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Two new wood-inhabiting fungal species, Tubulicrinis xantha and T. yunnanensis spp. nov., are described
based on morphological and molecular characters. Tubulicrinis xantha is characterized by resupinate,
furfuraceous basidiomata with buff to yellowish hymenial surface, amyloid lyocystidia and cylindrical to
allantoid, hyaline, thin-walled, smooth basidiospores (5.3—6.3 x 1.2—1.6 um). Tubulicrinis yunnanensis is
characterized by pruinose basidiomata with primrose to olivaceous hymenial surface and encrusted

lyocystidia and cylindrical, hyaline, thin-walled, smooth basidiospores (4.2—6.2 x 1.2—2 um). Sequences
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of ITS and LSU nrRNA gene regions of the studied samples were generated, and phylogenetic analyses
were performed with maximum likelihood, maximum parsimony and bayesian inference methods. The
phylogenetic analyses based on molecular data of ITS and ITS + nLSU sequences showed that T. xantha
grouped with T. martinicensis, and T. yunnanensis grouped with T. glebulosus.

© 2020 The Mycological Society of Japan. Published by Elsevier B.V. All rights reserved.

1. Introduction

Tubulicrinis Donk (Hymenochaetaceae, Hymenochaetales) is
typified by T. glebulosus (Fr.) Donk (Donk, 1956), and is character-
ized by resupinate basidiomata, firmly adnate, smooth, pruinose to
porulose hymenophore, a monomitic hyphal system with clamped
connections on generative hyphae and conspicuous, projecting,
amyloid cystidia and small basidia, and cylindrical to allantoid or
globose to ellipsoid, thin-walled, smooth, IKI— (both inamyloid and
indextrinoid), acyanophilous basidiospores (Bernicchia & Gorjon,
2010; Donk, 1956). So far about 46 species have been accepted in
the genus worldwide (Crous et al., 2016; Cunningham, 1963; Donk,
1956; Eriksson, 1958; Gruhn, Hallenberg, & Courtecuisse, 2016;
Hayashi, 1974; Hjortstam, 1981, 2001; Hjortstam, Larsson,
Ryvarden, & Eriksson, 1988; Oberwinkler, 1966; Rajchenberg,
2002; Ryvarden, 1975; Sharma, Singh, & Dhingra, 2015).

Molecular studies involving Tubulicrinis have been carried out
(Crous et al., 2016; Dai, 2011; Larsson et al., 2006). The research on

molecular phylogeny for the hymenochaetoid clade revealed that
two Tubulicrinis species: T. gracillimus (Ellis & Everh. ex D.P. Rogers
& H.S. Jacks.) G. Cunn. and T. subulatus (Bourdot & Galzin) Donk,
formed a monophyletic lineage and then grouped with Coltricia
clade and Hymenochaetaceae clade (Larsson et al., 2006). A revised
checklist of corticioid and hydnoid fungi in China showed that six
Tubulicrinis species were recorded in this area (Dai, 2011). Six new
Tubulicrinis species were nested into the Tubulicrinaceae clade
belonging to the order Hymenochaetales (Crous et al., 2016).

During investigations on wood-inhabiting fungi in southern
China, two additional taxa were found which could not be assigned
to any described species. In this study, the authors expand sam-
plings from previous studies to examine taxonomy and phylogeny
of this new species within the Tubulicrinis, based on the internal
transcribed spacer (ITS) regions and the large subunit nuclear ri-
bosomal RNA gene (nLSU) sequences.
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2. Materials and methods
2.1. Morphological studies

The specimens studied are deposited at the herbarium of
Southwest Forestry University, Kunming, Yunnan Province, P.R.
China (SWFC). Macromorphology descriptions are based on field
notes. Colour terms follow Petersen (1996). Micromorphology was
studied on the dried specimens, and observed under a light mi-
croscope (Dai, 2012). The following abbreviations were used:
KOH = potassium hydroxide 5% water solution, CB = Cotton Blue,
CB— = acyanophilous, IKI = Melzer's reagent, IKI— = both inamy-
loid and indextrinoid, L = mean spore length (arithmetic average of
all spores), W = mean spore width (arithmetic average of all
spores), Q = variation in the L/W ratios between the specimens
studied, n (a/b) = number of spores (a) measured from given
number (b) of specimens.

2.2. Molecular procedures and phylogenetic analyses

The EZNA HP Fungal DNA Kit (Omega Biotechnologies Co., Ltd,
Kunming, Yunnan Province) was used to obtain PCR products from
dried specimens, according to the manufacturer's instructions with
some modifications. ITS region was amplified with primer pair ITS5
and ITS4 (White, Bruns, Lee, & Taylor, 1990). Nuclear LSU region was
amplified with primer pair LROR and 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 nLSU was
as follows: initial denaturation at 94 °C for 1 min, followed by 35
cycles at 94 °C for 30 5,48 °C 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, Kunming, Yunnan Province. All newly generated
sequences were deposited at GenBank (Table 1).

Sequencher 4.6 (GeneCodes, Ann Arbor, MI, USA) was used to
edit the DNA sequences. Sequences were aligned in MAFFT 7
(http://mafft.cbrc.jp/alignment/server/) using the “G—INS—i"
strategy and adjusted manually in BioEdit (Hall, 1999). The
sequence alignment was deposited in TreeBase (submission ID
25516). Sequences of Gyroporus castaneus (Bull.) Quél. and Geas-
trum pseudostriatum Holl6s obtained from GenBank were used as
outgroup to root trees following Crous et al. (2016) in the ITS and
ITS + nLSU analyses (Figs. 1 and 2).

Maximum parsimony analyses were applied to the ITS and
ITS + nLSU dataset sequences. Procedure of this analyses followed
Zhao and Wu (2017), and the tree construction procedure was
performed in PAUP* version 4.0b10 (Swofford, 2002). All characters
were equally weighted and gaps were treated as missing 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 parsi-
monious trees were saved. Clade robustness was assessed using a
bootstrap (BP) analysis with 1000 replicates (Felsenstein, 1985).
Descriptive tree statistics tree length (TL), consistency index (CI),
retention index (RI), rescaled consistency index (RC), and homo-
plasy index (HI) were calculated for each Maximum Parsimonious
Tree (MPT) generated. Datamatrix was were also analyzed using
Maximum Likelihood (ML) approach with RAXML-HPC2 software
through the Cipres Science Gateway (www.phylo.org; Miller et al.,
2009). Branch support (BS) for ML analysis was determined
through 1000 bootstrap replicates.

MrModeltest 2.3 (Nylander, 2004) was used to determine the
best-fit evolution model for the each data set for Bayesian inference
(BI). Bayesian inference was calculated with MrBayes 3.1.2

Table 1

List of species, specimens, and GenBank accession numbers of sequences used in this study.
Species name Sample no. GenBank accession no. References

ITS nLSU

Geastrum pseudostriatum M] 7573 KC581992 KC581992 Jeppson, Nilsson, and Larsson (2013)
G. pseudostriatum BP 22110 NR132884 - Jeppson et al. (2013)
Gyroporus castaneus JMP 0028 EU819468 EU819468 Palmer, Lindner, and Volk (2008)
Tubulicrinis angustus 109638 UDB 031055 — Direct submision
T. angustus NOCOR463-18 UDB 038268 — Direct submision
T. australis MA 88838 KX017591 KX017591 Crous et al. (2016)
T. chaetophorus UC 2023055 KP814255 KP814255 Crous et al. (2016)
T. chaetophorus UC 2023059 KP814233 KP814233 Crous et al. (2016)
T. glebulosus UC 2023160 KP814394 KP814394 Crous et al. (2016)
T. glebulosus UC 2023117 KP814297 KP814297 Crous et al. (2016)
T. glebulosus UC 2022883 KP814234 KP814234 Crous et al. (2016)
T. globisporus 3156b DQ873655 DQ873655 Larsson et al. (2006)
T. gracillimus PDD 95851 HQ533047 HQ533047 Crous et al. (2016)
T. hirtellus 2040b DQ873657 DQ873657 Larsson et al. (2006)
T. inornatus 1601b DQ873659 DQ873659 Larsson et al. (2006)
T. martinicensis LIP 12206 NR163282 - Gruhn et al. (2016)
T. medius 109678 UDB031112 - Direct submision
T. medius NOCOR200-18 UDB038171 - Direct submision
T. subulatus UC 2022996 KP814455 KP814455 Crous et al. (2016)
T. subulatus UC 2023142 KP814287 KP814287 Crous et al. (2016)
T. subulatus UC 2022982 KP814235 KP814235 Crous et al. (2016)
T. subulatus UC 2022890 KP814199 KP814199 Crous et al. (2016)
T. xantha CLZhao 2868 MT153874 MT153881 Present study
T. xantha CLZhao 2869 MT153875 MT153882 Present study
T. xantha CLZhao 2883 MT153876 MT153883 Present study
T. yunnanensis CLZhao 2633 MT153877 MT153884 Present study
T. yunnanensis CLZhao 2676 MT153878 MT153885 Present study
T. yunnanensis CLZhao 3418 MT153879 MT153886 Present study
T. yunnanensis CLZhao 9717 MT153880 MT153887 Present study
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Fig. 1. Maximum parsimony strict consensus tree illustrating the phylogeny of two new species and related species in Tubulicrinis based on ITS sequences. Branches are labelled
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with maximum likelihood bootstrap >70%, parsimony bootstrap >50% and Bayesian posterior probabilities >0.95, respectively.
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Fig. 2. Maximum parsimony strict consensus tree illustrating the phylogeny of two new species and related species in Tubulicrinis based on ITS + nLSU sequences. Branches are
labelled with maximum likelihood bootstrap >70%, parsimony bootstrap >50% and Bayesian posterior probabilities >0.95, respectively.

(Ronquist & Huelsenbeck, 2003). Four Markov chains were run for 2
runs from random starting trees for 1 million generations on ITS
dataset (Fig. 1), for 1 million generations on ITS + LSU dataset
(Fig. 2), and trees were sampled every 100 generations. Beginning
one-fourth of generations were discarded as burn-in. A majority
rule consensus tree of all remaining trees was calculated. Branches
were considered as supported if they received maximum likelihood
bootstrap (BS) > 70%, maximum parsimony bootstrap (MP) > 50%,
or Bayesian posterior probability (BPP) > 0.95.

3. Results
3.1. Taxonomy

Tubulicrinis xantha C.L. Zhao, sp. nov. Figs. 3 and 5.

MycoBank no.: MB 834731.

Holotype: China, Yunnan Province, Kunming, Xishan District,
Haikou Forestry Park, on fallen branch of Pinus yunnanensis Franch.,
15 Sep 2017, CLZhao 2868 (SWEFC).
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Fig. 3. Basidiomata of Tubulicrinis xantha (holotype). Bars: A 1 cm; B 0.5 mm.

Etymology: xantha (Lat.): referring to the buff to yellowish
hymenial surface.

Basidiomata: Annual, resupinate, thin, adnate, furfuraceous,
without odor or taste when fresh, becoming pruinose upon drying,
to 15 x 5 ¢cm long, 50—200 pm thick. Hymenial surface smooth,
yellow when fresh, turn to yellow to buff upon drying, cracked.
Sterile margin unconspicuous, concolorous with hymenial surface.

Hyphal structure: Monomitic; generative hyphae with clamp
connections, hyaline, thin-walled, branched, 1.5-3 pm in diam.;
IKI—, CB—, tissues unchanged in KOH.

Hymenium: Lyocystidia numerous, projecting, cylindrical to
slightly sinuous, bi-rooted, dissoving in KOH, amyloid, capillary
lumen ending gradually, 78—192.5 x 5.8—7.5 um and cystidioles
absent; basidia small, clavate, thin-walled, with four sterigmata and
a basal clamp connection, 8—14.5 x 2.5—3.5 um; basidioles domi-
nant, in shape similar to basidia, but slightly smaller.

Basidiospores: Cylindrical to allantoid, hyaline, thin-walled,
smooth, IKI—, CB—, (5—)5.3—6.3(—6.5) x 1.2—1.6 um, L = 5.94 pm,
W = 145 pm, Q = 3.94—4.12 (n = 90/3).

Additional specimens examined: CHINA, Yunnan Province,
Kunming, Xishan District, Haikou Forestry Park, on fallen branch of
Pinus yunnanensis, 15 Sep 2017, CLZhao 2869, CLZhao 2883 (SWEFC).

Tubulicrinis yunnanensis C.L. Zhao, sp. nov. Figs. 4 and 6.

MycoBank no.: MB 834732.

Holotype: China, Yunnan Province, Puer, Jingdong County,
Wauliangshan National Reserve Nature, on fallen branch of angio-
sperm, 6 Jul 2019, CLZhao 9717 (SWFC).

Etymology: yunnanensis (Lat.): referring to the locality (Yunnan
Province) of the type specimens.

Basidiomata: Annual, resupinate, thin, adnate, without odor or
taste when fresh, becoming pruinose up on drying, to 10 x 4 cm
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Fig. 4. Basidiomata of Tubulicrinis yunnanensis (holotype). Bars: A 1 cm; B 0.5 mm.

long, 100—250 pm thick. Hymenial surface smooth, cream to
primrose when fresh, turn to primrose to olivaceous buff upon
drying. Sterile margin unconspicuous, concolorous with hymenial
surface.

Hyphal system: Monomitic; generative hyphae with clamp
connections, hyaline, thin-walled, branched, 1.5—3.5 pm in diam.;
IKI—, CB—, tissues unchanged in KOH.

Hymenium: Lyocystidia numerous, cylindrical, bi-rooted, dis-
soving in KOH, amyloid, capillary lumen ending gradually, encrus-
ted, 46—160 x 6.2—10 um and cystidioles absent; basidia small,
clavate, thin-walled, with four sterigmata and a basal clamp
connection, 8.5—20.5 x 2.5—4.5 um; basidioles dominant, in shape
similar to basidia, but slightly smaller.

Basidiospores: Cylindrical, hyaline, thin-walled, smooth, multi-
guttulate, IKI—, CB—, (8—)4.2—6.2(—6.5) x 1.2—2 pm, L = 5.55 pm,
W = 1.62 pm, Q = 2.9-3.59 (n = 120/4).

Additional specimens examined: CHINA, Yunnan Province, Yuxi,
Xinping County, Mopanshan National Forestry Park, on the trunk of
Albizia julibrissin Durazz, 20 Aug 2017, CLZhao 2633; on the
angiosperm trunk, 20 Aug 2017, CLZhao 2676; Puer, Zhenyuan
Country, Xieqipo Park, on the fallen branch of angiosperm, 1 Oct
2017, CLZhao 3418 (SWFC).

3.2. Molecular phylogeny

The ITS dataset included sequences from 28 fungal specimens
representing 15 taxa. It had an aligned length of 755 characters in
the dataset, of which 266 characters are constant, 149 are variable
parsimony-uninformative, and 340 are parsimony-informative.
Maximum parsimony analysis yielded 6 equally parsimonious
trees (TL = 305, CI = 0.550, HI = 0.449, Rl = 0.667, RC = 0.367). Best
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Fig. 5. Microscopic structures of Tubulicrinis xantha (draw from the holotype). A: Ba-
sidiospores. B: Basidia and basidioles. C: Cystidia. D: A section of hymenium. Bars: A
5 pm; B—D 10 pm.

model for ITS estimated and applied in the Bayesian analysis:
GTR + I + G, lIset nst = 6, rates = invgamma; prset
statefreqpr = dirichlet (1,1,1,1). Bayesian analysis resulted in the
similar topology to MP analysis with an average standard deviation
of split frequencies = 0.004255, and the effective sample size (ESS)
across the two runs is the double of the average ESS (avg
ESS) = 364.5.

The phylogeny (Fig. 1) inferred from ITS sequences demon-
strated that Tubulicrinis xantha grouped with T. martinicensis G.
Gruhn, G. Gruhn, Hallenb. & Courtec., and T. yunnanensis was sister
with T. glebulosus (Fr.) Donk.

The ITS + nLSU dataset (Fig. 2) included sequences from 24 fungal
specimens representing 13 species. The dataset had an aligned length
of 2165 characters, of which 1470 characters are constant, 306 are
variable and parsimony-uninformative, and 389 are parsimony-
informative. Maximum parsimony analysis yielded 84 equally parsi-
monious trees (TL = 1502, CI = 0.6798, HI = 0.3202, RI = 0.6971,
RC = 0.4739). Best model for the ITS + nLSU dataset estimated and
applied in the Bayesian analysis: GTR + I + G, Iset nst = 6,
rates = invgamma; prset statefreqpr = dirichlet (1,1,1,1). Bayesian
analysis and ML analysis resulted in a similar topology as MP analysis,
with an average standard deviation of split frequencies = 0.006311
(BI) and the effective sample size (ESS) across the two runs is the
double of the average ESS (avg ESS) = 698.5.
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Fig. 6. Microscopic structures of Tubulicrinis yunnanensis (draw from the holotype). A:
Basidiospores. B: Basidia and basidioles. C: Cystidia. D: A section of hymenium. Bars: A
5 um; B—D 10 pm.

Also here (Fig. 2), T. xantha grouped with T. martinicensis, and
T. yunnanensis with T. glebulosus in strongly supported clades.

In addition, the results of BLAST queries in NCBI for
T. yunnanensis based on ITS separately showed the sequences
producing significant alignments descriptions: the top five taxa are
T. glebulosus (Maximum record descriptions: Max score 992; Total
score 992; Query cover 95%; E value 0; Ident 96.39%); for T. xantha
based on ITS separately showed the sequences producing signifi-
cant alignments descriptions: the top five taxa is T. martinicensis
(Maximum record descriptions: Max score 721; Total score 721;
Query cover 89%; E value 0; Ident 91.13%).

4. Discussion

In the present study, two new species, T. xantha and
T. yunnanensis are described based on phylogenetic analyses and
morphological characters.

Phylogenetically, T. xantha grouped with T. martinicensis, and
T. yunnanensis was sister with T. glebulosus (Figs. 1 and 2). However,
morphologically, T. martinicensis differs from T. xantha by its basi-
diomata cracking into pieces and light ochraceous hymenial surface
(Gruhn et al, 2016). Tubulicrinis glebulosus differs from
T. yunnanensis by the flocculose to granular hymenophore, white to
ochraceous hymenial surface and larger basidiospores
(6—9 x 1.5—-2.25 pm, Donk, 1956).

Tubulicrinis xantha is similar to two species of Tubulicrinis based
on having cylindrical to slightly sinuous lyocystidia (T. angustus
(D.P. Rogers & Weresub) Donk, Telleria & M.P. Martin and T. medius
(Bourdot & Galzin) Oberw.). However, morphologically T. angustus
differs from T. xantha by the white hymenial surface and larger
basidiospores (8—11 x 1.8—2.5 pm, Donk, 1956); T. medius by the
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porulose to granulose basidiomata with white hymenial surface
(Oberwinkler, 1966).

Tubulicrinis yunnanensis shares the encrusted cystidia with five
related species in Tubulicrinis (T. australis M. Duenas, T. borealis ].
Erikss., T. calothrix (Pat.) Donk, T. hirtellus (Bourdot & Galzin) J.
Erikss and T. subulatus (Bourdot & Galzin) Donk), but morpholog-
ically T. australis differs from T. yunnanensis by the poroid to retic-
ulate basidiomata with white to cream hymenial surface and wider
basidiospores (6—7.5 x 3—3.5 um, Crous et al., 2016). Tubulicrinis
borealis differs in its whitish to ochraceous hymenial surface, thick-
walled generative hyphae and strongly amyloid basidia (Eriksson,
1958). Tubulicrinis calothrix differs in its rimose hymenophore and
larger basidiospores (6—8 x 1.5—2 um, Donk, 1956). Tubulicrinis
hirtellus is separated from T. yunnanensis by its larger basidiospores
(7—8.5 x 2—2.5 um, Eriksson, 1958). Tubulicrinis subulatus by the
pilose basidiomata with whitish to cream or yellowish brown
hymenial surface and subulate cystidia (Donk, 1956).

In geographical distribution, Tubulicrinis species are an exten-
sively studied group of Basidiomycota (Bernicchia & Gorjon, 2010;
Crous et al., 2016; Dai, 2011), and six species of Tubulicrinis were
recorded in China (Dai, 2011). However, the wood-rotting fungi
diversity is still not well known, especially in East Asia areas. Many
recently described taxa of wood-rotting fungi were from these
areas (Bian & Dai, 2015; Chen, Korhonen, Li, & Dai, 2014; Cui et al.,
2019; Dai, 2012; Han & Cui, 2015; Li & Cui, 2013; Shen et al., 2019;
Song, Chen, Wang, Chen, & Cui, 2016; Zhu, Song, Zhou, Si, & Cui,
2019). Two new species in the present study, T. xantha and
T. yunnanensis, are from East Asia, too.
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