sphondylocephalui@talpers (1)
ThamocephalisBlakeslee (3)

Zoopagacea®rechsler
AcaulopageDrechsler (27)
Cystopagddredhder (9)
Lecophagus1.W. Dick (2)
StylopageDrechsler (17)
TentaculophaguBoweld (1)
ZoopageDrechsler (11)
ZoophagusSommerst. (4)

4101



100/1.00 _:.,’_,'_:_‘/\| Entrophospora (12) Entrophosporaceae
e Diversispora (27)
T oo Diversisporaceae
10—l Corymbiglomus (3)
- 95100 5 Redeckera (1)
e worror= Sieverdingia (1)
L wno Desertispora (1)
r 100 oo Sacculospora(2) Sacculosporaceae
iilies 00T 00 Acaulospora(44) Acaulosporaceae
94/1.00
| 108 Pacispora (2) Pacisporaceae
93/1.00
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i + Bulbospora (1) Bulbosporaceae
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N ”’“?Jl;ya Scutellospora (8) e e
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Funneligl 1
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Septoglomus(12)
100/1.00 Blaszkowskia (1) Septoglomeraceae
0 g Viscospora (3?)
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100/1.00 =L Glomus (8)
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Rhizoglomus (17)
85/0.9; 100/1.00, F
Silvaspora (1)
w10, Seerocystis(1) Sclerocystaceae
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| 10019~ pojonospora (1) Polonosporaceae
| 10071.00 Ambispora (4) Ambisporaceae
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Figure 4 i Phylogram generated from maximum likelihood and Bayesian inference analyses
displaying the relationships amg the 22 families described i@lomeromycotaincluding the

newly introduced famil\Bulbosporacea€*). The orderParaglomeralesvas used to root the tree.
Standard ML bootstrap support values and posterior probabilities greater than 50% and 0.97,
respetively, are indicated above or below the nodes. Clades were collapsed at genus rank for clear
visualisation of the tree. For each genus, the number of species represented is indicated in brackets.
Families are shown in coloured boxes. The bar indicatesxpetted change per site per branch.

Validation of orders
In this section, we validate orders and higher taxa that are regarded as invalid. However,
validationofmi | i es and genera is incdiuldedyam ftidrmrgisd

Densoporales Tedersoo ex Madrid, P.M. Kirk & Wijayaw.

Index Fungorum IdentifielF903313

= DensosporaleJedersoo, in Tedersoo, Magurno, Alkahtani & Mikryukov, MycoKeys 107:
308 (2024 Nom. inval., Art. 38.1(a) (Shenzhen); Index Fungorum Identifier 853690
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Chlamydosporesonecelled, (sub)globose to ellipsoidal, produced directly from hyphae or
inside sporophores. Sporophores, when produced, epigeous or hypogeous, usyaliyb(se)
sometimes pubescent due to the presence of superficial hyphal clusters,wittioat a peridium.
Hyphae sometimes producing appressoria and arbuscules involswgahlmotic relationships with
plants (McGee 1996, Yamamoto et al. 2015, Walker et al. 2018, Tedersoo et al. 2024).

Type family i DensosporaceaPesiro, M.E. Sm., BidartTrappe & Bonito ex Madrid, P.M.
Kirk & Wijayaw.

Type genusi DensosporaMcGee Aust. Syst. Bot. 9(3): 330 (1996)

Families of nondikaryan fungi
In this section, wdist the families according to the above outline. Each family is provided
with descriptons, illustrations, genera included and notes for the type genus.

APHELIDIOMYCOTA Tedersoo et al.
Aphelidiomyceteg edersoo et al.
AphelidialesTedersoo et al.
AphelidiaceaeTedersoo, Sanchdzamirez, Kdljalg, Bahram, Doring, Schigel, T. May, M. Ryberg
& Abarenkov, Fungal Diversity 90: 147 (2018)
Index Fungorum Identifier 553993
Amoeboid endobiotic parasitoids of algae. Dispersal amoeboid zoospores attach to a new host

cel | and encyst (either sessile on toh2000s ubst
Amoeboid body penetrates the hostés cell thro
contents of the hostodos cell, forming food va:

vacuole. An excretory body is formed in thgeditive vacuole. The amoeboid trophont grows into a
plasmodium, which totally replaces the cytoplasm of a host cell; the multinuclear plasmodium
develops into an unwatl sporangium and divides into uninucleate amoeboid zoospores.
Intracellular resting spes present (Karpov et al. 2014a).

Family type 1 AphelidiumzZopf

Ecology & life modesi Intracellular parasitoids of algae in fresh water and marine.

Notesi The aphelids are a small group of intracellular parasitoids of algae, including three
freshwater grera, Aphelidium (Zopf) Gromov, AmoeboaphelidiumScherff., Paraphelidium
Karpov, Tcvetkova, Mamkaeva, Torruella, Timpano, Moreira, Mamanazarova & LGpezia
(Karpov et al. 2017h and two marine generaPseudaphelidiumSchweikert & Schnepf,
Protaphelidum Seliuk & Karpov(Gromov 2000, Karpov et al. 20172¢eliuk & Karpov 2024

Only the asexual morph of the life cycle is known for aphelids: amoeboid zoospore attaches
to the host algae, involves a flagellum and encysts. A cyst germinates and perettadss ¢ell
wall with an infection tube and uses the latter to inject the cyst contents into the host. The parasitoid
becomes the intracellular phagotrophic amoebajctwhengulfs the host cytoplasm with
pseudopodia and forms a central digestive vacuaiacong a red residual body. The parasitoid
grows to form an endobiotic multinucleate plasmodium with the residual body in a large central
vacuole while it consumes the cytoplasm of the host cell. The mature plasmodium then divides into
several uninucleatcells. After maturation, the amoeboid zoospores release the empty host cell
through the hole made previously by the infection tube and infect other algae.

All known aphelids can cause multiple infections; thus, the trophonts from different
strains/popwdtions may fuse during the development of plasmodium, which can possess more than
one sort of nuclei (Tcvetkova et al. 2023).

A new genus and speciBsotaphelidium rhizocloniwere described as the marine parasite of
green algae (Seliuk & Karpov 2024)nAotated genomes of three (Mikhailov et al. 2022a) and
transcriptomes of four aphelid species (Torruella et al. 2018, Galindo et al. 2023) have been
received, and the uftigene phylogenies unambiguously showed a sister position dphelida
and Fungi. Geromic analyses oHolozoa and Holomycotarevealed more differences between
Fungi and Aphelidiomycotain the genes encoding proteins involved in osmotrophy and
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phagotrophy, and in the development of multicellularityrimgi and Metazoa(Mikhailov et al.
2022a, Pozdnyakov et al. 2023029.

Aphelidium Zopf, Encyklop. Naturwiss. (Breslae): 30 (1885)
Fig. 5
Index Fungorum Identifier 13159

Parasitoids of various species of algae. Forms rounded to oval zoospores, able to produce
pseudopodia, withree posteriorly directed flagellum and one or several lipid globules (refractile
granules). Vegetative development as described for the class. Resting spores rounded to oval with a
thick smooth cell wall, and without an excretory body, which is ejected theispore before spore
wall synthess.

Type species Aphelidium deformangopf, Encyklop. Naturwiss. (Breslae): 30 (1885)

Notes i Aphelidium was described a#\phelidium deformangarasitizing green algae
Coleochaete solutand causing a deformation dfet tost cell (Zopf 1885). Later, Bruyne (1890)
describedAph. laceranswhich has zoospores with an anterior flagellum and grains of chlorophyll,
thus cannot be a parasitic opisthokont, and become a doubtful species (Gromov 2000, Letcher &
Powell 2019).Severd species ofAphelidium were desribed by Scherffel (1925)yiz., Aph.
melosirae, Aph. tribonematiand Aph. chaetophoraeThe latter species is similar tAph.
deformanshowever, neither the formation of a cyst nor penetration of the parasitearticsticell
and the resting spores were observed. Subsequently, they observed the parasite plasmodium within
the host, with multiple digestive vacuoles (Letcher & Powell 2019). We agree with the opinion of
Letcher & Powell (2019) thaf\ph. chaetophoraés not a doubtful species as Gromov (2)
considered. It is a typical aphelid similarAph. deformangéthe type species) accordingly zoospore
dimensions and this infection also cause the host deformation (cell enlargement). It might be a
younger synonym ofAph deformans but in the absence of essential information Aph.
chaetophoraelescription, we have to leagh. chaetophoraas valid.

Fott (1957) describedph. chlorococcorumbut Gromov & Mamkaeva (1970) found bigger
zoospores studying similar spes and established a new forfph. chlorococcorumf. majus.
Consequently, F cApht dhlsrocscporud. icldosocobceramélateher & Powell
2019).

Electron microscopic studies (Schnepf et al. 1971, Gromov & Mamkaeva 1975) revealed high
similarity of Aphelidiumspp. in the general structure of zoospores, cysts, young trophonts, and
multinuclear plasmodium. Close attention to zoospore flagellar apparatus structure uncovered some
interspecific differences in the root structure of kinetosome anttiake/kinetosome orientation
(Karpov et al. 2014c, 2016a, 2019a, Letcher et al. 2017b, Seto et al. 2020a, 2022). Molecular
phylogenetic investigations based on 18S rRNA gene sequences combined with light and electron
microscopic studies showed a new specAph. occidentale(Letcher et al. 2017b)Aph.
arduennenségTcvetkova et al. 2019Aph. insulamugKarpov et al. 2020)Aph. collabengSeto et
al. 2020a)Aph. parallelum(Seto et al. 2022).

Other genera inAphelidiaceae
Amoeboaphelidiunscherff.,Arch. Protistenk. 52: 52 (1925)
Index Fungorum Identifier 20022; five epithets in Index Fungorum (2025); sequence data are
available in GenBank
Type specie§ Amoeboaphelidium achnantissherff.

ParaphelidiumKarpov, Moreira & LopezGarcia, Journal of Bkaryotic Microbiology. 64(2): 204
212 (2017)
Index Fungorum Identifier 9212%wo epithets in Index Fungorum (2025); sequence data are
available in GenBank
Type specie§ Paraphelidium tribonematiKarpov, Moreira & LopezGarcia
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ProtaphelidiumSeliuk & Karpov, Mycol. Prog. 23(no. 57): 8 (24)
Index Fungorum Identifier: 902058; one epithet in Index Fungorum (2025); sequence data available
in GenBank

Type species Protaphelidium rhizocloniSeliuk & Karpov

PseudaphelidiunSchweik. & Schnepf, Arch. Protenk 147(1): 1117 (1996)
Index Fungorum Identifier 560205; one epithet in Index Fungorum (2025); no sequence data in
GenBank

Type species Pseudaphelidium drebesichweik. & Schnepf

Figure 5 7 Light microscopic images of the life cycle @{phelidum nelosirae a crawling
zoospore irthe alga (al) vicinity, with anterior filopodia (f) and posterior flagellum (fl). b resting
spore (rs) and plasmodium with residual body (rb) in the host cell. ¢ DAPI stained nuclei in
plasmodium. d zoospores just apmeafrom mature plasmodium. e host cell with several
zoospores (zo) and residual body (rb) left. Scale bae am.

BASIDIOBOLOMYCOTA Doweld
BasidiobolomyceteBoweld
Basidiobolaleslacz. & P.A. Jacz
Basidiobolacead=ngl. & E. Gilg, Syllabus, Edn 9 &0 (Berlin): 45 (1924)
Index Fungoum Identifier80514

Mycelium is widely distributed, thick, highly branched, and soon becomes divided by septa.
Conidiophores are erect, undivided, and swollen in the upper part into a thick, elliptical club
(basidium), @ the top of which the conidium is formed. At maturity, the basidium tears from the
fruiting body at its lower part and is propelled by the ejecting plasma together with the still
attached conidium. Later, the conidium is separated from the basidium protiusion of a sharp
column. Restig spores are formed on the mycelium by the copulation of two adjacent cells that
initially grow up into beaklike projections on the common septum. The resting spores are crowned.
The formation of a subsporangial vesickorangiolar dehiscence resulting from rupture of the
subsporangial vesicle, the presence of multispored sporangiola (and, in some species, vegetative
cells) due to internal protoplast production, the formation of accessory cells on gametangia, the
uninucleate nature of all cells, and thelatively large size of the nucleus which contains a
nucleolus but no heterochromatin (Eidam 1886, Benjamin 1979, Humber 198¥%, &éne v &
Kenneth 1982a, b).

Family Type i BasidiobolusEidam
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Ecology & life modesi Sagrophytic in the intestines of vertebrates and amphibians
(Nickerson et al. 1971, CoremaRslseneer 1973, Gugnani & Okafor 1980, Okafor et al. 1984,
Dykstra & BradleyKerr 1994), in the intestinal contents of bat (Chaturvedi et al. 1984), kangaroos
(Speae & Thomas 1985), spiders (DykstraBradleyKerr 1994), compost heaps, decaying plant
material and soil (Drechsler 1956, 1958, Clark 1968), Pathogenic (Gugnanil999, Mendiratta et al.
2012, Hamid et al. 2015, Mousavi et al. 2021)

Notesi Jensen et al. (18) ssquenced the nuclear small subunit of ribosomal DNA (18S
rDNA) from seven species in tHentomophthoralgsand excludingBasidiobolus ranarumthey
formed a monophyletic group. Additionally, they discovered Biatanarumwas more closely
related to bytrids from theChytridialesandNeocallimasticalegather than th&ntomophthorales
According to a phylogenetic analysis &fgomycotausing combined 18S, 28S, and 5.8S rDNA by
White et al. (2006)Basidiobolusvas found to be placed within tEggomycta, but not within the
Entomophthoraless previously shown (Hawksworth et al. 1995). White et al (2006) conducted a
phylogenetic analysis dfygomycotaising 18S+28S+5.8S rDNA, and found tBaisidiobolusvas
within the Zygomycotaut not within theEntonophtoralesas in Hawksworth et a{1995). Using
molecular data, Benny et al. (2012) developed a classification systdadimtiobolaceageplacing
it as a member of thentomophthoraless i t h i Zygomycaa.

BasidiobolusEidam, Krypt:Fl. Schlesier{Breslau) 3.1(916): 225. 1886;

Fig. 6
Index Fungorum Identifier 20068

Conidial structures are threaddi k e , about 15 em wide, stronq
swoll en at the upper end into an el Ide @danidiz al ¢
are spherical orsheg | | i psoi d, up t o 4 8colaumess| fibed gith anifodm 4 6 ¢
cytoplasm,and lacking oil droplets. Chlamydospores are spherical or ellipticd4 33 € m i n

diameter, with a thick, muHiayered, yellowbrown or colourless membrane of wavy surface,
sometimes (in cultures in late autunooyered with a thick, dark brown, brittle crust, and up to 50
em in diameter. The chl amydos p o reakfornaedfeomém o wn e
closely adjacent hyphal ends; each tip of the beakvisled by a crossvall. No sexual morphs
were observed (Saccard886).

Type specie$ Basidiobolus ranarunkidam 1886

Other generain Basidiobolaceae
SchizangiellaJ. Dwyer, B. Burwell, Humber, C. Mcleod, M. Fleetwood & T. Johnson bis, Veter.
Pathol. 43(5): 819 (2006)
Index Fungorum Identifies42002; Index Fungorum (2025) lists one epithet and Species Fungorum
(2025) lists one species

Type speciesi Schizangiella serpentid. Dwyer, B. Burwell, Humber, C. Mcleod, M.
Fleetwood & T. Johnson bis (2006)

BLASTOCLADIOMYCOTAT.Y. James
Blastocladomyceteoweld

BlastocladialeH.E. Petersen

Blastocladiacead’etersen, Botanisk Tidsskrift 29: 357 (1909)
Index Fungorum Identifier 80521

Thalli vary markedly in size and extent or degrees of complexity, with some monocentric and
chytrid-like, usuallya nonseptate or septate stalked reproductive structure and radiating or basal
branched rhizoids; while in others larger, more extendedietally branched as idllomycesand
Blastocladia bearing reproductivetructurestypically with a basal cell ahored to the substratum
with branched rhizoids at its proximal end. Zoospores produced iawtliad zoosporangia,
emerging through one or more exit papilla or paesimes, either in an evanescent vesicle after
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the deliquescence or individuallyhe reistant sporangia or resting spores are borne inthlled

container cells, punctate, usually brown with thick, smooth or variously ornamented, distinctly
pitted walls; germination by wall cracking open. Sepgratgqual or unequal gametophytic and
sporofhytic phases occur. Sexuality may be pronounced or lacking and may be anisogamous or
isogamous. Fusion occurs between pairs of @oanisezoospores tdorm a biflagellate zygote;

upon germination, it gives rise to the sporophyte. The sporophyte isddippleughout, and

meiosis occurs at the time of resistant sporangia germination. The resistant sporangia zoospores are
haploid and give rise to gametophytes (Sparrow 1960, Emerson & Robertson 1974).

Family type 1 BlastocladiaP.F. Reinsch

Ecology & life modesi This family is composed entirely of saprophytes in the aquatic and
terrestrial ecosystem on a wide variety of animal and plant d8p&row 196Q)Representatives
within the family may be monoecious or dioecious with a life history ranging from
Brachyallomyces, Cystogenes or Euallomyces timegrson 1938, 1941)

Notesi This family is composed of three saprophytic genera living in water anarsail
variety of decaying animal and plant matteith Blastocladiaas the type genuBlastocladiacee
currently includes three generdllomyces Blastocladia andBlastocladiopsiqWijayawardene et
al. 2019. It is the largest family iBlastocladialeswith approximately 36 species (Calabon et al.
2022).The motile zoospore ultrastructure charactepsnfthis family were extensively studied by
numerous researchers (Reichle & Fuller 1967, Fuller & Olson 1971, Robertson 1972, Olson 1973,
Lingle & Barstow 1983, Aliaga & Pommerville 199®orter et al. (2011) anthmes et al. (2014)
showed that the membeotthis family are polyphyletic and thus need revision.

BlastocladiaReinsch Jahrbiicher fur Wissenschaftliche Botanik 11(2): 291 (1877).
Index Fungorum Identifier 20077

Thallus large tredike, consisting of often irregulacylindrical, short or longmore or less
elongatedswollen trunklike basal celbr central axis, bearing short or long branches at its apex on
which reproductive organs borndelimited by septaand the wholeattachedto the substratum
through a system of branched rhizoids. Thenbhes arising from a simple, lobed or branched basal
cell, often with secondary axgslistal part expanded, short or clavate, slightly tapeteking
pseudosepta, andot definitely constricted like inAllomyces arranged in dichotomous to
subdichotomos, or sympodialmanner. In addition to the reproductive organs, simple, and
branched sterile setae, generally bulbous at the base, may be present among the zoosporangia ant
resting spores. Zoosporangia irregulaclystered on the apical region or sympdgiarranged,
elongated, thirwalled, smooth, sessile with a broad, truncate laaska single apical exit papilla,
often with an inwardly projecting refractive peglike plug; sometimes deciduous, disappearing after
discharge, leaving a scar at the poinatithchment or sometimes persistedftosporegosteriorly
uniflagellate, with aclearly visiblesubtriangular nuclear cap, emerging at times in an evanescent
vesicle after the deliquescence or individualResisant zoosporangia oresting bodieghick-
walled, minutely pitted or punctate, brown, predominantly ovoid, ellipsoid, fusiform, spherical to
subspherical or broadly clavate with a rounded or beaked apex and narrowly or broadly truncate
base persistent or deciduouterminal,filling the thin-walled case in which it is bornen the same
or different thalli. Gametophyte not observed. Sexual reproduction unkigpanrow 1960Q)

Type speciesi Blastocladia pringsheimiP.F.Rei nsch [ as fdpriemfigs heir
Wissenschatftliche Botanik 11(2): 361877).

Notes 1 Blastocladiais the earliest known and established genus from which the order
derives its nameAccording to Sparrow (1960), the genus differs from the other genera of its family
in zoosporangia bearing an apical papilla or exit pore wittownwardly projecting peg, thallus
with distally expanded lobes or short branches or without branches, and the absence of a sexual
stage in the life cycle (Sparrow 196®lastocladiacontain approximatelywenty saprophytic
species in water and soil hedis on a large variety of submerged plant substrates and found
growing over other zoosporic fungi, specificalbpnapodyain the form of pustulesr crisp white
tufts (Sparrow 1960Wijayawardene et al. 2018Representatives of this genus aosmopolian
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and composed entirely of obligate fermenteénst thrive in stagnant water with lowdissolved
oxygen levels functioning as facultative anaerobes (Whisler 1987, Gleason et al.;2882)
readily cultured thn Allomycesand need B group vitamins fgrowth under laboratory conditions
(Sparrow 1960Emerson& Natvig 198). Zoospore ultrastructural character examined by Lingle
and Barstow (1983) in the anaerobic geBlastocladia revealed that the internal contents of the
spores contain sparse lipidbgules and mitochondria, with the complete absence of the backing
membrane and microbodies. In addition, the study also provided strong evidence for the presence
of abundant stored visible glycogen granules & tlbospores of blastoclad anaerobic members
(Lingle & Barstow 1983). Further, in contrast to obligatory anaerobic rumen fungi, it encompasses
mitochondria and lacks hydrogenosomes (LinglBarstow 1983, Gleason et al. 2002). According

to the molecular phylogeny of Porter et al. (201fpresentates of Blastocladia form a
monophyletic sister group to the cladacompassing\llomycesand a weHlsupported clade in
BlastocladiaceaeCultures and sequences available (Porter et al. 2011).
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Figure 61 Basdiobolus haptosporusa Colony after 7 daysf incubation at 28°C on MEA front.
b-i hyphal elements with spore cells. Scale bafis=l40 pum.

Other genera inBlastocladiaceae
AllomycesE.J. Butler, Ann. Bot., Lond. 25: 1027 (1911); Fig. 7
Index Fungorum lIdentifier 20017; Index Fungorum (2025 1i83 epithets however, Species
Fungorum (2025) accepted only ten
Type species Allomyces arbusculus.J. Butler 1911

BlastocladiopsisSparrow, J. Wash. Acad. Sci. 40: 52 (1950)
Index Fungorum Identifier 2008@ywo epithets are listed in Index Fungorug®25) and both are
accepted in Species Fungorum (2013

Type species Blastocladiopsis parv@Whiffen) Sparrow 1950

CatenariaceaeCouch, Mycologia 37(2): 187 (1945)
Index Fungorum Identifier 80558

Thallus predominantly polycentric, eucarpextraintramatrical. Rhizomycelium extensive,
composed of tubular or cylindrical catenulate swellings, unbranched or branched, bearing numerous
rhizoids along its length, with sparingly developed septa/cross walls delimgprgductive
structures and sterile isthmZoosporangia intercalary, formed from aforementioned swellings,
arranged in a linear series in the rhizomycelium, separated by sterile isthmi, spherical or oval,
occasionally irregular, smocthalled, variable in size, dehiscing by the development oft siror
long exit papillae or release tube; formed as local enlargements in the rhizomycelium filaments and
separated by short or long, narrow, rarely septate oisaptate isthmi. Zoospores are posteriorly
uniflagdlate, with a hyaline, clearly visible, disctive nuclear cap; germinating directly to produce
a new thallus (asexual plants) or encysting; the cyst serves as a gametangium discharging to release
four uniflagellate isogamous gametes, fusing in pairs to produce a biflagellate zygote, which
reestabshes the sporophytic thallus. Resting spores are sometimes formed in place of zoosporangia
through enlargements in the filamentgnnected byisthmi, usually, the content contracts and
becomes enveloped by al@&rown, thick wall, which may be smoothminutely pitted (Sparrow
1960,Karling 1977%.

Family type1 CatenariaSor ok 0 n, Revue mycol ogique (Toul

Ecology & life modesi Catenariaceaas a ubiquitous family and contains many parasites of
various soHinhabiting small inertebrates and fungi. They are also saprobic on a variety of plant
and animal substrates in wategged soil or waterThis family also includes two fungicolous
(biotrophic)blastocladialean fungCatenaria angillulae andC. allomyci(Sun et al. 2019aBoth
representatives were reported as endobiotic fungal parasites of species associdtéahyitiesor
Blastocladiellain aquatic or terrestrial ecosystems (Couch 1945), however, can parasitize any
saprolegnialean hosts undervitro conditions (Whipps 1997).

Notes i Catenariaceaediffers from Blastocladiaceaein having catenulate (chailike)
rhizomycelium. The Catenariaceaeincludes three generaCatenarig Catenophlyctis and
Nematoceromycg®oweld 2014f Wijayawardene et al. 2018). Several stgdiave described the
ultrastructural organization of the zoospores of different taxa from this family and presented several
new observations on their side body complex organization (Chong & Barr 1974, Olson & Reichle
1978, Olson et al. 1978, Lange & Ols®879). DNA sequenebased phylogenetic studies have
shed light on establishing the species boundaries and relationships within the family (James et al.
2006a, Porter et al. 2011). Molecular phylogeny studies stemjehat representatives of the
Catenariaeae group form a welsupported clade corresponding tastocladiells while
representatives @fllomycesBlastocladiaandMicroallomycedorm a clade with representatives of
Blastocladiacea¢Porter et al. 2011).
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Figure 7 7 Microscopic features assiated with Allomycesspecies.a, b Mature thallus of
Allomyces neomoniliformishowing septate vegetative hyphae and numerous brown;whid
resistant sporangia/resting sporesDeveloped thallus oAllomyes moniliformisd Young and
empty zoosporagia of Allomyces moniliformisin chainse, f Septate vegetative hyphae of
Allomyces moniliformishowing thinwalled zoosporangia with various sites of exit papillae/pores.
Scale barsa, ¢, d= 100 pm;b, e, f=50 pm.

CatenariaSor ok o n, A nnoea Natueellest Baganidgue, sée VI, 4: 67 (1876).
Index Fungorum Identifier 213424

Eucarpic, predominantly polycentric, endobiotic, intramatrical, branched or unbranched,
septate thallus with septa or cross waldimiting the eproductive structures (zoosporangia and
resistance sporangia) or short sterile isthmuses at more or less regular intervals. Rhizomycelium
branched, extensive. Zoosporangia variable in shape, spherical, or oval, occasionally irregular or
spindle shaped, td@n intercalary, arranged in a linear series in the rhizomycelium (catenulated
arrangement), typically separated from each other by alternating sterile isthmuses delimited through
cross walls or septa; smooth walled, hyaline; usually aisimgle long cwred or irregular tapering
release/discharge tube, variable in size, help in the release of posteriorly uniflagellate zoospores
with numerous globules fully formed within the zoosporangia. Resting spores or resistance
sporangia borne like the zoosporangdiaick-walled, upon germination can give rise to either
uniflagellate zoospores which directly establish the new asexual plants or encyst to represent the
gametophytic thallus that function as gametangia, which produce posteriorly ufatiagel
isogametesh@ploid) that fuse in pairs forming biflagellate zygotes to reestablish the sporophytic
thalli (Sparrow 1960, Milanez et al. 2003).

Type species Catenaria anguillulaégSsor ok 0 n, Annal es des Scienc
sér. VI, 4: 67 (1876); Fig. 8

Notes i The presence of variabkhaped zoosporangia arranged in a series linear in the
rhizomycelium with a long exit tube and blastocladiaceous zoospores with numerous globules
readily serve as identifying unique characters for the genwar(®p 1960, Milaez et al. 2003)
SeveralCatenariaspp. are common parasites or saprobes on amphibian eggs, small or microscopic
animals like nematodes, rotifers, mites, liver flukes, flies and in ofifeitridiomycetesand
Blastocladiomycetedn addition, they are sages in water algae and plant debris in freshwater or
terrestrial ecosystems throughout the world (Sparrow 1960, Gleason et al. 2010, James et al. 2014,
Powell 2017). One estuarine ecotypeQatenariawas also reported from marine ecosgstein
New Zealand(Ulken 1977). Like the species @dfllomyces sexual reproduction also occurs in
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certain species o€atenariathrough the fusion of posteriorly uniflagellate isogamous gametes.
This mode of the life cycle is known as cystogenes (with the dominant spacogtage and the
restricted gametophyte stage represented by cysts and gametes). However, in some species, such a
Catenaria anguillulag the Brachyallomyces type of life cycle (no fusion of gametes) is also
reported (Olson & Reichle 1978)

Other generain Catenariaceae
CatenophlyctiKarling, American Journal of Botany, 52: 1i338 (1965)
Index Fungorum Identifier 20108; four epithets are listed in Index Fungorum (2025), however, only
three species are accepted in Species Fungorum (2025)
Type species Catenophlyctis variabiligkarling) Karling 1965

NematoceromyceBoweld, Index Fungorum 48: 1 (2014)
Index Fungorum Identifier 550338; three epithets are listed in Index Fungorum (2025), and all
species are accepted in Species Fungor@a52

Type specie§ Nematoceromyces spinoqWg. Martin) Doweld 2013

Paraphysodermatacedaoweld, Index Fungorurb2:1 (2014)
Index Fungorum Identifier 550350

Thallus monocentric, eucarpic, epibiotic. Rhizoidal system arising from a single axis at the
base of the zoosporgium, apophysis inside the host. Zoosporangium inoperculate, sessile, varying
in shape and size, smooth and thialled. Zoospore (flagellated spore) stage is absent.
Aplanospores (aflagellate spores) mseudopodiate sporewith severalminute refractivelipid
globules or bodies coalescing upon encystment, exiting through the collapse in the zoosporangium
wall, crawl about actively in an amoeboid fashion on the host cell surface before encysting;
germinating endogenously. Resting spores or dormant sp@amgpibiotic, similar to the
zoosporangia in size and shape, developing to discharge aplanospores by the crack opening of the
wall (James et al. 201Doweld 2014

Family type 1 Paraphysoderm&oussiba, Zarka & T.Y. James, Mycotaxon 1188 (2011).

Ecology & life modesi Generally parasitic on green algae in nature.

Notesi Paraphysodermataceaeas introduced by Doweld (2014h) based on DNA sequence
data (Hoffman et al. 2008, Porter et al. 2011) and zoospore ultrastructure studies (Letcher et al.
2016).According to Porter et al. (2011Physodermataceaeccupy the most basal branch in the
BlastocladiomycotaStrittmatter et al. (2016) observed the rapidly swimming flagellated spores
(uniflagellate zoospores), thalispersion stagand ©njugation of ameboid swarmer (aflagellate
pseudopodiate sporesparaphysodermataceaés a monotypic family which is typified by
Paraphysoderm@&lamest al. 2011).

Paraphysodermd@oussiba, Zarka & T.Y. James, Mycotaxon 118: 178 (2011).
Index Fungorum Identifier 561750

Thallus monocentric, eucarpic, epibiotic. Rhizoidal system is intracellular, with the apophysis
inside the host. Zoosporangium inoperculate, sessile, apophysate, globular, smoothaaltieitin
occasionally with subsporangial swellingp@gpore stage abst. Aplanospores (aflagellate spores),
few to dozens per zoosporangium, swarming before release, emerging concurrently through a tear
in the zoosporangium wall, crawl in an amoeboid fashion on the host cell surface before encysting;
germinating and devebing endogenously. Resting spores or dormant sporangia epibiotic, darker,
thick-walled, similar to the thhwalled zoosporangia in size and shape, developing to release
aplanospores (James et al. 2Qdtcher et al. 2016
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Figure 81 Catenaria anguillilaein Romanomermis culicivoraxa Maturing zoosporangia. b Exit
tubes from zoosporangia. ¢ Resting sporangia. Scale bar$0@ pum (Redrawn from Stirling &
Platzer 1978).

Type species Paraphysoderma sedebokererdaussiba, Zarka & T.Y. James, Mycrta
118: 178 (2011); Fig. 9

Notesi Paraphysodermavas established witR. sedebokerengdames et al. 2011). The 18S
ribosomal RNA gene phylogenetic analysis suggests that this species was closely related but basal
to the obligately biotsphic plant parasc zoosporic blastocladialean geneysodermgHoffman
et al. 2008). On the contrary, it differs morphologically and in host preference. In this sense,
Letcher et al. (2016) examined the ultrastructurePofsedebokerenstor the first time and
comparedts ultrastructural characteristics with those of a sister taRbgsoderma maydid his
study revealed the presence of synaptonemal complexes (SCs) in resting spores, indicating the site
of meiosis. Moreover, both aflagellated and fleged spores werobserved in resting spores, thus,
their role in the life history of this blastocladialean fungus remains to be elucidated. Asatryan et al.
(2019) developed a method for the stimulation and isolatioP. gledebokerenggropagules and
their development wder different conditions. The genus has only been reported from Asia, Europe
and North America as a parasite on green algae in aquatic habitats (James et al. 2011, Letcher et al.
2016, Alors et al. 2021), and little is known about theguseence and abdiance throughout the
world. Cultures are available in the University of Alabama Chytrid Culture Collection (UACCC)
and CZEUM (Collection of Zoosporic Eufungi at the University of Michigan).

Sorochytriaceadewel, Joines & Bond, Canadian Journal of Boté@8¢9): 1533 (1985)
Index Fungorum Identifier 81385

Thallus monocentric or polycentric, eucarpic, endobiotic and -@xtramatrical In the

colonial endobiotic phase, usually polysporangiate thallus with sequential septation, sords/genera
transitory ad cleaves into segmentsthat separate and round up to produce incipient zoosporangia.
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Zoosporangium inoperculate, smooth, thialled, bearing branched rhizoids with short discharge
tube or exit papilla. Zoospore ovoid, entirely formed within the zoospamamgvith a structure

similar to a clearly visible, distinctive nuclear cap and peripheral grangiesninating
intramatrically after encystment on the host to produce appressorium or penetration tube; otherwise,
the cyst forms germ tubextramatrically m case of polycentric thallus. Polycentric phase
extramatrical on the host with branched rhizomycelium consisting of sequential septation or
constrictions, bearing rhizoids; usually form zoosporangia either from swelling in the rhizoid or
enlargement of aegment of septate intercalary swelling. Zoosporangia and flagellated spores
similar in shape and size to those in the colonial endobiotic phase (Dewel et al. 1985).

Family type 1 SorochytriumDewel Canadian Journal of Botany 63(9): 1%58335).

Ecology & life modes i Parasitizes the mosshabiting small carnivorous invertebrate
tardigradeMilnesium tardigradun{Dewel et al. 1985). Known only from the USA.

Notes i Sorochytriaceaas generally known to produce two thallus forms. The parasitic
endobiotic colonial phase formed under the host cells, consisting of a sorus with several
zoosporangia that scatter throughout the living host body cavity. The polycentric phase occurs
epibiotically as aaprotroph wittrhizomycelium upon the deaast cells (Deweét al. 1985).

SorochytriumDewel,Canadian Journal of Botany 63:152534. 1985
Index Fungorum Identifier 25736

In an endobiotic colonial cycle, the thallus spherical, holocarpic (until host death), generally
polysporangiate, cleaves sequentially intcessistent or transitory sorus; incipient zoosporangium
inoperculate, smooth, thiwwalled, spherical, bearing branched and delicate rhizoids with short
discharge papillae. Zoospore ovoid, completely formed within the zoosporangium, with
prominently visiblenuclear cagike structure, occasionallyith sluggish movement, or amoebpid
germinatingintramatrically to develop appressorium inside the host after encystment; otherwise in
polycentric thallus, extramatrically form germ tube. Polycentric phase ordahdstiextrametrical,
with numerous zoosporangia and branched rhizomycelium consisting of sequential septation,
bearing rhizoids; zoospores relatively larger and multiflagellate (Dewel 1985).

Type speciesi Sorochytrium milnesiophthor®ewel, Canadian Jounal of Botany 63(9):
1533 (1985); Fig. 10

Notesi Sorochytriumis a monotypic genus witlsorochytrium milnesiophthorgrowing
endobiotically as a parasite within the tardigradi#nesium tardigradumand exhibits unusual
morphological variability in devefament by forming a polycentric thallus with rhizomycelium. No
molecular phylogeny studies on the genus have been published. Dewel & Dewel (1990) examined
the ultrastructure features of the zoospore and supported their taxonomic inclustbe i
Blastocladalesbased on a number of notable differences from those in other members. There are
no recent information, cultures asdguenceare available for this genus.

CallimastigalesDoweld
Callimastigacead~onseca, Estudos sobre os flagellados parasitos dosnifieros do Brazil: 104
(1915)
Index Fungorum Identifier 816546

Protoplasmic body is globulalhe protoplasm is of coarsely granulated creation and closes
on the outside with a fine membrane. The rest of the body has no appendagede Tiwnpag
backwards when swimming wears a crest of long flagella, up to nine, that arise from basal bodies
that are close together, stand at equal intervals, and a single straight or form a slightly curved row.

Family type 1 CallimastixWeissenb.

Ecology & life modesi Terrestrial and parasitic in crustaceans.

Notesi Fonseca (1915) introduced this family to accommodzéimastix a monotypic
genus fide Species Fungorum 2025).

Callimastix Weissenb., Sber. Gesellschaft naturf. Freunde Berlin 5: I}
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Type specis i Callimastix cyclopisWeissenb., Sber. Gesellschaft naturf. Freunde Berlin 5: 299
(1912)

Protoplasmic body globula8 I in diameter The protoplasm is of coarsely granulated
creation and closes on the outside with a fine membrane. The rest of the body has no appendages,
and the pol e, pointing backwards when swi mmi.
em long, up to nine, arise from basal bodies that are close together and stand at equal intervals,
with a single straightr slightly curved row.

Notesi Callimastixcontains only one speciés, cyclopis,which was originally described as
a parasite inCydops (Weissenberg 1912). Braune (1913) introduced the second sp€cies,
frontalis R.A. Braune, which is transferred to a new genudNaecallimastix frontalis(R.A.

Braune) Vavra & Joyon ex |.B. Heath (Heath et al. 1983).

CatenomycetaleBoweld
Catenomygetaceaddoweld 2014, Index Fungorum 81: 1 (2014)
Index Fungorum ldentifies50388

Thallus polycentric to rarely monodeic, diffusely organized, intraand extramatrical;
intramatrical portion branched or unbranched, septate; septa delimiting the nsdiofiethe
sporangia or sterile isthmuses; extramatrical portion branched, aseptate and sterile. Zoosporangia
intercalary, smooth, pyriform, with strongly developed discharge tubes with endoopercula.
Zoospores spherical, with multiple golden lipid globukesingle flagellum, forming a temporary
group near the orifice, intermittently amoeboid; zoospore germination bipolar.

Family type 1 Catenomyceé.M. Hanson, Torreya 44: 30 (1944)

Ecology & life modesi Saprophyte orcellulosic substrateand also foundn the human
gastrointestinal tracHanson 1945Kirk et al. 2013 Hillman et al. 2017)

Notesi Phylogenetic analyses based on 18S rRNA, 5.8S and 28S sequence data, James et al.
(2006b) and Porter et al. (2011) accommodaBzdenomycesn Chytridiomycota However,
phylogenetic analysis of Wijayawardene et al. (2018) and Galindo et al. (2021) placed this family
in orderCatenomycetalesf Blastocladiomycota

Catenomyce#\.M. Hanson, Torreya 44: 30 (1944)
Index Fungorum Identifier 20107

Sporangia variableni size and shape; uteriform, pyriform, ovoid, cylindrical, spherical,
elliptical, rectangular, triangul ar, oemini rreg
diameter contains 5 18 golden refract ivariglembizebul e s
flattened; 1 6, up t o Jid produce b gemytube tAad presepates thes ¢
substrate or grows on the surface. Germ tube thick, blunt, branched and developed to sporangia.

Notesi Catenomyces a monotypic genusnd Ca. persicinusvas originally described as a
saprophyte in cellophane, bleached corn and grass leaves, and dried onion skin suspended in
samples of wateHanson 194ph

Type species Catenomyces persicindsM. Hanson, Torreya 44: 30 (1944); Fig. 11

Coelomomycetacea@ouch,Journal of the Elisha Mitchell Scientific Society 78: 135.1962
Index Fungorum Identifier 80619

Thallus endobiotic. Mycelium aseptate, coenocytic, usually naked (lack demonstrable walls
or unwalled), well developed, thick, dichotousty branched and without the rhizoids, breaking up
into hyphal bodies which develop into resting spores ingeniously utilizing the reproductive system
of the host (mosquito)The sporophyt phase primarily consists of resting spore or resistant
sporangia,developed from hyphal bodies and serving as reproductive structures, numerous,
consisting of two distinct layers: thener thinwalled and smooth whereas the outer thickled
with smooth or outer wall variously ornamented with vast numbers of minastaanosing pits
and a longitudinal slit; the entire mycelial network generally used up in resting spore formation in
the insect's hemocoel; releasing in the environment after insect host death followed by meiosis to
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discharge numerous uniflagellate zooggorcapable of infecting the alternate host (other than
insects). In this alternate host, the gametophytic phase ingnialevelops to produce
uniflagellate male and female gametes for dispersion inside the host environment, upon fusion of
compatible gamtes (plasmogamy) leading to the formation of biflagellate zygotes, capable of
encysting in an aquatic dipteran host (Sparrow 1960, Karling 1977).

Family type 1 CoelomomyceKeilin

Ecology & life modesi The members ofCoelomomycetaceare entomopathogeniand
distributed in freshwater ecosystems worldwide. The family comprise a highly specialized group of
obligate parasitethat occur commonly within the body cavity (coelom) of aquatic dipteran larvae,
especially larvae of mosquitoes, midges and blacks.fliglany of its members exhibit an
Euallomyces type of complex life cycle, especially within the ge@a®lomomyceswith
sporophyte and gametophyte generations alternating between the mosquito and copepod host
(crustacean), respectively, to complete itgodpction cycle (Sparrow 1960, Karling 1977, Powell
2017, Wijayawardene et al. 2018, Shen et al. 2020).

Notesi Comparéd to theBlastocladiaceagin a broader context, the members of this family
are accompanied by striking structural changes in theirdpdik®nched, coenocytic, vegetative
thallus, such as a lack of hyphal walls and specialized-&sdrbing structures called rhizoids.
This family includes two entomopathogenic gen&aelomomyceand Coelomycidiumgovering
about 76 species pathogenicsjeecific groups of insects, such as flies and mosquitoes, with life
histories that usually include alternation of haglgametophytesexual generation with a diploid
(sporophytg asexual generation or life stage in their life cycle (Powell 2017, Wijardene et al.
2018, Shen et al. 2020). Because they are parasites of medically important haematophagous
Diptera (arthropods), there has been considerable interest in the last few decades in developing
them for use as biocontrol or biological control agespecifically in mosquitocontrol operations.
However, the use of their members seems impractical since no specws kmon this
blastocladiaceous family has been successfully cultiviatedro, and the situation is furthermore
complicated because dahe presence of heteroecious life cycle complexity. Nevertheless,
encouraging results have been obtained with a few field trials and experiments that have been
conducted in the past. Porter et al. (2011) examined the molecular phylogeny of phylum
Blastochdiomycotabased on nuclear rDNA sequences, and the results revealed the monophyly of
Physodermataceae@and Coelomomycetaeae lineages. On the other hand, two invertebrate
pathogenic genera of the famil@pelomycidiumand Coelomomyceare reciprocally momghyletic
sister clades (James et al. 2014).

CoelomomyceKeilin, emend. Couch, Journal of the Elisha Mitchell Scientific Society 61: 128
(1945).
Index Fungorum Identifier 20136

Thallus endobiotic comprising of coenocytic, aseptate, poorly developedularly or
dichotomously branched, anastomosing mycelium, without cell walls and rhizoids, enclosed by a
plasma membranto absorb the nutrients directly through its entire surface from the mosquito
larvae hemocoel. Thiwalled zoosporangia apparently kawy. Sporophytic thalli reproduce
asexually in the insect host (mosquitoes or chironomids) via smooth or variously sculptured, thick
walled resting spores or resistant sporangia formed from the hyphal bodies or segments, behaving
as zoosporangia after anod of rest; splitting apart from the mycelium before the maturation of a
definite wall to complete the developmentdilling the body cavity inside the insect's hemocoel,
enclosed by an exceedingly thin, smooth outer membrane developed from theasida pl
membrane; wall two layered; a smooth inner thin layer and the outer thicker, smooth or pitted or
elaborately sculptured, ridged or ornamented wall; dehiscing by a preformed longitudinal slit to
discharge posteriorly uniflagellate zoospores capableintécting only the alternate host,
particularly copepods or ostracods. Gametophytic thalli develop within these alteostd (small
crustaceans) and produce uniflagellate male and female gametes. The resulting biflagellate zygotes
(kariogamy= 2n) formedcapable of infecting mosquito larval cuticle via a germinating penetration
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tube to reestablish the sporophytic thalli. Overall, it follows the Euallomyces mode of the life cycle
with the heterothallic gametophyte (haploid) and sporophyte (diploid)rnigeaesting sporangia
stages alternating between an intermediate host (crustacean) and a definitive host (dipteran)
(Sparow 1960, Travland 1979, Whisler 1985, Couch & Bland 1985).

Type specie§ Coelomomyces stegomyikeilin, Parasitology 13: 225 (19215jg. 12

Notesi Coelomomycess essentially worldwide in distribution and comprises over 75 highly
fastidious aquatic species. These species are obligately parasitize aquatic (freshwater) dipteran
insects (Chironomidae, Psychodidae, Tabanidae and Siewdiiy , primarily mosoc
(more rarely chironomids) and require an essential alternate microcrustacean hissingoof
either cyclopoid copepods, ostracods or harpacticoid copepods to complete its complex alternating
life cycle (Wijayawardene etl. 2018, Shen et al. 2020, Ettinger et al. 2023). Although the species
probably do not display haspecificity, they are relatively restricted in their host range (Federici
1981).Over the past hundred yeatle obligate fatal parasites of this genus generally found
infectingall major medically important genera of mosquitoes, Aegles AnophelesaandCulexand
areeasily recognized by the yellow to golderown colour of the relatively large resting sporangia
which may fill the hemocoel and othbody parts of the insect host (Federici & Lucarotti 1986,
Whisler et al. 2009). The genus has attracted considerable interest because of its significant
potential use in the biological control of vector mosquitoes (Shen et al. 2020), which transmit
medicaly important human diseases suchZaka fever, West Nile fever, Chikungunygellow
fever, filariasis, dengue fever, heorrhagic dengue, malaria and various viral encephalitides all
over the world causing millions of deaths every y&aesently, the genie characters primarily
host specificity, ornamentation, unique wall structure, placement of the dehiscence slit and size and
structure of their resting spores as viewed by light microscopy are largely used in the taxonomy of
CoelomomycesRecently, Ettiger et al. (2023) reported the genomes and transcriptom€s of
lativittatusas a valuable genomic resource that caleberaged toward providing a comprehensive
insight for understanding the biology of this blastoclad fungus and other important and, uniqu
largely understudied early diverging zoosporic (flagellated) fungal lineages. Within the
Blastocladiomycota molecular phylogeny based on nuclear ribosomal DNA suggests that the
branches leading t€oelomycidiumand Coelomomycesaxa were relatively lajp and further
molecular phylogenetic estimation with both groups is warranted to break up these long branches
and improe the accuracy of analyses by including the sample of many additional taxa (Porter et al.
2011). This study also pointed out that nunobsr@oelomomycespp. have many unique large
insertions in their sequences of the rDNA that could be used reliably as a tool to facilitate rapid
species identification based on rDNA sequence data. Several investigators observed and described
the ultrastruaire of Coelomomycespp. (Martin 1971, Lucarotti & Federici 1984, Federici &
Lucarotti 1986). Nevertheless, Madelin & dkett (1972) studied the thiwall sporangia of
Coelomomyces indicw the ultrastructural level, while Couch & Bland (1985) providsgheing
electron micrographs (SEM) of resistant sporangi€aélomomyces iliensigr. iliensis Despite
these reports, a survey of the literature suggests that we know remarkably little about the biology,
biochemistry and genomics of this very large graof fungi. These lacunae in the existing
knowledge are largely due to the failure, despite numerous attempts, tcadlyeriitain the culture
of any species o€oelomomyce$or detailed investigations. Nevertheless, this potential has not
been realisedreeven accurately evaluated due to the lack of a cell wall for growing hyphae in the
vegetative stages on their definitive (mosquito) and intermediate (copepod) hosts. Cultures are
unavailable, but sequences are available on DDBJ/ENA/GenBank.

Other genusin Coelomomycetaceae

CoelomycidiumDebais., C. r. Séanc. Mém. Soc. Biol. 82: 899 (1919)

Index Fungorum Identifier 20138ndex Fungorum (2025) lists two epithets; however, Species
Fungorum (2025) accepted only one

Type specie§ Coelomycidiunsimulii Debas. 1919
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Figure 91 A putative life cycle ofParaphysoderma sedebokerernsesed on the hypothesis of
Hoffman et al. (2008) and Strittmatter et al. (2016). a. A haploid amoeboid swarmer contacts algal
host. b. Swarmer encysts on the host surface, pruglacthinwalled vegetative sporangium and a
rhizoid, which invades the host. c. Mitosis produces multiple nucleieilé&veloping sporangium.

d. Cytoplasmic cleavage into amoeboid swarmers. e. Amoeboid swarmers discharged frem a thin
walled vegetativemorangium and continue the asexual life cycle (A). f. Two amoeboid swarmers
approach each other. g. Conjugation between amoeboid swarmers results in a diploid zygote. h.
Zygote encysts on the host surface. i. Zygote develops into awtliékd resting sp@ngium,

which invades the host with a rhizoid; meiosis occurs in the resting sporangium. j. Haploid nuclei
as a producbf meiosis. k. Cytoplasmic cleavage into either flagellated zoospores or amoeboid
swarmers. |. Flagellated zoospores discharged fratingesporangium. m. Amoeboid swarmers
discharged from resting sporangium (modified drawing from Letcher et al. 2016).
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Figure 107 Summary of endobiotic, colonial phase (solid arrows), and extrametrical, polycentric
phase (bwken arrows). a Initial infection stage of the endobiotic cycle. x, host cuticle; y, host
epidermis. b Cleavage of thadl into segments. If the host dies prematurely, the sporangia
developing from early cleavage stages will remain opposed (*). ¢ Breakupeocleavage
segments. d Maturing sporangia. e Formation of exit papilla and zoospores. f Polycentric phase.
The origin of the extramatrical growth from spores encysted within sporangia and the infectivity of
motile spores from this phase is tentativatmeal growth from spores encysted within sporangia
and the infectivity of motile spores from this phase is tentaReglfawn from Dewel et al. 1985).
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Figure 117 Catenomyces persicinua Zoospores. b Germinating of zoospores. ¢ Germinating of
zoogores and developing of extrametrical hypgae. d Sporangium and zoospores (modified from
Hanson 1945).

Physodermatomycetéledersoo et al.
Physodermatale€aval-Sm.
Physodermatacea8Sparrow Mycologiad 4 ( 6 ) : 768 (1952)
Index Fungorum Identifie81168
Thdlustwo-forms, first a monocentric system of endobiotic and epibiotic sporangium clothed
in a thin membrane standingther polycentric, completely endobiotic, numerous persistent spores
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and cells carrying turbines. Spores persist in the germinatiordividoal zoosporangia forming a
thinly clad membrane.

Mosquito
Larva

Figure 127 Coelomomyces stegomyiage Zoospores in copepod. b Sporangium. ¢ Zoospores in
mosquito larva (Redrawn from Whisler et al. (1974) and Kalmakoff & Longworth (1980)).

Family type 7 Physo@rmaWallr. 1833
Ecology & life modesi Plant parasite and saprophyiéirumalachar & Pavgi 1954, Farr et
al. 1989, Jams et al. 2006b, Czeczuga et al. 2007a, Ozaslan et al. 2015)
Notesi Sparrow (1952) introduced this family to accommodBte/sodermaHowever,
Sparrow (1942) useBhysodermataceawithout a proper description, thus invalid (Art. 32.1(c),
Art. 36.1). Phylogenetic analyses of rRNA gene (18S rRNA, 5.8S and 28S sequence data) of James
et al. (2006b) accommodated this familyBlastocladiomycta.

Physodermawallr., Fl. crypt. Germ. (Norimbergae) 2: 192 (1833)
Index Fungorum Identifier 20415

Resting sporangianaphigenous, mostly hypophyllous and on leaf petioles, concentrated on
leaves along the veins, scattered, covered by the unbroken epgjddtipsoid, ovoid, sometimes
punctiform, 2 mm in diameter, chestnut brown. Resting spores chestnut brown, globoid, ovoid to
ellipsoid, content granular with more refractive globules, (23.5)32.5 21.529 um; with two
distinct walls, the inner wathin and hyaline, the outer wall chestnut browi2 ium thick, smooth.

Type species Physoderma maculai/allr., Fl. crypt. Germ.(Norimbergae) 2: 192 (1833)

Notes i Physodermawas introduced by Wallroth (1833) witR. maculare as the type
species. IndeXungorum lists 112 species epithets however, Species Fungorum (2025) accepted
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only 78 records. The species have been mainly reported as pathogens of a broad range of plants (e.
g. You et al. 2021).

CALCARISPORIELLOMYCOTATedersoo et al.

CalcarisporiellonycetesTedersoo et al.

CalcarisporiellalesTedersoo et al.

CalcarisporiellaceaeTedersoo, Sanchdzamirez, Kdljalg, Batam, Déring, Schigel, T. May, M.
Ryberg & Abarenkov, Fungal Diversity 90: 152 (2018)

Index Fungorum ldentifie554022

Thallus branchedwith septate hyphae; vegetative hyphae hyaline, smoothwtiiad;
cultures with no distinctive smell; sporangiophores (if present) simple, hyaline, smooth, arising
from undifferentiated hyphae; sporangia unispored, ellipsoid, with or without a smaihetial;
spores uninucleate, hyaline, smooth, twialled, ovoid to ellipsoid, with a rounded base;
chlamydospores (if gsent) born laterally on short hyphaecelled, elongate to globose, thick
walled, spiny; sexual cycle not known; saprobic in soil,-nematophagous (Jiang et al. 2011,
Hirose et al. 2012).

Family type 1 Calcarisporiellade Hoog

Ecology & life modesi Thermophilic (Evans 1971), mesophilitlifose et al. 2012),
saprobic in soil (Jiang et al. 2011, Hirose et al. 2012), cosmopolitan.

Notes i While proposing the highdevel classification of the fungi and a tool for
evolutionary ecological analysetederso et al. (2018) elevated the taxa from lower taxonomic
levels to phylum rankCalcarisporiellomycotaby confirming the findings of Hirseet al. (2012).
The type species of the phyluGalcarisporiellade Hoog was introduced undglucoromycotina
as an independent clade separated from the other known orders of this subphylum based on SSU
phylogeny Hirose et al. 2012). The second membethef family Echinochlamydosporiunwvas
earlier classified under Mortierellaceag  Mortierellales  Zygomycota However,
Echinochlamydosporiumwas distant from all other genera iNortierellaceae based on
phylogenetic analysis of LSU and SSliafig et al. 2011 Tedersoo et al. (2018) introduced a new
phylum undeMucoromycetdo accommodate these two taathermophilaandE. variabile.

Calcarisporiellade Hoog, Studies in Mycology 7:68. 1974
Index Fungorum Identifier 7464

Colonies growing moderately rapyd appearing thinly floccose, white. Vegetative hyphae
hyaline, smooth and thiwalled, delicate, very loose, oftenXleous. Conidiogenous cells scattered
or in small groups, arising from undifferentiated hyphae, consisting of a somewhat inflated basal
part with a narrow neck and a small apical group of cylindrical conidium bearing denticles. Conidia
are single celled, hyaline, smooth and talled, ovoid to ellipsoidal with a rounded base. No
sexual state was observetk (Hoogl974).

Descriptions aréased on colonies growing on potato carrot agar at 30°C.

Type species Calcarisporiella thermophilgH.C. Evans) de Hoog

Other genusin Calcarisporiellaceae
EchinochlamydosporiumX.Z. Jiang, H.Y. Yu, M.C. Xiang, X.Y. Liu & Xing Z. Liu, Fungal
Diversity 46(1): 46 (2011); Index Fungorum Identifier 511829;
Index Fungorum (2025) and Species Fungorum (2025) accepted one species; DNA sequences are
unavailable.
Type species’ Echinochlamydosporium variabil¥.Z. Jiang, H.Y. Yu, M.C. Xiag, X.Y.
Liu & Xing Z. Liu (2011); Fig. 13
Notesi Jiang et al. (2011) introduced this genus from dead juvenilelet@frodera glycines
in the soil of soybean land, China.
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Figure 137 Echinochlamydosporium variabile, b Colony on PDA.-e Hyphae bearing different
forms ofchlamydospores and sporangia. Scale barsa,b=10em,&¢ 10 & m.

CHYTRIDIOMYCOTA Doweld (=CaulochytriomycotaDoweld)
Caulochytriomycete®oweld
CaulochytrialesDoweld
CaulochytriaceaeSubram., Curr. Sci. 43: 723 (1974)
Index Fungorum Identifier 80561

Thdlus eucarpic with endogenous development; monocentric; parasitic, penetrating the host
by a haustorium. Zoosporangia inoperculate, with one to several papillae; sessile orstalkead
aerial. Zoospores are posteriorly uniflagellate. Planonts frporasgia of haploid thallus
functioning as zoospores and perpetuating the haploid phase, or fusing in pairs to produce a diploid
zygote(Subramanian 1974, Karling 1977, Doweld 2014b)

Family type 1 CaulochytriumVoos & L.S. Olive, M/cologia 60: 731 (1968)
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Ecdogy & life modesi Parasitize hyphal fungi in association with plant tissues (Voos &
Olive 1968, Olive 1980, 1983).

Notesi Caulochytriaceaavas established by Subramanian (1974) to include the single genus
Caulochytrium and Voos & Olive (1968) accanodaed it in Chytridiales Subsequently, Hibbett
et al. (2007) did not regar@aulochytriumin any higheflevel taxa. Considering especially the
morphological distinctiveness of this genus, as the production of both sessile zogspas well
as aerial spaangiocarps, Doweld (2014b) erectagiaulochytriomycotdCaulochytriomycetés
Caulochytrialeso accommodat€aulochytriaceaeHowever,Caulochytriomycotas regarded as a
synonym ofChytridiomycotaWijayawardene et al. 2024).

CaulochytriumVoos & L.S Olive, Mycologia 60: 731 (1968)
Index Fungorum Identifier 20109

Thallus eucarpic parasiting the host by a-plg or knoblike haustorium, monocentric,
rhizoids absent or present. Inoperculate zoosporangia with one to seveltabpiipcharging one
to mary zoospores; sessile or hollestalked aerial. Zoospores are posteriorly uniflagellate.
Planonts from sporangia of a haploid thallus function as zoospores and perpetuating the haploid
phase or fuse in pairs to produce a diploid zygote.

Type specie§ Caulochytrium gloeosporiVoos & L.S. Olive, Mycologia 60: 731 (1968)

Notesi Caulochytriumis characterized by the production of both sessile zoosporangia and
aerial sporangiocarps. The genus comprised two spEcigl®eosporij thetype species, which is
anobligate parasite dfolletotrichum gloesporioidesnd isolated in Florida (Voos & Olive 1968).
Caulochytrium protostelioidesn obligate parasite @fladosporium cladosporioideend Sordaria
fimicola, isolated from the British West Indies and Na@térrdina (Olive 1980, 1983)Cultures are
available on ATCC (American Type Culture Collection) and sequences on GenBank.

ChytridiomycetegCaval-Sm.

ChytridialesCohn

Asterophlyctacea®oweld, Index Fungorum 91: 1 (2014), emend hetc& M.J. Powell (Tund
et al. 2018, Art. 47).

Index Fungorum Identifier 550401

Thallus eucarpic, monocentric. Zoosporangium inoperculate with a spherical apophysis and
branched rhizoids, irregularly stellate, angular, lobed, spherical tesphdrical, sometimes
possessingapeing, peglike projections; zoosporangium formed either endogenously from the
zoospore cyst or exogenously from a swelling of the germ tube. Zoospores are posteriorly
uniflagellate, with a single lipid globule and multiple vacsol®esting spores borrikke the
zoosporangium, thickvalled, stellate or spherical, asexually formed or sexually formed after
conjugation of thalli by means of rhizoidal anastomosis; upon germination, functioning as a
prosporangium (Sparrow 1960, Letcher et al. 2018).

Family typei AsterophlyctidH.E. Petersen, Journal de Botanique (Paris) 17: 218 (1903)

Ecology & life modesi Asterophlyctaceaspecies are usually baited with insect exuviae and
chitin bait from the aquatic and terrestrial ecosystem (Spat@60, Karling 1977, Manez et al.

2007, Letcher et al. 2018).

Notesi Asterophlyctaceawas introduced by Doweld (2014aipd emended by Letcher et al.
(2018) based on DNA sequence data and zoospore ultrastructure of the species within
Asterophlyctis and Wheelerophlyctis Letcher et al. (2018) described a new specids,
michiganensis as well as the new genu&heelerophlyctis with two species. &ed on the
molecular phylogenetic placements and zoospore ultrastructure of these two genera, they
hypothessed that Asterophlyctis and Wheelerophlyctis represent a bridge between
ChytriomycetaceaandChytridiaceae

AsterophlyctisH.E. Petersen, Journal de Botanique (Paris) 17: 218 (1903).
Index Fungorum Identifier 20062
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Thallus eucarpic, monocentric, epibiotic. Zoosporangium iraya@e, angular to stellate,
with a rhizoidal system composed of an apophysis with fine rhizoids. Thallus developed
endogenously or exogenously from the encysted zoospore. Resting spores formed asexually or
sexually by conjugation dhalli (Sparrow 1960l.etcher et al. 2018).

Type specieg AsterophlyctissarcoptoidedH.E. Petersen, Journal de Botanique (Paris) 17:
218 (1903), emend Letcher & M.J. Powell; Fig. 14

Notesi Asterophlyctiscomprises two species, typified with sarcoptoideqPetersen 1903,
Letche et al. 2018) and\. michiganensigLetcher et al. 2018)Asterophlyctisvas regarded as a
synonym of Diplophlyctis by Dogma (1974). However, based on morphologgospore
ultrastructure and molecular data, this synonymy wastejl(Letcheret al. 218) This genus has
been reported in Asia, Europe, North and South America and Oceania (Sparrow 1960, Milanez et
al. 2007, Letcher et al. 2018)ultures are available on the Alabama Chytrid Culture Collection
(UACCC) andCZEUM (Collection of Zoosporic Hung at the University of Michigan).

Other genus inAsterophlyctaceae
Wheelerophlyctid_etcher & M.J. Powell, Fungal Biology 122(11): 1116 (2018)
Index Fungorum Identifier 826904; Index Fungorum (2025) and Species Fungorum (2025)
accepted two speciesNA sequences are available.

Type specie : Wheelerophlyctis interiocetcher & M.J. Powell 2018

Notesi Both species are reported as saprobes only known from the USA (Letcher et al.
2018). Cultures are available on the Alabama Chytrid Culture Collectid@QC).

ChytridiaceaeNowak, Akad. umiejetnosci Krakowie. Wydziat matzyréd.: 174, 191 (1878)
emendVélez et al. (2011) (Phlyctochytriacea®oweld)
Index Fungorum Identifier 816372

Thallus eucarpic, monocentric. Zoosporangiamdogenous or exogenotss the zoospore
cyst, inoperculate or operculate, apophysate or-apmphysate. Zoospores are posteriorly
uniflagellate and are produced into the zoosporangium. Resting spores are endogenous or
exogenous. Members of thehytridiaceaehave a Group Hype zoogpore (Vélez et al. 2011,
Powell & Letcher 2014a).

Family type i Chytridium A. Braun, Betracht. Erschein. Verjung. Natur., Ed. 2 (Leipzig):
198 (1851)

Ecology & life modesi Members of this family are common in aquatic and téisds
ecosystems, actinassaprobic, with many facultative and obligate parasites of algawdll &
Letcher2014a, b).

Notesi Chytridiaceaeis composed of seven genera based on morphological, ultrastructural
and molecular studies (Letcher et al. 2012, 2014a, b, Vélez2&d|. Powell et al. 2018a, Letcher
& Powell 2018a, b, Jesus et al. 202The ultrastructural and molecular studies of Vélez et al.
(2011), with members o€hytridiales especially with a purified culture @hytridium olla(type
speies) isolated from Argntina, were fundamental for the definition of the limits of the
ChytridialegChytridiaceag(Powell & Letcher 2014a)Chytridiaceaewas emended by Vélez et al.
(2011) and considered as a monophyletic famil@ytridiales

Chytridium A. Braun, BetrachtErschein. Verjing. Natur., Ed. 2 (Leipzig): 198. 1851
Index Fungorum Identifier 20128

Thallus eucarpic, monocentric, epnd endobiotic, the epibiotic part forming the rudiment of
the zoosporangium, the endobiotic part producihg vegetative system @nresting spore.
Zoosporangium epibiotic, sessile, operculate, formed from all or part of the zoospore cyst,
apophysate or neapophysate, smooth or ornamented. Zoospores are posteriorly uniflagellate and
are produced in the zoosporangium, usually witlingle globule. Resting spores are endobiotic,
thick-walled, and sexually or asexually formed (Sparrow 1960, Karling 1977).
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Figure 1471 Asterophlyctis sarcoptoidestrain WJID 209. a. Longitudinal section, with nucleus
within ribosomal aggregation, myite vacuoles, multiple mitochondria, a posterior flagellum with

a narrow flagellar plug and a kinetosoma&sociated structure, a shield adjacent to and anterior to
the kinetosome. b. Transverse section with nucleus within ribosomal aggregation, multiple
vacudes, multiple mitochondria, and a paracrystalline inclusion (PCI). c. LS of PCI. d. TS of PCI.

e. TS through kinetosome, adjacent to which is a lipid globule, to which is appressed a fenestrated
MLC cisterna (FC). f. LS of fenastted cisterna appresbé¢o the lipid globule; a cell coat (CC)
surrounds the body of the zoospore. g. LS; A microbody (MB) is appressed to the lipid globule;
flagellar props (Pr) connect kinetosome to plasma membrane. Scale barina, b =1.0 ym; c,d =0.5
pm; &g =0.25 um (L&chea et al. 2018).

Type speciesi Chytridium olla A. Braun, Betracht. Erschein. Verjing. Natur., Ed. 2
(Leipzig): 198. 1851 emend Vélez et al. (2011)

Notes i Chytridium has over 140 epithetdnflex Fungorum 2025), with most members
parasites or saprobion freshwater and marine algae worldwide (Sparrow 1960, Milanez et al.
2007, Vélez et al. 2011, Steciow et al. 20I2)ytridium ollais the type species &hytridiaceae
and it was first isolated as a parasite on the oospadeddgoniunby A. Braun in1851(Powell &
Letcher 2014a)Cultures are available oATCC (American Type Culture Collectionl)ACCC
(University of Alabama Chytrid Culture Collectioapnd CZEUM (Collection of Zoosporic Eufungi
at the University of Michigangndsequenceare availal® in GenBank.

Dinochytrium Leshem, Letcher & M.J. Powell, Mycologia 108(4): 735 (2016)
Index Fungorum Identifier 813312; Index Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type species Dinochytrium kinnereticurhesham, Letcher & M.JPavell 2016

Notesi The genus is monotypic and actiltative parasite on the dinoflagell®eridinium
gatunensgand saprobioyith occurrence in Israel (Leshem et al. 2016).

Irineochytrium Letcher, Longcore & M.J. Powell, in teher, Index Fungorum7b: 1 (2014)
= IrineochytriumLetcher, Longcore & M.J. Powell, in Letcher, Index Fungorum 151: 1 (2014)
(Nom. inval., Art. 40.1 (Melbourne))
Index Fungorum Identifier 550670; Index Fungorum (2025) and Species Fungorum (2025)
accepted one species.
Type speiesi Irineochytrium annulatuniDogma) Letcher, Longcore & M.J. Powell 2014
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Notesi This genus was reported as a saprobic tawath, occurrences in North and South
America, and Poland (Dogma 1969, Booth & Barrett 1976, Booth 1%téher & Powell 2002,
Letcher et al. 2014b). Cultures are available on UACCC (fiméversity of Alabama Chytrid
Culture Collection) an€€CZEUM (Collection of Zoosporic Eufungi at the University of Michigan),
and sequences are available in GenBank

PhlyctochytriumJ. Schrét., irender & Prantl, NatPflanzenfam., Teill (Leipzig) 1(1): 78 (1897);
Fig. 33ac
Index Fungorum Identifier 20409; Index Fungorum (2025) lists 73 epithets, and Species Fungorum
(2025) accepts 49 species.

Type species$ not indicated

Notesi Members of tk geaws have been reported as parasites of freshwater and marine
algae, eggs of microscopic animals, and saprobic, with worldwide distribution (Karling 1977).
Cultures are available dbZEUM (Collection of Zoosporic Eufungi at the University of Michigan),
andsequencesn GenBankPhlyctochytriumhydrodictyihas beensolated as awobligate parasite
of the green algalydrodictyon reticulatunLetcher et al. 2012a). The genus is vestablished
and accommodated i@hytridiaceae(Letcher & Powell 2005b, Véle etal. 2011, Letcher et al.
2012a, 2018, Leshem et al. 2016, Powell et al. 2018a, Jesus et al. 2021).

PolyphlyctisKarling, Sydowia 20: 86 (1968) [1966]
Index Fungorum Identifier 20437; Index Fungorum (2025) lists three species, and Species
Fungorum (2@5) accepts three species.

Type specie$ Polyphlyctis unispingdR.A. Paterson) Karling 1968

Notesi Members of the genus have been reported as saprophytic, with occurrences in Europe
and North America (Letcher & Powell 2018a)ultires are available o@ZEUM (Collection of
Zoosporic Eufungi at the University of Michigan) addCCC (theUniversity of Alabama Chytrid
Culture Collection)and sequenceme available in GenBank.

ZopfochytriumM.J. Powell, Longcore & Letcher, Fungal Biology 122(11): 1045 (2018
Index Fungorum Identifier 825642; Index Fungorum (2025) lists one species, and Species
Fungorum (2025) accepts one species.

Type specie§ Zopfochytrium polystomu@opf) M.J. Powell, Longcore & Letcher 2018

Notesi The genus hasden reported fronkurope ard North America (Powell et al. 2018a).
Cultures are available cBZEUM (Collection of Zoosporic Eufungi at the University of Michigan)
andUACCC (theUniversity of Alabama Chytrid Culture Collectigrgnd sequences are available
in GenBank

Chytriomyetacaeletcher, Mycologia 103(1): 127 (2011)
Index Fungorum Identifier 512387

Thallus eucarpic, monocentric or polycentric, sporangium endogenous or exogenous to the
zoospore cyst. With operculate or inoperculate zoosporangiunoidiizndobiotic or intbiotic.
Resting spores are endogenous or exogenous. The spherical zoospore has a single or two lipid
globules. Zoospore ultrastructure belonging to grotypé (Barr 1980Picardet al. 20@), with a
simple or fenestrated MLC cisterna and with or withauricrotubular root and allied structures
(Vélez et al. 2011, Jesus et al. 2021).

Ecology & life modesi More common in aquatic habitats than soil, degrade a wide array of
substrates. Saprobic in exuviae of mayflies, on chitin, keratin, and cellubrseiip in a wide
variety of algae species, dinoflagellates, chytrids, heliozBgthium Aphanomycesnd plants
(Sparrow 1937, Karling 1977, Longcore 1992a, Letcher & Powell 208z et al. 2013, Davis
et al. 2015, Seto & Degawa 2018a, Powell eP@IL %, Jesus et al. 2021).

Family type 1 ChytriomyceKarling, Am. J. Bot. 32(7): 363 (1945)
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Notes i1 The family was proposed by Vélez et al (2011); it is composed of 15 genera,
including the chytrid species with a Grougype zoospore (Barr 1980, Picaed al 2009).
Considering the structures of zoospores and molecular analyses, the LSU combined dataset of
partial SSU, partial LSU and ITS5.88S2 rDNA sequences. Howevethytriomycetaceadoes
not have a clear phylogenetic position, as many represestae obligate parasites that have not
yet been sequenced (Vélez et al. 2011, Seto et al. 2020b). The most complete and recent systematic
studies related to the family were by Seto et al. (2018b) and Jesus et al. (2021), using North
American isolates aha fav South American strains (Vélez et al. 2011, 2013, Davis et al. 2015,
Letcher et al. 2018, Powell et al. 2018a, 2019a, Jesus et al. 2021).

Chytriomyce<Karling, Am. J. Bot. 32(7): 368L945)
Index Fungorum Identifier 20125

Thallus epibiotic; zoospangiumwith one rhizoidal axis (rarely more than one), apical or
subapical operculum present. Zoospore with a single lipid globule (rarely many). Zoospore
ultrastructure described by Longcore (1992a). Resting spore epibiotic or endobiotic, spherical,
ovoid, or aagular, thickwalled, smooth, reticulate, tuberculate or ornamented, hyaline or yellowish.

Type species Chytriomyces hyalinukarling, Am. J. Bot. 32: 363 (1945); Figs. 15 & 33d

Index Fungorum Ildentifier 285191

Notesi The characteristics of the mes wee succinctly described by Karling (1945b) to
accommodateC. hyalinus and C. aureus Since then, new species have been described,
substantially changing the original description. Letcher & Powell (2002) redescribed the genus,
including all describe@pecis and designated the lectoty@hytriomycesas 28 species recorded
having a cosmopolitan distribution (Letcher & Powell 2002, Davis et al. 2019a, Jerdnimo & Pires
Zottarelli 2019, Spcies Fungorum 2025), being reported as saprobes and/or paisestdstcher
& Powell 2002). Most of the cultures @hytriomycesare maintained in CZEUMQpllection of
Zoosporic Eufungi at the University of Michigaand the American Type Culture Collection
(ATCC). Only three species have sequences available for ceesever, GenBank has 4,106
sequences, mostly at the genus level.

Other generain Chytriomycetaceae
AvachytriumVélez & Letcher, Mycologia 105(5): 1257 (2013)
Index Fungorum Identifier 8281; Index Fungorum (2025) and Species Fungorum (2025)
accepted e speies.

Type species Avachytrium platens¥élez & Letcher 2013

Notesi The genus was reported saprobic from pollen grains in Argentirfélez et al.
2013b). Culture was deposited at the Culture Collection of the Facultad de Ciencias Exactas y
Natuales, University of Buenos Aires, ARG 053 and GenBank sequences JX905509 and
JX905536. This species was also reported in Brazil (Jesus &Riteselli 2020).

EntophlyctisA. Fisch., inWinter, Rabenh. KryptFl., Edn 2 (Leipzig) 1(4): 114 (1892); Fig3e &
f
Index Fungorum Identifier 20222; listed 34 epithets, but Species Fungorum (2025) accepted 21
species.
Lectotype specie$ Entophlyctis cienkowskian@opf) A. Fisch. 1892
Notes i Members of the genus are mainly reported as saprobic and parasitic
Chlamydomonaspecies and show cosmopolitan distribution. Cultures and sequencesypt ex
are unavailable. However, there are cultures of other species maintained in CBENBBS
Funaal Biodiversity Centre), ATCC (American Type Culture Collectionfl £ZBJM (Collection
of Zoosporic Eufungi at the University of Michigan).

FayochytriomycedN.J. Davis, Letcher, Longcore & M.J. Powell, Mycologia 107(2): 435 (2015)
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Index Fungorum Identifier 810999; Index Fungorum (2025) and Species Fungorum (2025)
acceped ore species.

Type speciesi Fayochytriomyces spinosy§ay) W.J. Davis, Letcher, Longcore & M.J.
Powell 2015; Fig. 33g

Notesi The genus is monotypic and reported as saprobic, isadateellulose, New Jersey
(Davis et al. 2015). The culture of ety is maintainedat CZEUM (Collection of Zoosporic
Eufungi at the University of MichiganlyACCC WJD186. Distribution is cosmopolitan.

Figure 157 ac Contributing thalli,C. hyalinus a Sixhourold, uninucleate contributing thallus
illustrating perifneralzone of glycoge#tike particles (g), nucleus, nucleolus (n), mitochondria (m),
dictyosomes (d), two centrioles (arrows) irséction, and cell wall (w). b Empty contributing
thallus wih a remaining zone of glycogdike particles (g). ¢ Contributinthalli (ct) and part of
connecting rhizoidal system (arrows)f dluclear and cytoplasmic migratio@, hyalinus d Intact
centriole (arrow) and nucleus entering rhizoidal system near junction of contributing thallus body
and rhizoid. Note enlarging cytl@smicfree space (s) of body of contributing thallus. e Nucleus
passing into rhizoidal system; nuclear envelope (arrows), nucleolus (n). f Fusion body with two
irregularly shaped prkaryogamous nuclei, nucleoli (n) and mitochondria (m). Breand post
karyogamy and developing resting bodg, hyalinus g Nucleoplasmic bridges (arrow). h Rost
karyogamous nucleus prior to nucleolar coalescence. ikAogbgamous nucleus containing the
elongated product of nucleolar coalescence. j Resting body (24 hitharssociated rhizoidal
system. Note the numerous lipid globules (L) and aggregations of glytikggrarticles (arrows).

k Uninucleate (N) resting body containing lipid globules (L) aggdregations of glycogdike
particles. | Uninucleate (N) restirmpdy (47 days old) with lipid globules (L). Note a thickened cell
wall (arrows) (redrawn from Miller & Dylewski 1981).
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ObelidiumNowak., in Cohn, Beitr. Biol. Pfl. 2: 86 (1877) [1876]
Index Fungorum Identifier 20375; Index Fungorum (2025) and Specie®fund025) accepted
three species.

Type specie$ Obelidium mucronaturilowak. 1877

Notesi Members of the genus are saprobic on chibiowakowski1876 Sparrow 1937,
Willoughby 1961).Ex-type cultures are unavailable; however, three cultures aretaimesd at
CZEUM (Collection of Zoosporic Eufungi at the University of Michigamistribution is
cosmopolitan.

OdontochytriumVeélez & Letcher, Mycologia 105(5): 1259 (2013)
Index Fungorum Identifier 801483; Index Fungorum (2025) and Species Fungorum) (2025
acceped one species.

Type specie§ Odontochytrium milleriélez & Letcher 2013

Notes i The type species was reported as a saprobe and isolatedpéiten grains,
Argentina(Vélezet al. 2018). Cultures were deposited at the Culture Collection ofteultal de
Ciencias Exactas y Naturales, University of Buenos Aires, ARG 095.

PendulichytriumK. Seto & Degawa, Mycoscience 59(1): 62 (2017)
Index Fungorum Identifier 821132; Index Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type speciesd Pendulichytrium sphaericui. Seto & Degawa 2017

Notesi This genus was reported aparasite on the diatorAulacoseira granulataJapan
(Seb & Degawa 2018b). The daype culture is maintained at the Department of Environmental
Science, Facultgf Science, Toho University.

PhlyctorhizaA.M. Hanson, Am. J. Bot. 33: 732 (1946)
Index Fungorum Identifier 20410; Index Fungorum (2025) has three epithets, but Species
Fungorum (2025) has accepted one species.

Type specie§ Phlyctorhiza endogena.M. Hanson 946

Notesi The genus/species was initially accommodateBntophlyctaceadecause it has a
similar appearance tRhizophlyctigHanson 1946)Doweld (2014e) introduceBhlyctorhizaceae
to accommodate this genus. However, other important stu@tlesotl acept this placement and
regarded it as a member @hytriomycetaceagbased on the phylogeny and ultrastructure of
zoospores), along witBbelidium Siphonariaand Podochytrium(James et al. 2006b, Vélez et al.
2011, Powell et al. 2018a, Jesuse202).

PhysocladiaSparrow, Mycologia 24(3): 285 (1932)
Index Fungorum Identifier 20414; Index Fungorum (2025) and Species Fungorum (2025) accepted
one species.

Type species Physocladia obscuréSparrow) Sparrow 1932

PodochytriumPfitzer, Verh. nturh. Va. preussRheinl. Westphalens 27(Sitzungsber): 62 (1870)
Index Fungorum Identifier 20434; Index Fungorum (2025) and Species Fungorum (2025) accepted
seven species.

Type specie$ Podochytrium clavaturRfitzer 1870

Notesi Members of the genus areportel as saprobic on chitin and parasites of diatoms
(Sparrow 1933a, 1951, Sparrow & Peterson 1955, Willoughby 1961, Pé6&&r187Q Longcore
1992b). The extype culture is maintained at CZEUM (Collection of Zoosporic Eufungi at the
University ofMichigan) The distribution of the species is cosmopolitan.

RhopalophlyctisKarling, Am. J. Bot. 32: 363 (1945)

Index Fungorum ldentifier 20491; Index Fungorum (2025) and Species Fungorum (2025) accepted
one species.
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Type specie$ Rhopalophlyctis sarquoidesKarling 1945
Notesi The type species was reported saprobic on insect exuviae in Brazil (Karling
1945b).

Rhizidium A. Braun,Monatsber. Kénigl. Preuss. Akad. Wiss. Berlin: 591 (1856)
Index Fungorum Identifier 20478; Index Fungorum (2025) 5%hefs, butSpecies Fungorum
(2025) accepted 18 species.

Type species Rhizidium mycophilumA. Braun 1856

Notesi Members of the genus were reported as saprobic on chitin and cellulose and/or
parasites on diatoms and green algae (Sparrow 1960, Karliffg R&ardet al. 2009, Jesus et al.
2021). Distribution is asmopolitan.

RodmanochytriumM.J. Powell & Letcher, Phytologia 101(3): 178)Q9)
Index Fungorum Identifier 830008; Index Fungorum (2025) and Species Fungorum (2025)
accepted two species.

Type Peciesi Rodmanochytrium pyriformkl.J. Powell & Letcher 2019

Notesi Members of the genus were reported as saprobes on chitin (Powell et al. 2019a). Ex
type culture is maintained in CZEUM (Collection of Zoosporic Eufungi at the University of
Michigan). Dstributionis cosmopolitan.

RhizoclosmatiunH.E. Petersen, J. Bot., Paris 17: 216 (1903)
Index Fungorum Identifier 20480; Index Fungor(@025) and Species Fungorum (2025) accepted
8 species.

Type specie$§ Rhizoclosmatium globosuFhE. Petersen 1909

Notesi The pecies are reported aaprobes on chitin and cellulose (Petersen 1903, Powell
et al. 2019b). Distribution isosmopolitan.

SiphonariaH.E. Petersen, J. Bot., Paris 17: 220 (1903)
Index Fungorum Identifier 20523; Index Fungorum (2025) and Spé&tiagorun(2025) accepted
four species.

Type specie$ Siphonaria variabilisH.E. Petersen 1909

Notesi Members of the genus are realtas saprobic on chitin (Petersen 1903, Jetsu.
2021). Cultures are maintained at CZEUM (Collection of Zoosdouiungi & the University of
Michigan), UACCC (University of Alabama Chytrid Culture Collection). However-type
cultures are unavailable. Reported from the American continents and Great Britain.

Pseudorhizidiacea®oweld, Index Fungorum 82:1 (2014)
Index Fungoum Identifier 550390

Thallus eucarpic, monocentric, endogenous, interbiotic. Zoosporangia with multiple
inoperculate dischargeores, oval to spherical, with a single rhizoidal axis and finely divided tips.
Zoospores are posteriorly uniflagellateith soltary to multiple lipid globules. Resting spores
spherical, epibiotic (Doweld 2014c).

Family type 7 PseudorhizidiumM.J. Powell, Letcher & Longcore, Mycologia 105: 501
(2013)

Ecology & life modesi Pseudorhizidiaceaeomprises two generseudohizidium(Powell
et al. 2013, Doweld 2014c), ardelfinachytrium(Vélez et al. 2013b)These two saprophytic
genera were isolated fromusic and terrestrial ecosystems on pollen grains.

Notes T Pseudorhizidiaceaevas proposed by Doweld (2014c) to inaudhe gens
Pseudorhizidium The single speciesP. endosporangiumdescribed by Karling (1968) as
Rhizidium endosporangiunwvas considered ascertae sediby Powell et al. (2013) andélez et
al. (201d), who described the sister genslfinachytrium Seto& Degawa @018b) and Jesus et
al. (2021) considered the clade composed of these two gerinceidae sedis
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PseudorhizidiumMJ Powell, Letcher & Longcoréylycologia 105: 501. 2013

Index Fungorum Identifier 801458

Thallus eucarpic, monocentyiendogenous, &@dbiting interbiotic tendencies when grown with
pollen in water cultures. Zoosporangia inoperculate with multiple discharge pores, oval to
spherical, with a single main rhizoidal axis with finely divided tips. Zoospores are posteriorly
uniflagellae, typially containing one large lipid globule, sometimes multiple lipid globules.
Resting spores are spherical and epibiotic (Powell et al. 2013).

Type speciesi Pseudorhizidium endosporangiatufiKarling) MJ Powell, Letcher &
Longcore, Mycologid 05: 501 (2013)

Notes i Pseudorhizidiumwas described by Powell et al. (2013) baseditsnthallus
morphology, molecular phylogenetic placement and unique zoospore ultrastructure.
Pseudorhizidium endosporangiuthe type species, was described by Karli®68) & Rhizidum
endosporangiumrhis genus/species has occurrences in Oceania and theRa8&I( et al. 2013).
Cultures are available on the University of Alabama Cryoculture Collection GaEUM
(Collection of Zoosporic Eufungi at the University of ddigan),and segences are availablen
GenBank.

Other genus inPseudorhizidiaceae
Delfinachytrium Vélez & Letcher, Mycologia 105(5): 1261 (2013)
Index Fungorum Identifier 801577; Index Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type specesi Delfinachytrium mesopotamicuwélez & Letcher 2013

Notesi The type species was reportedsaprobic in ArgentindVélez et al. 2013b)Cultures
are available in the Culture Collection of the Facultad de Ciencias Exactas y Naturales, University
of Buenos AiresandCZEUM (Collection of Zoosporic Eufungi at the University of Michigan).

ScherffeliomycetaceaBoweld, Index Fungorum 122: 1. 2014
Index Fungorum Identifier 550469

Thallus eucarpic, monocentric, extramatrical, -epnhd endobiotic, comging of an
extramatrical persistent cyst of the zoospore, the proximal part of the germ tube, an epibiotic
expanded rudiment of the sporangium and an endobiotic vegetative system, which may be rhizoidal
or haustorial, sometimes with an apophysis. Zoaspga inopercuke. Zoospores are posteriorly
uniflagellate, with a single orange lipid globule. Resting spore 4valked, epibiotic (Doweld
2014a).

Family type 1 ScherffeliomyceSparrow, Mycologia 26: 377. 1934

Ecology & life modesi Scherffeliomyceghe simgle genusof the family, was isolated as a
parasite of freshwater green algae.

Note i Sparrow (1934) introduce8cherffeliomyceand accommodated it iRhlyctidiaceae
(Sparrow 1960). Doweld (2014a) introduced the fanSigherffeliomycetacea® accanmodate
Scherffiomyces These species lack sequences, and the classification and molecular position can
be considered uncertain in tGaytridiales

ScherffeliomycesSparrow, Mycologia 26: 377. 1934.
Index Fungorum Identifier 20508
Thallus eucarpic, nmmocentic, extranatrical, epi and endobiotic, consisting of an
extramatrical persistent cyst of the zoospore, the proximal part of the germ tube, an epibiotic
expanded rudiment of the sporangium and an endobiotic vegetative system. Zoosporangia
inoperculdée. Zoospores ar posteriorly uniflagellate, with a single lipid globule. Resting spore
thick-walled, borne like the zoosporangium, epibiotic; germination not observed (Sparrow 1960).
Type species Scherffeliomyces parasitaifSparrow) Sparrow, Bot. J. . Soc 50: 446
(1936)
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Notes i Sparrow (1933a) introduced the genSsherffeliaSparrow (1933a), but it was
illegitimate (nonScherffeliaPascherl911 (Algae)). Thus, Sparrow (1936) established the new
name,Scherffeliomycedp replaceScherffelia Studies are necessaty confirm the classification
and molecular position of this genus/specieShytridiales

NephridiophagaleDoweld

NephridiophagaceadRk. Radek, Letcher, Wijayaw., P.M. Kirk & K.D. HydEBungal Diversity92:
45 (2018)

Index Fungorumdentifier550099

Nephridiophagids multiply in the lumen of the Malpighian tubules of insects, but
occasionally individuals may also occur in theiritleglial cells (lvani 1937, Gibbs 1959,
Woolever 1966, Radek & Herth 1999). Life stages comprise vegetakrogonial plasodia and
sporogenic plasmodia with endogenous spore formation and residual somatic nuclei. Flagellated
forms have not been found. Nuclear division takes place via cryptomitosis (closed mitosis with an
intranuclear spindle). Transmissiogs ensured by oraliptake of spores released with the host
faeces.

Family type i Nephridiophagd v a Galldle,45: 291324 (1937)

Life modes and distibution i No freeliving representatives of nephridiophagids have been
documented. Their typical habitats are the Malpighian tubules of insects. Most luminal plasmodia
adhere to the microvilli of thaubule cells by tiny protrusions. During the vegetative multiplication
cycle, multinucleate merogonial plasmodia divide into oligo uninucleate stages. Other
plasmodia enter sporogony and form spores endogenously: sporogenic cytoplasm surrounding a
geneative nucleus is delimited by cisterns of the endapiaseticulum, and spore wall material is
subsequently deposited between the resulting membranes (Radek & Herth 1999). The spore wall
contains chitin (Radek et al. 2002). Residual somatic nuclei alieaysin in the cytoplasm of the
mother plasmodium. During spore formation br tetranuclear sporoblasts have been observed,
which implies that sexual stages (formed by meiosis) exist {lvanl 9Mafure spores are mostly
uninucleate and have a flatteredal form.

Notesi Nephridiophagawas introduced byvanil (1937) for the unicellular spotfierming
parasite of the honeybedgphridiophaga apisThe parasite lives in the Malpighian tubules of its
host and partially destroys the epithelial cells. Thstesnatic position oNephridiophagaand
morphologically similar sporéorming protists of arthropods has long been discussed (see Radek &
Herth 1999, Voigt et al. 2021). lime first report published by Lutz & Splendore (1903), the so
call ed Ome wisrdi dd eotpehcat e d i n Pdriglanetd nmeericana were ¢ o C |
misclassified as microsporidia and describedlestophora periplanetaelhe poor morphological
characteristics of the nephridiophagids led to further contested affiliations, for instahcenhe
haplosporidia (Woolever 1966, Purrini & Weiser 1990) or mycetozoa (Léger 1909). In 1970,
Sprague created the famiephridiophagidaewithin the classHaplosporea Other genera of
sporeformers were included in the family by several authors @mal970, Toguebaye et al.
1986, Lange 1993). Purrink Weiser (1990) transferred all species Néphridiophagato
Coelosporidiumand even rejected the family namephridiophagidaein favour of the name
Coelosporidiidae Like in previous reports, the awotts assumed that the spdoemers in the
Malpighian tubules belong to the haplosporids and therefore referred to theafirstl species, i.e.,
Coelosporidium blattellag¢Crawley 1905a, b). Howeveoelosporidium chydoricolathe type
species ofCoelospoidium, was from a cladocere (Mesnil & Marchoux 189@pd has been
confirmed to be a member of the haplosporida, thus, the tubule parasites from insects do not belong
to that group. Thus, the family nan@melosporidiidaeand the genus nam@oelosporidiunmust
be rejected for members of the nephridiophagids. The systematic affiliation of the nephridiophagids
to the fungi could only be clarified by molecular phylogenamalyses of the SSU rRNA gene
(Wylezich et al. 2004, Radek et al. 2017). Accepting timgél nature of the group, Wijayawardene
et al. (2018)introduced the new familfNephridiophagaceaas an earhpranching fungal clade
within the order NephridiophagalesDoweld. Recently, an extended molecular phylogenetic
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analysis using long rDNA amplicerof several species revealed an affiliation of these parasites to
the Chytridiomycota(Strassert et al. 2021). rDNA sequences are availabl&éphridiophaga
isolates from eight cockroach species and for nephridiophagids isolated from the European earwig
and a mallow beetle (Radek et al. 2023).

Radek & Herth (1999) discussed the validity of genera included inNBphridiophagidae
and accepted four gener&oleospora Nephridiophaga Peltomyces and Oryctosporaas true
members. Most reports of these genare from cockroaches (ten species) and beetles (six species).
The only nephridiophagids from other insect ordersh\arapisfrom the honey bee (Hymenoptera)
andNephridiochytrium forficulaéRadek et al. 2023) from the European earwig (Dermaptera).

Nephridiophagal v a @elldle,45, 291324 (1937)
Index Fungorum Ildentifier 29112

The characteristics ofNephridiophaga correspond to the family description of
NephridiophagaceaeMature spores are always uninucleate and have a flattened oval form with a
central spore aggning on one side. The spore sizes of the species vary betwe8mx 2% um.

Original type speciesi Nephridiophaga api$vanil , Cellule 45: 291324 (1937).

New type specie$ Nephridiophaga blattellaeRadek et al., Taxon 71(2): 472 (2022);
Fig. 16

Notesi | vani | (1937) sNephadiophagaftr @ dondy bee paghegeruand
introducedN. apisas the type species. Meanwhile, many further speciéephridiophagahave
been described, mainly from cockroaches. Their closer relationsiNp apis however, remains
enigmatic due to the lack of preserved specimens. Alsapishas never been isolated again. Only
the published drawings by Ilvanii (1937) survi
nephridiophagids are closely relateddach other (Strassert et al. 2021), tyeaupporting their
affiliation to the same genus, the only existing sequences frortouknoach nephridiophagids,
i.e., from the European earwig pathogen and the mallow beetle pathogen, are igraigier
posiions (Radek et al. 2023). Thus, it is highly probable that the nephridiophagid from the honey
bee, which is likewise phylogenetically only distantly related to cockroaches, is also more loosely
related to théNephridiophagaspecies from cockroaches. To mtain stability in the naming of the
majolity of nephridiophagid specie®ephridiophaga blattellaethe besinvestigated cockroach
nephridiophagid, was chosen as a new conserved type (Voigt et al. 2021, Radek et al. 2022). The
former typeNephridiophagaapis should therefore receive a new generic name. The same may be
necessary for th&lephridiophagaspecies described from beetles, . meloidorum(Purrini &
Rhode 1988, Lange 1993, ormieresi(Toguebaye et al. 1986, Purrini & Weiser 1990)tangae
(Purrini et al. 1988, Lange 1993), ahd schalleri (Purrini & Rhode 1988, Lange 1993). The
following species infecting cockroaches are true members of the déapisridiophaga N.
archimandrita(Radek et al. 2011)\l. blaberi(Fabel et al. 2000. blatellae (Crawley 1908,k
Woolever 1966)N. javanicae(Strassert et al. 2021N. lucihormetica(Radek et al. 2011)N.
maderag(Radek et al. 2017N. periplanetagLutz & Splendore 1903, Lange 1993), addpostici
(Strassert et al. 2021).

Nephridiophag blattellaeis the new conserved type whilives in the Malpighian tubules of
the German cockroacBlattella germanicaFig. 16). Recently, it was shown that infected hosts
have an overall reduced fitness (Strassert et al. 2022). The ahimdalewer fareserves, showed
reduced mobility, produced less progeny, and the ability to detoxify pesticides decreased. The life
cycle of N. blattellaeis well known Crawley 1905, Woolever 1966, Radek & Herth 1999).
Experimental oral infection of parasiteee hos$s revealed intracellular plasmodia as first
detectable stages afterilly days (Woolever 1966). The author hypothesized that the sporoplasms
hatch in the gut, pass through the gut wall into the hemocoel andritesrthe tissue of Malpighian
tubules,which lie upon and near the gut surfaBarasitebearing tubule cells grow and protrude
into the lumen before they break open and release numerous parasite cells. Further development of
vegetative and sporogenic plasmodia takes place in the tubule I{figen 1 6). Sporogenic
plasmodia mostly antain 1030 spores and residual somatic nuclei (Figs. 3, 6). Native mature
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spores are flattened oval ( BeW)oumin le@gthand 8.;(3.6 hi ¢ k
3.5) em in width @ARentdakesporeSopeiing thtobgh Wwhecld @ectious
sporoplasm hatches could be detected on a flat side of the spore (Radek et aCy@66Bgmical

and fluorescence labelling indicate the presence of chitin, protein, and calcium as components of
the spre wall(Radek et al. 2002).

Other genera in Nephridiophagaceae
ColeosporaGibbs,Parasitology 49: 55558 (1959)
Index Fungorum Identifier 22092; Index Fungorum (2025) and Species Fungorum (2025) accepted
one species.

Type species Coleospora binucleatGibbs

Notes i Coleospora binucleatanfects the Malpighian tubules of the tenebrionid beetle
Gonocephalum arenariurfGibbs 1959). No further species of this genus have been described to
date. Life cycle and morphology of the stages resemble thdsepdfidiophaga In addition to the
typical dewelopment in the lumen of the tubules, intracellular plasmodia infecting the tubular
epithelium are common. The numerous intracellular plasmodia form projections into the tubule
lumen during growth before they amdeased. Big multinucleate plasmodia ie thmen start spore
formation. Within the sporogenic plasmodia, gametes are formed and fuse to form binucleate cells.
After the formation of a synkaryon, the resulting sporoblasts secrete a spore wall. When ihe wal
fairly well developed, the nucleus dergoes a further division. Thus, the mature spores possess
two nuclei, each located about etterd from the ends. The elongated spores measure about 10.5 x
2.5 um. In saline solutions, they possess two elevai@djinal ridges and a central longitudinal
depression and ends, which are slightly curved in opposite directions. During experimentally
induced hatching of the sporoplasm, a central spore opening allows the emergence of an elongated,
binucleate cell.

Figure 167 Nephridiophaga blattellaérom the German cockroach Blattella germanica. a Spores
(s) in the lumen of a heavily infected Malpighian tubule. Differential interference contrast (DIC). b
Paraffin section of infected Malpighian tubules stained waimélaun eosin. Sporogenic plasmodia

(sp) and vegetative plasmodia (vp) attach to the tubule epithelium. Arrow = uninucleate stages. ¢
Released sporogenic plasmodia of different sizes. DIC. d Single spores. DIC. e Sporogenic
plasmodium; sporgvalls stainedwith fluorescent dye calcofluor. f Ultdaih section of an infected
Malpighian tubule. Vegetative plasmodia (vp) with numerous nuclei (n), sporogenic plasmodia (sp)
containing sporoblasts (sb), mature spores (s), and residual somatic nuclei (sn). brediaSp
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with thin sporewall, nucleus ad aggregation of endoplasmic reticulum (er). Transmission electron
microscopy. Scale barsi@= 20 um, e, f = 10 um, finset = 1 um. © 2022 Renate Radek, all rights
reserved.

Malpighivinco Radek & Strassert, Myca/s 100: 255 (2023)
Index Fungorum Iderfier 850002; Index Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type speciesi Malpighivinco podagricaeRadek & Strassert 2023, MycoKeys 100: 255
(2023)

Notesi This nephridiophagid has recentigen described from the mallow bed®ladagrica
malvae(Radek et al. 2023). A similar infection has already been found in a closely related host,
Podagrica fuscicornis and was originally classifiechs a haplosporidin (Coelosporidium
schaller) by Purrin & Rhode (1988). Lange (1993) later apsed it to the genuNephridiophaga
asNephridiophaga schalleriThe new nephridiophagid frof. malvaehas sporogenic plasmodia
with considerably fewer and shorter spores than those Rofascicornis Molecular éta of the
nephridiophagid fronP. malvaerevealed a branching in the phylogenetic tree as sister to all other
nephridiophagids from cockroaches and the earwig, justifying the assignment to the new genus
Malpighivinco (Radek et al. 2023)The nameMalpighivinco refers to the Malpighian tubules as
habitat, and the Latin word Avincoo (verb dv
infects the tubules. The species epithetlagricaerefers to the mallow beetle host of the genus
Podagrica Probably the nephridiophagid fromR. fuscicornisbelongs to the same genus and not to
Nephridiophaga

There are no obvious differences in morphology and life cycle from other nephridiophagid
genera. In addition to oligeand multinucleated vegetative plasmodigosogenic plasmodia are
present, which fernally form spores {86, mean 21.5 spores per plasmodium). The oval,
flattened spores measure 4.2 (3G) x 2.3 (212 . 5) em and possess a ¢
opening at one side of the mature spores. Prgséfdlpighivincois a monotypic genus.

NephridiochytriumRadek & Strassert, MycoKeys 100: 254 (2023)
Index Fungorum Identifier 850000; Index Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type specesi Nephridiochytrium forficuladRadek & Strassert 2023, MycoKeys 100: 254
(2023)

Notesi This pathogen was described by Léger (1909) as a specidtomycedrom the
European earwigForficulae auricularia and was namedPeltomyces forficulagMycoBank
147059). Later, this pathogen was investigated in more detail and rerdepdddiophaga
forficulae (Ormiéres & Manier 1973 In contrast to the only safely assigned species of the genus
PeltomyceqPeltomyces hyalinQisthe mature spore of the earwig pathogen contains only one
nucleus. In a recent study, it was shown that the $8NA gene sequence of the earwig
nephridiophagid is more distantly related to Nephridiophagasequences from cockroaches and
branches as a sister to them (Strassert et al. 2021). Based on these data and additional
morphological studies, the earwig nepliwphagid was classified as a new genus,
Nephridiochytrium and renamedNephridiochytrium forficulag Ra d e k et al . 2023
refers to the site of infection, the nephric
assignment to th€hytridiomycota

The life cycle with the oligo and multinucleated vegetative plasmodia and sporogenic
generative plasmodia is similar to other generbl@bhridiophagaceaeA sporogenic plasmodium
contains 1B37 (mean 19) flattened oval spores, which meas@éb@6.9) x3.2(283 . 5) e m.
central cappd spore opening is present at one side of mature spdephridiochytriumis a
monotypic genus.

OryctosporaPurrini & Weiser,Zoologische Beitrage 33, 20820(1990).
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Index Fungorum Identifier 9204@dex Fungorum (2025) and Species Fungorum (2025) accepted
one species.

Type specie§ Oryctospora alatdPurrini & Weiser 1990

Notesi Oryctospora alatavas described to infect the Malpighian tubules of the rhinoceros
beetle Oryctes monocerogPurrini & Weiser 190). Only adult beetles carried the infection,
became lethargic, and died afteri30 days. Their Malpighian tubules became partially
hypertrophic.

Merogony and sporogony processes ©Ofyctospora are very similar to those of

Nephridiophagaput the maturespores are oval, measuring 7705 x 3.0f 3.5 pym, with up to 2.5
pm wide lateral protrusions (alae) on both sides. One to 13 uninucleate spores are formed within a
sporogenic plasmodium. Currentlyryctosporas a monotypic genus.

Peltomyced éger, CompteRendues de | 6 Acad®mi23024d €19309)Sci enc e s
Index Fungorum Identifier 12172; Index Fungorum (2025) listed three epithets, but Species
Fungorum (2025) transferred two speciebléphridiophaga.

Type specied Peltomyces hyalinukéger, ®@mpt es Rendues de | 6Acad®r
149, 239241 (1909)

Notesi Peltomyces hyalinusfects the Malpighian tubules of the tenebrionid be@llecrates
abbreviatus.The life cycles ofPeltomycesand Nepridiophagaare similar, but there are some
differences in spore formation (Léger 1909heTgenerative and somatic nuclei have a typical
position in the sporogenic plasmodia. While the big generative nuclei accumulate in the centre of
their mother cell, the small somatic nuclei move to the penpfidre generative nuclei seem to be
able to undergo sexual processes with the formation of gamete nuclei and fusion to a synkaryon.
The formation of a wall around the synkaryon and its surrounding cytoplasm leads to the
production of spores. Mature sporesve a cylindrical form with rounded ends X93 pm) and
contain two nuclei since the original nucleus divides by mitosis. Occasionally, some gametes within
the sporont do not copulate but form parthenogenetic spores directly that are only half the size of
the sexual spores (Léger 1909).

Léger(1909)named a second species,forficulae(MycoBank 147059jrom the European
earwig Forficulae auricularia Later, this pathogen was renamedNephridiophaga forficulae
(Ormiéres& Manier 1973. The mature sperontains only one nucleus. In a recent study, it was
shown that the SSU rRNA gene sequence of the earwig nephridiophagid is more distantly related to
the Nephridiphagasequences from cockroaches and branches as a sister to them (Strassert et al.
2021, Raek et al. 2023). Thusthe earwig nephridiophagid received the new genus name,
Nephridiochytrium.

PolyphagaleDoweld
Polyphagaceaé&. Maekawa, J. Jap. Bot. 21: 119. 1948
Index Fungorum Identifier 816487

Thallus eucarpicmonocentric, interbiotic. Repdoidive rudiment formed as an outgrowth
from the body of the encysted zoospore, with radially oriented rhizoids. Zoospores posteriorly
uniflagellate. Resting spores sexually formed in conjugation tube produced by 1 of 2 conjugating
thalli (Sparrow 1960, Kding 1977, Doweld 2014d).

Family type 1 PolyphagusNowak., in Cohn, Beitr. Biol. Pfl. 2(2): 203. (1877) [1876]

Ecology & life modesi This family is composed of two geneRglyphagusthe type genus,
andVolvorax(= Endoco@obium) whose species were fodias parasites of freshwater algae.

Notesi The phylogenetic analyses based on 18S rRBduences dPolyphagus parasiticus
corroboratedhe erection of théolyphagalesoy Doweld (2014d), an order that formed a clade
sister to Gromochytrialesand Mesoclytriales (Karpov et al. 2016b). Posteriorlphylogenetic
analyses based on 18S and 28S rDNA sequences showeBnih@atoenobium eudorinag=
Volvorax ingoldi) clustered together witRolyphagus parasiticysvhich was furtheconfirmed by
Van der Wyngaenttal. (2018).
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PolyphagusNowak., Beitr. Biol. Pfl. 2(2): 203. (1877) [1876]
Index Fungorum Identifier 20436

Thallus eucarpic, monocentric, consisting of an expand central part, the rudiment of the
prosporangium, with two or more rhizoids, much bradglstrongly polyphagous, only the tips
endobiotic. Zoosporangia inoperculate, formed as an outgrowth from the prosporangium.
Zoospores posteriorly uniflagellate, completely formed into zoosporangium, with a single globule,
discharged by one pore. Restimgpe thickwalled, with a large globule, formed in conjugation
tube produced by 1 of 2 conjugating thalli; upon germination functioning as a prosporangium
(Sparrow 1960).

Type speciesi Polyphagus euglenagBail) Nowak., in CohnBeitr. Biol. Pfl. 2(2): 2@.

(1877) [1876]

Notesi Polyphaguscomprises eleven epithets (Species Fungorum 2025). These species are
parasitizing susceptible algae around the world. It fivas placed into theChytridialesbased on
morphology and ultistructure data Sparrow 1960, Hrling 1977, Powell 1981). However,
molecular studies included this genusPiolyphagalegKarpov et al. 2016b, Van der Wyngaert et
al. 2018). @ltures are available on theulture Collection of Parasitic Protista at the Zoological
Institute RAS (CCPP ZINRAS) and sequencas GenBank.

Other genus inPolyphagaceae
Volvorax Doweld, Index Fungorum 37: 1 (2013)
Index Fungorum Identifier 550301; Index Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type specie§ Volvorax ingoldiiDoweld 2013

Notesi Reported from the United Kingdom, Germany and Switzerland (Sparrow 1960, Van
der Wyngaert et al. 2018). Cultures are not available, but sequences are avail@ableBank.

Saccopodiale®oweld
Saccopodiaceadacz. & P.A. Jacz., Opredelitel' gola Sovershennyye griby (diploidnyye stadii).
3-ye izd. [Vyp. 1]. Fikomitsety: 46 (1931)
Index Fungorum Identifier 90715

Mycelium well developed, branched, extending inside substrate; sporangiophore simple,
cylindrical, protuding from the substrate, beéag a cluster of spherical sporangia at apex;
sporangia with a simple mouth at the apex from which zoospores emerge. Resting spore.unknown

Family type T Saccopodiunsorokin, Hedwigia 16: 88 (1877)

Ecology & life modesi Parasite oCladophora

Notes i Sacompodiaceaeis a monotypic family inSaccopodialegfDoweld 2014j). It is
necessary to do further sampling and carry out molecular analyses to confirm its classification and
phylogenetic placement.

Saccopodiuntorokin, Heavigia 16:88 (1877)
Index Fungoum Identifier 20498

Thallus tubular, without cross walls, branched, endobiotic with extrametrical unbranched
sporangiophores; sporangia in clusters of from six to twelve at the tips of the extrametrical
sporangiophores, spherical or pyriformithout a dishage tube; zoospores oblong, emerging
through an opening in the sporangium, flagella not observed; resting spore not ofSparealw
1960).

Type specie§ Saccopodium gracil&orokin, Hedwigia 16:88 (1877)

Notei Saccopdiumis a monotypic genus chatarized by clustered zoosporangia at the tips
of sporangiophores. Sorokin (1877) could not observe a flagellum for this fudgosopodium
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was regarded as an imperfectly known genus o€tadochytriaceaéSparrow 1960) or a genus of
doubtful affinity (Karling 1977).

ZygophlyctidaleX. Seto
Zygophlyctidacea&. Seto, Fungal Systematics and Evolution 5: 32 (2020)
Index Fungorum Identifier 831580

Thallus monocentric, eucarpic, endogenous; zoosporangium epibiotic, opereelsting
spore formed aftewsion of male thallus and female thallus via conjugation tube (Seto et al. 2020b).

Family type 1 ZygophlyctisDoweld

Ecology & life modesi Diatom parasites

Notesi Seto et al. (2020b) introduc&ygophlyctidaleso accommodat&ygophlyctidaceae,
which includes three diatom parasit&ygophlyctis asterionella&. melosiragandZ. planktonica
This phylogenetic group (Jelkas etkain 2008) aansd ficNbonvpeol s €
environmental sequences from freshwatenvimnments. Zygophlyctidales belongs to
ChytridiomycetesensuHibbett et al. (2007)put this order could be placed in an independent class
in Chytridiomycotan the taxonomic system of Tedersoo et al. (2018).

Zygophlyctidaceaacludes a single genug8ygophlyctis

ZygophlyctisDowdd, Index Fungorum 114: 1 (2014)
Index Fungorum Identifier 550450

Thallus monocentric, eucarpic, sporangium and resting spore developed by direct
enlargement of the zoospore. Sporangium ampulliform to pyriform. Rhizoid&nsyetdobiotic,
of branched thr@ds operculum develops at the top of an apical papilla and dehiscence apical.
Zoospores with dispersed or loosely aggregated ribosomes and a rumposome complex, possess
some vesicle types (fibrillar vesicle lies adjacent to the fenestrated cisternaa)ndionél
centriole constructed of a ring of singlet microtubules or occasionally containing two or three triplet,
and often completely disassociated from the kinetosome. Resting spores are globose, and spherical
(Doweld 2014y, Seto et al. 2020b)

Type speiesi Zygophlyctis planktonicBoweld, Index Fungorum 114: 1 (2014)

Notei Zygophlyctisncludes three species of diatom parasitic chytrids, which were formerly
known as members of the gentygyorhizidium Doweld (20149) pointed out that the descriptions
of Zygorhizidium planktonicurCanter & Lund 1953, Canter 196Wgre invalid and gave a new
description of the species. However, Doweld (20149g) described a new gggaphlyctis without
molecular evidence. SubsequentlytdSet al. (2020b) revealed that planktonicaand two related
species are distinguished from the type speci&sy/gbrhizium Z. willei, in zoospore ultrastructure
and molecular phylogeny, which validates the genus establishment by Doweld (20149).

Zygorhizidialesk. Seto
Zygorhizidiaceae Doweld, Index Fungorum 102: 1 (2014) emend. K. Seto, Fungal Systematics and
Evolution 5: 30 (2020)
Index Fungorum Identifier 550424

Thallus monocentric, eucarpiendogenous; zoosporangium epibiotic, operculate; resting
sporeformed after fusion of mleand female thallus via conjugatitube(Seto et al. 2020b)

Family type 1 ZygorhizidiumLowenthal

Ecology & life modesi Parasites of green algae and chrysophycean algae

Notes i Zygorhizidiaceaewas proposed byDoweld (2014i), based on the zoospore
ultrastructural characteristics @. affluensobserved byBeakes et al. (1988However, molecular
phylogenetic analysis oZ. affluens(RadMenéndez et al. 201&vealed that it is related to
LobulomycetalegLobulomycetgs which is separated from thepiy species ofZygorhizidium
Therefore, the description ofygorhizidiaceaewas emended based on morphological and
ultrastructural characteristics af willei (Seto et al. 2020bXurrently,Zygorhizidiaceaéncludes a
single genusZygorhizidium
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Zygorhizidium Lowenthal, Archiv fur Protistenkunde 5: 228 (1905)
Index Fungorum Identifier 20609

Thallus monocentric, eucarpic. Zoospore posteriorly uniflagellate. Zoosporangium operculate,
epibiotic, sessile, formed from the emjad body of the encysted zoospoRhizoidal system
endobiotic, consisting usually of a subsporangial apophysis with or without an unbranched or
branched broad rhizoid. Resting spore epibiotic, sessile -tiadkd, formed from the body of the
receptive thallus after conjugation with usually contributing smaller thallus by means of a
conjugation tube produced by the smaller thal&garrow 196Q)

Type species’ Zygorhizidium willeiLéwenthal, Archiv fir Protistenkunde 5: 228 (1905);
Fig. 17

Notes i Zygahizidium formerly belonged tothe order Chytridiales (Sparrow 196Q)
However, it was placed in the new ordg&rgorhizidialesbased on the molecular phylogeny and
zoospore ultrastructure of the type spedesvillei (Seto et al. 2020byygorhizidialesbelongs to
Chytridiomycetessensu Hibbett et al. (2007) However, this order could be placed in an
independent class i@hytridiomycotan the taxonomic system of Tedersoo et al. (2018).

Zygorhizidium comprises eleven species, including invalid species amuding Z.
vaucheriaewhose dfiinity to the genus is unsure because of its anteriorly uniflagellate zoospores
(Karling 1977) Three diatom parasitic species were transferreygmphlyctisn Zygophlyctidales
(Seto et al. 2020b), and another diatom parasite,affluens should be exoded from
Zygorhizidium(RadMenéndez et al. 2018)The remaining seven species include parasites of
zygnematophycean green algae (two species), chrysophycean algae (two species), and
chlorophycean green algae (three spéci€sirrently, only the type spes Z. willei has been
accepted by molecular analysis.

Chytridiomycetegamilies incertae sedis
Amoebochytriacea®oweld, Index Fungorum 58:1 (2014)
Index Fungorum Identifier 550356

Thallus polycentric, eucarpic, consisting of a branched rhizoidal syis¢armng intercalary
swellings. Sporangia inoperculatpyriform, basally apophysate with more or less prolonged
discharge tubes, formed by enlargement of the body of the enagsisgore or of the intercalary
swellings of he rhizoids, cut off at matuyitby cross walls from the vegetative system and often
disarticulated. Zoospores are aflagellate, ovoid, with a large yellowish globule, escaping by forcing
one of the gelatinized cross wallslovement strongly amoeboid; resting spores not observed.
Saprophytic in the gelatinous matrix of colonies©haetophoraelegangDoweld 2014k)

Family type T AmoebochytriunZopf

Ecology & life modei on Chaetophora

Notes i Amoebochytriaceaavas proposed by Doweld (2014k) based on monxaioal
characteristics observéy Zopf (1884),but there is no evidence from molecular phylogeny.

AmoebochytriumZopf, Nova Acta AcadLeop-Carol. 47: 181 (1885)
Index Fungorum Identifier 20023

Thallus polycentric, eucarpic, consisting of a branched rhizoidal system bearing on it
interalary swellings. Zoosporangia inoperculate, formed by enlargement of the body of the
encysted zoospore or of the intercalary swellings of the rhizoids, cut off at maturity by cross walls
from the vegetative system and oftelisarticulated. Zoospores Wwiu flagella, escaping by
forcing one of the gelatinized cross walls, and amoeboid movement. Resting spore not observed
(Zopf 1884, Sparrow 1960).

Type species Amoebochytrium rhizidioideBopf, Nova Acta Acad. LeogCarol. 47: 181
(1885)

Notesi The gemisis monotypic and apparently restricted to Europe. Cultures or sequence
data are lacking; thus, this genus needs a systematic revision to confirm its suprageneric placement.
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Figure 17 i Morphology of Zygorhizidialesand Zygophlyctidales ac Zygorhzidium willei
(Zygorhizidiale$ parasitic on Gonatozygon brebissoniia Mature zoosporangium. b Empty
zoosporangium with an operculum (arrowhead). ¢ Resting spore and empty male thallus connected
by a conjugation tube.-tlZygophlyctis planktonicéZygophjctidales on Ulnaria sp. d Mature
zoosporangium. e Zoosporangium with an operculum (arrowhead) during zoospore discharge. f
Resting spore and empty male thallus connecte

SparrowiaceaeDoweld, Index Fungorum 104(2014)
Index Fungorum Identifier 550426

Thallus monocentric, eucarpic, epibiotic. Sporangia and resting bodies with a basal
hemispherical protuberance derived from the zoospore cyst, rhizoids branched, endobiotic,
sometimes digitate. Sporangia opertellaoospores posteriorly uniflagellate, with a single lipid
globule. Resting bodies are elongated, divided by a cross wall into an empty proximal portion and a
distal thickwalled portion (resting spore).

Family type 1 Sparowia Willoughby

Ecology & life modesi Parasite of oogonia @omycetes

Notes i Sparrowiaceaewas proposed byDoweld (2014l) based on morphological
characteristics observed Willoughby (1963) but there is no evidence from molecular phylogeny.

SparrowiaWilloughby, Nova Hedwigia 536 (1963)
Index Fungorum Identifier 20531

Thallus monocentric, eucarpic, epibiotic. Sporangia and resting bodies with a basal
hemispherical protuberance, the latter derived from the zoospore cyst, and with a delicated branche
endobiotic rhizoid. Sporangiwith a single operculum. Zoospore with a single oil globule and
posterior flagellum. Resting bodies are elongated, divided by a cross wall into an empty proximal
portion and a distal portion (the resting spore), which is thiaked and contains oil glaibes
(Willoughby 1963).

Notesi Sparrowiacomprises two species with a cosmopolitan distribution. DNA sequences
are lacking, thus highdevel classification is uncertain.

Type specie$ Sparrowia parasiticaVilloughby, NovaHedwigia 5:337 (1963); Fig. 18

SphaeromonadaceaBoweld, Index Fungorum 108: 1 (2014)
Index Fungorum Identifier 550435

Monocentric and unri or multisporangiate; rhizoids bulbous; sporangiophores branched;
zoospores spherical to ovoid, uniflagellate, occasionally biflagellate (extrdcisn Doweld
20140)
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Family type 7T SphaeromonaE. Liebet.

Ecology & life modesi Stomach of a ruminant in Switzerland

Notesi Doweld (20140) introduced this family to accommodaphaeromonasihe genus
comprises three sped (Species Fungorum 2025).

Sphaeromonask. Liebet., Arch. Protistenk. 19: 25 (1910)
Index Fungorum Identifier 25137
Similar to the family description.
Notesi Similar to the notes under the family.
Type specie§ Sphaeromonasiinima E. Liebet., Arch. Protistenk. 19: 31 (1910)

TetrachytriaceaeDoweld, Index Fungorum 39:1 (2013)
Index Fungorum Identifier 550321

Thallus polycentric, eucarpic, hyphoid. Sporangiophore axes are dichotomously branched,
bearing 3 terminal, solitary, apicallyperculate zoospangia (with apical umbo) and single
sterile recurved appendage (branch). Asexual reproduction by zoospoosgiores spherical,
posteriorly uniflagellate, with a vacuole, forming outside the sporangium in an evanescent vesicle,
movement not amoeboid. Sexual reproduction by zygosp8apsophytes on decaying wood and
grassstems, insect cadavers (Coleoptéextracted from Doweld 2013a)

Family type T TetrachytriumS or ok ¢ n

Ecology & life modesi Saprobic ordecaying wood, grasgems, and insect cadaser

Notesi In the description offetrachytriaceagDoweld (2013a) indicatedetrachytriumas
the type genus of the family and did not mention other genera. Howeseardeng to his
description Zygochytriums also included in this family.

TetrachytiumSor ok on, Bot. Ztg. 32:311 (1874)
Index Fungorum Identifier 20567

Zoospore upon germination developing at one pole a cylindrical axis which forms distally a
single slort reflexed lateral sterile branch and three terminal ones, each of which bears a single
operculate sporangium, developing at the opposite pole a lobed holdfast which anchors the plant to
the substratum; the thallus polycentric, eucarpic, idea zoopores four, with a central vacuole,
posteriorly uniflagellate, mature outside the sporangium in a delicate evanescent vesicle which
envelops the extruded protoplasm after dehiscence of the operculum, conjugating in pairs to from a
new sporangial plant; nesting stage formed (Sparrow 1960).

Type specie$ Tetrachytrium tricep& o r 0 k § ng, 32:B161(1874)Z t

TetrachytriumSor ok ¢ n, Bot. Ztg. 32:311 (1874)
Index Fungorum Identifier 20567

Zoospore upon germination developing at one pole a cylindricamdich forms distally a
single short reflexed lateral sterile branch and three terminal ones, each of which bears a single
operculate sporangium, developing at the opposite pole a lobed holdfast which anchors the plant to
the substratum; the thallus polytec, eucarpic, hyphdike; zoospores four, with a central vacuole,
posteriorly uniflagetite, mature outside the sporangium in a delicate evanescent vesicle which
envelops the extruded protoplasm after dehiscence of the operculum, conjugating infpainsato
new sporangial plant; no resting stage formed (Sparrow 1960).

Type species Tetrachytrium tricep§Sor ok ¢ n, Bot . Zt g. 32: 315 |
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Figure 181 Sparrowia parasiticaa zoospore. b germinating zoospores. c later stages in growth
with the sporangim developing vertically. d stages in growth with the sporangium developing
laterally. & g young thalli. h, i sporangia approaching maturity and showing central vacuolation; |,

0 mature sporangia showing opercula. k, p mature sporangia with the operculainateral
position. | a mature sporangium showing extensive development of the rhizoid. m mature sporangia
with the basal cyst heavily thickened. n the base of a mature sporangium showing a heavily
thickened cyst. g a globose mature sporangium. r delisporangia with opercula. s detached
opercula observed. t dehisced sporangia with teallzyst heavily thickened. u an oblong dehisced
sporangium. v a small dehisced sporangium. w developing resting bodies. x a developing resting
body with the restingpore just delimited by a cross wall. y mature resting bodies. z a mature
resting body. All drawings at the same scale (Redrawn from Willoughby 1963).
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Other genus inTetrachytriaceae
ZygochytriumS or ok 9 n, Bot. Ztg. 32:308 (1874)
Index Fungorum Identifier 20605; Index Fungorum (2025) and Species Fungorum (2025) accepted
one species.
Type specie§ Zygochytrium aurantiacuS or o k 9 n, Bot. Ztg. 32:308
Notesi Both Tetrachytriumand Zygochytriumwere described b$orokin (1874)put they
have not been rediscovered since. In the monographic works of chytrid fungi, these genera were
regarded as genera of doubtful affinity (Sparrow 1960, Karling 1977).

Thalassochytriacea®oweld, Index Fungorum 51.:(2014)
Index Fungorum Identifier 550349

Thallus endobiotic, polycentric, septate hyphae form haustoria penetrating algal cells.
Sporangia are elliptal, with a single dischargeapillum. Zoospores are oval, tapering toward a
single posterior flagellumwith five lipid globules, and ribosomes dispersed in ¢iyoplasm.
Kinetosome is anteriorly located, associated with a helical structure. Nucleus with-l&keneel
protrusion toward th&inetosome. Flagellar axoneme traverse zoospores and exits the poospor
posteriorly. Lacking props, neilagellated kinetosome, kinetosomal roots and rumposome.
Parasitic in Rhodophyceae (Doweld 2014e).

Family type i ThalassochytriunNyvall, M. Pedersén & Longcore

Ecology & life modesi Endoparasite of red algae.

Notesi Thaassochytriaceaevas proposed by Doweld (2014m) based on the morphological
and ultrastructural observations biyvall et al. (1999),but there are no molecular phylogeny
studies.

ThalassochytriumNyvall, M. Pedersén & Longcore, Journal of Phycology 35(18®9)
Index Fungorum Identifier 27961

Parasitic inGracilariopsis sp. Rhodophycege Thallus endobiotic and polycentric, septate
hyphae form haust@ that penetrate algal cells. Sporangia orange, large8080mm), elliptical,
with one discharge papiiin protruding from the algal cortex at maturity. Zoospores ooze out of the
pore in a cluster and remain motionless for several minutes before dispersing by flagellar motion.
Zoospores are oval, tapering toward a single posterior flagellum. About fiveedipithglobules
are in the anterior of the spore, and ribosomes are dispersed in the cytoplasm. Kinetosome is
anteriorly located and associated withhalical structure. Nucleus with a hddde protrusion
toward the kinetosome. Flagellar axoneme travemespores and exits the zoospore posteriorly.
Lacking props, nonflagellated kinetosome, kinetosomal roots and rump@Synadl et al. 1999)

Type species Thalassochytrium gracilariopsidisyvall, M. Pedersén & Longcore, Journal
of Phycology 35:182 (199; Fig. 19

Cladochytriomycete§ edersoo, Sanchdzamirez, Kdljalg, Bahram, Déring, Schigel, T. May, M.
Ryberg & Abarenkov, Fungal Diversity 90: 148)(8)

CladochytrialesMozl.-Standr., Mycol. Res. 113(4): 502 (2009)

Cladochytriaceael. Schrot. in Engle& Prantl, Nat. Pflanzenfam 1: 80 (1897)

Index Fungorum Identifier 80598

Thallus polycentric, consisting of rhizomycelium with septate intercalary swellings (turbinate
cells), and inoperculate or operculate zoosporangia. Zoospore descriptionCGladoclytriales
(Mozley-Standridge et al. 2009).

Ecology & life modesi The family is composed mainly saprophytic species, facultative
parasites and a few regis of obligate parasites. Saprophytic species decompose decaying plant
material, moribund algae, inseetuviae and other organic substrates in freshwater and terrestrial
ecosystems (Sparrow 1960, Karling 1977, MoZgndridge et al. 2009).

Family type 1 CladochytriumNowak. in Cohn, Beitr. Biol. Pfl. 2: 92 (1877)
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Notes T Two polycentric genera Qladochyrium and Karlingiella) are included in
CladochytriaceaKarlingiella is a monotypic operculate genus, which includes énlglongata
previously nameé Nowakowskiella elongatand placed in a new genus based on multigenic
analysis of ribosomal data (Jend et al. 2019)Cladochytriumis inoperculate and produces
septate swellings or turbinate cells in the rhizomycellium. This genus comprises 51 species, and
typified with C. tenue(Clements & Shear 1931). However, several taxa were transferred to the
plant parasitic genusPhysoderma and currently, 20 legitimate species are recognized in
Cladochytrium Among theseCladochytrium maydigPhysoderma mays) causes brown spot of
maize, andC. alfalfae(Physoderma alfalfgecauses crown wart of alfalf@hysalermawas placed
in Blastocladiomycotéy James et al. (2006b) through the analysis of ribosomal genes.

Sequences are available for only four speci@mdochytrium replicatupnC. tenue C.
polystomunandKarlingiella elongatg, and the systematics of themily remains uncertain. Some
species, such &s. polystomumwere transferred tdopfochytriumwithin Chytridiales The type
species ofCladochytrium(C. tenu¢ forms a distinctive branch withi@hytridialesgenerancertae
sedis (Powell et al. 2018a, 3as et al. 2021Amseset al. 2022 An important aspect of
Cladochytriaceaghylogeny is the necessity of expanding the taxa sampling and culture isolation,
especially for unsequenced strains, which will help us to better understand their systematics.
Cultures are available on CZEUM (Collection of Zoosporic Eufungi at the University of Michigan)
and sequences on GenBank

CladochytriumNowak. in Cohn, Beitr. Biol. Pfl. 2: 92 (1877)
Index Fungorum Identifier 20132

Thallus polycentric, formed by a rhizomeffium with septate, turbinate cellsand
inoperculate zoosporangia. Zoospores are posteriorly uniflagellate and discharged through a pore.
Resting spores are apparently asexually formed, borne like the sporangia on the thallus, with a
thickened smooth oy wall (Nowakowskii 1877, Sparrow 1960).

Type specie$ Cladochytrium tenudlowak. in Cohn, Beitr. Biol. Pfl. 2: 92 (1877)

Notesi The genus was proposed by Nowakowskii (1877) to accommodate two sgecies,
tenueandC. elegansthe latter transferretd Nowakowskielldby Engler & Prant{1897), based on
the absence of turbinate cells in rhizomycelium and the presence of an operculum in
zoosporangium. The 20 species described in the genus are primarily inhabitants of decaying plant
tissues such as thesf Acorusand Elodea(Sparrow 1960). They have also been found in the
gelatinous envelope of algae suchCGizmetophora Spirogyraand ColeochaetgSparrow 1960).
Cladochytrium replicatunis a weltkdocumented species, which is characterized by the pioduct
of zoospores with an orange lipid gldééuJerdénimo et al. (2019, 2022) observed at least five
phylogenetically distinctive lineages namé&d replicatum indicating that these taxa represent a
speciescomplex and its taxonomy should be reevaluat@ddodcytrium is distributed in South
America (Nascimento et al. 2009, Steciow et al. 2012, Jesus et al. 2013, Jerénimo et al. 2015 and
others), North America (Karling 1931, Berdan 1941, Karling 1949, Karling 1951, Sparrow 1960,
Karling 1977, and others), Eyyge(Remy 1948, Richards 1956, Batko & Hass1986, Czeczuga et
al. 2007a, and others), Asia (Singh & Pavgi 1971, Chen et al. 2000 and others) and Africa
(Gaertner 1954, Hassan & Shoulkamy 1991 and others).

Other genus included
Karlingiella (Karling) G.H Jerénimo, A.L. Jesus & Piregottar., in Jerdonimo, Jesus, Simmons,
James & PireZottarelli, Mycologia 111: 8 (2019)
Index Fungorum Identifier 829121

Type speciesi Karlingiella elongata(Karling) G.H. Jerébnimo, Jesus & PirZsttarelli,
Mycologia 111: §2019); Fig. 33h

Notesi Karlingiella is amonotypic genus, including onk. elongata which was originally
described adNlowakowskiella elongatéJerdonimo et al. 2019). Through the analysis of ribosomal
genes, Jeronimo et al. (2019) placed it in a nemugelosely related t&Cladochytriaceaeaather
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than NowakowskiellaceaeNowakowskiella elongatavas originally found in Brazil by John
Karling, and then another isolate from the same country was purified in culture and included in
phylogenetic analysis (@@imo et al. 2019). There are reports bistchytrid in South America
(Karling 1944, Jesus et al. 2013, Jerénimo et al. 2019 and others) and Africa (Hassan 1993).

Figure 191 Thalassochytrium gracilariopsididJitrastructure of septum and zoospores kght
microscopy of zoospores. a Longitudinal section of fungal hypha with transverse septum perforated
by pores (arrowheads); b Light micrograph showing characteristic tapering shape of zoospores
(Karnovskyfixed); scale bar 5 10 mm. ¢ Longitudinal ses through zoospore showing
mitochondria(M), axoneme (A), and electrespaque lipid globules (L); scale bar 5 1 mm. d
Longitudinal section through kinetosomal area showing close association of lipid globules (L),
microbodies (m), electreapaque helix if), and kinetosome (K), e Oblique section of (encysted)
zoospore with the nucleus (N) surrounded by rough endoplasmic reticulum and protruding toward
the helix and kinetosomal -earleaec m S(crad cer abvarr sf. r
1999).

EndochytriaceaeSparrow ex D.J.S. Barr, @adian Journal of Botany 58: 2390 (1980)
Index Fungorum Identifier 81677

Thallus monocentric with an exogenous development. Operculate zoosporangia and an
exogenous resting spore. Grouping vithramosumn anayses of SSU and LSU rDNA sequences
(Mozley-Standridge et al. 2009).

Ecology & life modesi The family is weakly parasitic in freshwater green algae or
saprophytic in decaying plant tissues (Sparrow 1960).

Family type 1 EndochytriunSparrow, American Jourhaf Botany 20: 71 (1933)
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Notes i Sparrow (933b) sequentially describdfl. ramosumand E. oophilum without
designated type. Sparrow questioned the authenticify. @fophilumbecause he was not able to
observe rhizoids (Mozle$tandridge et al. 2009). dex Fungorum (2025) considered
Endochytriceaeas an invalid family since a Latin description was missing. However, Mozley
Standridge et al. (2009) validated the family and designateadamosunmas the type. At present,
there are seven specieg. (cystarum E. digitatum E. multiguttulatum E. oophium, E.
operculatum E. pseudodistomurand E. ramosurjy which are morphologically characterized by
the production of monocentric thallus, exogenous development and operculate zoosporangium.

Only the type speciegEfdochytrium ramosuinwas included in the phylogenetic analysis.
Jerbnimo et al. (2022, 2024) included several other strains identified at the generic level in their
phylogeny, but these were placed in new genera. However, there are still some taxaaimat re
uncertain and need to be reevaluateduiture. Cultures are available on CZEUM (Collection of
Zoosporic Eufungi at the University of Michigan) and sequences on GenBank.

Endochytrium Sparrow, Am. J. Bot. 20: 71 (1933)
Index Fungorum Identifier 20204

Thallus monocentric with an exogenous development. Zoosporangium produces a discharge
tube with an operculum at the apex. Zoospores formed in the sporangium are posteriorly
uniflagellate, with a single globule. Resting spore thigtled, endobiotic, appartly asexually
formed (Sparrow 1933b, 10%

Type specie$ Endochytrium ramosur@parrow, Am. J. Bot. 20: 72 (1933)

Notes T The species are weakly parasitic or saprophytic in freshwater green algae or
saprophytic in decaying plant tissues. Sparrow (198@d his species distinction mainly on the
morphology of the resting spores, recognising four spediesrgmosum, E. digitatum, E.
operculatumand E. pseudodistomumAccording to Index Fungorum (2023, oophilumis the
type species, information whidk incorrect based on the explanation pd®d above. Currently,
there are seven described species, but phylogenetic data are available oalyrémnosum
Jerbnimo et al. (2022) questioned the monophyly of the genus since several strains identified as
Endochytrium did not group with the type specieB. (ramosumJEL402) in their phylogenetic
analysis.

This genus was recorded in North America (Karling 1938, 1941a, 1977, Sparrow 1952, 1960,
Dogma 1969), South America (Karling 1946, Jerdnimo et al. 2020ptweds), Central America
(Shanor 1944, Spaow 1952), Europe (Czeczuga et al. 2003b, Czeczuga et al. 2005 and others),
and Africa (Hassan & Shoulkamy 1991, Hassan 1993, and others).

Nowakowskiellacea&parrow ex MoztStandr., Mycol. Res. 113: 503 (2009)
Index Fungorum Identifier 512050

Thallus polycentric. Rhizomycellium extensive, producing irregular swellings and operculate
zoosporangia. Zoospores are posteriorly uniflagellate with a single lipid globule. Resting spore
borne like the sporangium, thiskalled (Sparrow 1960).

Ecology & life modesi Members of the family arsaprobic in the decaying parts of higher
plants and in the gelatinous sheatlCbohetophorgSparrow 1960).

Family type i Nowakowskiellal. Schrot., in Engler & Prantl, Nat. Pflanzenfa: 82 (1897);
Figs. 33tk

Notes i Nowakowskiellawas established by Engler & Pranfl897 through the
morphological analysis of the operculation and rhizomycelial swellings (absence of turbinate cells),
which placedCladochytrium elegansdescribed by WNwakowskii (1877), in the new genus,
Nowakavskiella Sparrow (1942) erectedNowakowskiellaceaebut replaced the name with
Megachytriacea€Sparrow 1943a) on the basis that any family names formed by using the older
genusNowakowskiellaas a basis resulb icombinations which are too polysyllabic to be tenable
(Sparrow 1943b). Considering that neitihwakowskiellacearor Megachytriaceaavere validly
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published by Sparrow (1942, 1943). Moz@iandridge et al. (2009) validated the family by
providing a Lain description and designating a type.

Nowakowskiellahasthe most species sequenced in the order, with phylogenetic information
for five species, including the typH, elegansJerénimo et al. (2019) described a new spebles,
crenulata,and transferrg N. elongatato the new genudarlingiella based on the phylogeny of
ribosomal genes and morphological developm&hese phylogenetic data support the monophyly
of the family (Jerénimo et al. 2022). Cultures are available on CZEUM (Collection of Zaospor
Eufungi at the University of Michiganhd sequences on GenBank.

Nowakowskiellal. Schrot., in Engler & Prantl, Nat. Pflanzenfam 1: 82 (1897)
Index Fungorum Identifier 20372

Thallus polycentric. Rhizomycellium extensive, producing irregular swellingoperculate
zoosporangia. Zoospores are posteriorly uniflagellate with a single lipid globule. Resting spore
borne like the sporangium, thiekalled (Sparrow 1960).

Type speciesi Nowakowskiella elegangNowak.) J. Schrot., in Engler & Prantl, Nat.
Pflarzerfam 1: 82 (1893)

Notesi Nowakowskiellas a polycentric genus, which produces operculate zoosporangia and,
in general, notseptate swellings in rhizomycelium. However, in some species, the presence of
turbinate cells was also observed (Sparrow 1960l ip1977). The genus contains 16 legitimate
species. Correct species identification is highly dependent on the morphology of the resting spore
since the zoosporangia are similar between different species and are oftelecisore.
Phylogenetic analysissugorts the monophyly of the family (Jeitmo et al. 2022).
Nowakowskiellas one of the most common genera wit@iladochytriales which were reported in
South America (Karling 1945a, Marano et al. 20B8t&ciow et al. 201,2Jesus et al. 2013, Jerdnimo
et d. 2015, 2019 and others), North America (Karling 1944, 1977, and others), Europe (Batko &
Hassan 1982, Czeczuga et al. 200@8)7,and others), Africa (Hassan & Shoulkamy 1991, Hassan
1993) and Asia (Karling 1964a).

Septochytriaceadozl.-Standr., Myol. Res. 113: 503 (2009)
Index Fungorum ldntifier 512008
= Catenochytridiacea®oweld, Index Fungorum 55: 1 (2014)

Thallus monocentric or polycentric with endogenous or exogenous development.
Zoosporangium operculate, apophysate or -@oophysate, produty operculum or pores.
Discharge tubes are observed in some genera. The rhizoidal system is extensive, smooth,
constricted or catenulated. The rhizomycelium can present septate-septate filaments.

Family type 1 SeptochytriunBerdan, Am. J. Bot. 26t61 (1939)

Ecology & life modesi Saprophyic on various grasses, wheat, rye, oats, corn leaves and
also on narcissus root tips (Sparrow 1960).

Notesi Septochytriaceaéncludes a variety of monocentric and polycentric strains which
produce operculate zepaangia. Wijayawardene et al. (2020, 2022) accepted Septochytrium.

In this study, we accept seven genefdlochytridium Catenochytridium Cylindrochytridium
Septochytrium Nephrochytrium Sparrowiella and Phytochytridiun), and Septochytriumwas
desgnated as the type by Mozl8tandridgeet al. (2009). The reasons for these new inclusions are
provided bel ow under 6other genera includedd.

Jerbnimo et al. (2022) expanded the circumscription of the family to include two new
polycentric genera Sparowiella and Phytochytridiump and Catenochytrium The family
Catenochytridiaceaeproposed by Doweld (2014p) is not accepted since the type genus
(Catenochytridium is polyphyletic (Simmons et al. 2021, Jerébnimo et al. 2022) and molecular
information for thetype species@. carolinianun) is not avdable. Cultures are available on
CZEUM (Collection of Zoosporic Eufungi at the University of Michigan) and sequences on
GenBank.
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According to Jerbnimo et al. (202Z)atenochytriums a polyphyletic genus, and taésence
of molecular information for the type species leaves the systematics of the genus unresolved.
Cultures are available on CZEUM (Collection of Zoosporic Eufungi at the University of Michigan)
and sequences on GenBank.

SeptochytriumBerdan, Am. J. Bt. 26: 461 (1939)
Index Fungorum Identifre20517

Thallus predominantly polycentric, consisting of elongate, septate, and constricted filaments,
intercalary swellings, and finely branched rhizoids. Zoosporangia are variously shaped, operculate,
terminal ad intercalary. Zoospores uniflagellate. Resting spores are terminal or intercalary, formed
in the same position as the sporangia or from the intercalary swellings (Berdan 1939).

Type specie§ Septochytrium variabil8erdan, Am. J. Bot. 26: 461 (1939)gF83m

Notesi Septochytriums one of themost enigmatic genera withi@ladochytriales It can
produce a monocentric or polycentric thallus, which is not common among members of
Chytridiomycota Berdan (1942) mentioned that many variations occur in theapment of
Septochytriumand it is very difficult to describe any one type as definitely representing the
normal. There are five legitimate speci& (acroporosuns. marilandicumsS. plurilobulum S.
variabile andS. willoughbyj), andS. variabilewasdesignated as the type by Berdan (1939).

Septochytriunspecies have been reported frddarth America (Karling 1942, 1949, 1951,
1977, Johanson 1943, Sparrow 1960), South America (Dogma 1973, Rocha &d®iaeslli
2002, Steciow et al. 2012, Nascimer& PiresZottarelli 2009), Europe (Czeczuga et al. 2007b),
Asia (Chen 2008) and Africa (Hassan & Shoulkamy 1991).

Other genera included inSeptochytriaceae
Allochytridium D.J.S. Barr & Desauln, Mycologia 79: 195 (1987)
Index Fungorum Identifier 91163; dex Fungorum (2025) lists four epithets ar@pecies
Fungorum (2025) accepts only three species.

Type species§ Allochytridium expandenSalkin, Am. J. Bot. 57: 652 (1970)

Notesi Allochytridiumwas described by Salkin (1970) with the tgpeeciesA. expandns
This genus was comparedKarlingia or Karlingiomycesby the first author. However, differences
in zoospore germination were the criteria used to propose the new genus. Barr (1986) detailed the
development, morphology, and zoospore ultrastructur&. expandensin this study, the author
mertioned morphological similarities with other cladochytrialean members such as
Catenochytridium Nephrochytriumand Cylindochytridium However, analysis of the zoospore
ultrastructure revealed th#&. expandensvas probably related to the polycentric members of
CladochytriumandNowakowskiellaespecially considering the similarity of the flagellar apparatus.
Species belonging tallochytridium have reported from North America (Sparrow 1960, Salkin
1970, Karling 197, Barr & Desaulniers 1987, and others) @&sila (Chen & Chien 1995).

CatenochytridiumBerdan, Am. J. Bot. 26: 460 (1939); Figs. 20 & 33|
Index Fungorum Identifier 20106; Index Fungorum (2025) lists eight epithets, and Species
Fungorum (2025) accepts ordgven species.

Type specie§ Catenochytridium carolinianuBerdan, Am. J. Bot. 26: 461 (1939)

Notesi Catenochytriumis a polyphyletic genus which forms distinctive branches within
Septochytriacea@lerénimo et al. 2022, 2024). There are six describedespC. carolinianum, C.
hemicysti, C. keorkianni, C. laterale, C. marinum, C. oahuepsehich are morphologically
characterized by the production of operculate zoosporangium and catenulated rhizoids. -The type
speciesC. carolinianum was not grown irmpure cultures or sequenced, leaving the systematics of
the genus uncertain. There are record€atenochytridiumn South America (Steciow et al. 2012,
Jesus et al. 2013, Jer6bnimo & Pidsttarelli 2020), North America (Berdan 1939, Sparrow 1960,
1965,Karling 1941, 1977, Barr et al. 1987), CeztitAmerica (Sparrow 1952), and Asia (Kobdyias
& Ookubo 1953, Chen & Chien 1995).
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Cylindrochytridium Karling, Bull. Torrey Bot. Club 68: 382 (1941)
Index Fungorum Identifier 20152; Index Fungorum (2025) areti@pFungorum (2025) accepted
two species.
Type specie§ Cylindrochytridium johnstoniKarling, Bull. Torrey Bot. Club 68: 382 (1941)
Notes 7 Cylindrochytridium has only two described specie€. (johnstonii and C.
endobioticuny, with C. johnstoniibeingthe type species (Karling 1941b). It is morphologically
characterised by the production of a monocentric thallus and opercolagpozangium with a
typical empty basal region. This genus was transferred @owtridialesbased on the phylogeny of
ribosomé geres (Steiger et al. 2011). The genus was recorded in South America (Steciow et al.
2012, Jerbnimo & PireZottarelli 2020, and others), North America (Whiffen 1941, Sparrow 1960,
Karling 1941b, Karling 1977, and others), Central America (Shanor 1%4J, Eirope
(Willoughby 1964, Czeczuga et al. 2007b, and others).

Dogmamyce<s.H. Jer6nimo, C.L.A. Piregottar., T.Y. James & H. Longcore Mycol. Prog. 23:

1 (2023)

Index Fungorum Identifier 848810; Index Fungorum (2025) and Species Fungorum (2095%) acce
one species.

Type species Dogmamyces elongata.H. Jeronimo, C.L.A. PireZottar., T.Y. James &

J.E. LongcoreMycol. Prog. 23: 1 (2024)

Notes i Dogmamyceds morphologically distinct from the other monocentric genera in
Septochytriaceasince it hasn enxdogenous development. A multigenic analysis by Jerénimo et al.
(2024) also supported the genus and placed it as a sistgy gfPhytochytrium The genus was
recorded exclusively in South America (Jerénimo et al. 2024).

NephrochytriumKarling, Am.J. Bd. 25: 211 (1938)
Index Fungorum Identifier 20367; Index Fungorum (2025) lists eight epithets, and Species
Fungorum (2025) accepts three species.

Type specie$ Nephrochytrium appendiculatukarling Am. J. Bot. 25: 211 (1938)

Notesi Nephrochytriumcontains four valid speciesiz.,, N. appendiculatumN. aurantium
N. bipes and N. stellatum Nephrochytriumspecies are morpholmglly characterised by the
production of operculate zoosporangia, usually somewhat kisingyed, and they are saprophytic
on grassleaves and in cells ofhara and Nitella (Karling 1938, Sparrow 1960). Phylogenetic
analysis in MozleyStandridge et al. (2009) and Jerdnimo et al. (2022) plagghrochytrium
within Septochytriacegeand closely related tallochytridium. This gens wasrecorded in South
America (Karling 1944 and others), North America (Couch 1938, Karling 1941, Whiffen 1941,
Sparrow & Barrl955), Europe (Czeczuga et al. 1988, Willoughby 1961, Czeczuga et al. 2005) and
Africa (Hassan 1993).

Phytochytrium Longcore & G.H. Jerbnimo, Mycol. Prog. 21: 5 (2022); Index Fungorum (2025)
and Species Fungorum (2025) accept one species

Index Fungorum Identifier 841930; Index Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type specied Phytochytrium stagnurbongcae & G.H. Jerdnimo, in Jerdnimo, Simmons,
Amses, Seto, James, Ph&gttarelli & Longcore, Mycol. Prog. 21: 6 (2022)

Notes i Phytochytriumis a polycentric genus, which produces rhizomycelium without
swellings and sometimes in a bdad shape. The mercuate zoosporangia are formed
perpendicular to the rhizomycelium axis. According to Jerébnimo et al. (2022), this monotypic
genus is sister to monocentric strains with endobiotic thalli and operculate zoosporangia (JELO50
and JEL931) withinSeptochytriaeae This genus has only been reported from Maine, USA
(Jerébnimo et al. 2022).
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SparrowiellaLongcore & G.H. Jerénimo, Mycol.reg. 21: 6 (2022)
Index Fungorum Identifier 841931

Type specie§ Sparrowiella insolitaLongcore & G.H. Jerénimo, Mycol. Progl: 7(2022)

Notes i Sparrowiella is a polycentric genus which produces rhizomycelium without
swellings and is sometimes beddce. Similar to Phytochytrium this genus also produces
operculate zoosporangia perpendicularly attached to the rhizomyceliusn Haiever, the
presence of apophysis and the size of zoosporangia and discharge tube can be used as
morphological characters thfferentiate these two genera.

Figure 20 i Development ofCatenochytridiumsp. JELO24. &. Exogenous development in
immaure thallus. f. Early stages of apophisis development.Ygung zoosporangium and
catenulate apophisis. Rature zoosporangium and catenulate aphophisis. Scale bars: 10 pum.

Lobulomycetes edersoo et al.
Lobulomycetale®.R. Simmons
Lobulomycetacea®.R. Simmas, Mycol. Res. 113: 453 (2009)
Index Fungorum Identifier 511805
= Alogomycetaceaboweld, Index Fungorum 76: 1 (2014)
Thallus monocentric, eucarpic, with endogenous development. Rhizoids isodiametic; 0.5
mm wide (Simmons et al. 2009)
Family typei Lobulomyce®.R. Simmons, Mycol. Res. 113: 454 (2009)
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Ecology & life modesi Lobulomycetaceaeomprises aquatic (Longcore 1992, Doweld
2014b, Van den Wyngaert et al. 2018) and terrestrial genera (Simmons et al. 2009, 2012, Seto &
Degawa 2015), repaatl asalgal parasites or saprobes (Longcore 1992, Doweld 2014b, Van den
Wyngaert et al. 2018) or growing on pollen baits (Longc®92, Simmons et al. 2009, 2012, Seto
& Degawa 2015). Though most terrestrial species are from soils or tree canopyAlebas)ces
was isolated from horse manure (Simmons et al. 2012).

Notesi Doweld (2014q) introducedlogomycetaceat includeAlogomycesyet the author
did not justify this new taxon, other than a recapitulation of the ultrastructural and thallus character
of Alogomyces tannerpreviously detailed in the generic and species descriptions (Simmons et al.
2012).Alogomycesvas origirally described as a memberlafbulomycetaceabased on molecular
and morphological evidence, which was consistent with therigésn of the family (Simmons et
al. 2009).Though the horse manure habitatAlbgomycess exceptional in this order, Doweld
(2014q) did not mention this aspect of the taxon in the descriptistogbmycetaceaeand we do
not agree that it is indicat ofa new family. Additionally, acceptance Afogomycetaceawould
makeLobulomycetaceaparaphyletic, a®logomycesandMaunahytriumare monophyletic within
the Lobulomycetales(Simmons et al. 2012, Seto & Degawa 2015). Rather than transfer
Maunachytium to an unjustified family, we choose to neglect the recommendation of Doweld
(2014q), and instead include all genera in the molecularly and morphologically justified family
Lobulomycetaceae

Lobulomyced.R. Simmons, Mycol. Res. 113: 454 (2009)
Index Fungorum Identifier 511806

Zoospore with dense fibrillar connection between kinetosome and nonflagellated centriole;
flagellar pluy extensions anterior and posterior; one lipid globule (Simmons et al. 2009).

Type speciesi Lobulomyces angularigLongcore)D.R. Smmons, Mycol. Res. 113: 454
(2009)

Notesi Lobulomyces angularisvas introduced to accommoda@hytriomyces angularis
Longcore. At the time of the | atterbés descrip
Chytriomyceszoospore type ints lack of many ultrastructural characters, but novel generic
placement was considered otherwise unjustified. Molecular physbigs in James et al. (2000)
showed that the species was not monophyletic with @hgtriomycesor theChytridiales leadirg
to the species serving as a typd_.obulomycesCultures are available from CZEUM (Collection of
Zoosporic Eufungi at the University of Michigan), and sequences are available in GenBank.

Other genera inLobulomycetaceae
AlgochytropsDoweld, Index Fungaum 123: 1 (2014)
Index Fungorum Identifier 550472; Index Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type species Algochytrops polysiphoniag&ohn) Doweld 2014

Notes i Parasite onPylaiella littoralis marine alga in ScotlandCphn et al. 2006 as
Chytridium polysiphonigde Sequences are available in GenBank.

Algomycesvan den Wyngaert, K. Rojas & K. Seto, J. Eukary. Microbiol. 65(6): 877 (2018)
Index Fungorum Identifier 825142; Index Fungorum (2025) and Species Fungorum (2025)
accepted ore species.

Type species Algomyces stechlinensi&n den Wyngaert, K. Rojas & K. Seto 2018

Notesi Parasite on colonial green algae in Germany (Van den Wyngaert et al. 2018).
Sequences are available in GenBank.
Alogomyced.R. Simmons & Letcher, Mylogial04(1): 158 (2012)
Index Fungorum Identifier 519672ndex Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type species Alogomyces tanneB.R. Simmons & Letcher 2012
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Notes 1 Saprobic, from horse manure from the USA (SimmonsleR0R). Culture is
available from CZEUM (Collection of Zoosporic Eufungi at the University of Michigan) and
sequences are available in GenBank.

ClydaeaD.R. Simmons, Mycol. Res. 113(4): 455 (2009)
Index Fungorum Identifier 512109ndex Fungorum (2025pand Sgcies Fungorum (2025)
accepted one species.

Type specie§ Clydaea vesicul®.R. Simmons 2009

Notesi Saprobic, from soils in the USA (Simmons et al. 2009). Cultures are available from
CZEUM (Collection of Zoosporic Eufungi at the University of Migdn), and sequences are
available in GenBank.

CyclopsomyceK. Seto & Degawa, Mycologia 107(3): 637 (2015)
Index Fungorum Identifier 810512ndex Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type specie§ Cyclopsomyces plurioperailisK. Seto & Degawa 2015

Notesi From soil in Japan (Seto & Degawa 2015). Sequences are available in GenBank.

Maunachytrium D.R. Simmons, Mycol. Res. 113(4): 456 (2009)
Index Fungorum Identifier 512111ndex Fungorum (2025) and Species Fungorum (2025)
acceptd one species.

Type specie§ Maunachytrium keaend2.R. Simmons 2009

Notesi From alpine soil in Hawaii, USA (Simmons et al. 2009). Sequences are available in
GenBank.

Mesochytriomycete$edersoo et al.
GromochytrialesKarpov & Aleoshin
GromochytiaceaeKarpov & Aleoshin, Persoonia 32: 124 (2014)
Index Fungorum Identifier: 805306

Zoospores with posterior ribosomal aggregation are not bounded by endoplasmic reticulum.
Microbody-lipid complex pressed to the nucleus and containing a single micreodygping a
large anterior lipid globule with an anteriorly oriented fenestrated cisterna (rumposome). Several
mitochondria are separated from MLC. Small dense bodies are present in the peripheral cytoplasm.
Kinetosome and centriole are embedded in thsgpia side of the ribosomal core. The flagellar
transition zone contains a spiral fibre or a cylinder. Centriole at an angle of c. 30° to kinetosome;
the bottom of kinetosome is connected by a broad fibrillar bridge to the centriole. Anterior and
posteior microtubular roots and a short straight spur associated with the kinetosome. Simple
thallus with inoperculate, monocentric, epibiotic sporangium having endogenous development and
a single slightly branching rhizoidal axis (Karpov et al. 2014Db).

Family type1 GromochytriunKarpov & Aleoshin, Persoonia 32: 124 (2014)

Ecology & life modesi The family contains two genera, both of which are obligate parasites
of Tribonema gayanuralgae from aquatic locations in the Leningrad district, Russia (Karpov et al.
2014b,2019b).

Notesi Karpov et al. (2014Db) introduced this family widromochytriumas the type genus.

The family comprises two generBurther sampling in the same region or similar habitats may
yield additional taxa.

GromochytriumKarpov & Aleoshin,Persooma 32: 124 (2014)

Index Fungorum Identifier: 805307

Mat ur e i nopercul at e epi biotic sporangium
Zoospores are released through apical pores. Delicate, weakly branched rhizoidal system with short
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rhizoids emergig from a sl ender mai n ax ingle lipiZ globidep o r e s
(Karpov et al. 2014Db).

Type species Gromochytrium mamkaevdéarpov & Aleoshin, Persoonia 32: 124 (2014);
Fig. 21d, e

Other genera included inGromochytriaceae
Apiochytrium Karpov & D. Moreira, Journal of Eukaryotic Microbiology. 66{490 (2019)
Index Fungorum Identifier: 827963; Index Fungorum (2023) and Species Fungorum (2023)
accepted one species.
Type species Apiochytrium granulosporurdarpov & D. Moreira 2019; Fig. 21a

Mesochytriales, Mesochytriaceae
Mesochytriacea®oweld Index Fungorum 45: 1 (2013)
Index Fungorum Identifier: 550330

Zoosporangium sessile, partially penetrating the host cell by a haustorium, pyriform, thin
walled, smooth, with a single apical disoj@ papilla. Inoperculate. Rhizoids are delicate,
branched and arise near the sporangial base. Zoospores are spherical, posteriorly uniflagellate, a
single lipid globule and ribosomes dispersed through the cytoplasm. Flagellar kinetosome short
with developed props and ndlagellated centriole proximal to therfestrated cisterna; flagellar
transition zone simple, without a transverse transitional plate, but with a spiral fibdlageltated
centriole shorter than the kinetosome, lies at a sharp aaqgeok. 30A°), with a veil; kinetosome
connected to the meflagellated centriole with a broad, dense fibrillar bridge. Resting spores
endobiotic, spherical, thielwalled (3layered), laevigate. Obligate parasite of the green alga
Chlorococcum minuturfDoweld 2013Db).

Family type i MesochytriumB.V. Gromov, Mamkaea & Pljusch (1 species), Nova
Hedwigia 71: 159 (2000)

Ecology & life modesi The single species in the family is an obligate parasite of
Chlorococcumminutumgreen algae from the Leningrad distriRussia (Gromoet al. 2000.

MesochytriumB.V. Gromov,Mamkaeva & Pljusch (1 species), Nova Hedwigia 71: 159 (2000)
Index Fungorum Identifier: 28580
Zoosporangium sessile, partly penetrating the host cell, pyriform, 14 x 7.5 um, wall colourless,

thin, smooth, with one apical discharge papilla. Delicate brahdtizoids arise near the sporangial
base. Zoospores spherical, 2.5 pm diam., with one refractive globule and a 14 pm long posterior
flagellum. Resting spores are endobiotic, spherical, smawiththick-walled. Parasite of the alga
Chlorococcum minuturGromov et al. 2000).

Type speciesi Mesochytrium penetran®.V. Gromov, Mamkaeva & Pljusch, Nova
Hedwigia 71(12): 159 (2000); Fig. 22

Notesi Mesochytriunwas introduced by Gromov et al. (2000) as a memb@hgtridiales
and the extype culture was moletarly and ultrastructurally characterised by Karpov et al. (2010).
Karpov et al. (2010) suggested that the marginal support for the placemiglesothytriumas
sister toLobulomycetesvas not suiftient for higher taxa descriptions until more represergatof
the lineage could be evaluated. However, Doweld (2013b) ignored this recommendation and
describedViesochytrialesand Mesochytriaceadased solely on the evidence generated by Karpov
et al. (2010). We believe that additional sampling and moleculaties would resolve the
classification and taxonomic status of this taxon.

PolychytriomyceteJedersoo et al.

PolychytrialesLongcore & D.R. Simmons

PolychytriaceaeDoweld, Index Fungorum 89: 2Q14)
(= ? Arkayaceadoweld)

Index Fungorum Identifies50399

4153



Thalli are polycentric, tubular, with broad rhizomycelial hyphae that lack intercalary
swellings. Zoospores posteriorly uniflagellate, with a plug or none, microtubule iidtextend
to the microbodyipid globule complex, lipid globules multip) surrounded by microbody,
rumposomes lacking; ribosomes aggregated, spherical mitochondria and nucleus lie exterior to
ribosomal mass, neflagellated centriole with a veil or none, attached ® kimetosome (Doweld
2014r, s).

Figure 2171 Light microscopic images of the life cycle stage®\pfochytrium granulosporurfa-c)
andGromochytrium mamkaevdd, and drawing e) on the hoBtibonema gayanurtafter: Karpov

et al. 2014b, modified). a zoospore. b premature sporangium with papillum. ¢ emptyggppora
after zoospore releasing. d mature sporangium with zoospores. e consecutive st&yes of
mamkaevadife cycle. Abbreviations: cy = cyst; h = host, sp = sporangium; zo = zoospores. Scale
barsaad = 10 & m.

Family type 1 PolychytriumAjello, in Ajello, Mycologia 34: 442 (1942)

Ecology & life modesi Polychytriaceae sensu lafdiscussed below) contains monocentric
and polycentric fungi from soil and aquatic substrates, often isolated from laitsn Molecularly
verified taxa have mainly been obseahend described from North America, though one isolate of
an undescribedrkayaoriginated from Australia (Longcore & Simmons 2012).

Notesi At the time of its inception, thBolychytrialescontaing five incertae sedigenera
(Longcore & Simmons 2012). Dweld (2014r, s) described the familiesrkayaceaeand
Polychytriaceago accommodate the monocentric and polycentric genera, respectively. However,
acceptance of either of these families without aameent would result in a paraphyly of the
resulting taxa, as neither monocentricity nor polycentricity is monophyletic within the
Polychytriales (Longcore & Simmons 2012). Further study and sampling are necessary to
determine the division or consolidatioof families within the order. Hence, we reject
Polychytriaceae sensoweld and list all monocentric and polycentric gener®atychytriaceae
sensu latpas Longcore & Simmons (2012) reported the type of the order Rolgehytrium We
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are aware that pveous outlines by Wijayawardene et al. (2018, 2020, 2@22¢ptedirkayaceae,
however, in this study, we tentatively regard it as a synonyiRolychytriaceae

Figure 2271 Light microscopic images of the life cycle stagedfafsochytrium penetrar(strain X-

46) on green algahlorococcum minutunfafter: Granov et al. 2000, modified). a mature
sporangium penetrating algaempty sporangium on the alga. c resting spore inside the alga. Scale
bars;tac = 10 & m.

PolychytriumAjello, Mycologia 34: 442 (1942); Fig. 33n & 0
Index Fungorum Identifier 20435

Rhizonmycelium intra and extramatrical, extensive, coarse, branched,samwly septate
with rhizoids, conspicuous spindle organs or swellings lacking. Zoosporangtapeorulate,
terminal and intercalary, variously shaped, spherical, clavate, or pyriforraspdmes are
posteriorly uniflagellate, emerging fully formed in bolgular mass and remaining quiescent for a
few moments before swimming away (Ajello 1942).

Type specie$ Polychytrium aggregaturijello, Mycologia 34: 442 (1942)

Notesi This distinctive plycentric fungus grows on chitinous or pollen baits, observed
occuring primarily in North America, though Ajello (1948) categorized its physiology from an
isolate from Brazil.Cultures are available from CZEUM (Collection of Zoosporic Eufungi at the
University of Michigan), and sequences are available in GenBank.

Other genera inPolychytriaceae sensu lato
ArkayalLongcore & D.R. Simmons, Mycologia 104(1): 285 (2012)
Index Fungorum Identifier 561588; Index Fungorum (2025) and Species Fungorum (2025)
acceped two species.

Type specie$ ArkayalepidalLongcore & D.R. Simmos 2012

Notes T Monocentric, saprobic from various soil and aquatic samples from USA and
Australia (Longcore & Simmons 2012). Culture is available from CZEUM (Collection of
Zoosporic Eufungat the University of Michigan), and sequences are available iB&#n

KarlingiomycesSparrow,AquaticPhycomycete€dn 2 (Ann Arbor) 15: 559 (1960)
Index Fungorum Identifier 20285; Index Fungorum (2025) and Species Fungorum (2025) accepted
SiX species

Type specie§ KarlingiomycesasterocystigKarling) Sparrow 1960

Notesi Monocentric, saprobic on chitin and cellulose baits, though the affinity of cellulosic
species is questionable (Longcore & Simmons 2012). Sequences are available in GenBank.
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LacugromycesLongcore, Canadian Journal of Botany 71(3): 415 (1993)
Index Fungorum Identifier 8308; Index Fungorum (2025) and Species Fungorum (2025) accepted
one species.

Type specie§ LacustromycehkiemalisLongcore 1993

Notesi Polycentric, saprobic on dim baits added to aquatic samples from adjacent ponds in
Maine, USA (Longcore 1993). Culture is available from CZEUM (Collection of Zoosporic Eufungi
at the University of Michigan) and sequences are available in GenBank.

Neokarlingia Longcore & D.R. Simmans, Mycologia 104(1): 281 (2012)
Index Fungorum Identifier 561588ndex Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type species Neokarlingia chitinophilgKarling) Longcore & D.R. Simmons 2012

Notesi Monocentric, saprobic on dim baits added to a soil sample from Louisiana, USA
(Longcore & Smmons 2012). Culture is available from CZEUM (Collection of Zoosporic Eufungi
at the University of Michigan) and sequences are available in GenBank.

Rhizophlyctidomycete$edersoo et al.
Rhizophlyctidaled_etcher

Arizonaphlyctidacead.etcher, Mycol. Resl12: 1045 (2008)
Index Fungorum Identifier 511796

In zoospore ribosomes are aggregated in the cytoplasm; ribosomal aggregation is partially
surrounded by endoplasmic reticulum; multipladiglobules. Nucleus with no nuclear extension
and not proximal tdhe kinetosome; microbody lobes or multiple microbodies are abundant and
associated with the nucleus and mitochondria (Letcher et al. 2008a).

Family type 1 Arizonaphlyctid_etcher, Mycol. Rs. 112: 1045 (2008)

Ecology & life modesi This family is known fom a single species isolated from a cellulose
bait added to a soil sample from the bed of a dried stream in Arizona, USA (Letcher et al. 2008a).
Letcher et al. (2008a) suggested that add#l taxa may be found in similar habitats.

Notes i Letcher et al.(2008a) introduced this family based on molecular phylogenetic
analyses and ultrastructural characteristics. However, morphologically, the genera in
Rhizophlyctidaleare difficult to sepaate.

ArizonaphlyctisLetcher, Mycol. Res. 112: 1045 (2008)
Index Fungorum Identifier 511799

In zoospore ribosomes aggregated; nucleus without a nuclear extension; striated fibrillar
rhizoplast absent (Letcher et al. 2008a).

Type specie§ Arizonaphlyctidemmonensitetcher, Mycol. Res. 112: 1045 (2008);

Notesi Letcheret al. (2008a) introduced this monotypic genus and thought that more taxa
would be found in similar, highltitude desert regionSequences are available in GenBank.

Borealophlyctidaceaéetcher, Mycol. Res. 112(9): 1045 (2008)
Index Fungorum Identifie511797

In zoospore ribosomes are aggregated in the cytoplasm; ribosomal aggregation is partially
surrounded by endoplasmic reticulum; usually a single lipid globule; nucleus with a nuclear
extension proximal to the kinetosome; microbody lobes or numencr®bodies abundant and
associated with the anterior portion of the nucleus and lipid globule (Letcher et al. 2008a).

Family type i BorealophlyctisLetcher, in Letcher, Powell, Barr, Chiilt, Wakefield &
Picard, Mycol. Res. 112: 1045 (2008)

Ecology & life modesi This family was initially based on two isolates from pollen baiting
of forest soil samples originating from British Columbia and Ontario, Canada (Letcher et al.
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2008a). An additnal species was described from the Ontario isolate and othesstan baits of
flooded forest and agricultural soils in Alabama, USA (Davis et al. 2016a).

Notesi As in other families oRhizophlyctidalesLetcher et al. (2008a) relied on molecular
phylogenetic analyses and ultrastructural character suites to dehmitfamily. The family
comprises only one genus.

BorealophlyctisLetcher, Mycol. Res. 112: 1045 (2008)
Index Fungorum Identifier 511800

In zoospore ribosomes aggregated; nucleus withuelear extension proximal to the
kinetosome; striated fibrillar rhoplast absent (Letcher et al. 2008a).

Type specie$ Borealophlyctis paxensisetcher, Mycol. Res. 112: 1045 (2008); Fig. 23

Notesi The genus contains two species, which Davis et al.6@0drgue are distinguishable
by light microscopy of the thallus.dwever, the elimination of morphologically similar members
of the Rhizophlyctidalesnvould first require molecular or ultrastructural comparisons, making
species determination without thelsges of evidence extremely difficulCultures are available
from CZEUM (Collection of Zoosporic Eufungi at the University of Michigan), and sequences are
available in GenBank.

Figure 23 7 Morphology of Borealophlyctis paxensigtype), isolate BR 368n agar. a, c
Germlings with a single rhizoidal axis. b, d, e Gengd with multiple rhizoidal axes. f, h
Developing thalli. i Zoospores being released through a discharge tube. | Zoospores discharged as a
loose mass. Scale baiieal0 um, fj 25 um (Redawn from Letcher et al. 2008a).

Rhizophlyctidaceaél.E. Petersergs 'Rhizophlyctaceae’], Bot. Tidsskr. 29: 357 (1909)
Index Fungorum Identifier 81344
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In zoospore ribosomes are dispersed in the cytoplasm; endoplasmic reticulum is scattered in
the cytoplam; lipid globules are numerous; the nucleus is helheped and aeciated directly
with the kinetosome and ndlagellated centriole by an extensive striated fibrillar rhizoplast;
microbody lobes or multiple microbodies are abundant around the rhizfiédier et al. 2008a).

Family type i RhizophlyctisA. Fisch., inWinter, Rabenh. KryptFl., Edn 2 (Leipzig) 1(4):
114 (1892)

Ecology & life modesi Rhizophlyctigoseg the type species, is one of the most commonly
observed cellulosic members of t@htridiomycota from soils (Letcher et al. 2008a), with a
seemingly wddwide distribution.

Notesi Petersen (1909) introduced this family to accommo@dtzophlyctis which was
previously a member of th8pizellomycetalesbased on zoosporic ultrastructui@arr 1980).
However, molecular phylogenetics (James et al. 20006l2) showedRhizophlyctisto be in a
distinct clade from the remaining taxa $pizellomycetaleand illustrated the need for taxonomic
reclassifications.

RhizophlyctisA. Fisch., RabentKrypt.-Fl., Edn 2 (Leipzig) 1(4): 114 (1892)
Index Fungorum Iderfier 20483

Thallus monocentric, eucarpic, ordinarily polyphagous, consisting of a reproductive rudiment
of the encysted zoospore and several branched or unbranched rhizoidal axes, d@timatetips
of which are endobiotic; sporangium inoperculatehwaibe or more discharge papillae. Zoospores
formed within the sporangium, posteriorly uniflagellate, usually with a single globule, generally
discharged in a compact group embedded in atigelus matrix from which they eventually escape.
Resting spore tbk-walled, borne like the sporangium on the thallus, upon germination functioning
as a prosporangium (Sparrow 1960).

Type species Rhizophlyctis roseéde Bary & Woronin) A. Fisch., RabenKrypt.-Fl., Edn
2 (Leipzig) 1(4): 122 (1892); Fig. 33p

Notesi The genus contains 31 species (Sparrow 1960, Karling 1977, Longcore 1996),
thoughR. roseais the most extensively examined, both physiologically and ultrastructurally (see
Letcher et al. 2088). Letcher et al. (2008a) split three additional genera into tyygiocdamilies
based on differences in ultrastructural character suites, which were corroborated by molecular
phylogenetics. Cultures are available from CZEUM (Collection of Zoosporic Bufan the
University of Michigan), and sequences are availablegnBank.

Sonoraphlyctidacea&etcher, Mycol. Res. 112: 1038 (2008)
Index Fungorum Identifier 511795

In zoospore ribosomes are dispersed in the cytoplasm; lipid globules are humerouss Nucleu
with a nuclear extension, and associated directly with the Idaete and noflagellated centriole
by two short, striated fibrillar rhizoplasts; microbody lobes or multiple microbodies are abundant
and associated with the rhizoplasts and the anterrtiop®f the nucleus (Letcher et al. 2008a).

Family type 1T Sonoraplyctis Letcher, Mycol. Res. 112: 1039 (2008)

Ecology & life modesi This family contains a single species represented by four isolates
found in arid soils from North America and Australited with cellulosic substrates (Letcher et
al. 2008a). Letchertal. (2008a) suggested that broader sampling of desert climates using cellulose
baits would yield additional taxa.

Notesi This family is not morphologically distinct from other taxa ie Rhizophlyctidales
but was separated by molecular and ultrastirattcomparisons.

SonoraphlyctisLetcher,Mycol. Res. 112: 1039 (2008)
Index Fungorum Identifier 511798

In zoospore ribosomes are dispersed in the cytoplasm. Nucleus with a short postiear
extension; a compact (0.35 mm long) striated fibrillarzopbiast between the nucleus and
kinetosome (Letcher et al. 2008a).
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Type speciesi Sonoraphlyctis ranzoniiLetcher, in Letcher, Powell, Barr, Churchill,
Wakefield & Picard, Mycol. Res. 112039 (2008); Fig. 24

Notes T This species is based on four cellytal isolates from North American and
Australian arid soils (Letcher et al. 2008a). The North American isolates are genetically
monophyletic, but the Australian isolates show some disgityiftom the others and each other.
Letcher et al. (2008a) credtiis divergence to a likely long history of continental isolation, though
the authors only described the single species to contain all four is@latkges are available from
CZEUM (Collection of Zoosporic Eufungi at the University of Michigan), anduseges are
available in GenBank.

Rhizophydiomycete$edersoo et al.
Rhizophydialed_etcher et al.
Alphamycetaceaéetcher, Mycol. Res. 112: 771 (2008)
Index Fungorum Identifier 511771

Spaangium spherical with a single discharge pore; rhizoids bran&duebpore contains a
single lipid globule partially covered with a fenestrated cisterna. The kinetosome and nonflagellated
centriole are parallel and connected by a band of fibrillar mattimted diagonally between the
two structures. Kinetosorressocated structure (KAS) is absent. Microbody is simple.
Mitochondrion is single, a portion of which is anterior to the kinetosome. Moderately and
uniformly electrondense, thirmembraned vedies occur in the cytoplasm adjacent to the
kinetosome. From aquati@bitats, saprophytic on pollen (Letcher et al. 2008a).

Family type 1 Alphamyced.etcher, Mycol. Res. 112: 772 (2008)

Ecology & life modesi The family is composed of three genera isoldteth pollen baits,
two of which, Alphamycesind Betamyceswere i®lated from aquatic and soil samples in Central
and South America (Letcher et al. 2008a, 2012). Howe@@ammamycesvas isolated from
rainforest soils in New South Wales, Australia (Letattesl. 2012).

Notesi Though initially described to accommodate 8ingle specieA. chaetifer(Letcher et
al. 2008a), two additional genera were included in the family based on zoosporic ultrastructure and
molecular phylogenetics.

Alphamyced_etcher, Mycol. Res. 112: 772 (2008)
Index Fungorum Identifier 511785

Sporangum spherical with a single discharge pore, the upperthivds of the sporangial
wall covered with long, slender, branched or unbranched hairs uf 50 8@ in length. Rhizoids
branchedZoospore contains a single, rather small lipid globule partiabgied with a fenestrated
cisterna. Mitochondrion is single, a portion of which lies above and proximal to the kinetosome.
Moderately electromense walled vesicles occur in the cytoplasija@ent to the kinetosome
(Letcher et al. 2008c).

Type species Alphamyces chaetif¢6Sparrow) Letcher, Mycol. Res. 112: 772 (2008)

Notesi Alphamyces chaetifds the most distinctive fungus in the famiBetamycesand
Gammamycegpossess spherical zoaspngia, common for multiple families é&thizophydiales
However, A. chaetiferhas a zoosporangium with multiple, slender, long, sometimes branching,
hair-like structures emerging over its entirety. The species was formerly VRthizophydiunbut
was plaed inAlphamycesvhenRhizophydiunwas reassessed (Letcher et 80&c).Letcher et al.
(2008c) argued that additional species may be necessary to reflect phylogenetic dissimilarity in
investigated isolates. Cultures are available from CZEUM (Collecfiatoosporic Eufungi at the
University of Michigan), and sequenceas available in GenBank.
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Figure 247 Morphology ofSonoraphlyctis ranzonitype), isolate BR 060 on agar. a Germling. b

e Developing thalli. f Zoospore discharge. g Empty sporangiitin discharge pores adjacent to
origins of rhizoidal axes. h Gernd@ted zoospores in vicinity of parent sporangium. Scale bars a 10
pm, bid, fig 25 um, e, h 50 um (Redrawn from Letcher et al. 2008a).

Other genera inAlphamycetaceae
Betamyced etcher, in letcher, Vélez, Schultz & Powell, Nova Hedwigia 92(1 19 (2012)
Index Fungorum Identifier 561196; Index Fungorum (2025) and Species Fungorum (2025)
accepted one species.

Type species Betamyces americameridionalisLetcher, Vélez, M. Schultz & M.J. Pl
2012

Notesi On pollen bait from aquatic and soil samples frémgentina and Costa Rica
(Letcher et al. 2012b). Cultures are available from CZEUM (Collection of Zoosporic Eufungi at the
University of Michigan), and sequences are available in GenBank.
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