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Abstract

Phylogenetic and morphological analyses on Perenniporia s.|. were carried out. Phy-
logenies on Perenniporia s.I. are reconstructed with two loci DNA sequences including
the internal transcribed spacer (ITS) regions and the large subunit (nLSU). Two new
species from Yunnan Province, southwest China, Perenniporia prunicola and P. rosicola
in Perenniporia s.1., are illustrated and described. Perenniporia prunicola is characterised
by the perennial and resupinate basidiomata with a clay pink pore surface when fresh,
a trimitic hyphal system, the presence of clavate to fusiform hymenial cystidia, ellipsoid
to broadly ellipsoid basidiospores measuring 4.8—-6.2 x 3.6—4.5 ym. Perenniporia rosi-
cola is characterised by annual and resupinate basidiomata with a white pore surface
when fresh, a dimitic hyphal system, the presence of dendrohyphidia, broadly ellipsoid
to subglobose basidiospores measuring 5-5.8 x 4—5.2 ym. In addition, Crassisporus is
a genus in Perenniporia s.l., in which two new combinations Crassisporus minutus and
C. mollissimus are proposed. Main morphological characteristics of species related to
new taxa are also provided.

Key words: Phylogeny, polypore, taxonomy, wood-decaying fungi

Introduction

Perenniporia Murrill (Polyporales, Basidiomycetes) is typified by P medulla-pa-
nis (Jacq.) Donk and it is one of the species-rich genera of Polyporales. Tradi-
tionally, it is characterised by annual to perennial, resupinate, effused-reflexed
to pileate basidiomata with a varied coloured pore surface when fresh, a dimitic
to trimitic hyphal system with generative hyphae bearing clamp connections,
variably dextrinoid and cyanophilous skeletal hyphae, ellipsoid, broadly ellip-
soid to subglobose, mostly thick-walled and truncate variably dextrinoid, cyano-
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philous basidiospores and causing a white rot in dead angiosperm and gym-
nosperm woods (Ryvarden and Gilbertson 1994; Decock and Ryvarden 1999;
Zhao et al. 20134a; Cui et al. 2019; Ji et al. 2023).

Perenniporia was established by Murrill in 1942 just with two species, P. uni-
ta (Pers.) Murrill (Basionym: Polyporus unitus Pers.) and P. nigrescens (Bres.)
Murrill (Basionym: Poria nigrescens Bres.), none of which was regarded as the
type species (Murrill 1942). Then P. unita was combined into different genera
by other mycologists, viz. Fibuloporia unita (Pers.) Bondartsev, Fomes unitus
(Pers.) J. Lowe and Fomitopsis unita (Pers.) Bondartsev (Bondartsev 1953;
Lowe 1955), as well as being designated the lectotype of Perenniporia by Cooke
(1953). Decock and Stalpers (2006) re-discussed the relationship and status of
Polyporus unitus and Boletus medulla-panis Jacq., though they are synonymous
and the latter has been normally regarded as the type species of Perenniporia in
previous studies (Donk 1960; Ryvarden 1972a; Gilbertson and Ryvarden 1987,
Ryvarden and Gilbertson 1994). In addition, they demonstrated Pol. unitus is
not a synonym of B. medulla-panis, the latter of which was selected as the type
of Perenniporia (Decock and Stalpers 2006). For now, Poria nigrescens as a
synonym of Physisporinus crocatus (Pat.) F. Wu, Jia J. Chen & Y.C. Dai was
described from Hungary and it has a perennial basidiomata, erubescent pores
(white when fresh, then “carneo-violaceis”, finally black), but no basidiospores
data (Bresadola 1897).

Previous studies have shown that Perenniporia is a polyphyletic genus
(Zhao et al. 2013a; Cui et al. 2019; Ji et al. 2023). Species in Perenniporia s.|.
form seven independent clades, based on phylogenetic analysis with typical
characteristics (Zhao et al. 2013a). Hornodermoporus, Perenniporiella, Trun-
cospora, Vanderbylia etc. were derived from Perenniporia s.l. Especially, Ji et
al. (2023) proposed 15 new genera previously addressed in Perenniporia s.|.,
based on phylogenetic and morphological analyses. Perenniporia s.s. con-
tains three species, viz. P. hainaniana B.K. Cui & C.L. Zhao, P medulla-panis
and P. substraminea B.K. Cui & C.L. Zhao (Ji et al. 2023). Up to now, more than
120 taxa were found in Perenniporia s. |. (Ji et al. 2017; Liu et al. 2017; Shen
et al. 2018; Cui et al. 2019; Zhao and Ma 2019; Ji et al. 2023). In addition,
some species in Perenniporia s.|. could produce laccase (such as P. tephropo-
ra (Mont.) Ryvarden and Poriella subacida (Peck) C.L. Zhao) and carotenoid
(such as Vanderbylia fraxinea (Bull.) D.A. Reid) etc. applied in both biomedical
engineering and biodegradation (Si et al. 2011; Churapa and Lerluck 2016;
Kim and Lee 2020).

Crassisporus B.K. Cui & Xing Ji was proposed as a new genus (Ji et al. 2019)
and it has effused-reflexed to pileate basidiomata with a mostly concentrically
zonate pileal surface, a trimitic hyphal system with inamyloid or non-dextrinoid
skeletal hyphae, oblong to broadly ellipsoid, slightly thick-walled basidiospores
(Ji et al. 2019). Four species are included in this genus currently.

During the fungal research work on polypores, the phylogeny, based on a two
loci dataset (ITS+nLSU), was carried out and two unknown species of Perenni-
poria s.l. are found from southwest China and they are illustrated and described
in the present paper. In addition, two new combinations in Crassisporus are
proposed, based on phylogenetic and morphological analyses.
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Materials and methods
Morphological studies

The studied specimens are deposited in the Fungarium of the Institute of Mi-
crobiology, Beijing Forestry University (BJFC) and the Institute of Applied Ecolo-
gy, Chinese Academy of Sciences (IFP). Morphological descriptions are based
on field notes and voucher specimens. The microscopic analysis follows Miet-
tinen et al. (2018) and Wu et al. (2022). Sections were studied at a magnifica-
tion of up to 1000x using a Nikon Eclipse 80i microscope and phase contrast
illumination. Microscopic features and measurements were made from slide
preparations stained with Cotton Blue and Melzer's reagent. Basidiospores
were measured from sections cut from the tubes. To represent the variation in
the size of spores, 5% of measurements were excluded from each end of the
range and are given in parentheses. In the description: KOH = 5% potassium
hydroxide, IKI = Melzer’s reagent, IKI+ = amyloid or dextrinoid, IKI- = neither am-
yloid nor dextrinoid, CB = Cotton Blue, CB+ = cyanophilous in Cotton Blue, CB- =
acyanophilous in Cotton Blue, L = arithmetic average of spore length, W = arith-
metic average of spore width, Q = L/W ratios and n = number of basidiospores/
measured from given number of specimens. Colour terms follow Anonymous
(1969) and Petersen (1996).

DNA extraction, amplification and sequencing

A CTAB rapid plant genome extraction kit-DN14 (Aidlab Biotechnologies Co., Ltd,
Beijing) was used to obtain DNA from dried specimens and to perform the poly-
merase chain reaction (PCR) according to the manufacturer’s instructions with
some modifications (Shen et al. 2019; Sun et al. 2020). The internal transcribed
spacer (ITS) and large subunit nuclear ribosomal RNA gene (nLSU) were ampli-
fied using the primer pairs ITS5/ITS4 and LROR/LR7 (White et al. 1990; Hopple
and Vilgalys 1999) (https://sites.duke.edu/vilgalyslab/rdna_primers_for_fungi/).

The PCR procedure for ITS was as follows: initial denaturation at 95 °C for
3 min, followed by 34 cycles at 94 °C for 40 s, annealing at 54 °C for 45 s and
extension 72 °C for 1 min and a final extension of 72 °C for 10 min. The PCR pro-
cedure for nLSU was as follows: initial denaturation at 94 °C for 1 min, followed
by 34 cycles of denaturation at 94 °C for 30 s, annealing at 50 °C for 1 min and
extension at 72 °C for 1.5 min and a final extension at 72 °C for 10 min. The PCR
products were purified and sequenced at the Beijing Genomics Institute (BGI),
China, with the same primers. DNA sequencing was performed at the Beijing
Genomics Institute and the newly-generated sequences were deposited in Gen-
Bank. All sequences analysed in this study are listed in Table 1. Sequences gen-
erated from this study were aligned with additional sequences downloaded from
GenBank using BioEdit (Hall 1999) and ClustalX (Thompson et al. 1997). The
final ITS and nLSU datasets were subsequently aligned using MAFFT v.7 under
the E-INS-i strategy with no cost for opening gaps and equal cost for transforma-
tions (command line: mafft —genafpair —maxiterate 1000) (Katoh and Standley
2013) and visualised in BioEdit (Hall 1999). Alignments were spliced and trans-
formed formats in Mesquite v.3.2. (Maddison and Maddison 2017). Multiple se-
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Table 1. Information for the sequences used in this study.

Species name

Abundisporus fuscopurpureus
Abundisporus pubertatis
Abundisporus pubertatis
Abundisporus sclerosetosus
Abundisporus violaceus
Amylosporia hattorii
Amylosporia hattorii
Aurantioporia aurantiaca
Aurantioporia bambusicola
Citrinoporia citrinoalba
Citrinoporia citrinoalba
Citrinoporia corticola
Citrinoporia corticola
Citrinoporia corticola
Citrinoporia corticola
Crassisporus imbricatus
Crassisporus leucoporus
Crassisporus macroporus
Crassisporus microsporus
Crassisporus minutus
Crassisporus minutus
Crassisporus minutus
Crassisporus mollissimus
Crassisporus mollissimus
Cystidioporia piceicola
Cystidioporia piceicola
Daedalea quercina
Dendroporia cinereofusca
Dendroporia cinereofusca
Fomitopsis pinicola
Hornodermoporus latissima
Hornodermoporus latissimus
Hornodermoporus martius
Hornodermoporus martius
Hornodermoporus martius
Luteoperenniporia australiensis
Luteoperenniporia australiensis
Luteoperenniporia bannaensis
Luteoperenniporia bannaensis

Luteoperenniporia
mopanshanensis

Luteoperenniporia
mopanshanensis

Luteoperenniporia
yinggelingensis
Luteoperenniporia
yinggelingensis

Macroporia lacerata
Macroporia lacerata
Macroporia macropora
Macroporia subrhizomorpha
Macrosporia nanlingensis

Sample no. Location
Cui 8638 China
Dai 11927 China
Dai 12140 China

MUCL 41438 Singapore
MUCL 38617 Zimbabwe

Cui 10912 China
Dai 10315 China

CBS 125867 French Guiana
Cui 11050 China
Cui 13615 China
Dai 13643 China
Dai 18633 Malaysia
Dai 18641 Malaysia
Dai 17778 Singapore
Dai 18526 Malaysia
Dai 10788 China
Cui 16801 Australia
Cui 14468 China
Dai 16221 China
Zhou 120 China
Cui 6595 China
Dai 22571 China
Cui 6257 China
Dai 10764 China
Cui 10460 China
Dai 4181 China
Dai 12659 Finland
Dai 9289 China
Cui 5280 China
Cui 10405 China
Cui 6625 China
Dai 12054 China

MUCL 41677 Argentina
MUCL 41678 Argentina
Cui 7992 China

Cui 16742 Australia
Cui 16743 Australia
Cui 8560 China
Cui 8562 China

CLZhao 5145 China
CL Zhao 5152 China

Cui 13625 China
Cui 13627 China
Cui 7220 China
Dai 11268 China
Zhou 280 China

LWZ 20190722-36 China
Cui 7620 China
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GenBank accession No.

ITS
JNO048771
KC787569
JN048772
FJ411101
FJ411100
KX900675
JQ861740
MH863779
KX900668
MG847215
KX880622
MT117217
MT117218
MT117219
MT117216
KC867350
MK116488
MK116486
MK116487
JX163055
KX081079
PP0341002
JX141451
JX141452
JQ861742
JF706328
KP171208
KF568893
KF568892
KC844852
HQ876604
KX900639
FJ411092
FJ411093
HQ876603
0K642220
0K642221
JQ291727
JQ291728
MH784912

MH784913

MH427960

MH427957

JX141448
JX141449
JQ861748
MZ578440
HQ848477

nLSU
JN048790
KC787576
JN048791
FJ393868
FJ393867
KX900725
JQ861756
MH875242
KX900719
MG847224
KX880661
MT117222
MT117223
MT117224
MT117221
KC867425
MK116497
MK116495
MK116496
JX163056
KX081142
PP0341162
JX141461
JX141462
JQ861758
JF706336
KP171230
KF568895
KF568894
KC844857
HQ876604
KX900686
FJ393859
FJ393860
HQ654114
0K642275
0K642276
JQ291729
JQ291730
MH784916

MH784917

MH427967

MH427965

JX141458
JX141459
JQ861764
MZ578444
HQ848486
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Vu et al. (2019)
Cui et al. (2019)
Cui et al. (2019)
Cui et al. (2019)
Wang et al. (2020)
Wang et al. (2020)
Wang et al. (2020)
Wang et al. (2020)
Cui et al. (2019)
Jietal. (2019)
Jietal. (2019)
Jietal. (2019)
Unpublished
Unpublished
Present study
Zhao et al. (2015)
Zhao et al. (2015)
Zhao and Cui (2013a)
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Zhao et al. (2014b)
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Species name

Macrosporia nanlingensis
Microporellus subadustus

Microporellus violaceo-
cinerascens

Minoporus minor

Minoporus minor

Neoporia bostonensis
Neoporia bostonensis
Neoporia koreana

Neoporia koreana

Neoporia rhizomorpha
Neoporia rhizomorpha
Niveoporia decurrata
Niveoporia decurrata
Niveoporia russeimarginata
Niveoporia subrusseimarginata
Niveoporia subrusseimarginata
Perenniporia cf. dendrohyphidia
Perenniporia eugeissonae
Perenniporia eugeissonae
Perenniporia hainaniana
Perenniporia hainaniana
Perenniporia luteola
Perenniporia luteola
Perenniporia medulla-panis
Perenniporia medulla-panis
Perenniporia nonggangensis
Perenniporia nonggangensis
Perenniporia prunicola
Perenniporia prunicola
Perenniporia prunicola
Perenniporia pseudotephropora
Perenniporia rosicola
Perenniporia straminea
Perenniporia straminea
Perenniporia substraminea
Perenniporia substraminea
Perenniporia subtephropora
Perenniporia subtephropora
Perenniporia subtephropora
Perenniporia subtephropora
Perenniporia subtephropora
Perenniporia subtephropora
Perenniporia tephropora
Perenniporia tephropora
Perenniporia tephropora
Perenniporia tephropora
Perenniporiella chaquenia
Perenniporiella chaquenia
Perenniporiella micropora
Perenniporiopsis minutissima
Perenniporiopsis minutissima
Perenniporiopsis minutissima
Perenniporiopsis minutissima
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Sample no.

Cui 7541
Cui 8459
MUCL 45229

Cui 5782
Dai 9198
CLZhao 2854
CL Zhao 2855
KUC20091030-32
KUC20081002J-02
Cui 7507
Dai 7248
Dai 16637
Dai 16660
Yuan 1244
Cui 16991
Cui 16980
Zhou 273
Dai 18600
Dai 18605
Cui 6366
Cui 6365
Harkonen 1308a
Harkonen 1308b
Cui 3274
MUCL 43250
GXU 2098
Dai 17857
Dai 24280
Dai 24751
Dai 24752
Dai 17383
Dai 22563
Cui 8858
Cui 8718
Cui 10191
Cui 10177
Dai 10962
Dai 24890
Dai 25025
Dai 24871
Dai 10964
Dai 24877
Cui 9029
Cui 6331
Dai 25106
Dai 24849
MUCL 47647
MUCL 47648
MUCL 43581
Cui 10979
Dai 12457
Dai 17383
Dai 24887

Location

China
China
Ethiopia

China
China
USA
USA
Korea
Korea
China
China
Thailand
Thailand
China
China
China
China
Malaysia
Malaysia
China
China
China
China
China
Norway
China
Singapore
China
China
China
Brazil
China
China
China
China
China
China
China
China
China
China
China
China
China
China
China
Argentina
Argentina
Cuba
China
China
Brazil
China

GenBank accession No.

ITS nLSU
HQ848479 HQ848488
HQ876606 HQ654113
FJ411106 FJ393874
HQ883475 -
KF495005 KF495016
MG491284 MG491287
MG491285 MG491285
KJ156313 KJ156305
KJ156310 KJ156302
HQ654107 HQ654117
JF706330 JF706348
KY475566 0P289291
KY475567 0P289292
JQ861750 JQ861766
0K642224 0K642279
0K642223 0K642278
KX900670 -
MT232518 MT232512
MT232519 MT232513
JQ861745 JQ861761
JQ861744 JQ861760
JX141456 JX141466
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JN112792 JN112793
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KT894732 KT894733
MT232521 MT232515
PP0341012 PP0341172
PP0341022 PP0341182
PP0341032 -
MT117215 MT117220
PP0341102 PP0341232
HQ654104 JF706334
HQ876600 HQ876600
JQ001853 JQ001845
JQ001852 JQ001844
JQ861752 JQ861768
PP0341042 PP0341192
PP0341052 PP0341202
PP0341062 -
JQ861753 JQ861769
PP0341072 PP0341212
HQ876601 JF706339
HQ848473 HQ848484
PP0341082 -
PP0341092 PP0341222
FJ411083 FJ393855
FJ411084 FJ393856
FJ411086 FJ393858
KF495003 KF495013
KF495004 KF495014
MT117215 MT117220
PP0341112 -
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Species name

Perenniporiopsis minutissima
Perenniporiopsis minutissima
Perenniporiopsis sinensis
Perenniporiopsis sinensis
Poriella africana

Poriella africana

Poriella ellipsospora

Poriella ellipsospora

Poriella subacida

Poriella valliculorum

Poriella valliculorum
Rhizoperenniporia japonica
Sparsitubus nelumbiformis
Sparsitubus nelumbiformis
Tropicoporia aridula
Tropicoporia aridula
Truncatoporia pyricola
Truncatoporia pyricola
Truncatoporia truncatospora
Truncatoporia truncatospora
Truncospora detrita
Truncospora macrospora
Truncospora ochroleuca
Truncospora ochroleuca
Truncospora ochroleuca
Truncospora ohiensis
Truncospora ohiensis
Truncospora ornata
Vanderbylia delavayi
Vanderbylia fraxinea
Vanderbylia fraxinea
Vanderbylia fraxinea
Vanderbylia robiniophila
Vanderbylia robiniophila
Vanderbylia vicina
Vanderbyliella sp.
Vanderbyliella tianmuensis
Vanderbyliella tianmuensis
Xanthoperenniporia maackiae
Xanthoperenniporia maackiae
Xanthoperenniporia punctata
Xanthoperenniporia punctata
Xanthoperenniporia punctata
Xanthoperenniporia subcorticola
Xanthoperenniporia subcorticola
Xanthoperenniporia subcorticola
Xanthoperenniporia tenuis
Xanthoperenniporia tenuis
Yuchengia kilemariensis

Yuchengia narymica

Sample no.

Dai 24885
Cui 10221
Dai 26477
CLZhao 8278
Cui 8674
Cui 8676
Cui 10284
Cui 10276
Dai 8224
LE 222974

Cui 10053
Cui 7047
Cui 6590
Cui 8497
Dai 12398
Dai 12396
Cui 9149
Dai 10265
Cui 6987
Dai 5125
MUCL 42649
Cui 8106
MUCL 39726
Dai 11486
MUCL 39563
Cui 5714
MUCL 41036
SP 6672
Dai 6891
Cui 8871
Cui 8885
DP 83
Cui 7144
Cui 5644
MUCL 44779
Knudsen 04-111
Cui 2715
Cui 2648
Dai 8929
Cui 5605
Dai 26121
Dai 26120
Dai 17916
Dai 7330
Cui 1248
Cui 2655
Wei 2969
Wei 2783
LE 214743

Dai 10510

@ Newly-generated sequences in this study.

Bold = new taxa.

Location

China
China
China
China
China
China
China
China
China
Russia

China
China
China
China
China
China
China
China
China
China
French Guiana
China
China
China
Australia
China
USA
Russia
China
China
China
Italy
China
China
Ethiopia
China
China
China
China
China
China
China
China
China
China
China
China
China
Russia

China
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GenBank accession No.

ITS
PP0341122
KX962546
PP0341132
OR149913
KFO018119
KF018120
JQ861739
KF018124
HQ876605
KM411458

KF495006
KX900677
KX880632
KX880631
JQ001855
JQ001854
JN048762
JN048761
JN048778
HQ654098
FJ411099
JX941573
FJ411098
HQ654105
FJ411097
HQ654103
FJ411096
KJ410690
JQ861738
JF706329
HQ876611
AM269789
HQ876608
HQ876609
FJ411095
JQ861737
JX141454
JX141453
HQ654102
JN048760
PP0341142
PP0341152
MG869686
HQ654094
HQ848472
HQ654093
JQ001859
JQ001858
KM411457

HQ654101

nLSU
KX962553
PP0341242
OR759768
KF018128
KF018129
KF018133
KF018132
JF713024
KM411474

KF495017
KX900727
KX880671
KX880670
JQ001847
JQ001846
JN048782
JN048781
HQ654112
HQ848481
FJ411099
JX941596
FJ393865
JF706349
FJ393864
HQ654116
FJ393863

JF706345
JF706344
AM269853
JF706341
HQ876609
FJ393862
JQ861755
JX141464
JX141463
JF706338
JN048780

MG869688
HQ654108
HQ848482
HQ654093
JQ001849
JQ001848
KM411473

JF706346
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quence alignments were trimmed by trimAl v.1.2 using the -htmlout-gt 0.8 -st
option to deal with gaps, when necessary (Capella-Gutierrez et al. 2009).

Phylogenetic analyses

In this study, one combined matrix was reconstructed for phylogenetic anal-
yses; a two loci dataset (ITS+nLSU) was used to determine the phylogenetic
position of the new species. The sequence alignments and the retrieved to-
pologies were deposited in TreeBase (http://www.treebase.org), under acces-
sion ID: 31050 (Reviewer access URL: http://purl.org/phylo/treebase/phylows/
study/TB2:S310507?x-access-code=fa4d2a2edcdd53d63276b66a95c2058d&-
format=html). Sequences of Fomitopsis pinicola (Sw.) P. Karst. and Daedalea
quercina (L.) Pers., obtained from GenBank, were used as the outgroups (Ji et
al. 2023). The phylogenetic analyses followed the approach of Han et al. (2016)
and Zhu et al. (2019). Maximum Likelihood (ML) and Bayesian Inference (BI)
analyses were performed, based on the two datasets. The best-fit evolutionary
model was selected by Hierarchical Likelihood Ratio Tests (HLRT) and Akaike
Information Criterion (AIC) in MrModelTest 2.2 (Nylander 2004) after scoring
24 models of evolution in PAUP* version 4.0b10 (Swofford 2002).

Sequences were analysed using Maximum Likelihood (ML) with RAXML-HPC2
through the CIPRES Science Gateway (www.phylo.org; Miller et al. 2010).
Branch support (BT) for ML analysis was determined by 1000 bootstrap rep-
licates. Bayesian phylogenetic inference and Bayesian Posterior Probabilities
(BPP) were computed with MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003).
Four Markov chains were run for 5 M generations (two loci dataset) until the
split deviation frequency value was less than 0.01 and trees were sampled every
100 generations. The first 25% of the sampled trees were discarded as burn-in
and the remaining ones were used to reconstruct a majority rule consensus and
calculate Bayesian Posterior Probabilities (BPP) of the clades. All trees were
viewed in FigTree v. 1.4.3 (http://tree.bio.ed.ac.uk/software/figtree/). Branches
that received bootstrap support for ML (= 75% (ML-BS)) and BPP (= 0.95 BPP)
were considered as significantly supported. The ML bootstrap (ML) = 50% and
BBP (BPP) = 0.90 are presented on topologies from ML analysis, respectively.

Results
Molecular phylogeny

The combined two loci dataset (ITS+nLSU) included sequences from 152 sam-
ples representing 80 taxa. The dataset had an aligned length of 2156 charac-
ters, of which 1385 (64%) characters were constant, 147 (7%) were variable and
parsimony-uninformative and 624 (29%) were parsimony informative. The phy-
logenetic reconstruction performed with Maximum Likelihood (ML) and Bayes-
ian Inference (Bl) analyses for one combined dataset showed similar topolo-
gy and few differences in statistical support. The best model-fit applied in the
Bayesian analysis was GTR+I+G, Iset nst = 6, rates = invgamma and prset state-
freqgpr = dirichlet (1, 1, 1, 1). Bayesian analysis resulted in a nearly congruent
topology with an average standard deviation of split frequencies = 0.007133 to
ML analysis and, thus, only the ML tree is provided (Fig. 1).
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stpgar Xanthoperenniporia maackice Cui 8929

STW Xanthoperenniporia maackiae Cui 5605
e 20
771" Xanthoperenniporia temuis Wei 2783
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Figure 1. ML analysis of Perenniporia s.I. based on dataset of ITS+nLSU. ML bootstrap values higher than 50% and Bayes-
ian posterior probabilities values more than 0.90 are shown. New taxa are in bold

MycoKeys 105: 97-118 (2024), DOI: 10.3897/mycokeys.105.121858 104



Chao-Ge Wang et al.: Two new species of Perenniporia

The phylogeny (Fig. 1) included 28 different genera in Perenniporia s.l., of
which have eight uncertain species in regard to the generic status without typi-
cal characteristics, viz. P. eugeissonae P. Du & Chao G. Wang, P. luteola B.K. Cui
& C.L. Zhao, P nonggangensis F.C. Huang & Bin Liu, P pseudotephropora Chao
G. Wang & F. Wu, P, rosicola, P. straminea (Bres.) Ryvarden, P subtephropora
B.K. Cui & C.L. Zhao and P, tephropora. Thus, they were adopted in Perenniporia
temporarily and distinguished from Perenniporia s.s.

Perenniporia prunicola nested in the Perenniporis s.s. clade and formed an in-
dependent lineage in the phylogeny (Fig. 1). In addition, it is related to P medul-
la-panis, P. substraminea and P, hainaniana, these four species being addressed
into the Perenniporia s.s. clade. Though Perenniporia rosicola grouped with four
species of Perenniporia s.s. in a joint subclade, but without support. The se-
qguences of Crassisporus minutus and C. mollissimus were obtained from holo-
types and they nested in the genus Crassisporus.

ITS sequences produced significant alignments in NCBI (https://www.ncbi.
nlm.nih.gov/) about Perenniporia prunicola, the top ten of which represent P
medulla-panis and the similarities of them were less than 95%. The same goes
for P. rosicola, the similarities of the top ten ITS sequences in NCBI were less
than 90% excepting one sequence tagged P. dendrohyphidia (Zhou 273). They
are consistent with our phylogeny.

Taxonomy

Perenniporia prunicola Y.C. Dai, Yuan Yuan & Chao G. Wang, sp. nov.
MycoBank No: 851532
Figs 2,3

Holotype. China. Yunnan Province, Zhaotong, Yiliang County, Xiaocaoba Town,
on living tree of Prunus, 2.1V.2023, Dai 24751 (BJFC040388).

Etymology. Prunicola (Lat.): refers to the species growing on Prunus.

Description. Basidiomata. Perennial, resupinate, corky, without odour or
taste when fresh, becoming hard corky upon drying, up to 15 cm long, 5 cm
wide and 16 mm thick at centre. Pore surface clay pink when fresh, becoming
cream, buff yellow to fawn upon drying; sterile margin very narrow to almost
absent; pores round to slightly elongated, 4—6 per mm; dissepiments slightly
thick, entire. Subiculum thin, cream, corky, up to T mm thick. Tubes pinkish-buff
to clay buff when dry, distinctly stratified, hard corky, up to 15 mm long.

Hyphal structure. Hyphal system trimitic; generative hyphae bearing clamp
connections; skeletal and binding hyphae IKI-, weakly CB+; tissues becoming
orange brown in KOH.

Subiculum. Generative hyphae frequent, hyaline, thin-walled, occasionally
branched, more or less flexuous, 2-4 pym in diam.; skeletal hyphae dominant,
hyaline, thick-walled with a wide lumen, occasionally branched, more or less
flexuous, 2.5-3 ym in diam.; binding hyphae hyaline, thick-walled with a wide lu-
men, frequently arboriform branched, flexuous, interwoven, 1.5-2 pm in diam.

Tubes. Generative hyphae infrequent, hyaline, thin-walled, occasionally
branched, straight, 2-3 pm in diam.; skeletal hyphae dominant, hyaline, thick-
walled with a medium lumen, occasionally branched, slightly flexuous, inter-
woven, 2-2.5 um in diam.; binding hyphae hyaline, thick-walled with a medium
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lumen, frequently arboriform branched, flexuous, interwoven, 1.2—1.5 pm in
diam. Hymenial cystidia present, clavate to fusiform, thin-walled, smooth, 25—
31 x 5-5.5 pm; cystidioles present, ventricose to fusiform, hyaline, thin-walled,
16-20 x 4.5-5 pym. Basidia clavate, with four sterigmata and a basal clamp
connection, 15-22 x 7-8 pm; basidioles more or less pyriform, but smaller.
Irregular crystals present among the hymenium.

Spores. Basidiospores ellipsoid to broadly ellipsoid, hyaline, thick-walled,
smooth, usually with a medium guttule, dextrinoid, weakly CB+, (4.5-)4.8-
6.2(=6.5) x (3.5-)3.6—4.5(=4.9) ym, L = 5.39 ym, W = 4.07 um, Q = 1.29-1.37
(n=90/3).

Type of rot. White rot.

Additional specimens examined. China. Guizhou Province, Zunyi, Suiyang
County, Kuankuoshui Nature Reserve, on fallen trunk of Prunus, 7.V11.2022, Y.C.
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Figure 3. Microscopic structures of Perenniporia prunicola (Holotype, Y.C. Dai 24751) a basidiospores b basidia and ba-
sidioles ¢ cystidioles d hymenial cystidia e hyphae from subiculum f hyphae from trama.

Dai 24280 (BJFC039522); Yunnan Province, Zhaotong, Yiliang County, Xiaocao-
ba, on dead tree of Prunus, 2.IV.2023, Y.C. Dai 24752 (BJFC040389).

Notes. Perenniporia prunicola is characterised by perennial and resupinate ba-
sidiomata with a clay pink pore surface when fresh, round to slightly elongated
pores of 4—6 per mm, a trimitic hyphal system, the presence of clavate to fusiform
hymenial cystidia, ellipsoid to broadly ellipsoid and thick-walled basidiospores
measuring 4.8-6.2 x 3.6-4.5 ym and growth on Prunus in southwest China.
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Perenniporia rosicola Y.C. Dai, Yuan Yuan & Chao G. Wang, sp. nov.
MycoBank No: 851529
Figs 4,5

Holotype. China. Yunnan Province, Mengla County, Xishuangbanna Rainforest
Valley, on branch of Rosaceae, 4.VII.2021, Y.C. Dai 22563 (BJFC037137).

Etymology. Rosicola (Lat.): refers to the species growing on Rosaceae.

Description. Basidiomata. Annual, resupinate, soft corky, without odour or
taste when fresh, becoming corky when dry, up to 2 cm long, 1.5 cm wide and
1.2 mm thick at centre. Pore surface white when fresh, becoming pale orange
brown upon bruising, eventually honey yellow to clay buff upon drying; sterile
margin white when fresh, becoming cream upon drying, up to 0.5 mm wide;
pores round, sometimes elongated, 5-7 per mm; dissepiments thin, entire to
slightly lacerate. Subiculum very thin, cream, corky, up to 0.2 mm thick. Tubes
concolorous with pore surface, corky, up to 1 mm long.

Hyphal structure. Hyphal system dimitic; generative hyphae bearing clamp
connections; skeletal hyphae dextrinoid, weakly CB+; tissues becoming pale
olivaceous in KOH.

Subiculum. Generative hyphae infrequent, hyaline, thin-walled, occasionally
branched, straight, 2-2.5 pm in diam.; skeletal hyphae dominant, hyaline, thick-
walled with a medium to narrow lumen, frequently arboriform branched, flexu-
ous, interwoven, 1.5-2.5 pm in diam.

Tubes. Generative hyphae infrequent, hyaline, thin-walled, more or less flex-
uous, 2-2.5 pm in diam.; skeletal hyphae dominant, hyaline, thick-walled with
a medium lumen, frequently arboriform branched, flexuous, interwoven, 1.5-
2.5 ym in diam. Hymenial cystidia absent; cystidioles present, ventricose to
fusiform, hyaline, thin-walled, 14-16 x 5-5.5 ym. Basidia barrel-shaped, with

Figure 4. Basidiomata of Perenniporia rosicola (Holotype, Y.C. Dai 22563). Scale bar: 1 cm.
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Figure 5. Microscopic structures of Perenniporia rosicola (Holotype, Y.C. Dai 22563) a basidiospores b basidia and basid-
ioles ¢ cystidioles d dendrohyphidia e hyphae from subiculum f hyphae from trama.

four sterigmata and a basal clamp connection, 16—20 x 7-8 ym; basidioles in
shape similar to basidia, but smaller. Irregular crystals present amongst hyme-
nia. Dendrohyphidia present.

Spores. Basidiospores broadly ellipsoid to subglobose, hyaline, thick-walled,
smooth, sometimes with a medium guttule, dextrinoid, weakly CB+, 5-5.8(—6)
x 4-52(-5.3) pm, L =5.39 ym, W =4.74 ym, Q = 1.14 (n = 30/1).

Type of rot. White rot.
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Notes. Perenniporia rosicola is characterised by annual and resupinate ba-
sidiomata with a white pore surface when fresh, round to sometimes elongat-
ed pores of 5-7 per mm, frequently arboriform branched and narrow skeletal
hyphae, the presence of dendrohyphidia, broadly ellipsoid to subglobose, thick-
walled basidiospores measuring 5-5.8 x 4-5.2 ym and growth on Rosaceae in
southwest China.

Combinations

In our phylogenetic analyses, Crassisporus minutus and C. mollissimus form two
independent lineages nested in Crassisporus (Fig. 1) and their characteristics fit
the definition of Crassisporus. So, we propose the following combinations:

Crassisporus minutus (Y.C. Dai & X.S. Zhou) Y.C. Dai, Yuan Yuan & Chao G.
Wang, comb. nov.
MycoBank No: 851530

Basionym. Megasporoporia minuta Y.C. Dai & X.S. Zhou, in Zhou & Dai, Myco-
logical Progress 7(4): 254 (2008).

Crassisporus mollissimus (B.K. Cui & C.L. Zhao) Y.C. Dai, Yuan Yuan & Chao
G. Wang, comb. nov.
MycoBank No: 851531

Basionym. Abundisporus mollissimus B.K. Cui & C.L. Zhao, in Zhao, Chen, Song
& Cui, Mycological Progress 14(38): 5 (2015).

Discussion

The genus Perenniporia s.s. clade includes four species, viz. P. hainaniana, P
medulla-panis, P. prunicola and P. substraminea and these species have the pe-
rennial and resupinate basidiomata with a cream, clay pink, buff yellow, pink-
ish-buff to fawn pore surface, a dimitic to trimitic hyphal system with amyloid
or dextrinoid skeletal hyphae, ellipsoid, broadly ellipsoid to subglobose and
thick-walled basidiospores (Table 2).

Perenniporia prunicola is similar to P medulla-panis by perennial and resupi-
nate basidiomata with a clay pink to buff yellow pore surface, round to slightly
elongated pores of 4-6 per mm, a trimitic hyphal system and ovoid to broadly el-
lipsoid basidiospores. In addition, both species are phylogenetically related, but
the latter lacks cystidia and usually has truncate basidiospores (Ryvarden and
Gilbertson 1994). Perenniporia puerensis C.L. Zhao has annual and thin basidi-
omata, thin dissepiments, thick-walled skeletal hyphal encrusted with pale yellow
crystals, the absence of hymenial cystidia and relatively smaller basidiospores
(4.3-5.5%x3.7-4.7 ymvs. 4.8-6.2 x 3.6—-4.5um; Q = 1.14-1.21 (n = 120/4) vs. Q
=1.29-1.37 (n = 90/3), Liu et al. (2017)), which differ from P. prunicola.

Perenniporia rosicola is morphologically similar and phylogenetically related to
Perenniporia cf. dendrohyphidia (Fig. 1). We studied the type of P dendrohyphidia
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(Rammeloo 6286) and they all have annual and resupinate basidiomata, the pres-
ence of dendrohyphidia and broadly ellipsoid to subglobose and thick-walled ba-
sidiospores. However, P dendrohyphidia has thick and entire dissepiments, round
pores of 4—-6 per mm, sometimes apically truncate and relatively larger basidio-
spores (5.5-7 x 4.5-6 pm vs. 5-5.8 x 4-5.2 ym) and it occurs in Burundi, central
Africa. Unfortunately, we did not obtain sequences from the type specimen of P
dendrohyphidia. We also studied the specimen of labelled Zhou 273 collected in
China and it has thin and entire dissepiments, round to slightly elongated pores
of 6—8 per mm, branched skeletal hyphae measuring 1.5-3.2 pm in diam., broad-
ly ellipsoid to subglobose basidiospores measuring 5-6 x 4-5 pm. These char-
acteristics are somewhat similar to P dendrohyphidia. Thus, for the time being,
we treat the specimen Zhou 273 as Perenniporia cf. dendrohyphidia. In addition,
there are 20 base pairs differences between Perenniporia cf. dendrohyphidia and
P, rosicola, which amounts to > 3% nucleotide differences in the ITS regions. Pe-
renniporia subdendrohyphidia Decock was originally described by Decock from
Cameroon, central Africa. However, it has smaller, oblong to oblong-ellipsoid and
non-dextrinoid basidiospores (4-4.8 x 2.2-3.3 ym vs. 5-5.8 x 4-5.2, Decock
(20071)). Perenniporia sinuosa Ryvarden was originally described from Amazonas,
Brazil (Ryvarden 1987) and it differs from P, rosicola by larger pores (2—-3 per mm
vs. 5-7 per mm) and smaller truncate basidiospores (4-5 x 3—4 pm vs. 5-5.8
x 4-5.2 um, Ryvarden (1987)). Perenniporia adnata Corner, P albocinnamomea
Corner, P, ferruginea Corner and P. penangiana Corner were all originally described
from Southeast Asia and lack dendrohyphidia. In addition, the former three spe-
cies above differ from P, rosicola by smaller basidiospores (4-4.5 x 3.5 pm in P
adnate; 3.7-4.7 x 2.5-3 ym in P. albocinnamomea; 3.5-4.5 x 3-3.5 ym in P, ferru-
ginea vs. 5—5.8 x 4-5.2 ym, Corner (1989)). Perenniporia penangiana has pileate
basidiomata with a stipe, which is different from P. rosicola (Corner 1989).

All species in the Perenniporia s.s. clade have perennial basidiomata with a
cream, clay pink, buff yellow, pinkish-buff to fawn pore surface, a dimitic to trim-
itic hyphal system, sometimes the presence of dendrohyphidia and truncate
basidiospores. Perenniporia cf. dendrohyphidia and P. rosicola both have an-
nual basidiomata with a white to cream pore surface, a dimitic hyphal system,
the presence of dendrohyphidia and broadly ellipsoid to globose basidiospores
without truncation. All in all, some morphological characteristics of above taxa
are overlapping, but the Perenniporia s.s. clade is unrelated to the Perenniporia
rosicola clade in our phylogeny (Fig. 1).

Crassisporus minutus was originally described in Megasporoporia by Dai
and Zhou from China and it is characterised by resupinate basidiomata with
a cream to pale buff pore surface when fresh, distinct sterile margin, round
pores of 4—6 per mm, a dimitic hyphal system; thick-walled to subsolid skele-
tal hyphae, cylindrical to oblong-ellipsoid basidiospores measuring 7.7-9.7 x
3.6—-4.9 ym (Zhou and Dai 2008). The type specimen of M. minutus Zhou 120
grouped with other samples Dai 22571 and Cui 6595 nested in Crassisporus in
our phylogenetic analysis (Fig. 1). However, we studied the sample Dai 22571
and it has slightly thick-walled basidiospores. Thus, the new combination Cras-
sisporus minutus is proposed.

Crassisporus mollissimus was originally described in Abundisporus by Cui
and Zhao from China and it is characterised by perennial, effused-reflexed
to pileate basidiomata with a concentrically zonate pileal surface, a buff to
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buff yellow pore surface when fresh, round pores of 7-8 per mm, ellipsoid
and slightly thick-walled basidiospores measuring 4-4.5 x 3-3.5 pm (Zhao
et al. 2015). In addition, Crassisporus and Abundisporus are phylogenetically
unrelated (Fig. 1).

Additional information

Conflict of interest

The authors have declared that no competing interests exist.

Ethical statement

No ethical statement was reported.

Funding

The research is supported by the Research Project of Yunnan Key Laboratory of Gas-
trodia and Fungi Symbiotic Biology (TMKF2023A03) and the Yunnan Province expert
workstation programme (No. 202205AF150014).

Author contributions

All authors designed the research and contributed to data analysis and interpretation,
and prepared the samples and drafted the manuscript.

Author ORCIDs

Chao-Ge Wang @ https://orcid.org/0000-0003-4381-5720
Yuan Yuan @ https://orcid.org/0000-0001-6674-9848

Data availability
All of the data that support the findings of this study are available in the main text.

References

Anonymous (1969) Flora of British fungi. Colour identification chart. Her Majesty’s Sta-
tionery Office, London.

Bondartsev AS (1953) The Polyporaceae of the European USSR and Caucasia, 896 pp.

Bresadola G (1897) Hymenomycetes Hungarici Kmetiani. Atti dell’Istituto Reale dell’Ac-
cademia di Rovereto di Scienze 3: 66—120.

Capella-Gutierrez S, Silla-Martinez JM, Gabaldon T (2009) trimAl: A tool for automated
alignment trimming in large-scale phylogenetic analyses. Bioinformatics (Oxford, En-
gland) 25(15): 1972-1973. https://doi.org/10.1093/bioinformatics/btp348

Churapa T, Lerluck C (2016) Physiological regulation of an ikaline-resistant laccase pro-
duced by Perenniporia tephropora and efficiency in biotreatment of pulp mill effluent.
Mycobiology 44(4): 260-268. https://doi.org/10.5941/MYC0.2016.44.4.260

Cooke WB (1953) The genera of Homobasidiomycetes (exclusive of the Gasteromy-
cetes). [Special Publication]. Division of mycology and disease survey, US Depart-
ment of Agriculture, Beltsville, Maryland.

Corner EJH (1989) Ad Polyporaceas 5. Beihefte zur Nova Hedwigia. 96: 1-218.

Cui BK, Zhao CL (2012) Morphological and molecular evidence for a new species of
Perenniporia (Basidiomycota) from Tibet, southwestern China. Mycoscience 53(5):
365-372. https://doi.org/10.1007/S10267-011-0180-X

MycoKeys 105: 97-118 (2024), DOI: 10.3897/mycokeys.105.121858 114


https://orcid.org/0000-0003-4381-5720
https://orcid.org/0000-0001-6674-9848
https://doi.org/10.1093/bioinformatics/btp348
https://doi.org/10.5941/MYCO.2016.44.4.260
https://doi.org/10.1007/S10267-011-0180-X

Chao-Ge Wang et al.: Two new species of Perenniporia

Cui BK, Li HJ, Ji X, Zhou JL, Song J, Si J, Yang ZL, Dai YC (2019) Species diversity, tax-
onomy and phylogeny of Polyporaceae (Basidiomycota) in China. Fungal Diversity
97(1): 137-302. https://doi.org/10.1007/s13225-019-00427-4

Decock C (2001) Studies in Perenniporia: African taxa |. Perenniporia dendrohyphidia
and Perenniporia subdendrohyphia. Systematics and Geography of Plants 71: 45-51.
https://doi.org/10.2307/3668752

Decock C, Ryvarden L (1999) Studies in neotropical polypores. Some coloured resu-
pinate Perenniporia species. Mycological Research 103(9): 1138-1144. https://doi.
org/10.1017/S0953756298008284

Decock C, Stalpers J (2006) Studies in Perenniporia: Polyporus unitus, Boletus medulla-
panis, the nomenclature of Perenniporia, Poria and Physisporus, and a note on Euro-
pean Perenniporia with a resupinate basidiome. Taxon 53(3): 759-778. https://doi.
org/10.2307/25065650

Donk MA (1960) The generic names proposed for Polyporaceae. Persoonia 1: 173-302.

Du P, Wang CG, Tian XM (2020) Perenniporia eugeissonae sp. nov., a New species on
palm discovered from Malaysia. Phytotaxa 449: 75-82. https://doi.org/10.11646/
phytotaxa.449.1.7

Gilbertson RL, Ryvarden L (1987) North American polypores 2; Fungiflora, Oslo, Norway,
434-885.

Guglielmo F, Bergemann SE, Gonthier P, Nicolotti G, Garbelotto M (2007) A multiplex
PCR-based method for the detection and early identification of wood rotting fungi
in standing trees. Journal of Applied Microbiology 103(5): 1490-1507. https://doi.
org/10.1111/j.1365-2672.2007.03378.x

Hall TA (1999) BioEdit: A user-friendly biological sequence alignment editor and anal-
ysis program for Windows 95/98/NT. Nucleic Acids Symposium Series 41: 95-98.

Han ML, Vlasdk J, Cui BK (2015) Daedalea americana sp. nov. (Polyporales, Basidiomy-
cota) evidenced by morphological characters and phylogenetic analysis. Phytotaxa
204(4): 277-286. https://doi.org/10.11646/phytotaxa.204.4.4

Han ML, Chen YY, Shen LL, Song J, Vlasak J, Dai YC, Cui BK (2016) Taxonomy and phy-
logeny of the brown-rot fungi: Fomitopsis and its related genera. Fungal Diversity
80(1): 343-373. https://doi.org/10.1007/s13225-016-0364-y

Hopple Jr JS, Vilgalys R (1999) Phylogenetic relationships in the mushroom genus Co-
prinus and dark-spored allies based on sequence data from the nuclear gene cod-
ing for the large ribosomal subunit RNA: Divergent domains, outgroups, and mono-
phyly. Molecular Phylogenetics and Evolution 13(1): 1-19. https://doi.org/10.1006/
mpev.1999.0634

Huang FC, Liu B, Wu H, Shao YY, Qin PS, Li JF (2017) Two new species of aphyllophoroid
fungi (Basidiomycota) from southern China. Mycosphere: Journal of Fungal Biology
8(6): 1270-1282. https://doi.org/10.5943/mycosphere/8/6/12

Jang Y, Jang S, Lim YW, Kim C, Kim JJ (2015) Perenniporia koreana, a new wood-rot-
ting basidiomycete from South Korea. Mycotaxon 130(1): 173-179. https://doi.
org/10.5248/130.173

Ji XH, Thawthong A, Wu F (2017) A new species of Perenniporia (Polyporales, Basidi-
omycota) from Thailand. Mycosphere: Journal of Fungal Biology 8(8): 1102-1107.
https://doi.org/10.5943/mycosphere/8/8/10

Ji X, Wu DM, Liu S, Si J, Cui BK (2019) Crassisporus gen. nov. (Polyporaceae, Basid-
iomycota) evidenced by morphological characters and phylogenetic analyses with
descriptions of four new species. MycoKeys 57: 61-84. https://doi.org/10.3897/my-
cokeys.57.38035

MycoKeys 105: 97-118 (2024), DOI: 10.3897/mycokeys.105.121858 115


https://doi.org/10.1007/s13225-019-00427-4
https://doi.org/10.2307/3668752
https://doi.org/10.1017/S0953756298008284
https://doi.org/10.1017/S0953756298008284
https://doi.org/10.2307/25065650
https://doi.org/10.2307/25065650
https://doi.org/10.11646/phytotaxa.449.1.7
https://doi.org/10.11646/phytotaxa.449.1.7
https://doi.org/10.1111/j.1365-2672.2007.03378.x
https://doi.org/10.1111/j.1365-2672.2007.03378.x
https://doi.org/10.11646/phytotaxa.204.4.4
https://doi.org/10.1007/s13225-016-0364-y
https://doi.org/10.1006/mpev.1999.0634
https://doi.org/10.1006/mpev.1999.0634
https://doi.org/10.5943/mycosphere/8/6/12
https://doi.org/10.5248/130.173
https://doi.org/10.5248/130.173
https://doi.org/10.5943/mycosphere/8/8/10
https://doi.org/10.3897/mycokeys.57.38035
https://doi.org/10.3897/mycokeys.57.38035

Chao-Ge Wang et al.: Two new species of Perenniporia

Ji X, Sun YF, Wu DM, Gao N, Cui BK (2023) An updated phylogenetic assessment and
taxonomic revision of Perenniporia sensu lato (Polyporales, Basidiomycota). Journal
of Fungi (Basel, Switzerland) 9(2): 173. https://doi.org/10.3390/jof9020173

Katoh K, Standley DM (2013) MAFFT multiple sequence alignment software version 7:
Improvements in performance and usability. Molecular Biology and Evolution 30(4):
772-780. https://doi.org/10.1093/molbev/mst010

Kim J, Lee JH (2020) Development of carotenoid production process using Perenniporia
fraxinea. Journal of Mushrooms 18: 365-371.

Li HJ, Zhou M, Si J (2018) Perenniporia punctata sp. nov. (Polyporales, Basidiomyco-
ta), a new species discovered from China. Phytotaxa 360(1): 54-60. https://doi.
org/10.11646/phytotaxa.360.1.5

Liu WL, Xu T, Shen S, Liu XF, Sun Y, Zhao XL (2017) Perenniporia puerensis sp. nov. from
southern China. Mycotaxon 132(4): 867—874. https://doi.org/10.5248/132.867

Lowe JL (1955) Perennial polypores of North America. 3. Fomes with context white
to rose. Mycologia 47(2): 213-224. https://doi.org/10.1080/00275514.1955.120
24445

Maddison WP, Maddison DR (2017). Mesquite: A Modular System for Evolutionary Anal-
ysis, Version 3.2. http://mesquiteproject.org

Miettinen O, Vlasak J, Rivoire B, Spirin V (2018) Postia caesia complex (Polyporales, Ba-
sidiomycota) in temperate Northern Hemisphere. Fungal Systematics and Evolution
1(1): 101-129. https://doi.org/10.3114/fuse.2018.01.05

Miller MA, Pfeiffer W, Schwartz T (2010) Creating the CIPRES Science Gateway
for inference of large phylogenetic trees. Proceedings of the Gateway Comput-
ing Environments Workshop (GCE), New Orleans, 1-8. https://doi.org/10.1109/
GCE.2010.5676129

Murrill WA (1942) Florida resupinate polypores. Mycologia 34(5): 595-596. https://doi.
org/10.2307/3754676

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

Petersen JH (1996) The Danish Mycological Society’s colour-chart. Foreningen til Svam-
pekundskabens Fremme, Greve.

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(5): 657-673. https://doi.
org/10.3852/08-040

Ronquist F, Huelsenbeck JP (2003) MRBAYES 3: Bayesian phylogenetic inference un-
der mixed models. Bioinformatics (Oxford, England) 19(12): 1572-1574. https://doi.
org/10.1093/bioinformatics/btg180

Ryvarden L (1972a) Studies on the Aphyllophorales of the Canary Islands with a note on
the genus Perenniporia. Nordic Journal of Botany 19: 139-144.

Ryvarden L (1972b) A critical checklist of the Polyporaceae in tropical East Africa. Nor-
dic Journal of Botany 19: 229-238.

Ryvarden L (1987) New and noteworthy polypores from tropical America. Mycotaxon
28: 525-541.

Ryvarden L (1988a) Two new polypores from Burundi in Africa. Mycotaxon 31: 407-409.

Ryvarden L (1988b) Type studies in the Polyporaceae. 20. Species described by G. Bre-
sadola. Mycotaxon 33: 303—-327.

Ryvarden L, Gilbertson RL (1994) European polypores 2. Synopsis Fungorum 7: 394-743.

MycoKeys 105: 97-118 (2024), DOI: 10.3897/mycokeys.105.121858 116


https://doi.org/10.3390/jof9020173
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.11646/phytotaxa.360.1.5
https://doi.org/10.11646/phytotaxa.360.1.5
https://doi.org/10.5248/132.867
https://doi.org/10.1080/00275514.1955.12024445
https://doi.org/10.1080/00275514.1955.12024445
http://mesquiteproject.org
https://doi.org/10.3114/fuse.2018.01.05
https://doi.org/10.1109/GCE.2010.5676129
https://doi.org/10.1109/GCE.2010.5676129
https://doi.org/10.2307/3754676
https://doi.org/10.2307/3754676
https://doi.org/10.3852/08-040
https://doi.org/10.3852/08-040
https://doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1093/bioinformatics/btg180

Chao-Ge Wang et al.: Two new species of Perenniporia

Shen S, Xu TM, Karakehian J, Zhao CL (2018) Morphological and molecular identifica-
tion of a new species of Perenniporia (Polyporales, Basidiomycota) in North America.
Phytotaxa 351(1): 63—71. https://doi.org/10.11646/phytotaxa.351.1.5

Shen LL, Wang M, Zhou JL, Xing JH, Cui BK, Dai YC (2019) Multi-gene phylogeny and
taxonomy of the brown-rot fungi: Postia (Polyporales, Basidiomycota) and related
genera. Persoonia 42(1): 101-126. https://doi.org/10.3767/persoonia.2019.42.05

Si J, Cui BK, He S, Dai YC (2011) Optimization of conditions for laccase production by
Perenniporia subacida and its application in dye decolorization. Chinese Journal of
Applied and Environmental Biology 17: 736-741.

Spirin V, Kout J, Vlasak J (2015) Studies in the Truncospora ohiensis — T. ochroleuca
group (Polyporales, Basidiomycota). Nova Hedwigia 100(1-2): 159-175. https://doi.
org/10.1127/nova_hedwigia/2014/0221

Sun YF, Costa-Rezende DH, Xing JH, Zhou JL, Zhang B, Gibertoni TB, Gates G, Glen M,
Dai YC, Cui BK (2020) Multi-gene phylogeny and taxonomy of Amauroderma s.lat.
(Ganodermataceae). Persoonia 44(1): 206-239. https://doi.org/10.3767/per-
soonia.2020.44.08

Swofford DL (2002) PAUP*: phylogenetic analysis using parsimony (*and other meth-
ods), version 4.0b10. Sinauer Associates, Sunderland, Massachusetts. https://doi.
org/10.1002/0471650129.dob0522

Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG (1997) The Clust-
al_X windows interface: Flexible strategies for multiple sequence alignment aided
by quality analysis tools. Nucleic Acids Research 25(24): 4876-4882. https://doi.
org/10.1093/nar/25.24.4876

Tian XM, Liu SL, Zhou LJ, Wang XW, Zhou LW (2021) Perenniporia subrhizomorpha sp.
nov. (Polyporales, Basidiomycota) from North China. Phytotaxa 528(2): 125-132.
https://doi.org/10.11646/phytotaxa.528.2.5

Vu D, Groenewald M, de Vries M, Gehrmann T, Stielow B, Eberhardt U, Al-Hatmi A,
Groenewald JZ, Cardinali G, Houbraken J, Boekhout T, Crous PW, Robert V, Verkley
GJM (2019) Large-scale generation and analysis of filamentous fungal DNA bar-
codes boosts coverage for kingdom fungi and reveals thresholds for fungal spe-
cies and higher taxon delimitation. Studies in Mycology 92: 135-154. https://doi.
org/10.1016/j.simyco.2018.05.001

Wang CG, Liu SL, Wu F (2020) Two new species of Perenniporia (Polyporales, Basidiomy-
cota). MycoKeys 69: 53-69. https://doi.org/10.3897/mycokeys.69.51652

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
JT (Eds) PCR Protocols: A guide to methods and applications. Academic Press, San
Diego, 315-322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1

Wu ZQ, Liu WL, Wang ZH, Zhao CL (2017) Perenniporiopsis, a new polypore genus seg-
regated from Perenniporia (Polyporales). Cryptogamie. Mycologie 38(3): 285-299.
https://doi.org/10.7872/crym/v38.iss3.2017.285

Wu F, Zhou LW, Vlasék J, Dai YC (2022) Global diversity and systematics of Hymeno-
chaetaceae with poroid hymenophore. Fungal Diversity 113(1): 1-192. https://doi.
org/10.1007/s13225-021-00496-4

Yang Y, Li R, Jiang QQ, Zhou HM, Muhammad A, Wang HJ, Zhao CL (2024) Phylogenet-
ic and Taxonomic Analyses Reveal Three New Wood-Inhabiting Fungi (Polyporales,
Basidiomycota) in China. Journal of Fungi (Basel, Switzerland) 10(1): 55. https://doi.
org/10.3390/jof10010055

MycoKeys 105: 97-118 (2024), DOI: 10.3897/mycokeys.105.121858 117


https://doi.org/10.11646/phytotaxa.351.1.5
https://doi.org/10.3767/persoonia.2019.42.05
https://doi.org/10.1127/nova_hedwigia/2014/0221
https://doi.org/10.1127/nova_hedwigia/2014/0221
https://doi.org/10.3767/persoonia.2020.44.08
https://doi.org/10.3767/persoonia.2020.44.08
https://doi.org/10.1002/0471650129.dob0522
https://doi.org/10.1002/0471650129.dob0522
https://doi.org/10.1093/nar/25.24.4876
https://doi.org/10.1093/nar/25.24.4876
https://doi.org/10.11646/phytotaxa.528.2.5
https://doi.org/10.1016/j.simyco.2018.05.001
https://doi.org/10.1016/j.simyco.2018.05.001
https://doi.org/10.3897/mycokeys.69.51652
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.7872/crym/v38.iss3.2017.285
https://doi.org/10.1007/s13225-021-00496-4
https://doi.org/10.1007/s13225-021-00496-4
https://doi.org/10.3390/jof10010055
https://doi.org/10.3390/jof10010055

Chao-Ge Wang et al.: Two new species of Perenniporia

Zhao CL, Cui BK (2012) A new species of Perenniporia (Polyporales, Basidiomycota)
described from southern China based on morphological and molecular characters.
Mycological Progress 11(2): 555-560. https://doi.org/10.1007/s11557-011-0770-1

Zhao CL, Cui BK (2013a) Morphological and molecular identification of four new resupi-
nate species of Perenniporia (Polyporales) from southern China. Mycologia 105(4):
945-958. https://doi.org/10.3852/12-201

Zhao CL, Cui BK (2013b) Three new Perenniporia (Polyporales, Basidiomycota) species
from China based on morphological and molecular data. Mycoscience 54(3): 231-
240. https://doi.org/10.1016/j.myc.2012.09.013

Zhao CL, Cui BK (2013c) Truncospora macrospora sp. nov. (Polyporales) from South-
west China based on morphological and molecular data. Phytotaxa 87(2): 30-38.
https://doi.org/10.11646/phytotaxa.87.2.2

Zhao CL, Ma X (2019) Perenniporia mopanshanensis sp. nov. from China. Mycotaxon
134(1): 125-137. https://doi.org/10.5248/134.125

Zhao CL, Cui BK, Dai YC (2013a) New species and phylogeny of Perenniporia based on
morphological and molecular characters. Fungal Diversity 58(1): 47-60. https://doi.
org/10.1007/s13225-012-0177-6

Zhao CL, Cui BK, Steffen KT (2013b) Yuchengia, a new polypore genus segregat-
ed from Perenniporia (Polyporales) based on morphological and molecular evi-
dence. Nordic Journal of Botany 31(3): 331-338. https://doi.org/10.1111/j.1756-
1051.2012.00003.x

Zhao CL, He XS, Wanghe K-Y, Cui B-K, Dai Y-C (2014a) Flammeopellis bambusicola
gen. et. sp. nov. (Polyporales, Basidiomycota) evidenced by morphological charac-
ters and phylogenetic analysis. Mycological Progress 13(3): 771-780. https://doi.
org/10.1007/s11557-014-0960-8

Zhao CL, Shen LL, Cui BK (2014b) Perenniporia cinereofusca sp. nov. (Polyporales, Ba-
sidiomycota) evidenced by morphological characters and phylogenetic analysis. My-
coscience 55(5): 417-422. https://doi.org/10.1016/j.myc.2013.11.006

Zhao CL, Chen H, Song J, Cui BK (2015) Phylogeny and taxonomy of the genus Abundis-
porus (Polyporales, Basidiomycota). Mycological Progress 14(6): 38. https://doi.
org/10.1007/s11557-015-1062-y

Zhou XS, Dai YC (2008) A new species of Megasporoporia (Polyporales, Basidiomycota)
from China. Mycological Progress 7(4): 253-255. https://doi.org/10.1007/s11557-
008-0567-z

Zhu L, Song J, Zhou JL, Si J, Cui BK (2019) Species diversity, phylogeny, divergence time
and biogeography of the genus Sanghuangporus (Basidiomycota). Frontiers in Micro-
biology 10: 812. https://doi.org/10.3389/fmicb.2019.00812

Zmitrovich IV, Kovalenko AE (2016) Lentinoid and Polyporoid Fungi, Two Generic Con-
glomerates Containing Important Medicinal Mushrooms in Molecular Perspective. In-
ternational Journal of Medicinal Mushrooms 18(1): 23-38. https://doi.org/10.1615/
IntdMedMushrooms.v18.i1.40

MycoKeys 105: 97-118 (2024), DOI: 10.3897/mycokeys.105.121858 118


https://doi.org/10.1007/s11557-011-0770-1
https://doi.org/10.3852/12-201
https://doi.org/10.1016/j.myc.2012.09.013
https://doi.org/10.11646/phytotaxa.87.2.2
https://doi.org/10.5248/134.125
https://doi.org/10.1007/s13225-012-0177-6
https://doi.org/10.1007/s13225-012-0177-6
https://doi.org/10.1111/j.1756-1051.2012.00003.x
https://doi.org/10.1111/j.1756-1051.2012.00003.x
https://doi.org/10.1007/s11557-014-0960-8
https://doi.org/10.1007/s11557-014-0960-8
https://doi.org/10.1016/j.myc.2013.11.006
https://doi.org/10.1007/s11557-015-1062-y
https://doi.org/10.1007/s11557-015-1062-y
https://doi.org/10.1007/s11557-008-0567-z
https://doi.org/10.1007/s11557-008-0567-z
https://doi.org/10.3389/fmicb.2019.00812
https://doi.org/10.1615/IntJMedMushrooms.v18.i1.40
https://doi.org/10.1615/IntJMedMushrooms.v18.i1.40

	Two new species of Perenniporia sensu lato (Polyporales, Basidiomycota) from China and two new combinations in Crassisporus
	Abstract
	Introduction
	Materials and methods
	Morphological studies
	DNA extraction, amplification and sequencing
	Phylogenetic analyses

	Results
	Molecular phylogeny
	Taxonomy
	Perenniporia prunicola Y.C. Dai, Yuan Yuan & Chao G. Wang, sp. nov.
	Perenniporia rosicola Y.C. Dai, Yuan Yuan & Chao G. Wang, sp. nov.
	Combinations
	Crassisporus minutus (Y.C. Dai & X.S. Zhou) Y.C. Dai, Yuan Yuan & Chao G. Wang, comb. nov.
	Crassisporus mollissimus (B.K. Cui & C.L. Zhao) Y.C. Dai, Yuan Yuan & Chao G. Wang, comb. nov.

	Discussion
	Additional information
	References

