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Abstract

A new wood-rotting fungal species, Punctularia bambusicola, is proposed based on a combination of morphological features 
and molecular data. The species is characterized by resupinate, lilac to purple basidiomata, pink to rose tuberculate hyme-
nial surface, monomitic hyphal system with clamped generative hyphae, yellowish to brown dendrohyphidia and ellipsoid 
basidiospores measuring 6.5–8.5 × 3.5–5 µm. Phylogenetic analyses of combining ITS and LSU nrRNA gene regions dem-
onstrated that P. bambusicola forms a single lineage sister to P. atropurpurascens with strong statistical supports (100% BS, 
100% BT, 1.00 BPP).
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Introduction

Punctularia Patouillard (1895: 57) (Punctulariaceae, Corticiales), was typified with P. tuberculosa (Pat.) Pat. & 
Lagerh. (1895: 57) (current name P. atropurpurascens (Berk. & Broome) Petch (1916: 160), which is characterized 
by resupinate to effused-reflexed basidiomata gelatinous when fresh, rigid upon drying; hymenophore tuberculate or 
radial ridges; monomitic hyphal structure with clamped generative hyphae; yellowish to brown dendrohyphidia; and 
thin-walled, smooth, ellipsoid, acyanophilous basidiospores negative in Melzer’s reagent (Patouillard 1895, Bernicchia 
& Gorjón 2010). So far, two species have been accepted in the genus worldwide (Patouillard 1895, Petch 1916, Talbot 
1958, Hjortstam 1995). 
 Numerous studies on molecular phylogeny of Punctularia have been carried out (Larsson et al. 2004, Ghobad-
Nejhad & Duhem 2013, Knijn & Ferretti 2018). Larsson et al. (2004) presented the high-level phylogenetic diversity 
among corticioid homobasidiomycetes and suggested that P. strigosozonata (Schwein.) P.H.B. Talbot (1958: 143) 
is nested within corticioid clade with Dendrocorticium roseocarneum (Schwein.) M.J. Larsen & Gilb. (1977: 115). 
Vuilleminia nilsii Ghobad-Nejhad & Duhem (2013: 5) and Dendrominia Ghobad-Nejhad & Duhem (2013: 7) in 
Corticiales were introduced by Ghobad-Nejhad & Duhem (2013) and it revealed that P. strigosozonata clusters 
with genera Dendrocorticium M.J. Larsen & Gilb. (1974: 225) and Punctulariopsis Ghobad-Nejhad (2010: 1529). 
Phylogenetic study of Dendrocorticium, Punctularia, Punctulariopsis and Vuilleminia Maire (1902: 81) using ITS 
sequence data reveled that P. atropurpurascens grouped with P. strigosozonata in the genus Punctularia (Knijn & 
Ferretti 2018).
 Recently, we collected a basidiomycetous fungus from Yunnan Province of China, which could not be assigned to 
any described species in family Punctulariaceae. In this paper, we present morphological and molecular phylogenetic 
evidence to support the identification of the new species in Punctularia.
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Materials and methods

Morphological studies.—Macromorphological descriptions were based on field notes. Colour terms followed Petersen 
(1996). Micromorphological data were obtained from the dried specimens, and observed under a compound light 
microscope following Dai (2012) and Ma et al. (2020). The following abbreviations were used: KOH = 5% Potassium 
hydroxide, CB = Cotton Blue, CB– = acyanophilous, IKI = Melzer’s reagent, IKI– = both inamyloid 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. The studied specimens were deposited at the herbarium of Southwest Forestry University (SWFC), 
Kunming, Yunnan Province, China.
 DNA extraction, amplification, sequencing and phylogenetic analyses.—The EZNA HP Fungal DNA Kit 
(Omega Biotechnologies Co., Ltd, Kunming) was used to obtain PCR products from dried specimens, according to 
the manufacturer’s instructions (Xu et al. 2019). ITS region was amplified with primer pair ITS5 and ITS4 (White et 
al. 1990). Nuclear LSU region was amplified with primer pair LR0R 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 s, 
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, Yunnan Province, 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. Sequences were aligned 
in MAFFT 7 (https://mafft.cbrc.jp/alignment/server/) using the “G-INS-I” strategy and manually adjusted in BioEdit 
(Hall 1999). The sequence alignment was deposited at TreeBase (submission ID 26756). Sequences of Gloeophyllum 
abietinum (Bull.) P. Karst. (1882: 80) and Gloeophyllum sepiarium (Bull.) P. Karst. (1882: 79) obtained from GenBank 
were used as an outgroup to root tree following Ghobad-Nejhad & Duhem (2012) in the ITS+nLSU analysis (Fig. 1).
Maximum parsimony analysis was applied to the ITS+nLSU dataset sequences. Approaches to phylogenetic analyses 
followed Zhao & Wu (2017) and Wang et al. (2020), 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 parsimonious trees were saved. Clade robustness 
was assessed using a bootstrap (BT) analysis with 1,000 replicates (Felsenstein 1985). Descriptive tree statistics tree 
length (TL), consistency index (CI), retention index (RI), rescaled consistency index (RC), and homoplasy index 
(HI) were calculated for each Maximum Parsimonious Tree (MPT) generated. Sequences were also analyzed using 
Maximum Likelihood (ML) with RAxML-HPC2 on Abe through the Cipres Science Gateway (www.phylo.org; Miller 
et al. 2009). Branch support (BS) for ML analysis was determined by 1000 bootstrap replicates.
 MrModeltest 2.3 (Posada & Crandall 1998, Nylander 2004) was used to determine the best-fit evolution model 
for each data set for Bayesian inference (BI). BI was calculated with MrBayes3.1.2 with a general time reversible 
(GTR+I+G) model of DNA substitution and a gamma distribution rate variation across sites (Ronquist & Huelsenbeck 
2003). Four Markov chains were run for 2 runs from random starting trees for 90 thousand generations (Fig. 1), and 
trees were sampled every 100 generations. The first one-fourth generations were discarded as burn-in. A majority rule 
consensus tree of all remaining trees was calculated. Branches that received bootstrap support for maximum likelihood 
(BS), maximum parsimony (BT) and Bayesian posterior probabilities (BPP) greater than or equal to 75 % (BS), 75 % 
(BT) and 0.95 (BPP) were considered as significantly supported, respectively.

Results

Molecular phylogeny

The ITS+nLSU dataset (Fig. 1) included sequences from 33 fungal samples representing 20 species. The dataset 
had an aligned length of 2225 characters, of which 1618 characters are constant, 142 are variable and parsimony-
uninformative, and 465 are parsimony-informative. Maximum parsimony analysis yielded three equally parsimonious 
trees (TL = 1110, CI = 0.7009, HI = 0.2991, RI = 0.8304, RC = 0.5821). Best model for the ITS+nLSU dataset 
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estimated and applied in the Bayesian analysis: GTR+I+G. Bayesian analysis and ML analysis resulted in a similar 
topology as MP analysis, with an average standard deviation of split frequencies = 0.004254(BI).
 A phylogeny (Fig. 1) inferred from the combined ITS+nLSU sequences, was obtained for 3 species within the 
genus Punctularia and showed that the new species formed a single lineage with a strong support (100% BS, 100% 
BT and 1.00 BPP) and was sister to the P. atropurpurascens.

TABle 1 List of species, specimens, and GenBank accession number of sequences used in this study.

Species name Sample no.
GenBank accession no.

References
ITS nLSU

Australovuilleminia coccinea MG75 — HM046931 Ghobad-Nejhad et al. 2010

A. coccinea MG74 HM046875 HM046930 Ghobad-Nejhad et al. 2010

Cytidia salicina MG49 GU590881 HM046921 Ghobad-Nejhad & Hallenberg 2011

C. salicina CBS 727.85 — DQ915478 Lawrey et al. 2007

Dendrocorticium roseocarneum FPL1800 — AF393053 Binder & Hibbett 2002

D. polygonioides MG48 HM046877 — Ghobad-Nejhad et al. 2010

Dendrothele maculata HHB1062 — AY586652 Larsson et al. 2004

Gloeophyllum sepiarium FP 125002-T — AY333806 Ghobad-Nejhad & Ginns 2012

G. abietinum P254 — AJ583431 Moreth & Schmidt 2005

Punctularia atropurpurascens UC 2022981 KP814559 — Knijn & Ferretti 2018

P. atropurpurascens T 6 MG755209 — Knijn & Ferretti 2018

P. bambusicola CLZhao 9098 MW559983 MW559985 Present study

P. bambusicola CLZhao 4133 MW559982 MW559984 Present study

P. strigosozonata CBS 34534 MH855559 MH867064 Vu et al. 2019

P. strigosozonata BHIF 586b MH558554 MH558554 Knijn & Ferretti 2018

P. strigosozonata AFTOL 1248 DQ398958 DQ398958 Knijn & Ferretti 2018

Punctulariopsis obducens MG70 HM046918 HM046933 Ghobad-Nejhad et al. 2010

P. subglobispora GB 12761 NR119827 — Schoch et al. 2014

P. subglobispora FCUG 2535 HM046917 HM046932 Ghobad-Nejhad et al. 2010

Veluticeps abietina KHL 12474 — EU118619 Larsson 2007

Vuilleminia comedens MG79 HM046880 — Ghobad-Nejhad et al. 2010

V. comedens FCUG 2595 HM046891 — Ghobad-Nejhad et al. 2010

V. coryli FCUG 1038A HM046903 — Ghobad-Nejhad et al. 2010

V. coryli FCUG 2280 HM046901 — Ghobad-Nejhad et al. 2010

V. cystidiata FCUG 2145 HM046912 HM046925 Ghobad-Nejhad et al. 2010

V. cystidiata FCUG 2596 HM046909 HM046923 Ghobad-Nejhad et al. 2010

V. erastii MG139 JN387999 JN388008 Ghobad-Nejhad & Ginns 2012

V. erastii MG96 JN388000 JN388009 Ghobad-Nejhad & Ginns 2012

V. macrospora MG60 HM046885 HM046927 Ghobad-Nejhad et al. 2010

V. megalospora FCUG 3210 HM046913 — Ghobad-Nejhad et al. 2010

V. megalospora FCUG 3211 HM046914 — Ghobad-Nejhad et al. 2010

V. pseudocystidiata MG69 HM046888 HM046928 Ghobad-Nejhad et al. 2010

V. pseudocystidiata FCUG 2600B HM046916 — Ghobad-Nejhad et al. 2010
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FIGURe 1. Maximum parsimony strict consensus tree illustrating the phylogeny of Punctularia bambusicola and related species 
in Punctularia based on ITS+nLSU sequences. Branches are labeled with maximum likelihood bootstrap equal to or higher than 
70%, parsimony bootstrap proportions equal to or higher than 50% and Bayesian posterior probabilities equal to or higher than 0.95 
respectively.

Taxonomy

Punctularia bambusicola C.L. Zhao, sp. nov. (Figs. 2, 3)
MycoBank no.: MB 838694

Holotype.—CHINA. Yunnan Province, Puer, Zhenyuan County, Heping Town, Ailaoshan National Nature Reserve, E 
100°54′52′′, N23°46′32′′, alt. 2136 m, on dead bamboo, 1 January 2019, CLZhao 9098 (SWFC).
Etymology.—Bambusicola (Lat.): referring to the host of bamboo.
 Basidiomata.—Annual, resupinate, adnate but easily separable, gelatinosus when fresh, becoming rigid upon 
drying, up to 27 cm long, up to 5 cm wide, 100–300 µm thick. Hymenial surface tuberculate with rose tints, pink to 
rose when fresh, turn to lilac to purple upon drying. Sterile narrow, white. 
 Hyphal structure.—Hyphal system monomitic; generative hyphae with clamp connections, IKI–, CB–; tissues 
unchanged in KOH. Subiculum absent or indistinct, suhymenial generative hyphae hyaline, more or less interwoven, 
thin-walled, frequently branched, 2–3 µm in diam., abhymenial generative hyphae brown, thick-walled, branched, 3–5 
µm in diam.
 Hymenium.—Cystidia and cystidioles absent; dendrohyphidia numerous, yellowish to brown, thin-walled, with 
short branches, usually forming a catahymenium, 19–42 × 1.5–3 µm; basidia clavate, flexuose, with four sterigmata 
and a basal clamp connection, 17.5–21.5 × 4–5.5 µm; basidioles dominant, in shape similar to basidia, but slightly 
smaller. 
 Spores.—Basidiospores ellipsoid, yellowish, thin-walled, smooth, IKI–, CB–, 6.5–8.5(–9) × 3.5–5 µm, L = 7.62 
µm, W = 4.48 µm, Q =1.7 7 (n = 60/2)..
Additional specimen examined.—CHINA. Yunnan Province, Puer, Jingdong County, Wuliangshan National Nature 
Reserve, , E 100°54′46′′, N23°46′45′′, alt. 2169 m, on dead bamboo, 5 October 2017, CLZhao 4133 (SWFC).
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FIGURe 2. Basidiomata of Punctularia bambusicola (holotype Bars: A = 7.5 cm, B = 3 cm. Drawings by: Qian-Xin Guan.

Discussion

In the present study, a new species, Punctularia bambusicola, is described based on phylogenetic analyses and 
morphological characteristics.
 Phylogenetically, Punctularia bambusicola is closely related to P. atropurpurascens and P. strigosozonata based 
on ITS+LSU-nrRNA gene analyses (Fig. 1), which is similar to the previous study of Knijn & Ferretti (2018). However, 
morphologically P. atropurpurascens differs from P. bambusicola by the effuse-reflexed, thicker basidiomata (up to 
1 mm) with reddish brown to dark purplish brown or bluish hymenial surface and presence of fibrillose margin and 
larger basidia measuring 40–65 × 5–6 µm (Petch 1916). Punctularia strigosozonata differs in its resupinate to effuse-
reflexed basidiomata with brown, velutinous margin and brown to dark violaceous hymenial surface (Bernicchia & 
Gorjón 2010).
 Punctularia atropurpurascens is normally found in the subtropical and tropical areas and it has been observed 
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on branch of Acacia, Mangifera, Pinus and Quercus (Petch 1916, Knijn & Ferretti 2018). Punctularia strigosozonata 
is mainly distributed in the North Europe and it was found on branch of Pistacia, Populus and Quercus (Talbot 1958, 
Bernicchia & Gorjón 2010). In the present study, the new species is found on a dead bamboo.

FIGURe 3. Microscopic structures of Punctularia bambusicola (drawn from the holotype). A: basidiospores. B: basidia and basidioles. 
C: a section of hymenium. Bars: A = 5 μm, B–C = 10 μm. Drawings by: Qian-Xin Guan.

Acknowledgements

The research is supported by the Yunnan Fundamental Research Project (Grant No. 202001AS070043), Key Laboratory 
of Forest Resources Conservation and Utilization in the Southwest Mountains of China Ministry of Education, 
Southwest Forestry University (KLESWFU-202003) and the High-level Talents Program of Yunnan Province (YNQR-
QNRC-2018-111).



A NEW SPECIES OF PUNCtULARiA (PUNCTULARIACEAE) Phytotaxa 489 (3) © 2021 Magnolia Press   •   291

References

Bernicchia, A. & Gorjón, S.P. (2010) Fungi Europaei 12: Corticiaceae s.l. Edizioni Candusso, Lomazzo, pp. 1–1007.
Binder, M. & Hibbett, D.S. (2002) Higher-level phylogenetic relationships of homobasidiomycetes (mushroom-forming fungi) inferred 

from four rdna regions. Molecular Phylogenetics & Evolution 22: 76–90. 
 https://doi.org/10.1006/mpev.2001.1043
Dai, Y. C. (2012) Polypore diversity in China with an annotated checklist of Chinese polypores. Mycoscience 53: 49–80.
 https://doi.org/10.1007/s10267-011-0134-3
Ghobad-Nejhad, M. & Duhem, B. (2013) Novelties in the Corticiales: Vuilleminia nilsii sp. nov. and Dendrominia gen. nov. (Basidiomycota). 

Mycological Progress 13: 1–11. 
 https://doi.org/10.1007/s11557-012-0881-3
Ghobad-Nejhad, M. & Ginns, J. (2012) Vuilleminia erastii sp. nov. (corticiales), an amphi-beringian species and revision of the occurrence 

of Vuilleminia comedens in north america. Mycoence 53: 290–299. 
 https://doi.org/10.1007/S10267-011-0168-6
Ghobad-Nejhad, M. & Hallenberg, N. (2011) Erythricium atropatanum sp. nov. (corticiales) from iran, based on morphological and 

molecular data. Mycological Progress 10: 61–66. 
 https://doi.org/10.1007/s11557-010-0674-5
Ghobad-Nejhad, M., Nilsson, R.H. & Hallenberg, N. (2010) Phylogeny and taxonomy of the genus Vuilleminia (Basidiomycota) based on 

molecular and morphological evidence, with new insights into Corticiales. taxon 59: 1519–1534. 
 https://doi.org/10.1002/tax.595016
Gilbertson, R.L. & Ryvarden, L. (1986–1987) North American polypores 1–2. Fungiflora, Oslo, pp. 1–433.
Hall, T.A. (1999) Bioedit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucleic 

Acids Symposium Series 41: 95–98.
Hjortstam, K. & Ryvarden, L. (1980) Studies in tropical Corticiaceae (Basidiomycetes) I. Mycotaxon 10: 269–287.
Hjortstam, K. (1995) Two new genera and some new combinations of corticioid fungi (Basidiomycotina, Aphyllophorales) from tropical 

and subtropical areas. Mycotaxon 54: 183–193.
Kalchbrenner, C. & Mac O. (1881) Fungi MacOwaniani. Grevillea 10: 52–59.
Karsten, P.A. (1882) Rysslands, Finlans och den Skandinaviska halföns Hattsvampar. Sednare Delen: Pip-, Tagg-, Hud-, Klubb- och 

Gelésvampar. Bidrag till Kännedom av Finlands Natur och Folk 37: 1–257.
Knijn, A. & Ferretti, A. (2018) Punctularia atropurpurascens in the Villa Ada urban Park in Rome, Italy. Mycology 47: 29–39. 
 https://doi.org/10.6092/issn.2531-7342/8349
Larsen, M.J. & Gilbertson, R.L. (1974) Dendrocorticium and Dentocorticium, gen. nov. (Aphyllophorales, Corticiaceae) as segregates 

from Laeticorticium. Norwegian Journal of Botany 21: 223–226.
Larsen, M.J. & Gilbertson, R.L. (1977) Studies in Laeticorticium (Aphyllophorales, Corticiaceae) and related genera. Norwegian Journal 

of Botany 24: 99–121.
Larsson, K. H., Larsson, E. & KoLjalg, U. (2004) High phylogenetic diversity among corticioid homobasidiomycetes. Mycological 

Research 108: 983–1002. 
 https://doi.org/10.1017/S0953756204000851 
Larsson, K.H. (2007) Re-thinking the classification of corticioid fungi. Mycological Research 111:  1040–1063. 
 https://doi.org/10.1016/j.mycres.2007.08.001
Lawrey, J.D., Binder, M., Diederich, P., Molina, M.C. & Ertz, D. (2007) Phylogenetic diversity of lichen-associated homobasidiomycetes. 

Molecular Phylogenetics & Evolution 44: 778–789. 
 https://doi.org/10.1016/j.ympev.2006.12.023
Ma, R.X., Shi, Z.J. & Zhao, C.L. (2020) A new species of Efibula (Polyporales, Basidiomycota) from China. Phytotaxa 451: 238–244. 

https://doi.org/10.11646/phytotaxa.451.3.7
Maire, A. (1902) Recherches cytologiques et taxonomiques sur les basidiomycètes. Bulletin de la Société Mycologique de France 18: 

1–212.
Miller, M.A., Holder, M.T., Vos, R., Midford, P.E., Liebowitz, T., Chan, L., Hoover, P. & Warnow, T. (2009) The CIPRES Portals. 

CIPRES. Availalbe from: http://www.phylo.org/sub_sections/portal (accessed 4 August 2009) [Archived by WebCite(r) at http://
www.webcitation.org/5imQlJeQa]

Moreth, U. & Schmidt, O. (2005) Investigations on ribosomal dna of indoor wood decay fungi for their characterization and identification. 
Holzforschung 105: 447–93.

 https://doi.org/10.1515/HF.2005.014



GUAN Et AL.292   •   Phytotaxa 489 (3) © 2021 Magnolia Press

Núñez, M. & Ryvarden, L. (2001) East Asian polypores 2. Synopsis Fungorum 14: 165–522.
Nylander, J.A.A. (2004) MrModeltest v2. Program distributed by the author. Evolutionary Biology Centre, Uppsala University.ampignons 

de l’Équateur (Pugillus IV). Bulletin de l´Herbier Boissier 3: 53–74.
Patouillard, N.T. & Lagerheim, G de. (1895) Champignons de l’Équateur (Pugillus IV). Bulletin de l´Herbier Boissier 3: 53–74.
Petch, T. (1916) Revisions of Ceylon fungi (Part IV). Annals of the Royal Botanic Gardens Peradeniya 6: 153–183.
Petersen, J.H. (1996) Farvekort. the Danish Mycological Society´s colour-chart. Foreningen til Svampekundskabens Fremme, Greve. 6 

pp.
Posada, D. & Crandall, K.A. (1998) Modeltest: Testing the model of DNA substitution. Bioinformatics 14: 817–818. 
 https://doi.org/10.1093/bioinformatics/14.9.817
Ronquist, F. & Huelsenbeck, J.P. (2003) MrBayes3: bayesian phylogenetic inference under mixed models. Bioinformatics 19: 1572–1574. 

https://doi.org/10.1093/bioinformatics/btg180
Ryvarden, L. & Melo, I. (2014) Poroid fungi of Europe. Synopsis Fungorum 31: 1–455.
Ryvarden, L. (1982) Fuscocerrena, a new genus in the Polyporaceae. transactions of the British Mycological Society 79: 279–281. 
 https://doi.org/10.1016/S0007-1536(82)80114-9
Schoch, C.L., Robbertse, B., Robert, V., Vu, D., Cardinali, G., Irinyi, L., Meyer, W., Nilsson, R.H., Hughes, K., Miller, A.N., Kirk, P.M., 

Abarenkov, K., Aime, M.C., Ariyawansa, H.A., Bidartondo, M., Boekhout, T., Buyck, B., Cai, Q., Chen, J., Crespo, A., Crous, P.W., 
Damm, U., De Beer, Z.W., Dentinger, B.T.M., Divakar, P.K., Dueñas, M., Feau, N., Fliegerova, K., García, M.A., Ge, Z.W., Griffith, 
G.W., Groenewald, J.Z., Groenewald, M., Grube, M., Gryzenhout, M., Gueidan, C., Guo, L., Hambleton, S., Hamelin, R., Hansen, 
K., Hofstetter, V., Hong, S.B., Houbraken, J., Hyde, K.D., Inderbitzin, P., Johnston, P.R., Karunarathna, S.C., Kõljalg, U., Kovács, 
G.M., Kraichak, E., Krizsan, K., Kurtzman, C.P., Larsson, K.H., Leavitt, S., Letcher, P.M., Liimatainen, K., Liu, J.K., Lodge, D.J., 
Luangsaard, J.J., Lumbsch, H.T., Maharachchikumbura, S.S.N., Manamgoda, D., Martín, M.P., Minnis, A.M., Moncalvo, J.M., 
Mulè, G., Nakasone, K.K., Niskanen, T., Olariaga, I., Papp, T., Petkovits, T., Pino-Bodas, R., Powell, M.J., Raja, H.A., Redecker, D., 
Sarmiento-Ramirez, J.M., Seifert, K.A., Shrestha, B., Stenroos, S., Stielow, B., Suh, S.O., Tanaka, K., Tedersoo, L., Telleria, M.T., 
Udayanga, D., Untereiner, W.A., Uribeondo, J.D., Subbarao, K.V., Vágvölgyi, C., Visagie, C., Voigt, K., Walker, D.M., Weir, B.S., 
Weiß, M., Wijayawardene, N.N., Wingfield, M.J., Xu, J.P., Yang, Z.L., Zhang, N., Zhuang, W.Y. & Federhen, S. (2014) Finding 
needles in haystacks: linking scientific names, reference specimens and molecular data for fungi. Database 2014: 1–21.

 https://doi.org/10.1093/database/bau061
Swofford, D.L. (2002) PAUP*: Phylogenetic analysis using parsimony (*and other methods). Version 4.0b10. Sinauer Associates, 

Massachusetts.
Talbot, P.H.B. (1958) Studies of some South African resupinate Hymenomycetes (II). Bothalia 7: 131–187. 
 https://doi.org/10.4102/abc.v6i1.1681
Vu, D., Groenewald, M., Vries, M., Gehrmann, T., Stielow, B., Eberhardt, U., Al-Hatmi, A., Groenewald, J.Z., Cardinali, G., Houbraken, 

J., Boekhout, T., Crous, P.W., Robert, V. & Verkley, G.J.M. (2019) Large-scale generation and analysis of filamentous fungal DNA 
barcodes boosts coverage for kingdom Fungi and reveals thresholds for fungal species and higher taxon delimitation. Studies in 
Mycology 92: 135–154. 

 https://doi.org/10.1016/j.simyco.2018.05.001
Wang, H., He, X. & Zhao, C.L. (2020) Scytinostroma yunnanense sp. nov. (Russulales, Basidiomycota) evidenced by morphological 

characteristics and phylogenetic analyses in China. Phytotaxa 451: 145–153. 
 https://doi.org/10.11646/phytotaxa.451.2.4
White, T.J., Bruns, T., Lee, S. & Taylor, J. (1990) Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics. 

in: Innis, M.A., Gelfand, D.H., Sninsky, J.J. & White, T.J. (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
Xu, T.M., Chen, Y.H. & Zhao, C.L. (2019) trechispora yunnanensis sp. nov. (Hydnodontaceae, Basidiomycota) from China. Phytotaxa 

424: 253–261. 
 https://doi.org/10.11646/phytotaxa.424.4.5
Zhao, C.L. & Wu, Z.Q. (2017) Ceriporiopsis kunmingensis sp. nov. (Polyporales, Basidiomycota) evidenced by morphological characters 

and phylogenetic analysis. Mycological Progress 16: 93–100.
 https://doi.org/10.1007/s11557-016-1259-8

https://doi.org/10.1016/S0007-1536(82)80114-9

