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ABSTRACT — Polyporus submelanopus, collected from Qinghai Province, Northwest China,
is described and illustrated based on both morphological and phylogenetic analyses. It is
characterized by a terrestrial habit, black-stipitate basidiocarps, circular to angular pores,
two kinds of generative hyphae bearing simple septa and clamp connections respectively,
and cylindrical smooth hyaline basidiospores. Morphologically, P submelanopus belongs
to the melanopus group and resembles P. melanopus in sharing similar pilei with a shallow
central depression, circular to angular pores, basidiospores, and a terrestrial habit. However,
P. melanopus has smaller pores, thicker and entire dissepiment, fusoid cystidioles, and
clamped generative hyphae only. The differences between P. submelanopus and P. badius,
P. xinjiangensis, and P. tubaeformis are discussed as well. Phylogenetic ITS sequence analysis
supports P. submelanopus within the melanopus group but distinctly separate from other
sampled species of this group.
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Introduction

Polyporus P. Micheli ex Adans., type genus of the Polyporaceae, is a well-
known polypore genus. It is characterized by typical formation of stipitate to
substipitate basidiocarps, a dimitic hyphal system with arboriform skeleto-
binding hyphae, smooth cylindrical to subellipsoid inamyloid basidiospores,
and causing a white rot (Gilbertson & Ryvarden 1987, Nufiez & Ryvarden
1995).

Nuafiez & Ryvarden (1995) divided all 32 species of Polyporus into six
morphological groups without taxonomic rank: Admirabilis, Dendropolyporus
[= Dendropolyporus (Pouzar) Jilich], Favolus (= Favolus Fr.), Polyporellus
(= Polyporellus P. Karst.), Melanopus (= Melanopus Pat.), and Polyporus.
The melanopus group is characterized by coriaceous and black-stipitate
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basidiocarps, skeleto-binding hyphae mostly with narrow lumen but solid when
mature, medium to large basidiospores (6-12 x 2-4 um), and growth on dead
woods except for the terrestrial Polyporus melanopus (Pers.) Fr. Since Nuilez
& Ryvarden (1995), some species have been newly described and/or emended
based on morphology (Dai et al. 2003, 2007¢, 2009; Sotome et al. 2007; Dai
2012a) or combined morphological and phylogenetic evidence (Sotome et al.
2011).

China is a vast area with varied landscapes and forests inhabited by a high
diversity of wood-decaying fungi. More than 1,200 poroid, corticioid, and
hydnoid taxa have been recorded in China (Dai 2011, 2012b). Polyporus species
have been repeatedly documented from different parts of the country (Dai et
al. 2003, 2004, 2007a,b,c,d, 2009; Dai & Penttild 2006; Cui et al. 2008; Li et al.
2008; Yuan & Dai 2008; Wang et al. 2011), with 36 total species recorded before
this study (Dai 2012b). However, many specimens deposited at the herbarium
of Institute of Applied Ecology, Chinese Academy of Sciences (IFP), are still
not identified to species level. During the re-examination of these specimens,
we found two that match the Polyporus concept but were distinct from any
known species based on both morphological and phylogenetic analyses. They
are described and illustrated here as Polyporus submelanopus.

Materials & methods

The studied specimens are deposited at IFP, China, and Botanical Museum, Finnish
Museum of Natural History (H), Helsinki. The microscopic procedure follows Dai
(2010). Sections were studied at magnifications up to x1000 using a Nikon Eclipse 80i
microscope and phase contrast illumination. Measurements are made from sections
stained with Cotton Blue. In this text, CB stands for Cotton Blue, CB+ for cyanophilous,
CB- for acyanophilous, IKI for Melzer’s reagent, IKI- for negative in Melzer’s reagent,
and KOH for 5% potassium hydroxide. In presenting the variation in the size of the
basidiospores, 5% of measurements were excluded from each end of the range and
given in parentheses. The meanings of other abbreviations are as follows: L = mean
basidiospore length (arithmetic average of all basidiospores), W = mean basidiospore
width (arithmetic average of all basidiospores), Q = variation in the L/W ratios between
the specimens studied, and n = number of basidiospores measured from given number
of specimens. Drawings are made with the aid of a drawing tube. Special color terms
follow Anonymous (1969) and Petersen (1996).

ITS sequences were obtained from herbarium specimens using Phire” Plant Direct
PCR Kit (Finnzymes Oy, Finland). The primers ITS5 and ITS4 (White et al. 1990)
were used to perform PCR amplifications and subsequent sequencing reactions. Four
newly generated sequences were deposited at GenBank (accession numbers JQ964422—
JQ964425). Other ITS sequences were downloaded from GenBank (TABLE 1). Polyporus
grammocephalus Berk. and P. pseudobetulinus (Murashk. ex Pilat) Thorn et al. were
selected as outgroup (Kriiger et al. 2006). The procedure of phylogenetic analysis was as
below. Firstly, nucleotide sequences were aligned using ClustalX 2.0 (Larkin et al. 2007)
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TaBLE 1. ITS sequences from Polyporus used in the phylogenetic analysis

SPECIES VoucHer No.* ORIGIN GENBANK No.
P, badius - Japan AB587625
- USA AF516558
- USA AF516559
P. guianensis Mont. - Argentina AF516564
- Venezuela AF516566
P. leprieurii Mont. - Costa Rica AF516567
P. melanopus - Argentina AF516568
- Argentina AF516569
- Austria AF518759
H 6003449 Finland JQ964422
H 6029190 Finland JQ964423
P. mikawai Lloyd - China AF516570
P. submelanopus IFP 004953 China JQ964424
— (holotype) IFP 004946 China JQ964425
P. tubaeformis - UK AF511438
- UK AF511439
- USA AF511440
- USA AF511441
- USA AF511442
- Norway AF511443
P. varius (Pers.) Fr. - Germany AF516574
- Germany AF516575
- Russia AF516576
- USA AF516577
- USA AF516578
- USA AF516579
- USA AF516580
- Japan AB587636
P. grammocephalus - Japan AB587626
P. pseudobetulinus - Japan AB587644

2Provided only for specimens newly sequenced in this study.

with defaulted parameters; secondly, the best-fit evolutionary models for maximum
likelihood (ML) analysis and Bayesian analysis were estimated by jModelTest (Guindon
& Gascuel 2003, Posada 2008) based on corrected Akaike information criterion; finally,
following the optimal models, maximum likelihood (ML) and Bayesian trees were
constructed using PhyML 3.0 (Guindon & Gascuel 2003) and Mrbayes3.2 (Ronquist et
al. 2012), respectively. The ML tree was tested with 100 bootstrap replicates. For Bayesian
analysis, two independent rums were employed. Each run performed a Metropolis-
coupled Markov chain Monte Carlo analysis with four chains for 1,000,000 generations.
Trees were saved per 100th generation. The value of burn-in was set to discard the first
25% trees, and other trees were used to compute a 50% consensus tree and calculate
Bayesian posterior probability.
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Taxonomy

Polyporus submelanopus H.J. Xue & L.W. Zhou, sp. nov. FIG. 1
MycoBaNk MB 800237

Differs from Polyporus melanopus in having two kinds of generative hyphae (one with
simple septa and one with clamp connections), slightly larger pores, thinner and lacerate
dissepiments, and no fusoid cystidioles.

TypE: China, Qinghai Province, Huzhu County, Beishan Forest Farm, on ground in forest
of Picea, 1.1X.2003 Dai 5015 (holotype IFP 004946; GenBank sequence JQ964425).

ETYMOLOGY: submelanopus (Lat.): somewhat similar to Polyporus melanopus.

BasipioMmEs: Basidiocarps annual, terrestrial, centrally or laterally stipitate,
solitary. Pilei sometimes slightly infundibuliform, up to 6.2 cm in diam, and
8 mm thick. Pileal surface cinnamon-buft to vinaceous, glabrous, sometimes
wrinkled and faintly zonate when dry; margin acute, concolorous with pileus,
curved down when dry. Pore surface straw-yellow to honey-yellow; pores
circular to angular, 2-3 per mm; dissepiments thin, lacerate. Context white to
cream, soft corky when dry, up to 6 mm thick. Tubes cream to straw-yellow,
decurrent on about three fifths of one side of the stipe with obviously boundary,
up to 2 mm long. Stipe bearing a fuscous to black cuticle, corky, up to 7 cm
long, and 8 mm in diam.

HypHAL sTRUCTURE: Hyphal system dimitic; two kinds of generative hyphae
with one type bearing only simple septa and the other with clamp connections at
each septum; skeletal hyphae arboriform, IKI-, weakly CB+; tissue unchanged
in KOH.

CoNTEXT: Generative hyphae common, thin-walled, occasionally branched,
3.5-4 pm in diam; arboriform skeletal hyphae frequent, thick-walled with a
wide lumen, moderately branched, aseptate, interwoven, up to 7 um in diam.

TuBes: Generative hyphae frequent, hyaline, thin-walled, frequently
branched and simple septate, clamp connection frequent on the generative
hyphae near the basidia, 1.5-3.5 um in diam; arboriform skeletal hyphae
common, thick-walled with a wide to narrow lumen, moderately branched,
aseptate, interwoven, 1.5-3.2 pm in diam; cystidia and cystidioles absent;
basidia clavate, but narrower towards the base, hyaline, thin-walled, bearing
a basal clamp connection and four sterigmata, 24-33 x 5-8 pm; basidioles in
shape similar to basidia, but slightly smaller.

Stipe: Generative hyphae scanty; arboriform skeletal hyphae dominant,
thick-walled with a narrow or wide lumen, moderately branched, aseptate,
strongly interwoven, 1.5-7 pm in diam. Hyphae in black crust similar to those
in stipe.

Spores: Basidiospores cylindrical, hyaline, thin-walled, smooth, bearing a
large guttule. IKI-, CB-, (7.8-)8-10(~10.5) X 3-3.9(-4) pm, L = 8.95 um, W =3.38
pm, Q = 2.63-2.67 (n = 60/2).
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F1G. 1. Polyporus submelanopus (holotype).
a: Basidiospores. b: Basidia and basidioles.
c: Hyphae from context. d: Hyphae from trama.
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ADDITIONAL SPECIMEN EXAMINED: CHINA, QINGHAI PROVINCE, HuzHU COUNTY,

Beishan Forest Farm, on ground in forest of Picea, 1.IX.2003 Dai 4997 (IFP 004953;

GenBank sequence JQ964424).
REMARKS: Polyporus submelanopus is characterized by a terrestrial habit,
centrally or laterally black-stipitate basidiocarps, straw-yellow to honey-yellow
pore surface, circular to angular pores, two types of generative hyphae bearing
either simple septa or clamp connections, and cylindrical basidiospores with a
large guttule. Its black stipe and medium basidiospore size match the concept
of the melanopus group (Nuiiez & Ryvarden 1995).

Polyporus melanopus resembles P. submelanopus in its similar pileus with a
shallow central depression, circular to angular pore shape, basidiospores, and
terrestrial habit. However, P. melanopus has slightly smaller pores (3-4 per mm,
Gilbertson & Ryvarden 1987; 3-5 per mm, Bernicchia 2005; 3-4(-5) per mm,
Boulet 2007), thicker and entire dissepiments, fusoid cystidioles, and generative
hyphae bearing clamp connections only (Gilbertson & Ryvarden 1987).

Polyporus badius (Pers.) Schwein., a species with simple-septate generative
hyphae, is distinguished from P submelanopus in darker pilei and smaller
pores (5-8 per mm, Nufiez & Ryvarden 1995). In addition, P. badius is a wood-
inhabiting species rather than a terrestrial one.

Polyporus xinjiangensis ].D. Zhao & X.Q. Zhang, originally described from
China, has generative hyphae bearing simple septa like P. submelanopus but
produces no generative hyphae with clamp connections (Dai et al. 2007b);
P, xinjiangensis further differs in its wood-inhabiting habit and slightly shorter
basidiospores (7.1-8.5 um long, Dai et al. 2007b).

Macroscopically, P submelanopus shares similar infundibuliform pilei, a
straw-yellow to pale brownish pore surface, and sharp margin with P. tubaeformis
(P. Karst.) Ryvarden & Gilb., which is distinguished by possession of cystidioles
and smaller pores [6-9(-10) per mm, (n = 150/5)] and basidiospores [(5.8-)
6-7.8(-8.2) x (2.1-)2.3-3.2(-3.5) um, L = 6.49 um, W = 2.75 um, Q = 2.27-2.50
(n = 150/5), Dai 1996]. Besides, P. tubaeformis has only clamped generative
hyphae and grows on wood rather than ground.

Our ITS dataset had 694 characters. Its best-fit evolutionary models for ML
and Bayesian analyses were estimated as TrN + G and HKY + G, respectively.
The phylogenetic tree (FiG. 2) formed of most members of melanopus group
clusters P submelanopus as a distinct clade within this group. Although
we unfortunately failed to obtain an ITS sequence from P. xinjiangensis, the
ecological habit and morphological differences above are enough to distinguish
P submelanopus from P. xinjiangensis.

F1G. 2. The phylogenetic tree inferred from ITS sequences of the members of Melanopus group.
Topological structure was from ML analysis. The statistical values both above 75% of bootstrap
value and 0.95 of Bayesian posterior probability are indicated.
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The ITS tree also shows that the current concept of P. melanopus is not
monophyletic. Five ITS sequences of P. melanopus formed two clades according
to the specimens’ origins. One clade comprised three European isolates, while
two isolates from Argentina formed the other clade. Moreover, P. melanopus
was described as a diverse species in pore and basidiospore size (Gilbertson &
Ryvarden 1987, Bernicchia 2005, Niemeld 2005, Kriiger et al. 2006, Boulet 2007).
Therefore, more investigations are needed to clarify the exact circumscription
of P. melanopus.

Acknowledgements

We express our gratitude to Drs. Deepika Kumari (Directorate of Mushroom
Research, India), Bao-Kai Cui (Beijing Forest University, China), and Kozue Sotome
(Tottori University, Japan) who reviewed the manuscript prior to submission. The
research was financed by the National Natural Science Foundation of China (Project
No. 30910103907).

Literature cited

Anonymous. 1969. Flora of British fungi. Colour identification chart. Her Majesty’s Stationery
Office, London. 1 p.

Bernicchia A. 2005. Polyporaceae s.l. fungi Europei vol. 10. Edizioni Candusso, Alassio. 808 p.

Boulet B. 2007. Défauts et indices de la carie des arbres. 2e Edition. Les publications du Québec,
Queébec. 317 p.

Cui BK, Yuan HS, Dai YC. 2008. Wood-rotting fungi in eastern China 1. Polypores from Wuyi
Mountains, Fujian Province. Sydowia 60: 25-40.

Dai YC. 1996. Changbai wood-rotting fungi 5. Study on Polyporus mongolicus and P. tubaeformis.
Annales Botanici Fennici 133: 153-163.

Dai YC. 2010. Hymenochaetaceae (Basidiomycota) in China. Fungal Diversity 45: 131-343.
http://dx.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. http://dx.doi.org/10.1007/s10267-010-0068-1

Dai YC. 2012a. Two new polypores from tropical China, and renaming two species of Polyporus
and Phellinus. Mycoscience 53: 40-44. http://dx.doi.org/10.1007/s10267-011-0135-2

Dai YC. 2012b. Polypore diversity in China with an annotated checklist of Chinese polypores.
Mycoscience 53: 49-80. http://dx.doi.org/10.1007/s10267-011-0134-3

Dai YC, Penttild R. 2006. Polypore diversity of Fenglin Nature Reserve, northeastern China.
Annales Botanici Fennici 43: 81-96.

Dai YC, Yuan HS. 2007. Type studies on polypores described by G. Y. Zheng and Z. S. Bi. from
southern China. Sydowia 59: 25-31.

Dai YC, Yuan HS. 2010. Type studies on polypores described by J. D. Zhao. Annales Botanici
Fennici 47: 113-117.

Dai YC, Harkénen M, Niemeld T. 2003. Wood-inhabiting fungi in southern China 1. Polypores
from Hunan Province. Annales Botanici Fennici 40: 381-393.

Dai YC, Wei YL, Wang Z. 2004. Wood-inhabiting fungi in southern China 2. Polypores from
Sichuan Province. Annales Botanici Fennici 41: 319-329.

Dai YC, Cui BK, Yuan HS. 2007a. Notes on polypores from Gansu and Qinghai Province, Northwest
China. Cryptogamie Mycologie 28: 177-187.



Polyporus submelanopus sp. nov. (China) ... 441

Dai YC, Wei YL, Yuan HS, Huang MY, Penzina T. 2007b. Polypores from Altay and Tian Mts. in
Xinjiang, northwest China. Cryptogamie Mycologie 28: 269-279.

Dai YC, Yu CJ, Wang HC. 2007c. Polypores from eastern Xizang (Tibet), western China. Annales
Botanici Fennici 44: 135-145.

Dai YC, Cui BK, Huang MY. 2007d. Polypores from eastern Inner Mongolia, northeastern China.
Nova Hedwigia 84: 513-520. http://dx.doi.org/10.1127/0029-5035/2007/0084-0513

Dai YC, Yuan HS, Wang HC, Yang F, Wei YL. 2009. Polypores (Basidiomycota) from Qin Mts. in
Shaanxi Province, Central China. Annales Botanici Fennici 46: 54-61.

Gilbertson RL, Ryvarden L. 1987. North American polypores 2. Megasporoporia — Wrightoporia.
Fungiflora, Oslo. pp. 434-885.

Guindon S, Gascuel O. 2003. A simple, fast and accurate method to estimate large phylogenies by
maximum-likelihood. Systematic Biology 52: 696-704.
http://dx.doi.org/10.1080/10635150390235520

Kriiger D, Petersen RH, Hughes KW. 2006. Molecular phylogenies and mating study data in
Polyporus with special emphasis on group “Melanopus” (Basidiomycota). Mycological Progress
5: 185-206. http://dx.doi.org/10.1007/s11557-006-0512-y

Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA, McWilliam H, Valentin E
Wallace IM, Wilm A, Lopez R, Thompson JD, Gibson TJ, Higgins DG. 2007. Clustal W and
Clustal X version 2.0. Bioinformatics 23: 2947-2948.
http://dx.doi.org/10.1093/bioinformatics/btm404

Li J, Xiong HX, Dai YC. 2008. Polypores from Shennongjia Nature Reserve in Hubei Province,
Central China. Cryptogamie Mycologie 29: 267-277.

Niemeld T. 2005. Polyporus, lignicolous fungi. Norrlinia 13: 1-320. [in Finnish, with English
summary]

Nuiez M, Ryvarden L. 1995. Polyporus (Basidiomycotina) and related genera. Synopsis Fungorum
10: 1-85.

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

Posada D. 2008. jModelTest: Phylogenetic model averaging. Molecular Biology and Evolution 25:
1253-1256. http://dx.doi.org/10.1093/molbev/msn083

Ronquist F, Teslenko M, van der Mark P, Ayres D, Darling A, Hohna S, Larget B, Liu L, Suchard
MA, Huelsenbeck JP. 2012. MrBayes 3.2: Efficient Bayesian phylogenetic inference and model
choice across a large model space. Systematic Biology 61: 539-542.
http://dx.doi.org/10.1093/sysbio/sys029

Sotome K, Hattori T, Kakishima M. 2007. Polyporus phyllostachydis sp. nov. with notes on other
rhizophilic species of Polyporus (Basidiomycota, Polyporaceae). Mycoscience 48: 42-46.
http://dx.doi.org/10.1007/s10267-006-0328-2

Sotome K, Hattori T, Ota Y. 2011. Taxonomic study on a threatened polypore, Polyporus
pseudobetulinus, and a morphologically similar species, P. subvarius. Mycoscience 52: 319-326.
http://dx.doi.org/10.1007/s10267-011-0111-x

Wang B, Cui BK, Li HJ, Du P, Jia BS. 2011. Wood-rotting fungi in eastern China 5. Polypore
diversity in Jiangxi Province. Annales Botanici Fennici, 48: 237-246.

White TJ, Bruns T, Lee S, Taylor J. 1990. Amplification and direct sequencing of fungal ribosomal
RNA genes for phylogenetics. 315-322 in: MA Innis et al. (eds). PCR protocols: a guide to
methods and applications. Academic Press, San Diego.

Yuan HS, Dai YC. 2008. Polypores from northern and central Yunnan Province, Southwestern
China. Sydowia 60: 147-159.



