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Abstract Cheirosporium gen. nov. is characterised by the production of sporodochial conidiomata, semi-macrone-
matous to macronematous conidiophores that possess several distinct sterile branches, and cheiroid, smooth-walled
conidia with rhexolytic secession. The 28S rDNA and ITS rDNA operon of this taxon were amplified and sequenced.
A BLAST search revealed low homology between Cheirosporium triseriale and existing sequences in public data-
bases, supporting the hypothesis that the species is new to science. Phylogenetic analysis showed that C. triseriale

t

axonomy groups with Dictyosporium and allied species, and nests within the Pleosporales (Dothideomycetes, Ascomycota).
Cheirosporium is morphologically distinct from the cheirosporous genera Cheiromyces, Cheiromycina, Dictyosporium,
Digitomyces, Digitodesmium and Pseudodictyosporium and these differences are discussed.
Article info Received: 28 January 2008; Accepted: 17 April 2008; Published: 23 April 2008.

INTRODUCTION ITS rDNA sequences showed that this fungus represents a new

Freshwater fungi are taxonomically diverse, with more than
1 000 documented species, which include representatives from
almost all major fungal classes (Tsui & Hyde 2003, Vijaykrishna
et al. 2006). These fungi colonise many different substrates
such as submerged plant litter, and aquatic organisms (Vijay-
krishna & Hyde 2006). Because most plant litter in freshwater is
of terrestrial origin, the aquatic origin of most freshwater fungi is
debatable. Many of the known freshwater anamorphic species
have also been recorded from terrestrial habitats, although this
is not generally the case with teleomorphs (Tsui & Hyde 2003,
Vijaykrishna et al. 2006).

Cheirosporous hyphomycetes were studied recently by Tsui
et al. (2006) and Kodsueb et al. (2007), while Ho et al. (2000)
reviewed cheirosporous genera and provided a key based
on morphological characters. Tsui et al. (2006) investigated
the phylogenetic relationships among several cheirosporous
genera and found that Dictyosporium and allied genera are
closely related and form a strong monophyletic grouping in
Pleosporales. New species of cheirosporous fungi have also
recently been described, such as Aquaticheirospora, including
a single species with synnematous conidiomata (Kodsueb et
al. 2007). We are studying the freshwater fungi of China (e.g.
Caietal. 2006a, Cai & Hyde 2007), and collected an interesting
cheirosporous taxon from Lijiang, Yunnan. Critical morphologi-
cal examination and phylogenetic analysis based on 28S and
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ascomycetous anamorph that could not be linked to a teleomor-
phic genus. It is, therefore, described here as Cheirosporium
triseriale gen. & sp. nov.

MATERIALS AND METHODS

Submerged woody substrata were collected by Cai from a
small stream in Yunnan, China. Samples were processed and
examined following the methods described in Cai et al. (2003).
Observations and photomicrographs were made from material
mounted in water. Conidia were measured at their widest point.
The range between minimum and maximum values for micro-
scopic measurements is given. Mean values are in brackets
with ‘n’ being the number of measurements. The holotype is
deposited at the Mycological Herbarium of the Chinese Acad-
emy of Science (HMAS) in Beijing, China.

DNA extraction, PCR and sequencing

DNA was extracted from the herbarium specimen HMAS
180703 using E.Z.N.A. Forensic DNA Extraction Kit (Omega
product No: D3529-01/02). A sporodochial mass was removed
from the specimen for extraction using fine forceps, following the
manufacturer’s protocols. Partial 28S rDNA and ITS rDNAwere
amplified using fungal specific primers LROR and LR5 (Vilgalys
& Hester 1990) and ITS1 and ITS4 (White et al. 1990), respec-
tively. The polymerase chain reaction (PCR) was carried out
in a 50 pL reaction volume and the PCR thermal cycles based
on the profile detailed in Cai et al. (2006b). PCR amplification
was confirmed on 1 % agarose electrophoresis gels stained
with ethidium bromide. Amplicons were then purified using
minicolumns, purification resin and buffer, following the manu-
facturer’s protocols (Amersham product code: 27-9602-01).
DNA sequencing was performed using the primers mentioned
above in an Applied Biosystem 3730 DNA Analyser at the Ge-
nome Research Centre, The University of Hong Kong.
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Sequence alignment and phylogenetic analysis

Sequences were aligned using BioEdit (Hall 1999). Two data
sets were analysed; the 28S rDNA data set and ITS/5.8S
rDNA data set. Novel sequences (EU413953, EU413954),
together with reference sequences obtained from GenBank,
were aligned using Clustal X (Thomson et al. 1997). Reference
sequences used in this study are mainly from Lumbsch et al.
(2005) and Tsui et al. (2006), both studies providing 5 or more
reference sequences. Alignment was manually adjusted to al-
low maximum alignment and minimise gaps.

Phylogenetic analyses were performed using maximum par-
simony as implemented in PAUP v. 4.0b10 (Swofford 2002).
Ambiguously aligned regions, 26 and 49 characters in 28S and
ITS data sets respectively, were excluded from all analyses.
Characters were equally weighted and gaps were treated as
missing data. Trees were derived using the heuristic search
option with TBR branch swapping and 1 000 random sequence
additions. Maxtrees were unlimited, branches of zero length
were collapsed and all parsimonious trees were saved. Clade
stability was assessed using a bootstrap (BT) analysis with
1 000 replicates, each with 10 replicates of random stepwise
addition of taxa. Kishino-Hasegawa tests (KH Test) (Kishino
& Hasegawa 1989) were performed in order to determine
whether trees were significantly different. Trees were figured
using Treeview (Page 1996).

The model of evolution was estimated by using Mrmodeltest
2.2 (Nylander 2004). Posterior probabilities (PP) (Rannala &

Pleosporales

A

74

Yang 1996, Zhaxybayeva & Gogarten 2002) were determined
by Markov Chain Monte Carlo sampling (BMCMC) in MrBayes
v. 3.0b4 (Huelsenbeck & Ronquist 2001). Six simultaneous
Markov chains were run for 1 000 000 generations and trees
were sampled every 100th generation (resulting 10 000 total
trees). The first 2 000 trees, which represented the burn-in
phase of the analyses, were discarded and the remaining 8 000
trees were used for calculating posterior probabilities (PP) in
the majority rule consensus tree.

501 Dictyosporium digitatum DQ018102
Digitodesmium bambusicola DQ018103
Dictyosporium toruloides DQO018104
Aquaticheirospora lignicola AY736378
Dictyosporium alatum DQ018101
Pseudodictyosporium wauense DQ018105
1005 Cheiromoniliophora elegans DQ018106
Cheirosporium triseriale
Leptosphaeria calvescens AY849944

95 Letendraea eurotioides AY787935
Letendraea helminthicola AY016362
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Byssothecium circinans AY016357
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Delitschia didyma AY853366

Farlowiella carmichaeliana AY541492 Hysteriales
92 Helicomyces roseus AY787932
Pleosporales
Thaxteriella helicoma AY787939 }
85| Dothidea ribesia AY016360
Stylodothis puccinioides AY004342 Dothideales
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Phaeotrichum benjaminii AY004340
Venturia hanliniana AF050290 } Pleosporales

Aniptodera chesapeakensis U46882

Fig. 1 Phylogenetic tree generated from parsimony analysis based on 28S rDNA sequences. Data were analysed with random addition sequence, and treat-
ing gaps as missing data. Bootstrap values > 50 % are shown above or below branches. Thickened branches indicate Bayesian posterior probabilities > 95

%. The tree is rooted with Aniptodera chesapeakensis.
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RESULTS

The LSU sequence obtained from the herbarium specimen
consisted of 724 nucleotides. A BLAST search in NCBI (www.
ncbi.nih.gov/blast) showed that this sequence is most similar to
Aquaticheirospora lignicola (AY736378, 93 % identity), Munko-
valsaria appendiculata (AY772016, 89 %), Leptosphaeria
calvescens (AY849944, 89 %) and Montagnula opulenta
(AY678086, 89 %). The 28S rDNA data set consisted of 40
sequences. The final data set included 537 characters after
alignment. Only part of the Cheirosporium triseriale 28S rDNA
sequence was used in the analysis, as most of the included
reference sequences from NCBI are shorter than ours. Parsi-
mony analysis resulted in 28 equally parsimonious trees. The
KH test showed that these trees were not significantly different.
One of these trees is shown in Fig. 1.

The ITS sequence consisted of 533 nucleotides. The BLAST
search in NCBI showed that this sequence is most comparable
to Dictyosporium digitatum (DQ018089, 83 %), Dictyosporium
toruloides (DQ018093, 82 %), Dictyosporium heptasporum
(DQ018090, 82 %) and Dictyosporium giganticum (DQ018095,
82 %) (Tsui et al. 2006). The ITS rDNA data set consisted of
28 sequences. The final data set comprised 718 characters
after alignment. Parsimony analysis resulted in three equally
parsimonious trees. The KH test showed that these trees were
not significantly different. One of the trees is shown in Fig. 2.

The topologies generated from Bayesian analyses are essen-
tially similar to that of the parsimony analyses. The Bayesian
trees are therefore not shown, but the statistically supported
clades are marked in the parsimony trees (Fig. 1, 2).

99

100

Taxonomy
Cheirosporium triseriale gen. & sp. nov.

Cheirosporium L. Cai & K.D. Hyde, gen. nov. — MycoBank
MB506570.

Coloniae in substrato naturali sporodochiales, dispersae, punctiformes, brun-
neae, atro-brunneae vel nigrae. Conidiophora semi-macronematosa vel macro-
nematosa, mononematosa, septata, flexuousa, irregulariter ramosa, ramis
steriles vel fertiles; pars sterilis elongatis, obclavata. Cellulae conidiogenae
monoblasticae, terminales, determinatae, non-prolificantes. Conidia acro-
gena, holoblastica, solitaria, sicca, olivacea vel brunnea, cheiroidea, levia.
Conidiorum secessio rhexolytica.

Etymology. Referring to the cheiroid conidia in this genus.

Dictyosporium digitatum DQ018089

Dictyosporium giganticum DQ018095
Dictyosporium heptasporum DQO018090
Dictyosporium subramanianii DQ018094
Dictyosporium cf. heptasporum DQ018096
Aquaticheirospora lignicola AY864770 Type
Dictyosporium toruloides DQ018093
Dictyosporium elegans DQ018087
100, Dictyosporium bulbosum DQ018086

99

Dictyosporium alatum DQ018088

Dictyosporium nigroapice DQ018085
Dictyosporium australiense DQ018092

100[ Pseudodictyosporium wauense DQ018098 Type
Cheiromoniliophora elegans DQ018099 Type

Digitodesmium bambusicola DQ018091 Type

Dendryphiella vinosa DQ307316
Cheirosporium triseriale Type
93| Coniothyrium wernsdorffiae AY904058
g5| Coniothyrium fuckelii AY904055

100 Paraconiothyrium estuarinum AY642530

Paraphaeosphaeria sp. DQ092522

— Leptosphaerulina chartarum AM231400

99[ Helminthosporium velutinum AF145704

73 Helminthosporium solani AF145703

10

— Saccharicola bicolor AF455415
Leptosphaeria tompkinsii DQ836790
Massarina eburnea AF383959

Botryosphaeria corticis AY904055

Fig.2 Phylogenetic tree generated from parsimony analysis based on ITS rDNA sequences. Data were analysed with random addition sequence and treating
gaps as missing data. Bootstrap values > 50 % are shown above or below branches. Thickened branches indicate Bayesian posterior probabilities > 95 %.

The tree is rooted with Botryosphaeria corticis.
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Conidiomata on the natural substratum sporodochial, scattered,
punctiform, brown, dark brown or black. Mycelium immersed or
partly superficial, consisting of branched, septate, smooth, thin-
walled, subhyaline to light brown hyphae. Stroma none. Setae
and hyphopodia absent. Conidiophores semi-macronematous
to macronematous, mononematous, septate, flexuous, irregu-
larly branched, branches sterile or fertile; sterile branches with
an elongate, relatively enlarged, obclavate cell. Conidiogenous
cells monoblastic, terminal, determinate, not proliferating. Co-
nidia acrogenous, holoblastic, solitary, dry, olivaceous to brown,
cheiroid, smooth-walled. Conidial secession rhexolytic.

Type species. Cheirosporium triseriale.

Cheirosporium triseriale L. Cai & K.D. Hyde, sp. nov. —
MycoBank MB506551; Fig. 3a—j

Sporodochia in substrato naturali 150—300 ym diam, dispersa, punctifor-
mia, brunnea, atro-brunnea vel nigra. Conidiophora 50-120 x 4—6 pm,
semi-macronematosa vel macronematosa, mononematosa, hyalina vel
subhyalina, levia, septata, flexuousa, irregulariter ramosa, ramis steriles vel
fertiles; pars sterilis elongatis, obclavata. Cellulae conidiogenae monoblas-
ticae, terminales, determinatae, hyalinae vel subhyalinae, doliiformes vel
late cylindracae, non-prolificantes. Conidia 15—-25 x 11-15 ym, acrogena,
holoblastica, solitaria, sicca, olivacea vel brunnea, cheiroidea, levia, basi
truncata triramifera, complanata, ramis 0—1-septatis, cylindricis. Conidiorum
secessio rhexolytica.

Etymology. Referring to the conidia of this species, which produce three
arms of cells in series.

Fig. 3 Cheirosporium triseriale. a. Sporodochial conidiomata on the host surface; b. squash mount of the conidiophores and conidia; ¢, d. conidiophores
bearing conidia (note numerous sterile apices of the conidiophores); e, f. individual conidiophores. Note the sterile branches; g—j. conidia. — Scale bars: a =

200 uym, b =40 pm, c—j =20 ym.
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Sporodochia on the natural substratum 150—-300 um diam,
scattered, punctiform, brown, dark brown or black. Mycelium
immersed or partly superficial, consisting of branched, sep-
tate, smooth, thin-walled, subhyaline to light brown hyphae.
Stroma none. Setae and hyphopodia absent. Conidiophores
50-120 x 4—6 pm, semi-macronematous to macronematous,
mononematous, hyaline to subhyaline, smooth-walled, septate,
flexuous, irregularly branched, branches sterile or fertile; sterile
branches with an elongate, relatively enlarged, obclavate, api-
cal cell, 12-18 ym long, 4.5—-6 ym wide. Conidiogenous cells
monoblastic, terminal, determinate, hyaline to subhyaline,
doliiform or broad-cylindrical, not proliferating. Conidia 15—25 x
11-15 um (av. = 19 x 12 ym, n = 30), acrogenous, holoblastic,
solitary, dry, olivaceous to brown, cheiroid, mostly flattened
in one plane, smooth-walled, truncate at the base, with three
laterally appressed, 0—1-septate, cylindrical arms, arising from
a common basal cell. Conidial secession rhexolytic.

Habitat — Saprobic on submerged woody bamboo culms.

Known distribution — China.

Teleomorph — Unknown.

Specimen examined. CHiNa, Yunnan, Lijiang, Heilongtan Park (26° 30" N,
100° 13' E), on submerged wood in a small stream, 16 July 2005, L. Cai,
holotype herb. HMAS 180703, paratype herb. IFRD 100001.

DISCUSSION

Cheirosporium triseriale is unique among cheirosporous hy-
phomycetes because of its unusual combination of morphologi-
cal characters. These include:

— The conidiophores of Ch. triseriale branch to form two to
several distinct sterile branches, in which there is a distinct,
enlarged, hyaline, obclavate apical cell. This character has
not been reported from cheirosporous genera. Similar sterile
branches occur among conidiophores in species of genera
such as Cylindrocladium, Falcocladium, Vesicladiella and
Tubercularia, and in the first three, sterile branches have
been regarded as a diagnostic generic character (Seifert
1985, Crous & Wingfield 1994, Crous et al. 1994).

— In Ch. triseriale, conidial secession is typically rhexolytic
(Fig. 3e, j), which differs from other cheirosporous genera.

— The conidiophores of Ch. triseriale are semi-macronema-
tous to macronematous.

The most similar genus to Cheirosporium is Digitomyces, which
includes species that also produce 2—3-armed cheirosporous
conidia (Mercado et al. 2003). Digitomyces was established
for Dictyosporium verrucosum (Tzean & Chen 1989, Goh et
al. 1999, Mercado et al. 2003), characterised by verruculose
conidia and micronematous to macronematous conidiophores
(Mercado et al. 2003). Digitomyces differs from Cheirospo-
rium in lacking sterile branches, and the conidial secession is
schizolytic with a truncate conidial base. The verrucose cell
wall of conidia in Digitomyces is also different to that of Chei-
rosporium, but wall ornamentation has been shown to have
less phylogenetic significance in distinguishing genera (e.g.
Cai et al. 2006b) Whether Digitomyces merits generic rank
awaits further investigation, and it shares many morphological
similarities with Dictyosporium.

Cheirosporium triseriale should also be compared with species
of Dictyosporium, because of their similar conidial morphol-
ogy (Sutton 1985, Goh et al. 1999). In addition to the sterile
branches and the rhexolytic conidial secession, Cheirosporium
is further distinguished by its semi-macronematous to macro-
nematous conidiophores (Goh et al. 1999). Cheiromyces and
Cheiromycina can also be differentiated from Cheirosporium
by the production of distoseptate conidia (Berkeley 1875,
Sutton & Muhr 1986). Species of Pseudodictyosporium have
macronematous conidiophores but they produce enteroblastic
conidiogenous cells and lack sporodochial conidiomata (Matsu-
shima 1971). Species of Digitodesmium produce sporodochial
conidiomata but the conidial arms are discrete and mostly with
narrow, incurved apical cells (Kirk 1981, Ho et al. 1999).

The partial sequences of 28S rDNA and ITS rDNA confirmed
the relative taxonomic distance of the new taxon from other
cheirosporous genera. No close relatives were found. The
highest ITS sequence similarity between Cheirosporium trise-
riale and sequences available in public databases is only 83 %
with Dictyosporium digitatum (DQ018089). The morphological
distinction and low sequence homology with existing taxa
indicates the need to establish a new genus for this taxon.
Parsimony analyses provided indications of its phylogenetic
position. In both 28S rDNA and ITS rDNA trees, Ch. triseriale
clustered with high bootstrap support in Pleosporales. This is
consistent with its morphological characters, because most
cheirosporous genera have affinities with the Pleosporales
(Tsui et al. 2006).

The 28S rDNA phylogeny shows that Ch. triseriale nests
in a clade with Cheiromoniliophora elegans, Pseudodictyo-
sporium wauense, Aquaticheirospora lignicola, Digitodesmium
bambusicola and several Dictyosporium species (Tsui et al.
2006). This is indicative of the close relationships among
these cheirosporous genera. Similar findings were obtained
from phylogenies derived from the ITS rDNA data set. In the
ITS rDNA tree, Ch. triseriale groups with other cheirosporous
genera in the Pleosporales. Cheirosporium triseriale is basal
and phylogenetically distant in the clade. In both trees, Ch. tri-
seriale clustered with high bootstrap support in the clade of
cheirosporous anamorphs.

Our phylogenetic analyses indicate that the current taxonomy
of anamorphic cheirosporous genera needs further evaluation.
For example, the generic status of Aquaticheirospora should
be reconsidered. Dictyosporium and Aquaticheirospora have
similar conidial form and type of conidiogenesis (Kodsueb et
al. 2007), but differ because the latter has synnematous co-
nidiomata. In our analyses, Aquaticheirospora lignicola nested
amongst Dictyosporium species and lacks sufficient phylo-
genetic distance to warrant separate generic status (Fig. 2),
indicating that the synnematous character may not be of
importance in generic delineation. In their phylogenetic analy-
sis, Kodsueb et al. (2007) did not include any cheirosporous
anamorphs because these were not available in GenBank at
that time. Similarly, our ITS trees also reveal little phylogenetic
distance between the monotypic genera Pseudodictyosporium
and Cheiromoniliophora. The two species have 98.7 % simi-
larity in the ITS locus. Morphologically, Pseudodictyosporium
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and Cheiromoniliophora are similar in having macronematous
conidiophores, non-sporodochial conidiomata and flattened
conidia with three arms. They are distinguished by the nature
of the conidiogenous cells, which are holoblastic and prolifer-
ate sympodially in Cheiromoniliophora and enteroblastic and
proliferate percurrently in Pseudodictyosporium. It has been
suggested that the two genera should possibly be synonymised
(Tsui et al. 2006).

In the ITS tree, the branch leading into the clade with Ch. tri-
seriale at its base is strongly supported. One may argue that
Aquaticheirospora, Pseudodictyosporium, Cheiromoniliophora,
Digitodesmium and Cheirosporium might be all congeneric
with Dictyosporium. Based on our present understanding of
this group of fungi, it is not possible to fully resolve the generic
boundaries of these genera. Regardless of the subjectivity in
taxonomic practice, the important implication of this study is that
these cheirosporous anamorphs merit further study of evolution-
ary biology. The morphological characters used to distinguish
these genera should also be re-evaluated using multiple-gene
phylogenies.
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