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RESEARCH ARTICLE

Botryobasidium bambusinum (Botryobasidiaceae,
Cantharellales): a new species from Yunnan, Southwest China,
based on morphology and phylogeny

Junhong Dong ©®2P, Xiyan Wang ©?, Siyuan He ©?, Jianling Zhang ©?,
Haijun Yin ©°¢, Shihui Zhang® and Changlin Zhao ©®%P
3College of Forestry, Southwest Forestry University, Kunming, People’s Republic of China; ®Yunnan Key

Laboratory of Gastrodia and Fungal Symbiotic Biology, Zhaotong University, Zhaotong, People’s Republic of
China; “Yunnan Tongbiguan Provincial Nature Reserve, Mangshi, People’s Republic of China

ABSTRACT

Botryobasidium bambusinum sp. nov. was collected in Yunnan Province,
China, is described here as a new species based on its morphology and
phylogeny. In this study, the taxon Botryobasidium bambusinum is
characterised by its resupinate, coriaceous conidiomata with a
smooth, hypochnoid, rubiginous to slightly reddish-brown hymenial
surface, a slightly thick-walled basal hyphae with simple septa,
subcylindrical, septate subglobose to globose, slightly thick-walled
conidia measuring as 7.2-9.5x7-9 um. Phylogenetic analyses of
the new species were based on the internal transcribed spacer (ITS)
and large subunit (nrLSU) of ribosomal DNA (rDNA) sequences.
The phylogenetic tree indicated that the new species belonged
to the genus Botryobasidium, and was closely related to
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B. gossypirubiginosum, B. rubiginosum and B. simile. Botryobasidium
gossypirubiginosum differs from B. bambusinum by having a floccose
to cotton conidiomata. Botryobasidium rubiginosum differentiates
from B. bambusinum by having a cottony conidiomata, and ovoid to
ellipsoid, larger conidia (14.5-16 X 10.5-12.5 pm vs 7.2-9.5 X 7-9 um).
Botryobasidium simile can be distinguished from B. bambusinum by
having an ochraceous to fulvous conidiomata, and larger conidia
(21.5-27 X 16-18 um vs 7.2-9.5x 7-9 um). A detailed description,
illustrations and phylogenetic analysis of the new species are provided.

Introduction

Fungi comprise enormous species diversity with respect to morphological, ecological and
nutritional modes (Song et al. 2024). Wood-inhabiting fungi play a fundamental role in
ecosystem processes, particularly in wood degradation and the recycling of organic
matter (Dong et al. 2024c). Recognised as pivotal contributors to the intricate balance
of forest ecosystems, these fungi are renowned as ‘key players’ due to their enzymatic
prowess, effectively breaking down woody components like lignin, cellulose, and hemi-
cellulose (Hyde et al. 2016, 2017, 2020, 2022; Lu et al. 2024; Zhang et al. 2024; Dong et al.
2024c). Revealing and documentation of new fungal species in China have been
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extensively done recent decades (Liu et al. 2015; Senanayake et al. 2015, 2017, 2020a,
2020b, 2020c, 2020d, 2023; Li et al. 2016, 2023; Tibpromma et al. 2017; Wanasinghe
et al. 2018; Phookamsak et al. 2019; Liang et al. 2023; Hongsanan et al. 2023; Kularath-
nage et al. 2022, 2023a, 2023b; Ma et al. 2023; Dong et al. 2024c).

The corticioid genus Botryobasidium Donk, belonging to the family Botryobasidiaceae
Julich (Cantharellales Gdum.), was established by Donk (1931) with B. subcoronatum
(Hohn. & Litsch.) Donk as the type species. The genus is characterised by resupinate,
thin, basidiomata, floccose, reticulate, arachnoid, hypochnoid to porulose hymenophore,
a monomitic hyphal system with simple septa or clamp connections on generative hyphae,
present or absent cystidia, subcylindrical to cylindrical basidia with (4)6-8-sterigmata and
a basal simple septum, in clusters on hymenial hyphal branches, and variable, usually ellip-
soid, allantoid or navicular, smooth or ornamented basidiospores (Donk 1931; Bernicchia
and Gorjon 2010). Many species in the genus Botryobasidium are known in anamorph
(Bernicchia and Gorjon 2010). Many asexual morph generic names, such as Acladium
Link, Allescheriella Henn., Alysidium Kunze, Haplotrichum Link, Neoacladium P.N.
Singh & S.K. Singh, Physospora Fr., and Sporocephalium Chevall., were congeneric with
Botryobasidium, and were re-combined in the genus Botryobasidium (Stalpers et al.
2021). Many species of Botryobasidium conidial state were found to belonging to the
genus Oidium Link (Eriksson and Ryvarden 1973). The genus Oidium is characterised
by white or greyish to slightly yellow, rusty red or rusty brown colonies, erect or ascending,
septate or nodose-septate conidiophores, spherical to ellipsoidal, smooth or internally or
externally roughened conidia (Linder 1942). Based on the MycoBank database (http://
www.mycobank.org, accessed on 28 October 2024) and the Index Fungorum (http://
www.indexfungorum.org, accessed on 28 October 2024), the genus Botryobasidium has
registered 115 specific and infraspecific names.

Holubova-Jechova (1980) recognised the genus Haplotrichum Link for the asexual
morphs of the genus Botryobasidium, and it was accepted in a monographic account
of the genus Botryobasidium (Langer 1994). The Haplotrichum species with or without
asexual morphs, clamp connections, smooth or ornamented basidiospores, and chlamy-
dospores or cystidia were included the genus Botryobasidium (Langer 1994). The genus
Botryobasidium formed a well-supported monophyletic group as previously demon-
strated based on the micromorphological and ultrastructural characters (Langer 1994;
Langer and Langer 1998). Molecular data have been confirmed these relations, placing
the genus Botryobasidium in the cantharelloid clade, with the genera Cantharellus
Adans. ex Fr., Clavulina J. Schrét., Craterellus Pers., and Hydnum L. (Moncalvo et al.
2006). Based on nuclear ribosomal DNA large subunit (nrLSU) analysis, Moncalvo
et al. (2006) demonstrated that the genus Botryobasidium included taxa with asexual
morphs and smooth basidiospores (e.g. B. candicans ]. Erikss., B. conspersum J. Erikss.
and B. simile Pouzar & Hol.-Jech.), and species without asexual morphs and smooth basi-
diospores (e.g. B. obtusisporum J. Erikss. and B. vagum (Berk. & M.A. Curtis) D.P.
Rogers), and species without an asexual morph and ornamented basidiospores (e.g.
B. subcoronatum and B. isabellinum (Fr.) D.P. Rogers). Based on the Stalpers et al.
(2021) research, the genus Botryobasidium included a greater number of names, thus,
the genus Botryobasidium was recommend for protection and 17 new combination
species. Recently, nine species of Botryobasidium have been found in China, viz.
B. acanthosporum L.J. Zhou & H.S. Yuan, B. coniferarum S.L. Liu & L.W. Zhou,
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B. gossypirubiginosum Qian Zhou & C.L. Zhao, B. incanum Qian Zhou & C.L. Zhao,
B. leptocystidiatum L.J. Zhou & H.S. Yuan, B. subincanum S.L. Liu & L.W. Zhou,
B. subovalibasidium L.J. Zhou & H.S. Yuan, B. xizangense S.L. Liu & L.W. Zhou,
B. yunnanense Qian Zhou & C.L. Zhao (Liu et al. 2024; Wang et al. 2024; Zhou et al.
2024b, 2024c).

During investigations on the corticioid fungi in Yunnan Province, China, some
Botryobasidium specimens were collected. To clarify the placement and relationships
of these specimens, we carried out a phylogenetic and taxonomic study based on the
ITS and ITS + nrLSU sequences. This specimen is identified as a previously undescribed
species of Botryobasidium and named Botryobasidium bambusinum. A description, illus-
trations, and phylogenetic analysis of the new species are provided.

Materials and methods
Sample collection and herbarium specimens preparation

The fresh fruiting bodies were collected on the dead stems of Dendrocalamus sinicus Chia
et J.L. Su which from Dehong of Yunnan Province, China. The samples were photo-
graphed in situ, and fresh macroscopic details were recorded. Photographs were recorded
by a Nikon D7100 camera. All the photos were focus-stacked using Helicon Focus soft-
ware. Macroscopic details were recorded and transported to a field station where the fruit
body was dried on an electronic food dryer at 45°C (Hu et al. 2022; Dong et al. 2024c).
Once dried, the specimens were sealed in an envelope and zip-lock plastic bags and
labelled (Senanayake et al. 2020d; Rathnayaka et al. 2024; Dong et al. 2024c). The
dried specimens were deposited in the herbarium of the Southwest Forestry University
(SWFC), Kunming, Yunnan Province, China.

Morphology

The macromorphological descriptions were based on field notes and photos captured in
the field and lab. Petersen (1996) was followed for the colour terminology. The micromor-
phological data were obtained from the dried specimens after observation under a light
microscope with a magnification of 10 x 100 oil (Zhao et al. 2023; Dong et al. 2024c). Sec-
tions mounted in 5% KOH and 2% phloxine B (C,yH,Br,C;4;Na,0s), and we also used
other reagents, including Cotton Blue and Melzer’s reagent to observe micromorphology
following as per Wu et al. (2022b). To show the variation in spore sizes, 5% of measure-
ments were excluded from each end of the range and shown in parentheses. At least thirty
basidiospores from each specimen were measured. Stalks were excluded from basidia
measurements, and the hilar appendage was excluded from basidiospores measurements.
The following abbreviations are used: KOH = 5% potassium hydroxide water solution,
CB- =acyanophilous, IKI- =both inamyloid and non-dextrinoid, L =mean spore
length (arithmetic average for all spores), W =mean spore width (arithmetic average
for all spores), Q = variation in the L/W ratios between the specimens studied, Q,, rep-
resented the average Q of basidiospores measured + standard deviation, and n=a/b
(number of spores (a) measured from given number (b) of specimens). The MycoBank
number will be registered in the MycoBank database (http://www.mycobank.org).
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Molecular phylogeny

The CTAB rapid plant genome extraction kit-DN14 (Aidlab Biotechnologies Co., Ltd.,
Beijing, China) was used to obtain genomic DNA from the dried specimens according
to the manufacturer’s instructions. The nuclear ribosomal of the internal transcribed
spacer (ITS) region was amplified with ITS5 and ITS4 primers (White et al. 1990).
The nuclear large subunit (nrLSU) region was amplified with the LROR and LR7
primer pair (Vilgalys and Hester 1990; Rehner and Samuels 1994). The PCR procedure
for ITS was as follows: initial denaturation at 95 °C for 3 min, followed by 35 cycles at 94 °
C for 40 s, 58 °C for 45 s and 72 °C for 1 min, and a final extension of 72 °C for 10 min.
The PCR procedure for nrLSU was as follows: initial denaturation at 94 °C for 1 min,
followed by 35 cycles at 94 °C for 30 s, 48 °C for 1 min and 72 °C for 1.5 min, and a
final extension of 72 °C for 10 min. The PCR products were purified and sequenced at
Kunming Tsingke Biological Technology Limited Company (Yunnan Province, P.R.
China). The newly generated sequences were deposited in NCBI GenBank (Table 1).

The sequences were aligned in MAFFT version 7 (Katoh et al. 2019) using the G-INS-i
strategy. The alignment was adjusted manually using AliView version 1.27 (Larsson
2014). The dataset was aligned first, and then the sequences of ITS + nrLSU were com-
bined with Mesquite version 3.51. The combined ITS + nrLSU sequences and ITS data-
sets were used to infer the position of the new species in the genus Botryobasidium and
related species. Sequences of Trichosporon insectorum Fuent., S.O. Suh, Landell, Faga-
nello, A. Schrank, Vainstein, M. Blackw. & P. Valente was retrieved from GenBank
and used as outgroup taxa in the ITS + nrLSU analysis (Figure 1); Hydnum repandum
L. was selected as outgroup taxa in the ITS analysis (Figure 2) as in Liu et al. (2024).

Maximum Likelihood (ML), and Bayesian Inference (BI) analyses were applied to the
combined two datasets following a previous study (Zhou et al. 2024a). Maximum Like-
lihood (ML) analysis was performed with RAXML-HPC BlackBox in CIPRES Science
Gateway (https://www.phylo.org/portal2/login!input.action, Miller et al. 2012) using a
GTRCAT model of evolution with 1,000 bootstrap replicates. jModelTest v2 (Darriba
et al. 2012) was used to determine the best-fit evolution model for each dataset for the
purposes of Bayesian inference (BI), Bayesian inference was performed using MrBayes
3.2.7a (Ronquist et al. 2012). Four Markov chains were run from random starting
trees. Trees were sampled every 1000 generation. The first 25% of sampled trees were dis-
carded as burn-in, whereas other trees were used to construct a 50% majority consensus
tree and for calculating Bayesian posterior probabilities (BPPs). Branches were con-
sidered significantly supported if they received a maximum likelihood bootstrap value
(BS) of >70%, Bayesian posterior probabilities (BPP) of >0.95.

Results
Molecular phylogeny

The aligned ITS +nrLSU dataset comprised 45 specimens representing 33 species.
Four Markov chains were run for two runs from random starting trees, each for
one million generations for the combined ITS+nrLSU (Figure 1) data set with
trees and parameters sampled every 1000 generations. The best model for the ITS
+nrLSU dataset, estimated and applied in the Bayesian analysis, was SYM +1+G.
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Figure 1. Maximum Likelihood strict consensus tree illustrating the Botryobasidium and related
genera in the order Cantharellales based on the combined ITS + nrLSU sequences. Branches are
labelled with Maximum Likelihood bootstrap values equal to or above 70%, and Bayesian posterior
probabilities equal to or above 0.95.
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Figure 2. Maximum Likelihood strict consensus tree illustrating the phylogeny of the new species
Botryobasidium bambusinum and related species in the genus Botryobasidium based on ITS sequences.
Branches are labelled with Maximum Likelihood bootstrap values equal to or above 70%, and Bayesian
posterior probabilities equal to or above 0.95.
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Maximum Likelihood (ML) and Bayesian Inference (BI) analysis resulted in a similar
topology with an average standard deviation of split frequencies = 0.006240 (BI), and
the effective sample size (ESS) for Bayesian analysis across the two runs is double the
average ESS (avg. ESS) =214

The aligned ITS dataset comprised 53 specimens representing 24 species. Four
Markov chains were run for two runs from random starting trees, each for 0.8 million
generations for the ITS-only (Figure 2) data set with trees and parameters sampled
every 1000 generations. The best model for the ITS dataset, estimated and applied in
the Bayesian analysis, was GTR + I+ G. Maximum Likelihood (ML) and Bayesian Infer-
ence (BI) analysis resulted in a similar topology with an average standard deviation of
split frequencies = 0.016186 (BI), and the effective sample size (ESS) for Bayesian analysis
across the two runs is double the average ESS (avg. ESS) = 225.

The phylogram based on the combined ITS + nrLSU sequences (Figure 1) indicated
that the new species Botryobasidium bambusinum was assigned to the genus Botryobasi-
dium. The topology based on ITS sequences (Figure 2), revealed that B. bambusinum was
clustered with B. gossypirubiginosum Qian Zhou & C.L. Zhao, B. rubiginosum (Fr.)
Rossman & W.C. Allen and B. simile Pouzar & Hol.-Jech.

Taxonomy

Botryobasidium bambusinum J.H. Dong & C.L. Zhao, sp. nov. (Figures 3-5)

MpycoBank: MB 856464

Etymology: bambusinum (Lat.): is referring to grow on bamboo.

Holotype: China, Yunnan Province, Dehong, Yingjiang County, Tongbiguan Provin-
cial Nature Reserve, 23°48'N, 97°38'E, altitude 1000 m asl., on the dead stems of Dendro-
calamus sinicus Chia et J.L.Su, leg. C.L. Zhao, 18 July 2023, CLZhao 29916 (SWEC).

Conidiomata: Resupinate, originating as thin, then developing as minute conidiifer-
ous cushions, forming colonial aggregations of many gregarious cushions; without odour
and taste when fresh, becoming coriaceous upon drying, up to 10 cm long, 5 cm wide,
50-150 pm thick. Hymenial surface smooth, hypochnoid, terreous to rubiginous when
fresh, turning to rubiginous to slightly reddish-brown upon drying. Sterile margin thin-
ning out, terreous to rubiginous, up to 1 mm wide.

Hyphae: Basal hyphae scattered, simple septa, colourless, yellowish, or more deeply
coloured near the substratum, slightly thick-walled, branched, more or less interwoven
in subiculum, 7-8.5 pm in diameter, IKI-, CB-, tissues unchanged in KOH.

Conidiophores: Subcylindrical, septate, thin- to slightly thick-walled, hyaline to yel-
lowish, relatively uniform in diameter or gradually tapering distally, up to 35 pm long,
6-9 um in diameter, straight in the distal part, basally curved or flexuose, the distal
cells bear sporogeneous teeth, most on the apical cell, in basal direction fewer.

Conidia: Subglobose to globose, hyaline to yellowish, slightly thick-walled, IKI-, CB+,
(7-)7.2-9.5(-9.7) x (6.5-)7-9 (~9.3) um, L =8.48 um, W = 8.15 pm, Q = 1.01-1.08, Q,,
=1.04+0.03 (n=90/3).

Additional specimens (paratypes) examined. China, Yunnan Province, Dehong,
Yingjiang County, Tongbiguan Provincial Nature Reserve, GPS coordinates 23°48'N,
97°38'E, altitude 1000 m asl, on the dead stems of Dendrocalamus sinicus Chia et
J.L.Su, leg. C.L. Zhao, 18 July 2023, CLZhao 29936, CLZhao 29938 (SWEFC).
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2. mm

1 mm

Figure 3. Basidiomata of Botryobasidium bambusinum A, B, CLZhao 29916. C, D, CLZhao 29936 (holo-
type). E, F, CLZhao 29938.

Discussion

The wood-rotting fungi have been extensively studied especially in recent years, which
includes a number of poroid, smooth, grandinoid, odontioid and hydnoid basidiomata
in China (Cui et al. 2019; Ji et al. 2022; Wu et al. 2022a, 2022b; Liu et al. 2023; Dong
et al. 2023a, 2023b, 2024a, 2024b, 2024c; Liu et al. 2024; Zhao et al. 2024; Zhou et al.
2024a, 2024b, 2024c). To date, only nine species of the genus Botryobasidium have
been found in China (Liu et al. 2024; Wang et al. 2024; Zhou et al. 2024b, 2024c).
Thus, the species diversity of Botryobasidium is still not well known in China. This
paper enriches our knowledge of fungal diversity in this area, and likely, more new
taxa will be found with further fieldwork and molecular analyses.

In the present study, a new fungal species, Botryobasidium bambusinum is described
based on the phylogenetic analyses and morphological characteristics.
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Figure 4. Sections of hymenium of Botryobasidium bambusinum (holotype, CLZhao 29936). A, Basal
hyphae. B-F, Conidiophores. G-P, Conidia. Scale bars: A =20 pm; B-P =10 pm.

The genus Sistotrema Fr. resembles Botryobasidium in having resupinate basidio-
mata, simple septa or clamp connections generative hyphae. However, Sistotrema is
distinct from Botryobasidium by palisade hymenium and umiform basidia, whereas
the latter having clustered hymenium and cylindrical basidia (Bernicchia and
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10 um

Figure 5. Microscopic structures of Botryobasidium bambusinum (holotype, CLZhao 29936). A, Basal
hyphae. B, Conidiophores. C, Conidia. Scale bars: A-C=10 um.

Gorjon 2010). In addition, many species in the genus Botryobasidium have known
anamorphs that were useful in distinguishing related taxa (Bernicchia and Gorjéon
2010).

Table 2. A morphological comparison between the new species Botryobasidium bambusinum and

eight similar species with the anamorph in the genus Botryobasidium.

Species name Anamorph Conidiophores Conidia References
Botryobasidium Haplotrichum Septate Smooth, thin-walled, lemon-shaped; Bernicchia and
aureum aureum 20-30 % 10-15 pm Gorjon (2010)
B. bambusinum B. bambusinum Septate Smooth, slightly thick-walled, Present study
subglobose to globose; 7.2-9.5 x 7—-
9 um
B. candicans H. capitatum Septate Smooth, thin- to thick-walled, Bernicchia and
subglobose to citriform; 15-20 x 8- Gorjon (2010)
10 pm
B. conspersum H. conspersum Septate Smooth, thin-walled, ellipsoid to Bernicchia and
subglobose; 15-20 X 9-12 pm Gorjon (2010)
B. curtisii H. curtisii Septate Roughened or rarely smooth, thin- Linder (1942)
walled, globose to subglobose; 10—
13.5%x10-12 pm
B. ellipsosporum H. ellipsosporum Septate Smooth, thick-walled, ellipsoid; 20— Holubové-
24 x11-12.5 pm Jechova (1969)
B. medium H. medium Septate Smooth, thin-walled, fusiform; 15-25x  Eriksson and
5-7 um Ryvarden
(1973)
B. robustius B. robustius Septate Smooth, thick-walled, globose; 13- Bernicchia and

17 x13-15 pym

Gorjon (2010)
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Phylogenetically, Botryobasidium bambusinum forming a monophyletic lineage
(100% BS, 1.00 BPP) closely associated with B. gossypirubiginosum, B. rubiginosum
and B. simile (Figure 1). However, Botryobasidium gossypirubiginosum differs from
B. bambusinum by having a floccose to cotton conidiomata (Zhou et al. 2024c). Botryo-
basidium rubiginosum differentiates from B. bambusinum by having a cottony conidio-
mata, and ovoid to ellipsoid, larger conidia (14.5-16 x 10.5-12.5 pm vs 7.2-9.5 x 7-9 umy;
Linder 1942). Botryobasidium simile can be distinguished from B. bambusinum by having
an ochraceous to fulvous conidiomata, and larger conidia (21.5-27 x 16-18 um vs
7.2-9.5 x 7-9 um; Linder 1942).

Botryobasidium bambusinum morphologically resembles with B. aureum,
B. candicans, B. conspersum, B. curtisii, B. ellipsosporum, B. medium and
B. robustius in having septate conidiophores. A morphological comparison between
the new Botryobasidium species and eight similar species of the anamorph are pre-
sented in Table 2.
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