Mycological Progress (2021) 20:169-190
https://doi.org/10.1007/s11557-020-01663-8

oo

ORIGINAL ARTICLE

®

Check for
updates

New species and records of Helicosporium sensu lato from Taiwan,
with a reflection on current generic circumscription

Sung-Yuan Hsieh' @ - Teik-Khiang Goh 2@ - Chang-Hsin Kuo?

Received: 18 September 2020 /Revised: 14 December 2020 / Accepted: 14 December 2020
© German Mycological Society and Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

This paper describes and illustrates five species of Helicosporium sensu lato, which represents the partial result of an investigation
of fungal diversity associated with submerged wood and decaying culms of Miscanthus floridulus (Poaceae) from freshwater
streams in Alishan area, Chiayi County, Taiwan, which was carried out during the years 2016 and 2017. Neohelicomyces
longisetosus sp. nov. and Helicosporium flavidum sp. nov. are described and illustrated; the former is proposed based on
molecular and morphological data, whereas the latter is based on morphology only. Pseudohelicomyces talbotii, a new record
for Taiwan, is renamed as Parahelicomyces talbotii because the former genus was a homonym and thus illegitimate. The other six
illegitimate Pseudohelicomyces species are transferred to Parahelicomyces as new combinations. Two other species, namely
Acanthohelicospora guianensis and Neohelicosporium sympodiophorum, are also new records for Taiwan. A taxonomic key to
Helicosporium sensu stricto is provided. Current generic circumscription of helicosporous taxa based on phylogeny is briefly

discussed.
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Introduction

Helicosporous fungi have been the subject of systematic studies
because they are morphologically diverse and produce unusual
but elegant conidia for reproduction (Goos 1987). Helicoma
Corda, Helicomyces Link, and Helicosporium Nees are the three
carliest erected helicosporous genera. The taxonomy of these
fungi has been traditionally based on the morphology of conid-
iophores, conidiogenous cells, and conidia (Morgan 1892;
Linder 1929, 1931; Moore 1953, 1954, 1955, 1957).
According to original generic circumscriptions, distinctions be-
tween Helicoma, Helicomyces, and Helicosporium were often
vague due to similarities in coiling of their conidia. Pirozynski
(1972) suggested that the taxonomy of these three genera could
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put more weight on the characters of conidiogenous cells, conid-
ial attachment position, presence of “conidiola” (secondary co-
nidia), and presence of “sclerotes pedicelées” (stalked sclerotia).
To date, more than 200 species names have been assigned to
these three genera. Traditional taxonomists of these fungi gener-
ally distinguish the three genera as follows: in Helicomyces and
Helicosporium, conidial filaments are relatively thin in propor-
tion to their length and hygroscopic (Morgan 1892).
Conidiophores are well-developed in Helicosporium (Goos
1989), whereas in Helicomyces, they are much reduced or lack-
ing (Goos 1985). In Helicoma, conidia are non-hygroscopic, and
the conidial filaments are relatively thick in proportion to their
length (Goos 1986). At the specific level, Helicoma species are
grouped into four sections according to their conidial ontogeny:
Section Helicoma, Section Atroseptatum, Section Violaceum,
and Section Monilipes. Details of each section within the genus
Helicoma are given by Goos (1986) and Zhao et al. (2007).
Nowadays, molecular analysis using various gene sequences
has been applied to the taxonomy of fungi. In recent years, the
gene markers commonly used to infer the phylogeny of fungi are
the internal transcribed spacer regions (ITS) and subunits of ri-
bosomal DNA (SSU, LSU), certain protein-coding gene markers
such as the RNA polymerase II second largest subunit (RPB2),
the translation elongation factor 1-alpha gene (TEF/a), and other
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gene sequences (Hyde et al. 2016; Doilom et al. 2017; Luo et al.
2017; Lu et al. 2017a, b, 2018). Species of Helicoma,
Helicomyces, Helicosporium, and their known teleomorphs have
been shown to belong to the Tubeufiaceae (Kodsueb et al. 2006;
Boonmee et al. 2011, 2014; Brahmanage et al. 2017). Tsui et al.
(2006) used sequence data to revise systematics of Helicoma,
Helicomyces, and Helicosporium; however, they found that nei-
ther of these anamorphic genera nor the four sections within the
genus Helicoma were monophyletic. The polyphyly of
helicosporous hyphomycetes has also been demonstrated by sub-
sequent authors (Boonmee et al. 2011, 2014; Kuo and Goh
2018a, b; Lu et al. 2018). Unfortunately, to date, many
helicosporous taxa remain for which marker genes are not yet
sequenced, especially those published before the advent of mo-
lecular techniques. When molecular data are not available, tradi-
tional morphological characters used for distinguishing species
of these fungi are certainly useful and important.

To date, there are 43 names in Helicomyces, 101 in
Helicosporium, and 100 in Helicoma (Index Fungorum 2020),
but many of these names have already been synonymized, ex-
cluded, or transferred to more appropriate genera by various
authors (Goos 1985, 1986, 1987, 1989; Zhao et al. 2007,
Boonmee et al. 2014; Lu et al. 2018). Recently, Lu et al.
(2018) did a taxonomic reassessment of Tubeufiales based on
multi-locus phylogeny and morphology, which included the
analysis of various taxa of helicosporous hyphomycetes. They
used a combined ITS, LSU, RPB2, and TEFIa sequence dataset
in their analyses and introduced 13 new genera in the family
Tubeufiaceae. Many species previously named under
Helicoma, Helicomyces, Helicosporium, and allied genera have
now been transferred to several new genera such as
Acanthohelicospora, Dematiohelicoma, Dematiohelicomyces,
Dematiohelicosporum, Neohelicoma, Neohelicomyces,
Neohelicosporium, Pleurohelicosporium, and
Pseudohelicomyces (Luo et al. 2017; Lu et al. 2017a, b, 2018).

Goos (1989) reviewed the status of all known species con-
temporarily assigned to the genus Helicosporium and accepted
16 species. Zhao and his colleagues further reviewed additional
Helicosporium species which were published after Goos (1989)
and accepted 21 species in their monograph (Zhao et al. 2007).
Four additional species, based solely on morphological data,
were subsequently added to Helicosporium: H. melghatianum,
H. myrtacearum, H. vesiculiferum, and H. xylophilum (Cruz
et al. 2009; Dharkar et al. 2010; Singh and Singh 2016). With
the recent trend in molecular taxonomy, eight more species were
added to the genus based on phylogeny and morphology:
H. aquaticum, H. flavisporum, H. flavum, H. luteosporum, H.
setiferum, H. taiwanense, H. vesicarium, and H. viridiflavum
(Brahmanage et al. 2017; Lu et al. 2017a, 2018; Kuo and Goh
2018a). A majority of these Helicosporium sensu lato species,
however, has recently been transferred to other genera based on
results of multi-gene phylogenetic analyses (Lu et al. 2018). As
currently circumscribed based on phylogeny and morphology,
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the genus Helicosporium sensu stricto primarily includes species
whose colonies on natural substrata are yellow, conidiophores
are setiferous and dark, conidiogenous cells are discrete, arising
laterally as tooth-like or bladder-like protrusions from the shaft of
conidiophores, and conidia are helicoid, with a narrow filament
(usually not exceeding 4 pm wide), hyaline to yellowish-green.
To date, only 13 species are retained in the genus Helicosporium
sensu stricto (Lu et al. 2018). A checklist of current names for
taxa previously and recently assigned to Helicosporium (Index
Fungorum 2020) is given in Table 1.

Since the end of 2015, we have started a survey of fungal
diversity in the Alishan area, Chiayi County, Taiwan. There were
a few freshwater streams where some helicosporous hyphomy-
cetes were collected, some of which have already been recorded
from Taiwan (Chen 1994; Tzean et al. 2015; Taiwan
Biodiversity Information Facility 2020), among which a few
new taxa were recently described (Goh and Kuo 2018; Kuo
and Goh 2018a, b). This paper describes and illustrates five
species of Helicosporium sensu lato, which represents the partial
result of our investigation of fungi associated with submerged
wood and decaying culms of Miscanthus floridulus (Poaceae)
from freshwater streams in the Alishan area, which was carried
out during the year 2016 and 2017. Current generic concepts and
nomenclature (Lu et al. 2018) are employed in describing our
fungi in this paper. Neohelicomyces longisetosus and
Helicosporium flavidum are described as new based on molecu-
lar and morphological data. A synopsis based on morphological
features of 34 Helicosporium species sensu lato, following the
taxonomic treatments by Goos (1989), Zhao et al. (2007), and Lu
et al. (2018), is given to facilitate identification of these fungi
(Table 2). A taxonomic key for the 13 accepted species in
Helicosporium sensu stricto, the current generic concept of
which is circumscribed based primarily on phylogeny (Lu et al.
2018), is provided to justify H. flavidum, since this species is
proposed as new in this paper based on morphological data only.
Morphological comparison for 9 species of Neohelicomyces
(Luo et al. 2017; Lu et al. 2018) is given in Table 3.
Pseudohelicomyces talbotii, a new record for Taiwan, is renamed
in this paper as Parahelicomyces talbotii (gen. et sp. nov.) be-
cause the former genus was a homonym and thus illegitimate.
The other six illegitimate Pseudohelicomyces species are trans-
ferred to Parahelicomyces as new combinations. Two other spe-
cies, namely Acanthohelicospora guianensis (formerly
Helicosporium guianense) and Neohelicosporium
sympodiophorum (formerly Helicosporium sympodiophorum),
are also new records for Taiwan.

Materials and methods
Sample collection and mycological procedures Collecting of

specimens and laboratory procedures were similar to the meth-
odology described in Kuo and Goh (2018a). Plant materials
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Table 1

Current names of Helicosporium sensu lato

Name of taxa (Index Fungorum 2020)

Current name

References

Helicosporium abuense Chouhan & Panwar

Helicosporium albidum Grove

Helicosporium albocarneum (P. Crouan & H.
Crouan) Sacc.
Helicosporium ambiens (Morgan) Sacc.

Helicosporium ambiguum (Morgan) Sacc.

Helicosporium aquaticum Y .Z. Lu, J.C. Kang &
K.D. Hyde
Helicosporium auratum Ellis

Helicosporium aureum (Corda) Linder

Helicosporium berkeleyi (M.A. Curtis) Sacc.
Helicosporium binale (Berk. & M.A. Curtis) Sacc.
Helicosporium boydii A.L. Sm. & Ramsb.
Helicosporium brunneolum Berk. & M.A. Curtis
Helicosporium brunneum Schulzer & Sacc.

Helicosporium cinereum Peck
Helicosporium citreoviride Tubaki

Helicosporium coprophilum (Zukal) Sacc.
Helicosporium curtisii (Berk.) Sacc.

Helicosporium decumbens Linder

Helicosporium dentophorum G.Z. Zhao, Xing Z. Liu

& W.P. Wu
Helicosporium diplosporum Ellis & Everh.

Helicosporium elinorae Linder
Helicosporium ellipticum Peck
Helicosporium ellisii Cooke

Helicosporium fasciculatum (Berk. & M.A. Curtis)
Sacc.

Helicosporium flavisporum Y.Z. Lu, J.C. Kang &
K.D. Hyde

Helicosporium flavum Brahaman., Y.Z. Lu,
Boonmee & K.D. Hyde

Helicosporium fuckelii Fresen.

Helicosporium fuscum Berk. & M.A. Curtis
Helicosporium gigasporum C.K.M. Tsui, Goh, K.D.

Hyde & Hodgkiss
Helicosporium gracile (Morgan) Linder

Helicosporium griseum (Bonord.) Sacc.
Helicosporium griseum Berk. & M.A. Curtis

Helicosporium guianense Linder

Helicosporium hendrickxii Hansf.

Helicosporium herbarum Sacc., E. Bommer & M.
Rousseau

Helicosporium hiospiroides B.S. Reddy, D. Rao &
G.V.Rao

Helicosporium hongkongense C.K.M. Tsui, Goh,
K.D. Hyde & Hodgkiss

Helicosporium indicum P.Rag. Rao & D. Rao

Neohelicosporium abuense (Chouhan & Panwar)
Y.Z. Lu & K.D. Hyde

(Doubtful)

(Doubtful)

Helicoma ambiens Morgan
Helicomyces ambiguus (Morgan) Linder
Helicosporium aquaticum Y .Z. Lu, J.C.

Kang & K.D. Hyde
Helicoon auratum (Ellis) Morgan

Acanthohelicospora aurea (Corda) Rossman & W.C.
Allen

Xenosporium berkeleyi (M.A. Curtis) Piroz.

Xenosporium berkeleyi (M.A. Curtis) Piroz.

Helicoma phaeosporum Fresen.

Drepanospora viridis (Corda) Goos

(Doubtful)

Neohelicosporium griseum (Berk. & M.A. Curtis)
Y.Z. Lu & K.D. Hyde

Acanthohelicospora aurea (Berk. & M.A. Curtis)
Y.Z. Lu & K.D. Hyde,

Papulaspra coprophila (Zukal) Hotson

Thaxteriella pezizula (Berk. & M.A. Curtis) Petr.

Helicosporium decumbens Linder

Tubeufia dentophora (G.Z. Zhao, Xing Z. Liu

& W.P. Wu) Y.Z. Lu & K.D. Hyde
Xenosporium berkeleyi (M.A. Curtis) Piroz.

Helicoma elinorae (Linder) Y.Z. Lu & K.D. Hyde
Helicoon ellipticum (Peck) Morgan

(Doubtful)

Trochophora fasciculata (Berk. & M.A. Curtis) Goos

Helicosporium flavisporum Y.Z. Lu, J.C.
Kang & K.D. Hyde

Helicosporium flavum Brahaman., Y.Z. Lu,
Boonmee & K.D. Hyde

Thaxteriella pezizula (Berk. & M.A. Curtis) Petr.

Helicodendron fuscum (Berk. & M.A. Curtis) Linder

Helicoma gigasporum (C.K.M. Tsui, Goh, K.D. Hyde &

Hodgkiss) Y.Z. Lu
Rejected by Lu et al. (2018) and remains doubtful

Helicosporium murinum Goos

Neohelicosporium griseum (Berk. & M.A. Curtis)
Y.Z. Lu & K.D. Hyde

Acanthohelicospora guianensis (Linder) Y.Z. Lu
& K.D. Hyde

Hiospira hendrickxii (Hansf.) R.T. Moore

(Doubtful)

Rejected by Lu et al. (2018) and remains doubtful

Helicoma hongkongense (C.K.M. Tsui, Goh, K.D. Hyde

& Hodgkiss) Y.Z. Lu

Chouhan and Panwar 1980, Lu et al.
2018

Goos 1989
Goos 1989

Morgan 1892, Goos 1986
Linder 1929
Luetal. 2018

Goos et al. 1986
Rossman et al. 2016

Deighton and Pirozynski 1966
Deighton and Pirozynski 1966
Goos 1986, 1989

Goos 1989

Goos 1989

Luetal. 2018

Luetal 2018

Hotson 1912

Petrak 1953

Linder 1929, Goos 1989
Luetal 2018

Deighton and Pirozynski 1966
Luetal. 2018

Goos et al. 1986, Goos 1989

Linder 1929, Goos 1989
Goos 1986

Luetal. 2018
Brahmanage et al. 2017

Petrak 1953
Linder 1929, Goos et al. 1985
Luetal. 2018

Linder 1929, Goos 1989, Lu et al.
2018

Goos 1989
Luetal 2018

Luetal. 2018

Moore 1962
Linder 1929. Goos 1989

Reddy et al. 1970, Lu et al. 2018
Luetal 2018

Rao and Rao 1964, Lu et al. 2018
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Table 1 (continued)

Name of taxa (Index Fungorum 2020)

Current name

References

Helicosporium insuetum Petr.

Helicosporium intermedium var. intermedium Penz.
& Sacc.

Helicosporium intermedium var. palmigenum Penz.
& Sacc.

Helicosporium leptosporum Sacc.

Helicosporium limpidum (Morgan) Sacc.
Helicosporium linderi R.T. Moore

Helicosporium lumbricoides Sacc.

Helicosporium lumbricopsis Linder

Helicosporium luteosporum Y.Z. Lu, Boonmee &
K.D. Hyde
Helicosporium melghatianum Hande

Helicosporium microscopicum Ellis

Helicosporium monilipes (Ellis & L.N. Johnson)
Sacc.
Helicosporium muelleri (Corda) Sacc.

Helicosporium murinum Goos

Helicosporium myrtacearum P.N. Singh & S.K.
Singh
Helicosporium neesii R.T. Moore

Helicosporium nematosporum Linder
Helicosporium nizamabadense P.Rag. Rao & D. Rao
Helicosporium nymphaearum F.V. Rand

Helicosporium obscurum Corda

Helicosporium olivaceum Peck

Helicosporium pallidum Ces.
Helicosporium panachaeum R.T. Moore

Helicosporium pannosum (Berk. & M.A. Curtis)
R.T. Moore
Helicosporium phaeosporum (Fresen.) Sacc.

Helicosporium phragmitis Hohn.
Helicosporium pilosum Ellis & Everh.

Helicosporium politulum Schulzer

Helicosporium polysporum (Morgan) Sacc.
Helicosporium populi (P. Crouan & H. Crouan) Sacc.
Helicosporium prasinum Preuss

Helicosporium pulvinatum var. effusum (Berk.) Sacc.

Helicosporium pulvinatum var. pulvinatum (Nees &
T. Nees) Fr.
Helicosporium raghuveeri V.G. Rao & Varghese

Helicosporium ramosum (Berk. & Sm.) Massee

Helicosporium ramosum P .H.B. Talbot
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Pseudohelicomyces indicus (P.Rag. Rao & D. Rao)
Y.Z. Lu & K.D. Hyde
Pseudocercospora insueta (Petr.) Deighton

Helicoma intermedium (Penz. & Sacc.) Linder

Helicotruncatum palmigenum (Penz. & Sacc.)
Y.Z. Lu & K.D. Hyde

Neohelicosporium griseum (Berk. & M.A. Curtis)
Y.Z. Lu & K.D. Hyde

Helicoma limpidum Morgan

Helicoma linderi (R.T. Moore) Y.Z. Lu & K.D. Hyde
Neohelicosporium griseum (Berk. & M.A. Curtis)

Y.Z. Lu & K.D. Hyde
Helicosporium lumbricopsis Linder

Helicosporium luteosporum Y.Z. Lu, Boonmee
& K.D. Hyde

(Doubtful)

Helicoma microscopium (Ellis) Linder

Helicoma monilipes Ellis & L.N. Johnson

Helicoma muelleri Corda
Helicosporium murinum Goos

Neohelicosporium myrtacearum (P.N. Singh
& S.K. Singh) Y.Z. Lu & K.D. Hyde

Helicosporium vegetum Nees/Tubeufia cerea
(Berk. & M.A. Curtis) Hohn.

Helicoma nematosporum (Linder) Y.Z. Lu
& K.D. Hyde
Neohelicosporium nizamabadense (P.Rag. Rao
& D.Rao) Y.Z. Lu & K.D. Hyde
Dichotomophthoropsis nymphaearum (F.V. Rand)
M.B. Ellis
Circinotrichum obscurum (Corda) S. Hughes

Helicosporium vegetum Nees/Tubeufia cerea
(Berk. & M.A. Curtis) Hohn.

Neohelicomyces pallidus (Ces.) Y.Z. Lu & K.D. Hyde
Helicosporium panachaeum R.T. Moore

Helicoma pannosum (Berk. & M.A. Curtis)
Y.Z. Lu & K.D. Hyde
Helicoma phaeosporum Fresen.

Pseudohelicomyces paludosus (P. Crouan & H. Crouan)
Y.Z. Lu & K.D. Hyde

Acanthohelicospora scopula (Peck) Rossman
& W.C. Allen

(Doubtful)

Helicoma polysporum Morgan
(Doubtful)
(Doubtful)
(Doubtful)
(Doubtful)

Rejected by Lu et al. (2018) and remains doubtful

Helicoon ellipticum (Peck) Morgan

Deighton 1976
Linder 1929

Luetal 2018
Luetal. 2018

Goos 1989
Luetal 2018
Luetal. 2018

Linder 1929, Goos 1989
Luetal. 2017a

Dharkar et al. 2010

Linder 1929, Goos 1989
Goos 1989

Goos 1989
Goos 1989
Luetal 2018

Morgan-Jones and Goos 1992,
Boonmee et al. 2014

Luetal 2018
Rao and Rao 1964, Lu et al. 2018
Ellis 1971, Goos 1989

Hughes 1958

Morgan-Jones and Goos 1992,
Boonmee et al. 2014

Luetal. 2018

Moore 1954, Goos 1989
Luetal. 2018

Goos 1989
Luetal. 2018

Rossman et al. 2016

Linder 1929, Goos 1986, 1989
Goos 1989

Linder 1929, Goos 1989
Linder 1929, Goos 1989
Linder 1929, Goos 1989
Linder 1929, Goos 1989

Rao and Varghese 1988, Lu et al.
2018

Goos et al. 1986
Goos 1989, Lu et al. 2018
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Table 1 (continued)

Name of taxa (Index Fungorum 2020)

Current name References

Helicosporium recurvum Petch
Helicosporium repens (Morgan) Sacc.

Helicosporium richonis Boud.

Helicosporium serpentinum Linder
Helicosporium setiferum Y .Z. Lu, J.C. Kang & K.D.

Pseudohelicomyces talbotii (Goos) Y.Z. Lu
& K.D. Hyde

Helicoma recurvum (Petch) Linder Linder 1929

Helicoma repens Morgan

Pleohelicoon richonis (Boud.) Jayasiri, E.B.G.
Jones & K.D. Hyde

Morgan 1892, Goos 1989
Jayasiri et al. 2019

Hyde & K.D. Hyde
Helicosporium simplex Syd. & P. Syd.

Helicosporium spectabile Fautrey & Lambotte

Helicosporium sympodiophorum G.Z. Zhao, Xing Z. Neohelicosporium sympodiophorum (G.Z. Zhao,
Xing Z. Liu & W.P. Wu) Y.Z. Lu & K.D. Hyde
Neohelicosporium taiwanense (C.H. Kuo & Goh)

Liu & W.P. Wu
Helicosporium taiwanense C.H. Kuo & Goh

Helicoma phaeosporum Fresen.

Helicoma serpentinum (Linder) Y.Z. Lu & K.D. Hyde Luetal. 2018
Helicosporium setiferum Y.Z. Lu, J.C. Kang Luetal 2018
Trochophora fasciculata (Berk. & M.A. Curtis) Goos ~ Goos 1986

Goos 1986, 1989
Luetal. 2018

Kuo and Goh 2018a, Lu et al. 2018

Y.Z. Lu & K.D. Hyde

Helicosporium talbotii Goos

Hyde
Helicosporium thysanophorum Ellis & Harkn.
Helicosporium tiliae Peck

Helicosporium vegetum Nees

Helicosporium velutinum (Ellis) Sacc.

Helicosporium vesicarium Y.Z. Lu, J.C. Kang &
K.D. Hyde Hyde

Pseudohelicomyces talbotii (Goos) Y.Z. Lu & K.D.

Helicodendron fuscum (Berk. & M.A. Curtis) Linder
Helicoma muelleri Corda

Helicosporium vegetum Nees / Tubeufia cerea
(Berk. & M.A. Curtis) Hohn.

Helicoma phaeosporum Fresen.

Helicosporium vesicarium Y.Z. Lu, J.C. Kang & K.D.

Goos 1989, Lu et al. 2018

Linder 1929, Goos et al. 1985
Goos 1986, 1989

Morgan-Jones and Goos 1992,
Boonmee et al. 2014

Goos 1986, 1989
Luetal 2018

Helicosporium vesiculiferum A.C. Cruz & Gusmao Neohelicosporium vesiculiferum (A.C. Cruz & Gusmao) Cruz et al. 2009, Lu et al. 2018
Y.Z. Lu & K.D. Hyde

Helicosporium virescens (Pers.) Sivan.

Chaetosphaeria vermicularioides (Sacc. & Roum.)

Gams and Holubova-Jechova 1976

W. Gams & Hol.-Jech.

Helicosporium virescens sensu Sivanesan
Helicosporium viride (Corda) Sacc.

Helicosporium viridiflavum Y.Z. Lu, J.C. Kang &

K.D. Hyde & K.D. Hyde

Helicosporium xylophilum P.N. Singh & S.K. Singh Tubeufia xylophila (P.N. Singh & S.K. Singh)

Tubeufia cerea (Berk. & M.A. Curtis) Hohn.
Drepanospora viridis (Corda) Goos
Helicosporium viridiflavum Y.Z. Lu, J.C. Kang

Sivanesan 1984, Boonmee et al. 2014
Goos 1989
Luetal 2018

Luetal 2018

Y.Z. Lu & K.D. Hyde

including submerged wood and decaying culms of M. floridulus
were collected in plastic bags and returned to the laboratory
where they were incubated at room temperature on moist filter
paper in sterile plastic boxes. Materials were examined periodi-
cally for the presence of fungal sporulating structures under a
stereomicroscope (Zeiss Discovery V8) equipped with
AXIOCAM 503 Color photographic system. Fungal species
were identified primarily based on morphology under a Zeiss
AXIOSKOP 2 PLUS compound microscope and photographed
by an AXIOCAM 506 COLOR digital camera fitted to the mi-
croscope (Carl Zeiss Co. Ltd., Hsinchu City, Taiwan). Semi-
permanent slides were prepared by mounting fungal material in
lactophenol and sealed by applying nail polish around the mar-
gins of coverslips. Measurements of morphological characters
were made with the ZEN2 (BLUE-LITE) program. All images
used for figure plates were processed with Adobe Photoshop
CS3 Extended version 10.0 software (Adobe Systems, USA).

Single-spore isolations were performed following Goh (1999).
Specimens of fungal taxa were deposited in the Herbarium
(Herbarium Code: TNM) at the National Museum of Natural
Science (NMNS), Taichung, Taiwan. Fungal cultures were de-
posited at the Bioresource Collection and Research Centre
(BCRC), Food Industry Research and Development Institute,
Hsinchu, Taiwan. Other dried specimens and cultures were de-
posited at the Department of Plant Medicine, National Chiayi
University (NCYU), Chiayi, Taiwan.

Fungal DNA extraction, polymerase chain reaction (PCR), and
DNA sequencing Fungal isolates grown on PDA plates for
60 days were prepared for DNA extraction. DNA extraction
was carried out following Sambrook and Russell (2001). PCR
amplification and sequencing were performed according to
the manufacturer’s protocol (Tri-I Biotech Inc., New Taipei
City, Taiwan). For the nuc rDNA barcoding, the primer set

@ Springer



Mycol Progress (2021) 20:169-190

174

snouagona[d-o10y
snoua3omalq

snoua3oIna|d
snoudgoinojd-oroy

snoua3omalq
snouagomnajd-o10y
snoua3oIna[d
snous3ona[d-o10y

snouo3oroy
SnoudS0InaJ
snoua3oma[q
Snoud30IaJ
snouo3o1oy
snoua3omayq
snoud3oIna[J
snoua3oInald
snouagoma[d-o1y
snoud3oIna[J
snoua3oIna[d
snouagoma[d-o1y
snoua3oIna[J
snoua3oIna[d
snoua3omayq
SNoud30INA[J
snouagona[d-o10y
snous3omna[d-o10y
snoud3oIna[J
snouagoma[d-o10y
snoudgomajd

1JByS UO [}od) [BOLIPUIIAD)
JJeyS U0 309 [EOLIPUIIAD)

Jeys uo suonodsford ayI[-19ppe[q pue y1ad) [eOLIPUI[A)
JJeyS U0 SI[ONUSp [eIoje] pue [edidy
JeydAy
Surdoard woy Suisire os[e pue Jyeys uo suondsfoid ayi-1opperg
JJeys uo [jo9) [eOLIPUIAD)
JJeys UO [)99) [BOLIPUIAD)
YRyS Uo SI[ONUSp [eId)e] pue [eordy
xade oy e
9JeoUn Jo [BIIU0D Onse[qATod [erpoduAs 10 d1Se[qOUOA
JRyS U0 U303 [BOLIPUIIAD)

JJBYS UO 3o} ANUIA
JJBYS UO IO} [BOLIPUIIAD)

azoydorpruos jo xade je sa[onuap Jo 10snjD

1JBYS UO 309} ANUIA]

JJeys Uo [)o9) [eOLIPUIAD)

yeys uo suonodfoxd oyj-10ppeg

Jeys uo yjod) [eOLIpUIjA)

JEYS UO [3d3) LoyS

1Jeys UO [)99) [eOLIPUI[AD)

JJeyS Uuo 3dd) 1oys

Jeys uo [jo9) [eOLIPUIAD)

1Jeys Uo [)a9) [eOLIPUIAD)

yeys uo suonoofoid aI[-19ppe[q 10 9],

1yeys uo suonodfoxd oyI-10ppe[q pare3uo[d pue [jod) [BOLIPUIAD)
JJBYS U0 [3d3) LoYS

Jeys uo [jod) [eoLIpUIiA)

JJeys Uo [)o9) [eOLIPUIAD)

Sa[onuap Yum [erpodwAg

yeys uo suondsfoxd ayi-1oppeq

€91 x 6991
=€ x §TH—05¢C

L= x009-061
SL=ExSSI-67CE

§—S€x0CI—59
S—€x09¢0¢
=€ x 0¥C-0¢

V'S—Ly < LEE-001

S Ex0e01
S—E€x07e—SCI
G869 x0LI-08
SH-STx0s¢>
L= x 05001
9-¢ v x 0L~ 0V
=S 1x085>
S—€x 0005
S x 00¥-05¢€

8 ¥ xSLI-08
Sy €x05¢001
P=6TxCE1-89
§'6—6€x00C—S¢
SLexSyI-Ly
9-¢ x00C-0¢1
§'8-C'¢ x 05051
Sr-5€x 005>
S-S € x 007>
S—STx0SI>
L=9x0ST0LL
LS9 x8r9¢
9-¢€ x081-0¢1

AyM
UQAIS-YSIMO[O X

UMOIG-USIMO[[ X
AMYM

Uu9213-YSIMO[[d X
MO[[PA

MUM

SMYM

MM

UAIS-YSIMO[[O X

umorg

umoirg

umoirg

MM

Keiny

Ke1n

Keiny

MM

Ke1n

MO[[PA

Keiny

umolrg

umoiq ared

MO[[PA

MO[[OA

Ae1g-ysojuig

MO[[PA

umolrg

MO[[2A Udp[oD)

uMO0Iq 0} MOJ[QA
UQQI3-ysIMO[[oA

vifnagn]
wnLiodsooafy

pLIDYAS0I2DY ) /MUNIPLIOJY D)
wn1odsod1jayoaN

wn1Lodsoonafy
wn1Lodsodnjary
sa2Auoo1ja1yopnasy
WnLIodsoo11a10aN

wn1.1odsoo1]2y 0N
wn1Lodsodnjafy
(Inpqno()
saoAuioo1jayopnasg
DUOd2L]
wn1Lodsoonar]
§22A11001210IN
wnLIodsoo1ja1yoaN
wn11odsoonar]
wn1.1odsod112y 0N
wn1Lodsodnary
wn1Lodsoonar]
wnLiodsodafy
saoduoo1jayopnasy
DULODYIL]
(Inpqnop)
p.10dS021]2YOYIUDIY
wn1Lodsod1]2y 0N
(npqnoq)
DULOIYIE]
wn11odsoonafy
wniodsoonafy

wnpydojAx gy

WNADYipLaa g
"UBAIS

(*S10d) suassa.ia [y

wn.12fipnoisan "y

WNLID1SIA "I
wngodoa "y
moqvr 'H
ASUDUDMID] “E]

wn.ioydoipoduids “fy
wnaafijas [y
11224NY 304 "]
synusvayd “fy
wnsouuvd [y
wmayovund "y
wmpyd "H
2SUPPGLUIDZIU “F]
11590U “[J
WNA2IDIACU "]
wnuLnu g
wn.iodsoamy [y
sisdooriquing gy
wnopul “ff
asua3u0y3uoYy "Iy
saprodsory [y
asuauvIing "y

unD 29 oy umastid g

a1100.43 [
wn.Lodsv313 [y

wnavyf [
wniodsiavyf [y

snouagomajd-o1oy yeys uo suonoaford oYI-1oppe[q pue [3oed) [edLIpuUIL) G €T x LSTH8I 0} MOJ[O & wniiodsodnjagy wnpiavy gy
snousgoIoy xade a1oydorpruoo je aje[nonuap onse[qA[od $'G—SPxGES A vifinagn] wn.ioydojuap fy
snoudgoma|g yeys uo suonasford oyI[-10ppe|q pue 1o} [edLIPUIA) S—(—9°¢) x 007-ST umoliq yreq wni.1odsooljapy SuaquINOAp Iy
snoua3oIma|g Jyeys uo suonoaford oYI-10ppe[q pue [3ed) [eoLIPUIL) L—S x 0S9-06€ QAT[O 0} MOJ[O & p.iodsodtjayoyuoy wna.np [y
snouagoIma|g 1JBYS UO I3} [BOLIPUIIAD) =T x 0L1-S6 U0QIS-YSIMO[[O A wniiodsodnjapy wnoyvnby [y
snouagoIna|d Jeys uo 3od) [eOUPUIIL)  (L—)S'S—S€ x 001-S6 umolrg WnLIodsoo11a1y0aN asuang gy

uononpoid (wrl) wnjensqns
[erpruo) sa1oydorpruod,sjed snoua3oIpruo)) ozis a1oydoipiuo)  [eImeU Uo I0[0d AU0j0)) snuag Juorm)) »Se109dg

oye[ NSUas wuni.odsoo1 gy Jo uosuedwo))

zZ3IqeL

pringer

Qs



175

Mycol Progress (2021) 20:169-190

6861 S00D oeydAy yuodor woy Surstre satoydorpruo) TS 0TI TS Y61 moqvl H
B810C YOO pue onyj saroydorpruos ajenonuapAjod 1snqoy §T<1 y€-0C §'e8¢ €S-Lve SUIUDMID) “F]
souwln) $—G°¢ PO[I0d JUSWE[ [RIPIUOD ‘saroydoIpruod
L00T ‘Te 19 oeyZ uojnes Suowre aeydAy juadar uo saroydorpruod jerpodwAs 1oyg € SPC ST 9¢—17 wn.ioydorpoduds [y
8107 Te 10 ] PpayoueIq AJ[EUOISEIO0 PUE WLIOJNAS satoydorpruo)) §'¢—6'7  lounsipuy -1 17-€1 wnafias [y
810 T& 19 T ‘86T ASAYSIEA pue oey opIM AJLIEUIPIORIXD ST IO)OWEIP [EIPIUO)) STl - L=S'¢ $8-09 Lo2anySn4 H
6¢61 1opul'y ssewr ur yjurd yySi| pue sowny-¢ Pa[Iod BIpIuo) ¢ - [t 81-¢1 syuspayd [
Juasaxd
L00T ‘Te 10 0eYZ ‘6861 S00D) BIPIUIOD 7 29 BIOIA[OS (9JE[NUIYDS BIPIUOD {WLIOJ1es a1oydorpruo)) S 09-21 s'¢1ordn 05—0¢ wnsouund "y
PS61 9100 sa1oydorpruod dfed ¢ - SY—<7T 0€-0¢ umayovuvd ‘[
L00T ‘Te 10 0eyZ ‘6761 Jopury xade je Sursowojseue ‘ofed saroydorpruos payny soTUo[0) G'¢—7  ounsIpuy SI-1 S1-01 wnpynd [y
$961 OvY pue ovy JeydAy juedar woxy Sursure saroydorpruo)) S SIS T Q781  asuappqouinziu [y
uontod 1omo] 2y} Je suoisnyoid ay1[-19ppe|q
LS61 2100 Jurreaq ‘oAoqe snonxafj pue Surade) ‘wrrojues saroydorpruo)) gopdn - -1 81—¢€1 1522 “fJ
910 ySurs pue ySurg (ouoN) $TT 718 81 S'8I—¢I ool |
L00T ‘Te 10 0eYZ ‘686 SO0D) eydos jounsip ym sozoydorpruos ofed [eoLIPUIIAD 1001 ST - SI-1 S1-71 wnurmu “fJ
BL10T Te ¥ ] wnensqns woxy Apoamp Suisure sazoydorpruo)) €—¢'1  jounsipuy $T-S1 SHYT-L1 wn.iodsoan) “fy
6761 Iopury Sursowrojseue pue payoULIq SW092q P[o UM d1oydorpruo)) ¢ S7-81 STS'T 87—0C s1sdooriquing “[J
7961 OBy pue 0'y (suoN) Se¢l (45 STl 9¢-¢6¢C wnopul “ff
1007 ‘T8 10 ms[, JUSWIETJ [RIPTUOD OPIM ‘WIIOJNAS d1oydorpruo)) €T - L—S 0S—2 asuasuoy3uoy "Iy
810T Te 12 T ‘0L6T '[e 10 Appoy payoueiq Apounsp saroydorpruo) ! ! 8Tl Se-1T sopio.idsony [
soponuap [erpodwAs yym suonodafoid
6861 S00D ‘6761 IopUI'] SNOUOSOIPIL0d AYI[-IOPPE[q JUNSIP SuLieaq saroydorpruod wioyneg (S 8111 Sl ¢l asupupIng "
my
6761 1opul] Sursowojseue pue payouelq sa1oydorpruo)) ¢ Y1-Cl STl ST-81 % pog wnasus [
oeydAy
810T ‘T8 10 T ‘676 Jopury snouaSoIpruod o J[u)s juadar woy Juisue saroydorpruos jo0a1g STE—¢€ 7€-9C S'1-1 S1-01 o3 Iy
100 Te 10 ms 931e[ BIPIUOD ‘ULIOJNRS 210y dOIpruo)) S - -9 08—0L win.1odsn313 [y
L10T 'Te 30 d3eueyerg 01doosoISAY-uou ‘paj10d APYSn “ONI[-Dul0I1F] BIPIUOD SI-1 (L—)9-¢ L9 0¢8I wnavyf [
810C T N (ouoN) §e-¢'C  Punsipuy [ si-¢ci wniodsiavyf [
1oded sy, Asnoua3omayd-o1de eipruod Suronpoid satoydorpruod ored ¢z (079LI-T1 ST 7-S91 wnpiavyf g
L00T Te 19 oryZ sa10ydo1pruod JounsIp nq 1oy STTTC €CLI S S St—0¢ wn.ioydoyuap ‘[
6761 1opul'] PpayoueIq $2104dOIpI0d *(Z—]) S[I09 M ‘BIPIUOD PAZIS-[[BWS 1 - SI-=6L°0 6-9 Suaquinodp "H
Iy spustey [erpruos
6C61 1eopul'] ssazoydorpruos a1[-a1siiq 1snqo1 Jyus :Auojod AneH £67T 0201 1 0C-01 wmna.mo “ff
8107 Te e N xode oy} spremo) pajenuoye pue wloynds aroydorpuo) G'¢—G¢'7T  unsipur 1 $1-01 wnononby fy
0861 Temued pue ueqnoys (suoN) e ¢ 81-9 L'T? vyl asuangy "
BIPIUOD JO eydos (wrl) ppm (wrl) “werp
SOOURIYY SOINJeaJ S[qEsIRWY  S[109 JO JoquInN [eIPIUOD)  JUSWIE[L [RIPIUOD) wnipruo)) »Se10adg

(ponunuoo) g 3[qe],

pringer

Qs



176

Mycol Progress (2021) 20:169-190

1992

Linder 1929, Morgan-Jones and Goos
Luetal 2018

Conidia intercalarily produced on erect setiform conidiophores
and also from simple conidiophores on repent hyphae

2-4

10-15

Table 2 (continued)

H. vegetum

@ Springer

Conidiophores robust and dark; bladder-like conidiogenous cells

2.5-3.75

indistinct

13-18

H. vesicarium

arising from dark robust conidiophores and also from creeping

hyphae
Conidiophore bears a vesicle at apex

Cruz et al. 2009

2-3.5

24

10-15

1-1.5
1-2.5

11-18

10-20

H. vesiculiferum

Gams and Holubova-Jechova 1976,

Conidiophores erect setiform, unbranched

H. virescens (Pers.)

Morgan-Jones and Goos 1992

Luetal 2018

Sivan.
H. viridiflavum

Conidiophores slender and long (up to 425 um), arising from

2-2.5

13-16

2-3.5

20-23

repent hyphae

(none)

Singh and Singh 2016

1.5-2.5

17-24

3543

13.8-40

H. xylophilum

4 Species were selected following acceptance by Goos (1989), Zhao et al. (2007), and Lu et al. (2018)

used to amplify the ITS1-5.8S-ITS2 region was ITSS and
ITS4 (White et al. 1990). The nucleotide sequence data gen-
erated in this study were deposited in GenBank.

Phylogenetic analysis Sequence data of the ITS region were
used to infer phylogenetic placement of the new taxon.
Additional sequences of similar taxa within the
Tubeufiaceae were selected and retrieved from GenBank ac-
cording to recent publications (Brahmanage et al. 2017; Luo
etal. 2017; Lu et al. 2017a, b, 2018). A total of 54 nucleotide
sequences were used for the phylogenetic analysis. Patellaria
quercus (BHI-F768exna, Patellariaceae, Dothideomycetes)
was selected as the outgroup taxon. MUSCLE was used for
DNA alignment (Edgar 2004). Aligned sequences were ana-
lyzed using Mega7 (Kumar et al. 2016). The evolutionary
history was inferred using the maximum likelihood method
based on the Tamura-Nei model (Tamura and Nei 1993).
Initial trees for the heuristic search were obtained automatical-
ly by applying Neighbor-Join and BioNJ algorithms to a ma-
trix of pairwise distances estimated using the maximum com-
posite likelihood (MCL) approach, and then selecting the to-
pology with superior log likelihood value.

Results
Phylogeny

In this paper, we only generated a new ITS sequence for
GenBank (Accession no. MT939303, 862 bp) obtained from
one of the new species, Neohelicomyces longisetosus. Neither
sequence data derived from the other new species
(Helicosporium flavidum) nor the three fungal taxa
representing new records for Taiwan were successfully
generated.

The phylogenetic analysis involved a dataset comprising 54
ITS sequences representing taxa in the Tubeufiaceae, with
Patellaria quercus (BHI-F768exna) from the Patellariaceac
(Dothideomycetes) being the outgroup taxon. After alignment
and trimming of uneven ends, the alignment block was 718 bp
long (including gaps) for analysis, with 321 distinct alignment
patterns in the final dataset. Phylogenetic analysis of the dataset
using the maximum likelihood method yielded a tree (Fig. 1)
with the highest log likelihood (—2641.81), showing several
clusters of fungal taxa representing various generic lineages in
which the overall topology agreed with the phylogenetic back-
bone of the Tubeufiales (Lu et al. 2018). The tree showed that
fungal species were clustered accordingly into seven genera pre-
selected for analysis, namely Acanthohelicospora, Helicoma,
Helicomyces, Helicosporium, Neohelicomyces,
Neohelicosporium, and Parahelicomyces (formerly
Pseudohelicomyces). The new taxon Neohelicomyces
longisetosus NCYU-106H1-1) was positioned within the clade
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09| AY916464 Parahelicomyces hyalosporus CBS 283.51
MH856860 Parahelicomyces hyalosporus CBS 283.51
AY916465 Parahelicomyces talbotii MUCL 33010

MH558766 Parahelicomyces aquaticus MFLUCC 16-0234
MK335914 Parahelicomyces menglunicus MFLUCC 14-0689
MK347720 Parahelicomyces quercus C143

AY916477 Parahelicomyces indicus CBS 374.93

DQ341095 Parahelicomyces paludosus CBS 120503 (AR 4206)
LC316605 Helicomyces torquatus NCYU-K4-1

69 LC335816 Helicomyces geniculatus NCYU-U2-1
55 ‘|:|j AY916481 Helicomyces roseus BCC 8808
80 AY916483 Helicomyces lilliputeus NBRC 32664

KY320530 Neohelicomyces submersus KUMCC 15-0251
MN562154 Neohelicomyces melaleuca CPC 38042

MT627712 Neohelicomyces sp. MFLUCC 11-0005
MT939303 Neohelicomyces longisetosus NCYU-106H1-1-1
KY320529 Neohelicomyces aquaticus KUMCC 15-0463

MK442602 Neohelicomyces deschampsiae CBS 145029
MH859494 Neohelicomyces pallidus CBS 962.69

MH275073 Neohelicomyces pandanicola KUMCC 16-0143
MH558745 Neohelicomyces hyalosporus GZCC 16-0086
MT627701 Neohelicomyces sp. MFLUCC 18-1029
MH558751 Neohelicosporium hyalosporum GZCC 16-0063

77— MH558747 Neohelicosporium astrictum MFLUCC 17-2004

MH558762 Neohelicosporium parvisporum MFLUCC 17-1995

MH558755 Neohelicosporium laxisporum MFLUCC 17-2027

MF467916 Neohelicosporium aquaticum MFLUCC 17-1519

MF467928 Neohelicosporium thailandicum MFLUCC 16-0221

MG017612 Neohelicosporium fusisporum MFUCC 16-0642

11 LC316603 Neohelicosporium taiwanense NCYU-K1-1

MH558753 Neohelicosporium irregulare MFLUCC 17-1808

MH558748 Neohelicosporium ellipsoideum MFLUCC 16-0229

MH558746 Neohelicosporium acrogenisporum MFLUCC 17-2019

MH558749 Neohelicosporium guangxiense GZCC 16-0068

MH558754 Neohelicosporium krabiense MFLUCC 16-0224

Parahelicomyces

55

Helicomyces

75

Neohelicomyces

81

Neohelicosporium
89

98~ AY916478 Acanthohelicosspora aurea NBRC 7098
KY321323 Acanthohelicospora aurea GZCC 16-0060 Acanthohelicospora
AY916479 Acanthohelicospora guianensis UAMH 1699
— — GQ856141 Acanthohelicospora scopula ANM 386
KF301526 Acanthohelicospora pinicola MFLUCC 10-0116
gg|_— AY916455 Helicoma dennisii NBRC 30667
KX454171 Helicoma guttulatum MFLUCC 16-0022
411JN865203 Helicoma khunkornensis MFLUCC 10-0119
MH558717 Helicoma longisporum MFLUCC 16-0002
o8| MH558714 Helicoma brunneisporum MFLUCC 17-1983
MH558725 Helicoma septoconstrictum MFLUCC 17-1991
AY916488 Helicosporium vegetum CBS 941.72
KY321324 Helicosporium luteosporum MFLUCC 16-0226
KY873626 Helicosporium flavum MFLUCC 16-1230
MH558733 Helicosporium aquaticum MFLUCC 17-2008
MH558736 Helicosporium setiferum MFLUCC 17-2006
MH558734 Helicosporium flavisporum MFLUCC 17-2020
929 MH558739 Helicosporium vesicarium MFLUCC 17-1795
MF161322 Patellaria quercus BHI-F768exna (OUTGROUP)

54 Helicoma

58

79

Helicosporium

0.020

Fig. 1 Phylogenetic tree (TreeBASE TB2:S26860) inferred from ITS
sequences of Helicosporium sensu lato and other representative
helicosporous taxa from the Tubeufiaceae. The evolutionary history
was inferred using the maximum likelihood method. The tree with the
highest log likelihood (—2641.81) is shown. The percentage of trees > 50

@ Springer

in which the associated taxa clustered together is shown next to the
branches. The tree is rooted with Patellaria quercus and drawn to scale,
with branch lengths measured in the number of substitutions per site. The
new taxon is highlighted in bold red, whereas the taxa representing new
records for Taiwan mycoflora are in bold blue
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comprising the genus Neohelicomyces with high bootstrap sup-
port (97%). The tree also showed that Acanthohelicospora
guianensis (UAMH 1699) and Parahelicomyces talbotii
(MUCL 33010), representing two of the new records for
Taiwan mycoflora, were clustered accordingly with other species
in their respective genera.

Taxonomy

Helicosporium flavidum S.Y. Hsieh, C.H. Kuo & Goh, sp.
nov. Fig. 2.

Mycobank No.: MB 837330.

Etymology: flavidum, referring to the yellow colonies of
this species.

Colonies on natural substratum effuse, yellow to yellow-
ish-green, loose cottony layer separable from the substratum.
Mycelium mostly superficial and partly immersed, composed
of branched, septate, smooth hyphae. Stalked-sclerotia absent.

Fig. 2 Helicosporium flavidum
(NCYU-C8-4). a Colonies on
natural substratum. b—f
Conidiophores, bearing
cylindrical tooth-like or bladder-
like conidiogenous projections
along the shaft. g—s Conidia.
Scale bar: a=500 pm; b—e =
20 pm; f~s =10 pm

S T
|
ok

Conidiophores macronematous, mononematous, erect, simple
or occasionally branched near the base, straight or slightly
curved, cylindrical, uniform in width, very pale brown, uni-
form in color, smooth-walled, distinctly 8—14-septate, some-
times slightly constricted at the septa, bearing lateral small
cylindrical conidiogenous denticles or bladder-like out-
growths near the septa along the shaft, 184-257 um long, 2—
3.5 um wide. Conidiogenous cells monoblastic or more com-
monly polyblastic, integrated, determinate or with sympodial
proliferations, cylindrical, or bladder-like with denticles.
Conidia acro-pleurogenous, hyaline, (16.5-)17-22 pum in
diam, coiled (2.25-)2.5-3 times; conidial filament hygroscop-
ic, smooth-walled, 12—17(—20)-septate, 1.5-2 um thick, co-
nidial secession schizolytic. Secondary conidia absent.
Teleomorph unknown.

Specimen examined: TAIWAN, Chiayi County, Fanlu
Township, Huoshauliao (23.48169-120.62164, 778 m a.s.l.),
on a decaying culm of Miscanthus floridulus (Poaceae)
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Fig. 3 Neohelicomyces
longisetosus (NCYU-106H1-1).
a, b Setae and conidiophores
arising from repent hyphae. c-h
Conidiophores, producing
conidia sympodially from
denticles. i-n Conidia. Scale bar:
a, b =50 um; ¢-n =20 um

submerged in a freshwater stream, leg. Chang-Hsin Kuo, 13
May, 2016, NCYU-C8-4 (holotypus: TNM F0034160).

Known distribution: Taiwan.

Note: We have not successfully obtained a living culture of
this species for DNA sequencing. Identification of this species
is therefore based on morphological data. This species is dis-
tinguished from other species of Helicosporium sensu stricto
(Lu et al. 2018) in having pale conidiophores bearing both
cylindrical teeth and bladder-like conidiogenous projections
along the shaft.

To facilitate identification of species based solely on mor-
phology, a key to 14 Helicosporium species accepted by Goos
(1989), Zhao et al. (2007), and Lu et al. (2018) is given as
follows:

@ Springer

1. Colonies on natural substratum yellow or yellowish-

green . e 2
1. Colonles on natural substratum Whlte, gray or brown
. 10

2 Con1d1ophores 35—48 x 6 5 7 5 pm, bearmg sympodlal
denticles at the apex; conidia acro-pleurogenous, Helicoma-
like, non-hygroscopic, with thick filament (6-7 pm), tightly
coiled 1-1.5 times, distinctly 5—6-septate............. H. flavum.

2. Conidiophores 65-425 x 2—6 pm, bearing cylindrical
teeth or bladder-like projections on the shaft; conidial fila-
ments thinner (1-3.5 um wide), loosely coiled 1.5-3.75 times,

indistinctly multiseptate .. i3
3. Conidiophores bearlng bladder-hke conldlogenous pro-
jections on the shaft ... 4



Mycol Progress (2021) 20:169-190

181

3. Conidiophores bearing cylindrical teeth on the shaft,
bladder-like projections lacking ............ccoceeveerieerreiriecennnnens 6
4. Conidiophores slender, 184-257 x 2-3.5 um, pale, bear-
ing both cylindrical teeth and bladder-like conidiogenous pro-
jections on the shaft; conidia acro-pleurogenous, 16.5-22 um
in diam. . .. H. flavidum.
4. Conldlophores 65 180 X 3 5 6 pm, dark brown primar-
ily bearing only bladder-like projections on the shaft; conidia
pleurogenous, 12—18 um in diam. . .5
5. Conidiophores 65-120 um long, con1d1al dlameter 137
18 um, conidial filaments 1.5-3 um wide ...... H. vesicarium.
5. Conidiophores 130—180 um long; conidial diameter 12—
15 pum, conidial filaments 1-2 um wide...... H. flavisporum.
6. Conidia produced acro-pleurogenously from intercalary
cylindrical teeth on setiform conidiophores (30-360 x 3—
5 um) and also from short lateral conidiophores on repent
hyphae, 10-15 pm in diam; conidial filaments 1 pum wide
and coiled 2—4 times . .. H. vegetum.
6. Conidia borne pleurogenously from set1form or slender
conidiophores only, or combination of morphological features

not as above ............. e T
7. Con1d1ophores 68 170 pm long ........................... 8
7. Conidiophore 125-425 um long .. .9

8. Conidiophores 68—135 um long; con1d1al d1ameter l7—
24.5 um, conidial filaments 1.5-2.5 um wide, coiled 1.5-3
times . . .. H. luteosporum.

8. Comdlophores 95 l70 pwm long, comdlal diameter 10—
14 um, conidial filaments 1-2 um wide, coiled 2.5-3.5 times

. ...H. aquaticum.

9 Con1d1ophores set1form 125 320 pm long, occasionally
branched; conidial diameter 13-21 wm, conidial filaments 1—
2 um wide, coiled 2.5-3.5 times ................... H. setiferum.

9. Conidiophores slender, 250—425 pum long; conidial di-
ameter 20-23 pum, conidial filaments 2-3.5 um wide, coiled

2-2.5HMES . oovvieet i H. viridiflavum.
10. Conidial diameter up to 18 pm ..........cccceeeeeveennn 11
10. Conidial diameter 20-30 um .............cccceeeeenenn. 13

11. Colonies on natural substratum dark brown; conidio-
phores branched and decumbent, bearing bladder-like projec-
tions; conidia small (6-9 pm diam.), coiled 1-2
TINICS. .« e ettt sttt er e e e H. decumbens.

11. Colonies on natural substratum gray; conidia larger
(1218 pm diam.), coiled 2.5—5 tiMes .......ccecvvevrereveernnne 12

12. Conidiophores 100-250 pm long, cylindrical with a
blunt apex, bearing short cylindrical conidiogenous denticles
on the shaft; conidia 12—15 um in diameter, conidial filaments
coiled 2.5-4 times . . eeveens H. murinum.

12. Con1d1ophores 350—400 pm long, set1fonn tapering
and flexuous above, bearing conidiogenous bladder-like pro-
jections; conidia 13—18 pwm in diameter, conidial filaments
coiledupto5Stimes .............ccecevvvevceneeeenen..... H. neesii.

13. Conidiophores dark, 25-200 um long, bearing short
cylindrical teeth on the shaft; conidia acro-pleurogenous; co-
nidial filaments 1.5-2.5 um wide ............... H. lumbricopsis.

13. Conidiophores pale, 40-70 um long, bearing clusters
of minute denticles at the apex; conidia acrogenous; conidial
filaments 2.5-4.5 umwide ..ol H. panacheum.

Neohelicomyces longisetosus S.Y. Hsieh, C.H. Kuo &
Goh, sp. nov. Fig. 3.

Mycobank No.: MB 837331.

Etymology: longisetosus, referring to the long setae of this
species.

Colonies on natural substratum effuse, white to grayish-
brown, reticulate. Mycelium mostly superficial and partly im-
mersed, composed of branched, subhyaline to brown, septate,
smooth, 2-3 pm wide hyphae, bearing conidiophores and
setae. Stalked-sclerotia absent. Setae anchoring on the surface
of natural substratum and arising at right angle from the su-
perficial hyphae, brown, entirely sterile, erect, stiff, un-
branched, straight, multiseptate, smooth-walled, (138)150—
230 um long, (3.5)5-6.5 um at the base, gradually attenuate
towards the obtuse apex which is 1.5-3 pm wide.
Conidiophores macronematous, mononematous, arising at
right angle from the superficial hyphae, straight to flexuous
or slightly geniculate, unbranched, 0—3-septate, not constrict-
ed at the septa, straight or flexuous, bearing small cylindrical
conidiogenous denticles at the apex, uniformly pale grayish-
brown, (14.5) 22-30.5 um long, (2)3-3.5 um wide, uniform
in width. Conidiogenous cells mono-or polyblastic, integrat-
ed, with sympodial proliferations, bearing tooth-like projec-
tions; denticles distinct, cylindrical, 1.5-2 x 1-2 um. Conidia
hyaline, (15.5)20-24 um diam, coiled (2.75-)3-3.5(—4)
times; conidial filament hygroscopic, smooth-walled,
(20)23-28-septate, (1.5)2-3.5 um thick, conidial secession
schizolytic. Secondary conidia absent. Teleomorph unknown.

Specimen examined: TATWAN, Chiayi County, Meishan
Township (23.557750-120.729100, 646 m a.s.l.), on a
decaying culm of Miscanthus floridulus (Poaceae) submerged
in a freshwater stream, leg. Chang-Hsin Kuo, 4 Aug. 2017,
NCYU-106H1-1 (holotypus: TNM F0034161); ex-type cul-
ture: NCYU-106H1-1-1; GenBank: ITS =MT939303.

Known distribution: Taiwan.

Note: Luo et al. (2017) introduced the genus Neohelicomyces,
segregating it from Helicosporium sensu lato based primarily on
molecular phylogeny. The genus currently comprises 8 species
(Luo et al. 2017; Tibpromma et al. 2018; Lu et al. 2018; Crous
etal. 2019a, b), all of which are supported by molecular data. We
have successfully obtained living cultures of this species by
single-spore isolation (Goh 1999) and have sequenced its ITS
rDNA region. Identification of this species is therefore based on
molecular and morphological data. This species, as its species
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epithet suggests, is distinct among other Neohelicomyces species
(Table 3) in having polyblastic sympodial conidiophores among
distinct sterile setac which are long, straight, unbranched, stiff,
and dark. Another distinct feature of this species is that its colo-
nies on the natural substratum appear reticulate due to the pres-
ence of setac and conidiophores that arise at about right angle
from the superficial repent hyphae.

Parahelicomyces Goh, gen. nov.

Mycobank No.: MB 837332.

= Pseudohelicomyces Y.Z. Lu, J. K. Liu & K.D. Hyde,
nom. illegit., Art. 53.1, Fungal Diversity 92: 248 (2018);
non Pseudohelicomyces Garnica & E. Valenz., Mycol. Res.
104: 739 (2000).

Etymology: para, from Greek prefix, meaning “side by
side,” referring to members of this genus being morphologi-
cally similar to Helicomyces but phylogenetically forming a
separate clade adjacent to the clade comprising true
Helicomyces species.

Type species: Parahelicomyces talbotii (Goos) S.Y. Hsieh,
Goh & C.H. Kuo.

Note: Pseudohelicomyces Y.Z. Lu, J. K. Liu & K.D. Hyde,
belonging to the Tubeufiaceae (Lu et al. 2018), is a later hom-
onym of Pseudohelicomyces Garnica & E. Valenz., belonging
to the Hymenogastraceae, (Valenzuela and Garnica 2000). A
new name is therefore required for this genus.

Parahelicomyces talbotii (Goos) S.Y. Hsich, Goh & C.H.
Kuo, comb. nov. Figs. 4, 5.

Mycobank No.: MB 837333.

Basionym: Helicosporium talbotii Goos, Mycologia 81:
368 (1989).

= Helicosporium ramosum P.H.B. Talbot, Bothalia 6: 493
(1956) [non Helicosporium ramosum (Berk. & M.A. Curtis)
Massee, 1893].

= Pseudohelicomyces talbotii (Goos) Y.Z. Lu & K.D.
Hyde, Fungal Divers. 92: 252 (2018).

Colonies on natural substratum effuse, white, cottony, pulver-
ulent. Mycelium mostly superficial and partly immersed, com-
posed of branched, subhyaline to fuscous, smooth-walled, sep-
tate hyphae, 2.5-4.5 um wide. Stalked-sclerotia absent.
Conidiophores macronematous, mononematous, arising from
superficial repent mycelium, branching below, anastomosing,
straight or flexuous, subhyaline to very dilute brown, 3-9-sep-
tate, bearing small cylindrical conidiogenous tooth-like protuber-
ances along the shaft near the septa, (74-)100-245 pm long,
(2-)2.5-3.5(—4) um wide. Conidiogenous cells cylindrical,
monoblastic or rarely polyblastic, sometimes bladder-like and
bearing minute tooth-like projections. Conidia hyaline, 16—
18.5(=20) um diam, coiled (2.5-)2.75-3.25 times; conidial fila-
ment hygroscopic, smooth-walled, indistinctly 21-23(—26)-sep-
tate, 1.5-2 um thick, conidial secession schizolytic. Secondary
conidia absent. Teleomorph unknown.
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Specimens examined: TAIWAN, CHIAYI COUNTY:
Fanlu Township, Huoshauliao (23.48000-120.62108,
761 m a.s.l.), on debarked wood submerged in a freshwater
stream, 13 May 2016, leg. Chang-Hsin Kuo, NCYU-CC4-3.
ibid. (23.47621-120.64211, 573 m a.s.1.), on a decaying culm
of Miscanthus floridulus (Poaceae) submerged in a freshwater
stream, 5 Feb 2017, leg. Chang-Hsin Kuo, NCYU-H3-2.

Known distribution: Japan, Mainland China, Mexico,
South Africa, Taiwan, Thailand.

Note: This species is a new record for Taiwan mycoflora
(Taiwan Biodiversity Information Facility 2020). We have not
successfully obtained a living culture of this species collected
from Taiwan for DNA sequencing. Identification of this spe-
cies is therefore based on morphological data. The key iden-
tification features of this species are the white powdery colo-
nies on natural substratum, with pale conidiophores arising
from superficial repent mycelium, bearing primarily tooth-
like cylindrical conidiogenous projections along the shaft.

The following six species of Pseudohelicomyces (Lu et al.
2018) are transferred to Parahelicomyces as new combinations.

Parahelicomyces aquaticus (Y.Z. Lu, Boonmee & K.D.
Hyde) S.Y. Hsieh, Goh & C.H. Kuo, comb. nov.

Mycobank No.: MB 837334.

Basionym: Pseudohelicomyces aquaticus Y.Z. Lu,
Boonmee & K.D. Hyde, Fungal Diversity 92: 250 (2018).

Parahelicomyces hyalosporus (Y.Z. Lu, J.KX. Liu & K.D.
Hyde) S.Y. Hsieh, Goh & C.H. Kuo, comb. nov.

Mycobank No.: MB 837335.

Basionym: Pseudohelicomyces hyalosporus Y.Z. Lu, J.K.
Liu & K.D. Hyde, Fungal Diversity 92: 251 (2018).

Parahelicomyces indicus (P.Rag. Rao & D. Rao) S.Y.
Hsieh, Goh & C.H. Kuo, comb. nov.

Mycobank No.: MB 837336.

Basionym: Helicosporium indicum P.Rag. Rao & D. Rao,
Mycopath. Mycol. appl. 24: 32 (1964).

= Pseudohelicomyces indicus (P.Rag. Rao & D. Rao) Y.Z.
Lu & K.D. Hyde, Fungal Diversity 92: 251 (2018).

Parahelicomyces menglunicus (J.F. Li, Rungtiwa
Phookamsak & K.D. Hyde) S.Y. Hsieh, Goh & C.H. Kuo,
comb. nov.

Mycobank No.: MB 837337.

Basionym: Pseudohelicomyces menglunicus J.F. Li, Rungtiwa
Phookamsak & K.D. Hyde, Fungal Diversity 95: 87 (2019).

Parahelicomyces paludosus (P. Crouan & H. Crouan)
S.Y. Hsieh, Goh & C.H. Kuo, comb. nov.

Mycobank No.: MB837338.

Basionym: Nectria paludosa P. Crouan & H. Crouan,
Florule Finist re (Paris): 38 (1867).

= Ophionectria paludosa (P. Crouan & H. Crouan) Sacc.,
Michelia 1(no. 3): 323 (1878).

= Tubeufia paludosa (P. Crouan & Crouan) Rossman,
Mycologia 69: 383 (1977).
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= Helicomyces paludosus (P. Crouan & H. Crouan)
Boonmee & K.D. Hyde [as ‘paludosa’], Fungal Diversity
68: 274 (2014).

= Pseudohelicomyces paludosus (P. Crouan & H. Crouan)
Y.Z. Lu & K.D. Hyde, Fungal Diversity 92: 252 (2018).

= Helicosporium phragmitis Hohn., Annales Mycologici
3: 338 (1905).

= Tubeufia coronata Penz. & Sacc., Malpighia 11: 517
(1897).

= Tubeufia anceps Penz. & Sacc., Malpighia 11: 518
(1897).

= Ophionectria anceps (Penz. & Sacc.) Hohn.,
Sitzungsberichte der Kaiserlichen Akademie der
Wissenschaften Math.-naturw. Klasse Abt. I 128: 562 (1919).

Parahelicomyces quercus (Jayasiri, E.B.G. Jones & K.D.
Hyde) S.Y. Hsieh, Goh & C.H. Kuo, comb. nov.

Mycobank No.: MB 837339.

Basionym: Pseudohelicomyces quercus Jayasiri, E.B.G.
Jones & K.D. Hyde, Mycosphere 10: 164 (2019).

Two other new records of Helicosporium sensu lato for
Taiwan are described as follows:

Acanthohelicospora guianensis (Linder) Y.Z. Lu & K.D.
Hyde, Fungal Diver. 92: 145 (2018) (Fig. 6).

Basionym: Helicosporium guianense Linder [as
‘guianensis’], Ann. Mo. bot. Gdn. 16: 280 (1929).

Colonies on natural substratum effuse, yellow, cottony.
Moycelium mostly superficial and partly immersed, composed of
branched, septate hyphae, 2.54.5 um wide. Stalked-sclerotia ab-
sent. Conidiophores macronematous, mononematous, erect, stiff
and bristle-like, unbranched or branched, anastomosing, straight
or flexuous, distinctly bearing bladder-like conidiogenous projec-
tions along the shaft, uniformly brown, distinctly multiseptate,
280-495 um long, 4.7-5.4 pum wide. Conidiogenous cells blad-
der-like, polyblastic, sympodial, bearing tooth-like projections.
Conidia pleurogenous, hyaline, hygroscopic, 13-22 um diam,
coiled 23 times; conidial filament 1.2—1.5 pm wide, 11-18-sep-
tate; conidial secession schizolytic. Secondary conidia absent.
Teleomorph unknown.

Specimen examined: TAIWAN, CHIAYI COUNTY:
Fanlu Township, Huoshauliao (23.48169-120.62164,
778 m a.s.l.), on debarked wood submerged in a freshwater
stream, 13 May 2016, leg. Chang-Hsin Kuo, NCYU-EI-1.

Known distribution: Brazil, British Guiana, Cuba, India,
Mainland China, Mexico, New Guinea, Panama, Taiwan.

Note: The genus Acanthohelicospora was introduced by
Boonmee et al. (2014) based on morphology and phylogenetic
evidence. The genus currently comprises 4 species (Boonmee
etal. 2014; Rossman et al. 2016; Lu et al. 2018). We have not
successfully obtained a living culture of this species collected
from Taiwan for DNA sequencing. Identification of this spe-
cies is therefore based on morphological data. This species is
distinct in having setiform conidiophores which bear distinct

bladder-like conidiogenous projections with sympodial denti-
cles.

Neohelicosporium sympodiophorum (G.Z. Zhao, Xing Z.
Liu & W.P. Wu) Y.Z. Lu & K.D. Hyde, Fungal Diver. 92: 246
(2018). Fig. 7.

Basionym: Helicosporium sympodiophorum G.Z. Zhao, Xing
Z. Liu & W.P. Wu, Fungal Divers. 26: 375 (2007).

Colonies on natural substratum effuse, white, velvety.
Mycelium mostly superficial and partly immersed, composed
of branched, septate hyphae, 3.5-5 pm wide. Stalked-
sclerotia absent. Conidiophores macronematous,
mononematous, of two types: setiform conidiophores erect,
arising from superficial repent hyphae, cylindrical, with a
blunt sterile apex, 140-195 um X 4-5 pm, up to 9-septate,
pale grayish-brown, straight or slightly flexuous, unbranched
or bearing short geniculate conidiophores at the lower portion,
scarcely bearing small intercalary cylindrical conidiogenous
denticles; geniculate conidiophores cylindrical, arising as
short later branches from the lower portion of the setiform
conidiophores or borne directly from the superficial repent
hyphae, bearing sympodially several conidiogenous denticles
at the apex, uniformly pale grayish-brown, 2—3-septate,
(9.5-)12-30 um x 3.5-5. Conidiogenous cells mono- or more
commonly polyblastic, bearing small denticles, sympodially
regenerating. Conidia acrogenous, solitary, hyaline, smooth-
walled, 26.5-31 um diam., conidial filament 2.8-3.5 um
thick, slightly hygroscopic, 20-34-septate, coiled (2.75-)3—
3.25 times, conidial secession schizolytic. Secondary conidia
absent. Teleomorph unknown.

Specimen examined: TAIWAN, CHIAYIT COUNTY: Fanlu
Township, Huoshauliao (23.47621-120.64211, 573 m a.s.L.), on
a decaying culm of Miscanthus floridulus (Poaceae) submerged
in a freshwater stream, 5 Feb 2017, leg. Chang-Hsin Kuo,
NCYU-H4-1.

Known distribution: Mainland China, Taiwan.

Note: The genus Neohelicosporium was established by Lu
et al. (2017b) based on morphology and phylogenetic evidence.
The genus currently comprises 23 species (Lu et al. 2017b, 2018).
We have not successfully obtained a living culture of this species
collected from Taiwan for DNA sequencing. Identification of this
species is therefore based on morphological data. This species is
distinct in having short sympodial conidiophores which are borne
primarily on repent hyphae among setiform conidiophores, pro-
ducing conidia with a thick filament that coil 3.54 times and
distinctly septate.

Discussion
In this paper, we described five species of Helicosporium

sensu lato from Taiwan, using current generic names proposed
by Lu et al. (2018). We have only obtained a pure culture of
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Fig. 4 Parahelicomyces talbotii
(NCYU-CC4-3). a
Conidiophores arising from
repent hyphae. b—j
Conidiophores, bearing
cylindrical tooth-like
conidiogenous projections along
the shaft. k—z Conidia. Scale bar:
a-z=10 um

Neohelicomyces longisetosus for DNA sequencing but we
were not successful for the other four species. Despite this
shortcoming, we retrieved the sequences from GenBank for
Acanthohelicospora guianensis and Parahelicomyces talbotii
(Pseudohelicomyces) and included them in our phylogenetic
analysis. Unfortunately, sequence data for Neohelicosporium
sympodiophorum are currently not available in GenBank and,
therefore, could not be included in our phylogenetic tree.
Likewise, we do not have sequence data for Helicosporium
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flavidum, and its identification could only be made based on
morphology.

In this paper, we compiled a checklist of current names for
taxa previously and recently assigned to Helicosporium
(Table 1). We have also provided a synopsis of species ac-
cepted in Helicosporium sensu stricto (Table 2), with a key to
these species. Lu et al. (2018) accepted 13 Helicosporium
species; however, two of them were not included in our syn-
opsis and key. We excluded H. albidum Grove (Grove 1886)
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Fig. 5 Parahelicomyces talbotii
(NCYU-H3-2). a, b
Conidiophores, bearing
cylindrical tooth-like
conidiogenous projections along
the shaft. c—o Conidia. Scale bar:
a—q=10 um

and H. melghatianum Hande (Dharkar et al. 2010) due to the
following reasons: Helicosporium albidum was regarded as
“questionable” by Moore (1955) and Goos (1989) because
the material of the fungus was unavailable and the
description was inadequate. However, Lu et al. (2018) treated
it as a valid Helicosporium species, by simply stating that
“based on its morphological similarities to Helicosporium”
(Lu etal. 2018, p. 217), without examining authentic material
(unavailable). Moreover, it was impossible to make any logi-
cal judgement if the original description was inadequate
(Moore 1955; Goos 1989). Likewise, we do not agree with

Lu et al. (2018) to accept H. melghatianum by simply saying
that “its morphology corresponds to Helicosporium” (Lu et al.
2018, p. 217), for which a sound basis for taxonomic judge-
ment is lacking. We proposed to reject H. melghatianum be-
cause (1) the original description of this species (Dharkar et al.
2010) was too meager and incomplete; (2) the original illus-
tration was of extremely poor quality, so the taxon could not
be compared with the other species.

We have included H. vegetum Nees (Nees 1817), the type
of the genus, and H. neesii R.T. Moore (Moore 1957) as two
different species in the synopsis as well as the taxonomic key,
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Fig. 6 Acanthohelicospora
guianensis (NCYU-E1-1). a
Colonies on natural substratum.
b, ¢ Conidiophores, bearing
bladder-like polyblastic
conidiogenous cells along the
shaft. d Higher magnification of a
part of conidiophore showing the
bladder-like, polyblastic
conidiogenous cells. e-q Conidia.
Scale bar: a=500 um; b, ¢ =

20 pm; d—q =10 um

although there have been taxonomic confusions in these two
species. Both H. vegetum and H. neesii had been synonymized
earlier under H. virescens (Pers.) Sivan. by Goos (1989).
However, Morgan-Jones and Goos (1992) later synonymized
H. virescens under Chloridium virescens (Pers.) W. Gams &
Hol.-Jech. and listed H. neesii as a synonym of H. vegetum.
Based on a careful morphological comparison between
H. neesii and H. vegetum, we concur with the opinion of Lu
et al. (2018) that they are two different species (Table 2),
especially distinguishable in the type of conidiogenous cells
(i.e., cylindrical teeth or bladder-like projections) that they
have. Although molecular data are currently lacking for
H. neesii, we agree with Lu et al. (2018) that this taxon should
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be restored as a valid species of Helicosporium sensu stricto,
the current generic concept of which is circumscribed based
on phylogeny and morphology (Lu et al. 2018).
Morphological data used to compile the synopsis and the
key in this paper for H. neesii were from Moore (1954), and
for H. vegetum from Linder (1929), since the two species have
been neglected and lack additional records and morphological
descriptions due to the synonymies and taxonomic confusions
incurred throughout the decades.

Reflection on current generic concepts in helicosporous taxa
Systematic works of helicosporous fungi have been changing
tremendously in recent years due to the trend of using
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Fig. 7 Neohelicosporium
sympodiophorum (NCYU-H4-1).
a, b Colonies on natural
substratum. Note the distinct erect
setiform conidiophores among
the white mass of helical conidia.
¢ Conidiophores arising from
repent hyphae, bearing
developing conidia. d Setiform
conidiophores with intercalary
conidiogenous denticles and
developing conidia. e—i
Conidiophores that arising repent
hyphae showing polyblastic
sympodial conidiogenous loci at
the apex. j Setiform
conidiophores bearing shorter
sympodial conidiophores at the
lower portion of the shaft. k, 1
Upper portion of setiform
conidiophores showing septation
and rounded sterile apex. m—z
Conidia. Scale bar: a=500 pum;
b =200 pum; ¢-z=20 um

molecular data in taxonomy. As provoked by the problems in
the polyphyly of helicosporous taxa in the Tubeufiales, many
new generic names were proposed to accommodate these fun-
gi (Boonmee et al. 2014; Brahmanage et al. 2017; Lu et al.
2018). Generic circumscriptions of traditionally well-known
helicosporous taxa such as Helicodendron, Helicoon,
Helicoma, Helicomyces, and Helicosporium (Goos 1980,
1985, 1986, 1987, 1989; Goos et al. 1985, 1986; Zhao et al.
2007) have now been largely revised based on phylogeny.

The shortcoming is that species of these genera can no longer
be confidently identified without knowing their phylogenetic
positions. Nevertheless, until today, there remain many
helicosporous taxa for which their marker genes commonly
used in modern systematics are still not sequenced yet, espe-
cially those species which published in the early ages (e.g.,
Morgan 1892; Linder 1929; Moore 1953; Petrak 1953) and
those which published in less popular journals (e.g., Rao and
Rao 1964; Reddy et al. 1970; Chouhan and Panwar 1980; Rao
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and Varghese 1988; Dharkar et al. 2010). Moreover, scientists
who work in less developed regions of the world may have
problems undertaking molecular works due to the lack of es-
sential laboratory equipment. When molecular data are not
available, traditional morphological characters used for
distinguishing species of these hyphomycetes are certainly
useful and important. In this case, good taxonomic keys
constructed using reliable morphological data that facilitate
identification of species are also helpful. Many new genera
and species were proposed by Lu et al. (2018) in their taxo-
nomic reassessment of Tubeufiales to accommodate various
fungi, a great contribution to fungal systematics indeed; how-
ever, taxonomic keys for the species were not given. Besides,
in naming new species of helicosporous fungi, the species
epithets “aquatica,” “aquaticum,” and “aquaticus” are fre-
quently used by the authors for various similar genera. This
may cause taxonomic confusions in future when making new
nomenclatural combinations of taxa are needed.

In our opinion, the advent of molecular techniques is help-
ful towards a more natural system of fungal classification;
however, identification of taxa based on morphological data
is not obsolete. A combination of both approaches is impor-
tant. Nowadays, new species should always be accompanied
by molecular data, if possible.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11557-020-01663-8.
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