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Abstract

Three new Phlebia species, Ph. fuscotuberculata, Ph. tomentopileata and Ph. tongxiniana, are proposed based on a
combination of morphological features and molecular evidence. Phlebia fuscotuberculata is characterized by brown,
tuberculate hymenial surface, fusiform cystidia and ellipsoid basidiospores. Phlebia tomentopileata is distinguished
by effused or semi-pileate basidiomata with tomentose upper pileus surface and merulioid hymenophore and
allantoid basidiospores (3.5-4.5 x 1-1.4 um). Phlebia tongxiniana differs in its effused basidiomata with smooth,
buff to cinnamon-buff hymenophore, monomitic hyphal system with clamped hyphae and ellipsoid basidiospores.
Sequences of ITS and 28S gene regions of the studied specimens were generated, and phylogenetic analyses were
performed with maximum likelihood, maximum parsimony and Bayesian inference methods. The phylogenetic anal-
yses based on combined ITS+28S dataset showed that the three new Phlebia species fell into the phlebioid clade.
Further study focused on a more representative set of Phlebia species based on ITS+28S sequences demonstrated
that Ph. fuscotuberculata was grouped with Ph. hydnoidea and Ph. nantahaliensis, Ph. tomentopileata was closely
related to Ph. tremellosa and Ph. tongxiniana was grouped with Ph. chrysocreas.

Keywords China - Meruliaceae - Phylogeny - Taxonomy - Wood-inhabiting fungi

Introduction

The genus Phlebia Fr. (Meruliaceae, Polyporales) was
erected by Fries (1821) and typified with Ph. radiata
Fr. It is a large, cosmopolitan genus characterized by
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effused or partly pileate basidiocarps with subceraceous
to subgelatinous consistency when fresh,
membranaceous to coriaceous when dry, hymenophore
smooth, tuberculate, phlebioid, odontioid, merulioid or
poroid, a monomitic (rarely dimitic) hyphal structure
generally with clamped hyphae, narrowly clavate
basidia, and colourless, thin-walled, smooth, allantoid
to ellipsoid basidiospores which are acyanophilous,
inamyloid and nondextrinoid (Bernicchia and Gorjon
2010). So far, about 100 species have been accepted
in the genus worldwide (Indexfungorum, http://www.
indexfungorum.org/names/Names.asp; MycoBank, http://
www.mycobank.org/Biolomics.aspx?Table=Mycobank)
and 14 species occurred in China (Hjortstam and
Ryvarden 1988; Dai et al. 2004; Dai 2011; Shen et al.
2018). Previous studies showed the synonym of
Merulius Fr., Mycoacia Donk and Mycoaciella J.
Erikss. & Ryvarden with Phlebia (Nakasone and
Burdsall 1984; Nakasone 1997, 2002). In addition, some
species in the genus have potential application in both
biomedical engineering and biodegradation (Hofrichter
et al. 2001; Wu et al. 2019).
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Larsson et al. (2004) studied the high phylogenetic
diversity among corticioid homobasidiomycetes and sug-
gested that Phlebia clustered into the phlebioid clade
and grouped with Ceriporia Donk and Gloeoporus
Mont. and the same conclusion was made by Wu
et al. (2017). Larsson (2007) revealed the classification
of corticioid fungi, including Phlebia, which suggested
that Phlebia was nested into the Meruliaceae.
Tomsovsky et al. (2010) aimed the phylogenetic study
of European Ceriporiopsis Domanski taxa and revealed
that Phlebia radiata and C. gilvescens (Bres.) Domanski
were grouped together on the base of the combined data
of the large subunit nuclear ribosomal RNA gene
(nLSU) sequences and mitochondrial small subunit
rRNA (mtSSU) gene sequences. Kuuskeri et al. (2015)
introduced molecular systematics and phylogeny
grouping in Phlebia and confirmed the polyphyletic
nature of the genus Phlebia. Justo et al. (2017) revised
family-level classification of the Polyporales using
multi-gene datasets; the result showed that Phlebia
radiata belonged to the family Meruliaceae and
grouped with Aurantiporus Murrill and C. gilvescens.
Runnel et al. (2019) revealed that Phlebia
griseoflavescens (Litsch.) J. Erikss. & Hjortstam
belonged to Antrodia s. str. and Phlebia was a polyphy-
letic group.

During the studies on wood-inhabiting fungi in southern
China, three species of phlebioid fungi could not be assigned
to any known species. The authors examine taxonomy and
phylogeny of these three new species within Phlebia, based
on the internal transcribed spacer (ITS) regions and 28S
sequences.

Materials and methods
Morphology

The specimens studied are deposited at the herbarium of
Southwest Forestry University, Yunnan Province, People’s
Republic of China (SWFC). Macromorphological descrip-
tions are based on field notes. Colour terms follow Petersen
(1996). Micromorphological data were obtained from the
dried specimens and observed under a light microscope fol-
lowing Dai (2010). The following abbreviations were used:
KOH =5% water solution of potassium hydroxide, CB =
Cotton Blue, CB— = acyanophilous, IKI=Melzer’s reagent,
IKI- = both inamyloid and nondextrinoid, L = mean spore
length (arithmetic average), W = mean spore width (arithmetic
average), Q = variation in the L/W ratios between the speci-
mens studied, n (a/b) = number of spores (a) measured from
given number (b) of specimens.

@ Springer

Molecular phylogeny

The E.Z.N.A. HP Fungal DNA Kit (Omega
Biotechnologies Co., Ltd., Kunming) was used to obtain
PCR products from dried specimens, according to the man-
ufacturer’s instructions with some modifications. ITS re-
gion was amplified with primer pair ITS5/ITS4 (White
et al. 1990). 28S region was amplified with primer pair
LROR/LR7 (http://www.biology.duke.edu/fungi/mycolab/
primers.htm). 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 28S 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 directly sequenced at Kunming Tsingke
Biological Technology Limited Company, Yunnan
Province, People’s Republic of China. All newly
generated sequences were deposited at GenBank (Table 1).

Sequencher 4.6 (GeneCodes, Ann Arbor, MI, USA) was
used to edit the DNA sequence chromatograms. Sequences
were aligned in MAFFT 7 (https://mafft.cbrc.jp/alignment/
server/) using the “G-INS-i” strategy and adjusted manually
in BioEdit (Hall 1999). The sequence alignments were depos-
ited in TreeBASE (ID 25143). Heterobasidion annosum and
Stereum hirsutum were assigned as the outgroup to root trees
in the ITS+28S analysis following Binder et al. (2013);
Hydnophlebia chrysorhiza was used as the outgroup to root
trees in the second analysis following Floudas and Hibbett
(2015).

Maximum parsimony analysis was applied to the
combined dataset and followed Zhao and Wu (2017);
the tree construction procedure was performed in
PAUP* version 4.0b10 (Swofford 2002). All characters
were equally weighted, and gaps were treated as miss-
ing data. Trees were inferred using the heuristic search
option with TBR branch swapping and 1000 random
sequence additions. Max-trees were set to 5000,
branches of zero length were collapsed, and all parsimo-
nious trees were saved. Clade robustness was assessed
using a bootstrap (BT) analysis with 1000 replicates
(Felsenstein 1985). Descriptive tree statistics tree length
(TL), consistency index (CI), homoplasy index (HI), re-
tention index (RI) and rescaled consistency index (RC)
were calculated for each maximum parsimonious tree
(MPT) generated. Ready datasets were also analysed
using maximum likelihood (ML) with RAXxML-HPC2
software through the CIPRES Science Gateway (www.
phylo.org; Miller et al. 2009). Branch support (BS) for
ML analysis was determined by 1000 bootstrap
replicate.
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Fig. 1 Maximum parsimony strict consensus tree illustrating the phylogeny of three new Phlebia species and related species in Polyporales based on
ITS+28S sequences. Branches are labelled with BS >70%, BT > 50% and PP > 0.95, respectively. Clade names follow Binder et al. (2013)

MrModeltest 2.3 (Nylander 2004) was used to deter-
mine the best-fit evolution model for each dataset for
Bayesian inference (BI) of the phylogeny. Bayesian infer-
ence was calculated with MrBayes 3.1.2 (Ronquist and
Huelsenbeck 2003). Four Markov chains were run for 2
runs from random starting trees for 1 million generations
for the first dataset, for 2 million generations for the second

dataset and trees were sampled every 100 generations; the
first one-fourth of generations were discarded as burn-in. A
majority rule consensus tree of all remaining trees was
calculated. Branches were considered significantly sup-
ported if they received maximum likelihood bootstrap
(ML) > 70%, maximum parsimony bootstrap (MP) > 50%
or Bayesian posterior probabilities (PP) > 0.95.
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<« Fig. 2 Maximum parsimony strict consensus tree illustrating the
phylogeny of three new Phlebia species and related species in Phlebia
based on ITS+28S sequences. Branches are labelled with BS >70%,
BT > 50% and PP > 0.95, respectively

Results

The first combined ITS+28S dataset comprises se-
quences from 64 specimens and 57 species. The dataset
had an aligned length of 2239 characters, of which
1283 characters were constant, 256 were variable and
parsimony-uninformative and 700 were parsimony-infor-
mative. Maximum parsimony analysis yielded one
equally parsimonious trees (TL =520, CI=0.308, Hl=
0.692, RI=0.545, RC=0.168). Best model suggested
by MrModeltest and applied in BI was GTR+I+G.
Bayesian analysis and ML analysis resulted in a similar
topology as MP analysis; Bl had the average standard
deviation of split frequencies =0.009957.

The phylogenetic tree inferred from ITS+28S se-
quences (Fig. 1) demonstrated seven major clades for
57 sampled species of the Polyporales. The three new
Phlebia species fell into the phlebioid clade. Phlebia
fuscotuberculata sp. nov. grouped with Ph. hydnoidea
Schwein.; Ph. tomentopileata sp. nov. was closely relat-
ed to Ph. tremellosa (Schrad.) Nakasone & Burds.; Ph.
tongxiniana sp. nov. grouped with Ph. chrysocreas
(Berk. & M.A. Curtis) Burds.

The second dataset comprises sequences from 68 speci-
mens and 25 species. The dataset had an aligned length of
2052 characters, of which 1487 characters were constant,
137 were variable and parsimony-uninformative and 428 were
parsimony-informative. Maximum parsimony analysis
yielded 100 equally parsimonious trees (TL =1510, CI=
0.534, HI=0.466, RI=0.855, RC =0.456). Best model for
the ITS+28S dataset estimated and applied in the Bayesian
analysis was GTR+I+G. Bayesian analysis and ML analysis
resulted in a similar topology as MP analysis; BI had the
average standard deviation of split frequencies = 0.009972.

The phylogeny reconstruction based on the second dataset
(Fig. 2) demonstrated that each of three new species formed its
own monophyletic lineage with a high 100% BS, 100% BP
and 1.00 BPP; Ph. fuscotuberculata grouped with Ph.
hydnoidea and Ph. nantahaliensis Nakasone & Burds.; Ph.
tomentopileata was closely related to Ph. Tremellosa; Ph.
tongxiniana grouped with Ph. chrysocreas.

Taxonomy

Phlebia fuscotuberculata C.L. Zhao, sp. nov. (Figs. 3 and 4)
MycoBank no.: MB 834289

Fig. 3 Basidioma of Phlebia fuscotuberculata (holotype). Scale bars =
1 cm

Holotype. China. Yunnan Province, Dali, Nanjian County,
Lingbaoshan National Forest Park, E 100°06’, N 24°39', alt.
2500 m, on fallen angiosperm trunk, leg. C.L. Zhao, 9
Jan 2019, CLZhao 10239 (SWFC).

Etymology. fuscotuberculata: refers to the brown, tubercu-
late (Lat. tuberculatus) hymenial surface.

Fruiting body. Basidiomata annual, effused, easily detach-
able, subceraceous to subgelatinous, without odour or taste
when fresh, becoming coriaceous upon drying, up to 25 cm
long, 600-900 pum thick. Hymenial surface tuberculate,
greyish brown to brown when fresh, brown upon drying.
Sterile margin narrow, brown.

Hyphal structure. Monomitic; generative hyphae clamped
at all primary septa, colourless, thin-walled, IKI—, CB—; tis-
sues unchanged in KOH. Subicular hyphae infrequently
branched, 2.5-4.5 pm in diam.; subhymenial hyphae infre-
quently branched, 2—4 pm in diam.

Hymenium. Cystidia fusiform, numerous, thin-walled, api-
cally encrusted with large crystals, 23.5-37 x 5.5-6.5 um; cy-
lindrical cystidioles present, colourless, thin-walled, 11—
15.5 x 1.5-4.5 pum; basidia clavate, with four sterigmata and
a basal clamp connection, 20-28 x 3.5-5.5 um. Basidiospores
ellipsoid, colourless, thin-walled, smooth, often with 1-2
oildrops, IKI-, CB—, 3.5-4.5x2-3.2 um, L=3.98 um, W=
2.76 um, Q = 1.41-1.47 (n = 60/2); in holotype 3.8-4.5 x 2.3—
32 um, L=42 um, W=2.86 um, Q=147 (n=30/1).

Distribution and ecology. The species is known from
Yunnan Province of China in temperate forest area. It grows
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Fig. 4 Microscopic structures of
Phlebia fuscotuberculata (drawn
from the holotype). a A section of
basidioma. b Hyphae from
subiculum. ¢ Basidia and
basidioles. d Cystidia and
cystidioles. e Basidiospores.
Scale bars: a-d =10 um; e=

5 um

on small-sized and broad-leaved forest trees and provokes
white rot.

Additional specimen examined: CHINA. Yunnan
Province, Dali, Nanjian County, Lingbaoshan National
Forest Park, on angiosperm stump, leg. C.L. Zhao, 9
Jan 2019, CLZhao 10227 (SWFC).

Phlebia tomentopileata C.L. Zhao, sp. nov. (Figs. 5 and 6)

MycoBank no.: MB 834290

Holotype. China. Yunnan Province, Puer, Jingdong
County, Wuliangshan National Nature Reserve, E 100°25’,
N 24°09', alt. 2490 m, on fallen angiosperm trunk, leg. C.L.
Zhao, 5 Jan 2019, CLZhao 9563 (SWFC).

Etymology. tomentopileata (Lat.): referring to the tomen-
tose pileal surface of the type specimen.

Fruiting body. Basidiomata annual, effused to effused-
reflexed, subceraceous to subgelatinous, without odour
or taste when fresh, becoming crustaceous upon drying.
Pilei flabelliform, projecting up to 2 cm wide, 1.5 mm
thick at centre. Pileal surface tomentose, white to cream
when fresh and grey upon drying. Hymenophore
merulioid, straw-yellow when fresh, turning to buff
and orange-yellow or fawn upon drying. Sterile margin
distinct, white, fimbriate.

@ Springer

Hyphal structure. Monomitic; hyphae clamped, colourless,
thin-walled, sparsely branched, IKI-, CB—; tissues unchanged
in KOH. Contextual hyphae subparallel, 2.5-4 pum in diam.;
subhymenial hyphae infrequently branched, 2-3.5 um in
diam.

Hymenium. Cystidia absent; fusoid cystidioles present,
colourless, thin-walled, 13-20 x 1.5-2.5 um; basidia clavate,
with four sterigmata and a basal clamp connection, 14-20 x
2.5-4.5 um. Basidiospores allantoid, colourless, thin-walled,
smooth, often with 2-3 oildrops, IKI-, CB—, 3.5-4.5 x 1—
1.4 um, L=4.01 um, W=1.18 um, Q=3.01-3.51 (n =360/
12); in holotype 3.5-4.2x 1-1.3 um, L=3.93 um, W=
1.16 um, Q=3.39 (n=30/1).

Distribution and ecology. The species is known from
southern China, growing in subtropical evergreen broad-
leaved forests and has white rot.

Additional specimens examined: China. Yunnan
Province, Puer, Jingdong County, Ailaoshan National
Nature Reserve, on fallen angiosperm trunk, leg. C.L.
Zhao, 15 Jan 2018, CLZhao 5833 (SWFC);
Wauliangshan National Nature Reserve, on fallen angio-
sperm trunk, leg. C.L. Zhao, 5 Jan 2019, CLZhao 95009,
CLZhao 9511, CLZhao 9515, CLZhao 9566 (SWEFC);
Dali, Nanjian County, Lingbaoshan National Forest
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Fig. 5 Basidioma of Phlebia tomentopileata (holotype). Scale bars =
1 cm

Park, on fallen angiosperm trunk, leg. C.L. Zhao, 9
Jan 2019, CLZhao 10158, CLZhao 10187, CLZhao
10192, CLZhao 10209, CLZhao 10274 (SWFC), on
fallen angiosperm trunk, leg. C.L. Zhao, 10 Jan 2019,
CLZhao 10399 (SWFC).

Phlebia tongxiniana C.L. Zhao, sp. nov. (Figs. 7 and 8)

MycoBank no.: MB 834292

Holotype. China. Yunnan Province, Yuxi, Xinping County,
Mopanshan National Forest Park, E 101°31’, N 23°42', alt.
2650 m, on decayed trunk of Quercus, leg. C.L. Zhao, 19
Aug 2017, CLZhao 2255 (SWFC).

Etymology. tongxiniana (Lat.): in honour of the Chinese
mycologist Prof. Tongxin Zhou.

Fruiting body. Basidiomata annual, effused, ceraceous,
without odour or taste when fresh, becoming

membranaceous upon drying, up to 15 cm long, 100—
200 pum thick. Hymenophore smooth, buff when fresh,
buff to cinnamon-buff upon drying. Sterile margin nar-
row, buff.

Hyphal structure. Monomitic; hyphae clamped, colourless,
thin-walled, IKI-, CB—; tissues unchanged in KOH. Subicular
hyphae richly branched, 3—-5.5 pm in diam.; subhymenial hy-
phae barely branched, 2—4 pum in diam.

Hymenium. Cystidia absent; fusoid cystidioles present,
colourless, thin-walled, 13-18.5 % 1.5-2.8 wm; basidia
clavate, with four sterigmata and a basal clamp connec-
tion, 9.5-18.5x3.5-5.5 um. Basidiospores ellipsoid,
colourless, thin-walled, smooth, often with 1-3 oildrops,
IKI-, CB-, (4-)4.5-5(-5.5) x2.8-3.5 um, L=4.77 pm,
W=3.19 um, Q=1.47-1.55 (n=300/10); in holotype
4.22-5.08 x2.57-3.38 um, L=4.76 pum, W=3.07 um,
Q=1.55 (n=30/1).

Distribution and ecology. The species is known from
Yunnan Province, China, in subtropical evergreen broad-
leaved forest. It grows on moderately decayed angiosperm
wood and causes white rot.

Additional specimens examined: China. Yunnan
Province, Yuxi, Xinping County, Mopanshan National
Forest Park, on decayed trunk of Quercus, leg. C.L. Zhao,
19 Aug 2017, CLZhao 2252, CLZhao 2316 (SWFC);
Shimenxia Forestry Park, on fallen angiosperm trunk, leg.
C.L. Zhao, 21Aug 2017, CLZhao 2707, CLZhao 2719
(SWFC); Puer, Jingdong County, Ailaoshan National Nature
Reserve, on decayed trunk of Rhododendron, leg. C.L. Zhao,
4 Oct 2017, CLZhao 3915 (SWFC); Yuxi, Xinping County,
the Ancient Tea Horse Road, on fallen angiosperm trunk, leg.
C.L. Zhao, 13 Jan 2018, CLZhao 5217, CLZhao 5228
(SWFC); on fallen angiosperm trunk, leg. C.L. Zhao, 15
Jan 2018, CLZhao 5781 (SWFC).

Discussions

In the present study, Phlebia fuscotuberculata, Ph.
tomentopileata and Ph. tongxiniana are described as new spe-
cies based on phylogenetic analyses and morphological
characters.

Phylogenetically, Binder et al. (2013) revealed that seven
clades were found in the Polyporales: antrodia clade, core
polyporoid clade, fragiliporia clade, gelatoporia clade,
phlebioid clade, residual polyporoid clade and tyromyces
clade. According to our results based on the combined ITS+
28S sequence data (Fig. 1), three species are nested into the
phlebioid clade with strong support (100% BS, 100% BP, 1.00
BPP).

Phlebia fuscotuberculata occurred to be closely related
to Ph. hydnoidea and Ph. nantahaliensis in the tDNA
based on the phylogeny (Fig. 2). But morphologically
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Fig. 6 Microscopic structures of
Phlebia tomentopileata (drawn
from the holotype). a A section of
basidioma. b Hyphae from trama.
¢ Hyphae from subiculum. d
Basidia and basidioles. e
Cystidioles. f Basidiospores.
Scale bars: a—e =10 um; f=35 pm

Ph. hydnoidea has effused-reflexed basidiomata with
grandinioid to hydnaceous hymenial surface and larger
cystidia (35-100x3.5-9 pum; Schweinitz 1832;
Nakasone and Burdsall 1995). Phlebia nantahaliensis
differs from Ph. fuscotuberculata by having the greyish

@ Springer

yellow hymenial surface and allantoid basidiospores
(4.5-5.5 x 1.8-2 um; Nakasone and Burdsall 1995).
Phlebia tomentopileata grouped with Ph. tremellosa
based on the combined ITS+28S sequence data. However,
Ph. tremellosa differs in having slightly thick-walled
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Fig. 7 Basidioma of Phlebia tongxiniana (holotype). Scale bars: a=
lecm;b=10cm

generative hyphae and larger basidia (20-25 x 4-5 um;
Bernicchia and Gorjon 2010).

Phlebia tongxiniana grouped with Ph. chrysocreas based
on phylogenetic analyses, but Ph. chrysocreas is separated
from Ph. tongxiniana by smooth to slightly warted,
ochraceous-buff to yellow ochre hymenial surface and cylin-
drical to ellipsoid basidiospores (4—5.5 x 2-2.5 pum); in addi-
tion, presence of cystidia (Lombard et al. 1975).

Morphologically, Phlebia fuscotuberculata is similar
to Ph. albida Fr., Ph. centrifuga P. Karst., Ph.
chrysocreas (Berk. & M.A. Curtis) Burds., Ph.
deflectens (P. Karst.) Ryvarden, Ph. lilascens (Bourdot)
J. Erikss. & Hjortstam and Ph. livida (Pers.) Bres. in-
ferred from the characters by tuberculate hymenophore.
However, Ph. albida differs from Ph. fuscotuberculata
by having fimbriate margin and larger basidiospores (6—
7.5 %x2.5-3.5 um; Fries 1863). Phlebia centrifuga differs
in its white to grey hymenial surface, encrusted genera-
tive hyphae and larger basidiospores (6—9 x 2.5-3.5 um;

Bernicchia and Gorjon 2010). Phlebia chrysocreas is
separated from Ph. fuscotuberculata by ochraceous-buff
to yellow ochre hymenial surface, presence of encrusted
generative hyphae and cylindrical to ventricose-rostrate
cystidia (Lombard et al. 1975). Phlebia deflectens dif-
fers in its ochraceous to pale brown hymenial surface
and simple generative hyphae (Bernicchia and Gorjon
2010). Phlebia lilascens differs from Ph.
fuscotuberculata by having effuse-reflexed basidiomata
with yellowish to pale ochraceous and brown hymenial
surface (Bernicchia and Gorjon 2010). Phlebia livida is
separated from Ph. fuscotuberculata by its larger
cystidia (40-50 x 3—4 um) and basidiospores (5—6 x 2—
2.5 um; Bresadola 1897).

Phlebia tomentopileata is similar to Ph. rufa (Pers.)
M.P. Christ. and Ph. tremellosa on the basis of
merulioid hymenophore, but Ph. rufa is separated from
Ph. tomentopileata by pale yellowish, reddish or brown-
ish hymenial surface, presence of cystidia and larger
basidiospores (4.5—6.5 x2-2.5 pum; Bernicchia and
Gorjon 2010).

Phlebia tongxiniana is similar to Ph. bresadolae
Parmasto, Ph. lacteola (Bourdot) M.P. Christ., Ph.
lilascens (Bourdot) J. Erikss. & Hjortstam, Ph. nitidula
(P. Karst.) Ryvarden, Ph. ochraceofulva (Bourdot &
Galzin) Donk, Ph. segregata (Bourdot & Galzin)
Parmasto, Ph. subceracea (Wakef.) Nakasone, Ph.
subserialis (Bourdot & Galzin) Donk and Ph. subulata
J. Erikss. & Hjortstam in smooth hymenophore.
However, Ph. bresadolae differs in its ochraceous to
brownish hymenial surface, slightly thick-walled gener-
ative hyphae and larger basidiospores (6-7.5 x 3—
3.5 um; Parmasto 1967). Ph. lacteola differs in its
white hymenial surface with cracked hymenophore
(Bernicchia and Gorjon 2010). Ph. lilascens differs from
Ph. tongxiniana by presence of pale ochraceous to
brown or violaceous tints in basidiomata and narrower
basidiospores (4—4.5 x2-2.5 um; Bernicchia and Gorjon
2010). Phlebia nitidula differs from Ph. tongxiniana by
the white to yellowish and brownish hymenial surface
and larger basidiospores (68 x2.5-3.5 um; Bernicchia
and Gorjon 2010). Ph. ochraceofulva differs from Ph.
tongxiniana by dense and conglutinated tissue and the
numerous cystida with some secondary septa (Donk
1957). Phlebia segregata differs in its white hymenial
surface, presence of cystidia and larger basidiospores
(6-7 x2-2.5 um; Parmasto 1967). Phlebia subceracea
differs from Ph. tongxiniana by the white hymenial
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Fig. 8 Microscopic structures of
Phlebia tongxiniana (drawn from
the holotype). a A section of
basidioma. b Hyphae from
subiculum. ¢ Basidia and
basidioles. d Cystidioles. e
Basidiospores. Scale bars: a—d =
10 um; e=5 um

surface and allantoid basidiospores (6—7 x 1.5-2 um,;
Bernicchia and Gorjon 2010). Phlebia subserialis differs
in its effused-reflexed basidiomata and larger basidio-
spores (6—7 x2-2.5 um; Donk 1957; Bernicchia and
Gorjon 2010). Ph. subulata differs in its subulate
cystidia (Eriksson et al. 1981).

Funding information The research was supported by the National
Natural Science Foundation of China (Project No. 31700023), Yunnan
Agricultural Foundation Projects (2017FG001-042) and the Science
Foundation of Southwest Forestry University (Projects No. 111715 and
QN201904).

References

Bernicchia A, Gorjon SP (2010) Fungi Europaei 12: Corticiaceaes s.1.
Edizioni Candusso, Lomazzo, p 1-1007

Binder M, Hibbett DS, Larsson KH, Larsson E, Langer E, Langer G
(2005) The phylogenetic distribution of resupinate forms across
the major clades of mushroom-forming fungi
(Homobasidiomycetes). Syst Biodivers 3:113—157. https://doi.org/
10.1017/S1477200005001623

Binder M, Justo A, Riley R, Salamov A, Lopez-Giraldez F, Sjokvist E,
Copeland A, Foster B, Sun H, Larsson E, Larsson KH, Townsend J,
Grigoriev 1V, Hibbett DS (2013) Phylogenetic and phylogenomic

@ Springer

overview of the Polyporales. Mycologia 105:1350-1373. https://
doi.org/10.3852/13-003

Bresadola G (1897) Hymenomycetes hungarici Kmetiani. Atti Imp Regia
Accad Rovereto 3:66-120

Dai YC (2010) Hymenochaetaceae (Basidiomycota) in China. Fungal
Divers 45:131-343. https://doi.org/10.1007/s13225-010-0066-9

Dai YC (2011) A revised checklist of corticioid and hydnoid fungi in
China for 2010. Mycoscience 52:69-79. https://doi.org/10.1007/
S10267-010-0068-1

Dai YC, Wei YL, Zhang XQ (2004) An annotated checklist of non-poroid
aphyllophorales in China. Ann Bot Fenn 41:233-247

Donk MA (1957) Notes on resupinate Hymenomycetes IV. Fungus 27:1—
29

Eriksson J, Hjortstam K, Ryvarden L (1981) The Corticiaceae of North
Europe. Vol. 6: Phlebia—Sarcodontia. Fungiflora, Oslo, p. 1048—
1276

Felsenstein J (1985) Confidence intervals on phylogenetics: an approach
using bootstrap. Evolution 39:783-791. https://doi.org/10.1111/j.
1558-5646.1985.tb00420.x

Floudas D, Hibbett DS (2015) Revisiting the taxonomy of Phanerochaete
(Polyporales, Basidiomycota) using a four gene dataset and exten-
sive ITS sampling. Fungal Biol 119:679-719. https://doi.org/10.
1016/j.funbio.2015.04.003

Fries EM (1821) Systema Mycologicum 1. Lund & Greifswald, Ex
Officina Berlingiana. 1:1-520

Fries EM (1863) Monographia Hymenomycetum Sueciae. 2

Hall TA (1999) BioEdit: a user-friendly biological sequence alignment
editor and analysis program for Windows 95/98/NT. Nucleic Acids
Symp Ser 41:95-98


https://doi.org/10.1017/S1477200005001623
https://doi.org/10.1017/S1477200005001623
https://doi.org/10.3852/13-003
https://doi.org/10.3852/13-003
https://doi.org/10.1007/s13225-010-0066-9
https://doi.org/10.1007/S10267-010-0068-1
https://doi.org/10.1007/S10267-010-0068-1
https://doi.org/10.1111/j.1558-5646.1985.tb00420.x
https://doi.org/10.1111/j.1558-5646.1985.tb00420.x
https://doi.org/10.1016/j.funbio.2015.04.003
https://doi.org/10.1016/j.funbio.2015.04.003

Mycol Progress (2020) 19:753-767

767

Hjortstam K, Ryvarden L (1988) Notes on the Corticiaceae of northern
China. Acta Mycol Sin 7:77-88

Hofrichter M, Lundell T, Hatakka A (2001) Conversion of milled pine
wood by manganese peroxidase from Phlebia radiata. Appl
Environ Microbiol 67:4588-4593. https://doi.org/10.1128/AEM.
67.10.4588-4593.2001

Homolka L, Lisa L, Eichlerova I, Valaskova V, Baldrian P (2010) Effect
of long-term preservation of basidiomycetes on perlite in liquid ni-
trogen on their growth, morphological, enzymatic and genetic char-
acteristics. Fungal Biol 114:0-935. https://doi.org/10.1016/j.funbio.
2010.08.009

Jia BS, Zhou LW, Cui BK, Rivoire B, Dai YC (2014) Taxonomy and
phylogeny of Ceriporia (Polyporales, Basidiomycota) with an em-
phasis of Chinese collections. Mycol Prog 13:81-93. https://doi.org/
10.1007/s11557-013-0895-5

Justo A, Miettinen O, Floudas D, Ortiz-Santana B, Sjokvist E, Lindner D,
Nakasone K, Niemeld T, Larsson KH, Ryvarden L, Hibbett DS
(2017) A revised family-level classification of the Polyporales
(Basidiomycota). Fungal biol 121:798-824. https://doi.org/10.
1016/j.funbio.2017.05.010

Kim KM, Lee JS, Jung HS (2007) Fomitopsis incarnatus sp. nov. based
on generic evaluation of Fomitopsis and Rhodofomes. Mycologia
99:833-841. https://doi.org/10.1080/15572536.2007.11832515

Kuuskeri J, Midkeld MR, Isotalo J, Oksanen I, Lundell T (2015)
Lignocellulose-converting enzyme activity profiles correlate with
molecular systematics and phylogeny grouping in the incoherent
genus Phlebia (Polyporales, Basidiomycota). BMC Microbiol 15:
217. https://doi.org/10.1186/s12866-015-0538-x

Larsson KH (2007) Re-thinking the classification of corticioid fungi.
Mycol Prog 111:1040—1063. https://doi.org/10.1016/j.mycres.
2007.08.001

Larsson KH, Larsson E, Koljalg U (2004) High phylogenetic diversity
among corticioid homobasidiomycetes. Mycol Res 108:983-1002.
https://doi.org/10.1017/S0953756204000851

Lombard FF, Burdsall HH, Gilbertson RL (1975) Taxonomy of
Corticium chrysocreas and Phlebia livida. Mycologia 67:495-510.
https://doi.org/10.1080/00275514.1975.12019775

Miettinen O, Rajchenberg M (2012) Obba and Sebipora, new polypore
genera related to Cinereomyces and Gelatoporia (Polyporales,
Basidiomycota). Mycol Prog 11:131-147. https://doi.org/10.1007/
s11557-010-0736-8

Miller MA, Holder MT, Vos R, Midford PE, Liebowitz T, Chan L,
Hoover P, Warnow T (2009) The CIPRES portals. CIPRES. URL:
http://www.phylo.org/sub_sections/portal. 2009-08-04. (archived
by WebCite(r) at http:/www.webcitation.org/5imQlJeQa)

Nakasone KK (1997) Studies in Phlebia. Six species with teeth. Sydowia
49:49-79

Nakasone KK (2002) Mycoaciella, a synonym of Phlebia. Mycotaxon
81:477-490

Nakasone KK, Burdsall HH Jr (1984) Merulius, a synonym of Phlebia.
Mycotaxon 21:241-246

Nakasone KK, Burdsall HH Jr (1995) Phlebia species from eastern and
southeastern United States. Mycotaxon 54:335-359

Nylander JAA (2004) MrModeltest v2. Program distributed by the au-
thor. Evolutionary Biology Centre, Uppsala University

Parmasto E (1967) Corticiaceae U.R.S.S. IV. Descriptiones taxorum
novarum. Combinationes novae. Eesti NSV Tead Akad Toim 16:
377-394

Parmasto E, Hallenberg N (2000) A taxonomic study of phlebioid fungi
(Basidiomycota). Nord J Bot 20:105-118. https://doi.org/10.1111/j.
1756-1051.2000.tb00740.x

Petersen JH (1996) Farvekort. The Danish Mycological Society’s colour-
chart. Greve, Foreningen til Svampekundskabens Fremme, pp 1-6

Robledo GL, Amalfi M, Castillo G, Rajchenberg M, Decock C (2009)
Perenniporiella chaquenia sp. nov. and further notes on
Perenniporiella and its relationships with Perenniporia (Poriales,
Basidiomycota). Mycologia 101:657-673. https://doi.org/10.3852/
08-040

Ronquist F, Huelsenbeck JP (2003) MrBayes 3: Bayesian phylogenetic
inference under mixed models. Bioinformatics 19:1572-1574.
https://doi.org/10.1093/bioinformatics/btg 180

Runnel K, Spirin V, Miettinen O, Vlasak J, Dai YC, Ryvarden L, Larsson
KH (2019) Morphological plasticity in brown-rot fungi: Antrodia is
redefined to encompass both poroid and corticioid species.
Mycologia 111:871-883. https://doi.org/10.1080/00275514.2019.
1640532

Schweinitz LD (1832) Synopsis fungorum in America boreali media
degentium. Trans Am Philos Soc 4:141-316. https://doi.org/10.
2307/1004834

Shen S, Ma X, Xu TM, Zhao CL (2018) Phlebia ailaoshanensis sp. nov.
(Polyporales, Basidiomycota) evidenced by morphologicai charac-
ters and phylogenetic analyses. Phytotaxa 373:184—196. https:/doi.
org/10.11646/phytotaxa.373.3.2

Sjoekvist E, Larsson E, Eberhardt U, Ryvarden L, Larsson KH (2012)
Stipitate stereoid basidiocarps have evolved multiple times.
Mycologia 104:1046—1055. https://doi.org/10.3852/11-174

Swofford DL (2002) PAUP*: phylogenetic analysis using parsimony
(*and other methods). Version 4.0b10. Sinauer associates,
Massachusetts

Tomsovsky M, Menkis A, Vasaitis R (2010) Phylogenetic relationships in
European Ceriporiopsis species inferred from nuclear and mito-
chondrial ribosomal DNA sequences. Fungal Biol 114:350-358.
https://doi.org/10.1016/j.funbio.2010.02.004

White TJ, Bruns T, Lee S, Taylor J (1990) Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics. In:
Innis MA, Gelfand DH, Sninsky JJ, White TJ (eds) PCR protocols: a
guide to methods and applications. Academic Press, San Diego, pp
315-322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1

Wu F, Chen JJ, Ji XH, Josef'V, Dai YC (2017) Phylogeny and diversity of
the morphologically similar polypore genera Rigidoporus,
Physisporinus, Oxyporus and Leucophellinus. Mycologia 109:
749-765. https://doi.org/10.1080/00275514.2017.1405215

Wu F, Zhou LW, Yang ZL, Bau T, Li TH, Dai YC (2019) Resource
diversity of Chinese macrofungi: edible, medicinal and poisonous
species. Fungal Divers 98:1-76. https://doi.org/10.1007/s13225-
019-00432-7

Zhao CL, Wu ZQ (2017) Ceriporiopsis kunmingensis sp. nov.
(Polyporales, Basidiomycota) evidenced by morphological charac-
ters and phylogenetic analysis. Mycol Prog 16:93—100. https:/doi.
0rg/10.1007/s11557-016-1259-8

Zhao CL, Cui BK, Song J, Dai YC (2015) Fragiliporiaceae, a new family
of Polyporales (Basidiomycota). Fungal Divers 70:115-126. https://
doi.org/10.1007/s13225-014-0299-0

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1128/AEM.67.10.4588-4593.2001
https://doi.org/10.1128/AEM.67.10.4588-4593.2001
https://doi.org/10.1016/j.funbio.2010.08.009
https://doi.org/10.1016/j.funbio.2010.08.009
https://doi.org/10.1007/s11557-013-0895-5
https://doi.org/10.1007/s11557-013-0895-5
https://doi.org/10.1016/j.funbio.2017.05.010
https://doi.org/10.1016/j.funbio.2017.05.010
https://doi.org/10.1080/15572536.2007.11832515
https://doi.org/10.1186/s12866-015-0538-x
https://doi.org/10.1016/j.mycres.2007.08.001
https://doi.org/10.1016/j.mycres.2007.08.001
https://doi.org/10.1017/S0953756204000851
https://doi.org/10.1080/00275514.1975.12019775
https://doi.org/10.1007/s11557-010-0736-8
https://doi.org/10.1007/s11557-010-0736-8
http://www.indexfungorum.org/names/Names.asp;
http://www.indexfungorum.org/names/Names.asp;
https://doi.org/10.1111/j.1756-1051.2000.tb00740.x
https://doi.org/10.1111/j.1756-1051.2000.tb00740.x
https://doi.org/10.3852/08-040
https://doi.org/10.3852/08-040
https://doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1080/00275514.2019.1640532
https://doi.org/10.1080/00275514.2019.1640532
https://doi.org/10.2307/1004834
https://doi.org/10.2307/1004834
https://doi.org/10.11646/phytotaxa.373.3.2
https://doi.org/10.11646/phytotaxa.373.3.2
https://doi.org/10.3852/11-174
https://doi.org/10.1016/j.funbio.2010.02.004
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1080/00275514.2017.1405215
https://doi.org/10.1007/s13225-019-00432-7
https://doi.org/10.1007/s13225-019-00432-7
https://doi.org/10.1007/s11557-016-1259-8
https://doi.org/10.1007/s11557-016-1259-8
https://doi.org/10.1007/s13225-014-0299-0
https://doi.org/10.1007/s13225-014-0299-0

