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Abstract A new corticioid species is recognized in the genus
Phanerochaete based on the material collected from the
Changbaishan Nature Reserve in NE China. Phanerochaete
aurantiobadia sp. nov. is characterized by an orange to red-
dish brown, resupinate basidiome turning coccine red upon
contact with potassium hydroxide (KOH), lack of
rhizomorphs and cystidia, and small ellipsoid spores. Phylo-
genetic analyses of internal transcribed spacer (ITS) and large
subunit (LSU) sequences show that Ph. aurantiobadia is
nested within the core Phanerochaete clade, where the type
of the genus Ph. velutina is also nested. The new species is
illustrated and compared with similar taxa, and some notes are
given on Phanerochaete s.s.

Keywords Corticioid fungi - Fungal systematics - Phlebioid
clade - Phylogeny - Resupinate basidiome - Wood-inhabiting
basidiomycetes

Introduction

Phanerochaete P. Karst. is a large corticioid genus
(Agaricomycetes, Basidiomycota) with about 100 described
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species (Kirk et al. 2008; MycoBank, www.mycobank.org).
Species assigned to Phanerochaete usually have a more or
less cream, red to whitish brown, membranaceous
basidiome, lacking clamps on tramal and hymenial
hyphae, and possess small ellipsoid spores. Several
species also have prominent naked or encrusted
cystidia. Recent studies have confirmed that the genus
is highly polyphyletic and its species are distributed
throughout the phlebioid clade belonging to the order
Polyporales (Wu et al. 2010).

In 2011, a survey was conducted in the Changbaishan Na-
ture Reserve, NE China, focusing on wood-inhabiting basid-
iomycetes (collectively polypores and corticioids). The re-
serve is located between 42° 35" and 41° 15' N, and between
127° 15" and 129° 00" E, and supports some of the most valu-
able natural forests in the country. The vegetation in the re-
serve is typically boreal and temperate. Acer, Betula, Corylus,
Fraxinus, Phellodendron, Populus, Quercus, Tilia, Ulmus and
several other deciduous tree genera are common in the
lower part, while Larix, Pinus, Abies and Picea domi-
nate the higher elevations. The coniferous, mixed and
deciduous forests are distributed according to the alti-
tude of the mountain range. The wood-inhabiting fungi
are very rich in the reserve; more than 500 wood-
decaying fungal species have been recorded in the area
(Dai 2010), including 14 new species described from
the reserve (Dai and Niemeld 1997, 2002).

Among the collected material was a new
Phanerochaete species with an orange to reddish-
brown basidiome, turning red upon contact with potas-
sium hydroxide (KOH), and lacking cystidia and
rhizomorphs. To establish its phylogenetic position,
BLAST searches and analyses of the internal transcribed
spacer (ITS) and large subunit (LSU) sequences were
performed, and the results are presented here.
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Materials and methods

Morphology and taxon sampling for phylogenetic
studies Morphological observations were made using a ste-
reomicroscope and light microscope. Squash mounts were
prepared in 5 % potassium hydroxide (KOH), cotton blue in
lactic acid (CB), and Melzer’s reagent (IKI). Thirty spores
were measured per collection, and the given range of spore
size was calculated from all spores measured. In the descrip-
tion, the following abbreviations were used: IKI— = non-
amyloid and non-dextrinoid, CB— = non-cyanophilous, L, =
mean spore length, W, = mean spore width, Q,, = mean
variation in the length/width ratios, n = number of spores
measured from given number of specimens. Color terms in
the description followed Petersen (1996). Taxa sampled for
phylogenetic analyses were selected from the phlebioid clade
(Polyporales), based mainly on the study by Wu et al. (2010,
see below), and also downloaded from GenBank.

DNA extraction, amplification, and sequencing Samples
for DNA extraction were chosen from dried herbarium mate-
rial and were prepared as described by Ghobad-Nejhad
(2011). Total DNA was extracted using the DNeasy Plant Mini
Kit (QIAGEN AB, Sollentuna, Sweden). The ITS and LSU
regions were amplified using ITSIF/ITS4B (or ITS1F/ITS4)
and LROR/LR7 primer sets, respectively (Gardes and Bruns
1993; White et al. 1990, Vilgalys lab, http://www.biology.
duke.edu/fungi/mycolab/primers. htm). The PCR
amplifications were carried out using Ready-To-Go" PCR
Beads (Amersham Pharmacia Biotech, Uppsala, Sweden)
following the manufacturer’s recommendations, with
thermal cycling parameters as described by Ghobad-Nejhad
and Dai (2010). The purification and sequencing of PCR
products were performed by Macrogen (Macrogen Inc.,
Seoul, Korea). The primers used for sequencing were the same
as used for the PCR reactions. The newly obtained sequences
were assembled in Sequencher” v. 4.1 (Gene Codes Corpora-
tion, Ann Arbor, MI, USA), and deposited in GenBank with
accession numbers KP127068 (ITS) and KP127069 (LSU).

Alignment and phylogenetic analyses The new LSU se-
quence obtained in this study was appended to the alignment
by Wu et al. (2010), with some modifications. The ITS dataset
was made using the new and additional sequences
downloaded from GenBank. The alignments were made in
MUSCLE (multiple sequence alignment with high accuracy
and high throughput; Edgar 2004), and adjusted in PhyDE"
(Phylogenetic Data Editor) version 0.995 (Miiller et al. 2005).
The best-fit model for nucleotide evolution was determined
(GTR+I+G for both ITS and LSU datasets) using
MrModeltest 2.3 (Nylander 2004).

Bayesian analyses were conducted with MrBayes version
3.2.2 (Ronquist and Huelsenbeck 2003). Each of the ITS and
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LSU datasets was analyzed using two independent runs, with
eight MC? chains running for 10 million generations, with tree
and parameter sampling every 5000 generations. Burn-in was
set to discard 50 % of samples and the majority-rule consensus
tree was assembled from post-burn-in tree samples. For anal-
ysis of the LSU dataset, Porpomyces mucidus (Pers.) Jilich
was used as an outgroup after Wu et al. (2010). The outgroup
for analysis of the ITS alignment was chosen [Hyphodermella
corrugata (Fr.) J. Erikss. & Ryvarden] with regard to the to-
pology of the LSU tree obtained here.

Results

Based on a MegaBLAST search of the GenBank nucleotide
database at NCBI (as of 26 Oct. 2014), the best hits using the
new ITS sequence were (respectively): Phanerochaete
chrysosporium Burds. (GenBank KJ995953, Ident. 89 %),
Ph. chrysosporium (GenBank KJ995952, Ident. 89 %) and
"Uncultured fungus" (GenBank KF800664, Ident. 89 %).

A MegaBLAST search of the GenBank nucleotide data-
base at NCBI (as of 26 Oct. 2014) showed that the best hits
using the new LSU sequence were (respectively):
Phanerochaete stereoides Sheng H. Wu (GenBank
GQ470661, Ident. 94 %), Phanerochaete sanguinea (Fr.)
Pouzar (GenBank GQ470655, Ident. 94 %) and
Phanerochaete deflectens (P. Karst.) Hjortstam (GenBank
GQ470644, Ident. 94 %).

The LSU alignment covered 98 taxa and 889 characters,
with 524 constant and 261 informative positions. The se-
quence belonging to the new species described below was
nested in a well-supported clade (PP=100) containing Ph.
velutina (DC.) P. Karst., which is the type species of
Phanerochaete; this clade is the core Phanerochaete clade
sensu Wu et al. (2010) (Fig. 1). Species belonging to this clade
in the study by Wu et al. (2010) were also recovered here (we
excluded insufficiently identified taxa from their study).
Within this clade, our new species was found in a
polytomy, with no specific sister taxon (Fig. 1). To con-
struct the ITS dataset, we downloaded the available ITS
sequences of the taxa in this clade from GenBank and
supplemented them with additional GenBank sequences
upon the results of the ITS BLAST search (conspecific
ITS and LSU sequences were not sufficient to build a
combined dataset).

Fig. 1 LSU phylogram representing the placement of Phanerochaete P
aurantiobadia sp. nov. (bold) and the core Phanerochaete clade (box).
Numbers beside nodes indicate Bayesian posterior probabilities>50.
Branches printed in bold refer to Bayesian posterior probabilities>0.99.
Species names are followed by GenBank accession numbers (green) and
isolate numbers (lilac), respectively. The tree is rooted with Porpomyces
mucidus
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Hyphoderma setigerum AJ406511 / GEL4001
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Candelabrochaete septocystidia GQ470631 / RLG-9759-Sp
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0.64 Ceriporia viridans AJ406518 / FO24398
. Ceriporia reticulata EU118614 / KHL11981
Ceriporia purpurea AF287852 | DAOM213168
Ceriporia tarda GQ470632 / Wu9506-64
Ceraceomyces eludens AF090878 / JS27202
Ceraceomyces microsporus AF090875 / KHL8473
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Phlebia lilascens AF141621 / FCUG1801
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Phanerochaete intertexta GQ470646 / Chen1362
Phanerochaete angustocystidiata GQ470638 / \Wu9606-39
Phanerochaete angustocystidiata GQ470637 / Wu9310-18
Byssomerulius corium GQ470630 / FCUG2701
Phlebia albomellea AY293198 / CBS275.92
Phlebia nitidula AF141625 / FCUG2028
Cystidiodontia isabellina AJ406570 / GEL4978
Ceriporiopsis subvermispora AF287853 / FP90031
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Phanerochaete tropica GQ470672 / Wu8805151
Phanerochaete tuberculata GQ470669 / FCUG305

Phanerochaete tuberculata GQ470668 / FCUG368

0.52] 0.54

core Phanerochaete
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0.1
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The ITS alignment contained 19 taxa, with 614 characters,
of which 396 were constant and 127 were parsimony-infor-
mative. Phanerochaete aurantiobadia described here found
an isolated position within the core Phanerochaete clade
(Fig. 2). The description and illustrations of the new species
are presented below, and its similar taxa are also discussed.

Taxonomy

Phanerochaete aurantiobadia Ghobad-Nejhad, S.L. Liu &
E. Langer, sp. nov. Figs. 3,4 and 5

MycoBank no.: MB 810809

rDNA sequences ex holotype: GenBank KP127068 (ITS)
and KP127069 (LSU).

Fig. 2 ITS phylogram
representing the placement of
Phanerochaete aurantiobadia sp.
nov. (bold) within the core
Phanerochaete clade. Numbers

Diagnosis: Phanerochaete aurantiobadia is character-
ized by an orange to reddish-brown resupinate
basidiome, turning coccine red with KOH, lack of
rhizomorphs and cystidia, lack of clamps, and small,
cylindrical to ellipsoid spores.

Holotype: China, Jilin Province, Antu County, Erdaobaihe,
Changbaishan Reserve, ca. 34 km south of Erdaocun town,
Dayangdi; 42.385 Lat., 128.093 Long., ca. 730 m; natural
forest mainly with Quercus mongolica, Pinus koraiensis,
Fraxinus mandshurica, also some stands of Acer spp., Tilia,
Abies, Maackia amurensis; on decorticated, standing angio-
sperm stump with a white rot; 7.1X.2011; Ghobad-Nejhad
2288, Dai, Wu, Sohrabi (holotype BJFC012122 in BJFC;
isotype in Ghobad-Nejhad ref. collection).

Etymology: aurantiobadia (Lat.), referring to the color of
the basidiome.

Hyphodermella corrugata_ FN600381_MAFungi5529

Phlebia firma_EU118654_EdmanK268

Phanerochaete avellanea_GU062467_LE2009

beside nodes indicate Bayesian 0.61
posterior probabilities>50.

Branches printed in bold refer to
Bayesian posterior probabilities>
0.99. Species names are followed

Phanerochaete avellanea_JX049378_A15

Phanerochaete aurantiobadia sp. nov._KP127068_MG265

by GenBank accession numbers 079
and isolate numbers, respectively.
The tree is rooted with
Hyphodermella corrugata

0.91

0.95

0.1
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Phanerochaete velutina_AY219351_FP102157sp
Phanerochaete sordida_AB210078_TMIC34892
[ Phanerochaete sordida_HQ608013_CY180
_[ Phanerochaete chrysosporium_KJ995953_CFMRME461

Phanerochaete chrysosporium_KJ995952_CFMRME446

Phanerochaete stereoides_KF291012_VPCI207312

Phanerochaete stereoides_KF291011_VPCI201312

Phanerochaete sanguinea_AY219353_FP100391sp

L Phanerochaete carnosa_AY219354_HHB10118sp

— Phanerochaete ericina_AY219345_FP101978sp

Phanerochaete calotricha_ EU047803_KUC8003

Phanerochaete affinis_EU118652_KHL11839

Phanerochaete laevis_KJ140622_CFMRDLL2011110

Phanerochaete laevis_KJ140760_CFMRDLL2011284
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Fig. 3 Basidiome of Phanerochaete aurantiobadia sp. nov. in situ from
the holotype

Basidiome annual, resupinate, adnate, less than 1 mm thick,
orange-brown with a red tint, covered with pruina in the mid-
dle (older) parts. Hymenial surface smooth, immediately turn-
ing coccine red upon contact with KOH; margin buff to buff
yellow, especially in younger parts, irregularly dentate at
edges, slightly peeling out. Rhizomorphs absent.

Hyphal system monomitic, generative hyphae with simple
septa, IKI—, CB—, frequently branched. Hyphae in
subhymenium thin-walled, frequently branched, interwoven,

Fig. 4 Microscopic features of a section through the basidiome of
Phanerochaete aurantiobadia sp. nov. drawn from the holotype. Bars=
10 um

/)
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Fig. 5 Basidial ontogeny and basidiospores (typical mature spores of the
upper spore size limit) of Phanerochaete aurantiobadia sp. nov. drawn
from holotype. Bars=10 um

2-3 um in diam., and covered with coarse masses of orange-
brown matter. Subiculum thin, subicular hyphae hyaline to
pale brown, occasionally covered with masses of orange-
brown matter, thick-walled (walls about 0.5 pum thick), 3—
7 pm in diam., few occasional clamps might be present in
subiculum.

Basidia long clavate, with a basal simple septum and four
sterigmata, 24-36x4-5 pum. Cystidia absent (few subulate
cystidioles may be rarely present). Dendrohyphidia none.
Basidiospores ellipsoid to subcylindrical, with a slight abaxial
depression, hyaline, thin-walled, smooth, IKI-, CB—, 5-8.3 x
2-3 um, L,=5.8 um, W,=2.34 um, Q,,=2.46 (n=30/1).

Discussion (and notes on Phanerochaete s.s.)

As shown in the present (Fig. 1) and previous (Wu et al. 2010)
studies, the genus Phanerochaete is highly polyphyletic.
However, Phanerochaete s.s. is shown to comprise a number
of Phanerochaete species assembled in a highly supported
clade, referred to as the core Phanerochaete clade (Fig. 2),
containing the generic type of Phanerochaete, i.e., Ph.
velutina. Therefore, because of the settlement of our new spe-
cies within this clade, we established its generic assignment in
the genus Phanerochaete.

Besides Ph. aurantiobadia described here, there is another
species in the core Phanerochaete clade whose basidiomes
turn red with KOH: Phanerochaete affinis (Burt) Parmasto
has light orange to tan basidiomes, turning red with KOH,
but unlike Ph. aurantiobadia, its basidiome is separable and
its hyphae have single or multiple clamps; it also has thick-
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walled, encrusted cystidia and encrusted subicular hyphae
(Punugu et al. 1980).

Most of Phanerochaete s.1. species showing a red color
change with KOH have been assigned to the genus
Rhizochaete Gresl., Nakasone & Rajchenb. Rhizochaete is a
small genus introduced by Greslebin et al. (2004) as a segre-
gate of Phanerochaete, differing mainly in the characteristic
reaction of basidiome and rhizomorphs (hyphal cords) to
KOH, which turns them red or violet. This character, however,
is apparently plesiomorphic, shown in distantly related species
in the Phanerochaete phylogeny. As demonstrated by Wu
etal. (2010) and as shown in the LSU analysis presented here
(Fig. 1), Rhizochaete is not monophyletic, and all species
assigned to it stand out of the core Phanerochaete clade.
Phanerochaete aurantiobadia differs from Rhizochaete spe-
cies by the lack of encrusted cystidia and rhizomorphs.

The core Phanerochaete clade (Fig. 2), which corresponds
to clade III in the study by Wu et al. (2010), contains four
species lacking cystidia (see Figs. 1 and 2): Ph. canolutea
Sheng H. Wu, Ph. stereoides, Ph. avellanea (Bres.) J. Erikss.
& Ryvarden, and Ph. aurantiobadia. In Ph. canolutea, the
basidiome is greyish yellow, and the basal hyphae are thick-
walled (Wu 2000). Phanerochaete stereoides has brown
subicular hyphae, a bit wider spores than Ph. aurantiobadia,
and no reaction with KOH (Wu 1995). Spores in Ph.
avellanea are more or less similar in size to Ph. aurantiobadia,
but the hymenial surface in the former is cream to
ochraceous, and has no red reaction with KOH
(Bernicchia and Gorjon 2010).

Larsson (2007) assigned the non-cystidiate Phanerochaete
species to the Byssomerulius family. However, it seems that
the species lacking cystidia do not belong to a single family,
and find different positions in several clades in the
Phanerochaete phylogeny.

From a morphological viewpoint, it seems that there is no
obvious synapomorphy to delimit taxa in the core
Phanerochaete clade. Taxa in this clade show a range of
basidiome coloration, with different hymenophoral configura-
tions, and may have or lack cystidia and cystidioles. Still, it is
noteworthy that this clade receives high statistical support,
consists of merely Phanerochaete spp. (at least up until
now), and contains the generic type. Within this clade, Ph.
ericina (Bourdot) J. Erikss. & Ryvarden has a basidiome sim-
ilar in color to that of Ph. aurantiobadia, but has no reaction
with KOH, and has cystidia agglutinated with encrusting or-
ange granules (Eriksson et al. 1978).

Microscopically, Ph. aurantiobadia somewhat resembles
Ph. calotricha (P. Karst.) J. Erikss. & Ryvarden, which has,
however, a white to ochraceous basidiome, and numerous
cystidioles (though cystidioles in the latter species have also
been called cystidia in some descriptions; in this study we use
the term ‘cystidioles’ to describe short hymenial cystidia in
order to distinguish them from the large, prominent cystidia in
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many Phanerochaete species). Phanerochaete sanguinea also
has a red-coloured basidiome, more or less similar to Ph.
aurantiobadia, but it has cylindrical cystidia (Bernicchia and
Gorjon 2010). Phanerochaete infuscata Hjortstam &
Ryvarden has subulate cystidioles that may be rarely present
in Ph. aurantiobadia, but its basidiome is ash-grey to greyish
brown and somewhat grandinioid (Hjortstam and Ryvarden
2004). In Phanerochaete tropica (Sheng H. Wu) Hjortstam,
the hymenial surface is white to amber, and it also has fusi-
form cystidioles (Wu 1990). Phanerochaete tuberculata (P.
Karst.) Parmasto lacks cystidia and has a cinnamon-buff to
clay-colored basidiome, but differs from Ph. aurantiobadia
in its deeply cracked basidiome, white arachnoid margin,
and lack of red reaction with KOH (Eriksson et al. 1978).

Acknowledgments We thank Sheng-Hua Wu (Taichung) for allowing
us to use their LSU alignment and Mohammad Sohrabi (Tehran) for field
assistance.

References

Bernicchia A, Gorjon SP (2010) Fungi Europaei 12—Corticiaceae s.1.
Edizioni Candusso, Italy

Dai YC (2010) Species diversity of wood-decaying fungi in Northeast
China. Mycosystema 29:801-818

Dai YC, Niemeld T (1997) Changbai wood-rotting fungi 6. Study on
Antrodiella, two new species and notes on some other species.
Mycotaxon 64:67-81

Dai YC, Niemeld T (2002) Changbai wood-rotting fungi 13. Antrodia
sensu lato. Ann Bot Fenn 39:257-265

Edgar RC (2004) MUSCLE: multiple sequence alignment with high ac-
curacy and high throughput. Nucleic Acids Res 32:1792-1797

Eriksson J, Hjortstam K, Ryvarden L (1978) The Corticiaceae of North
Europe, Vol. 5. Mycoaciella—Phanerochaete. Fungiflora, Oslo

Gardes M, Bruns TD (1993) ITS primers with enhanced specificity for
basidiomycetes—application to the identification of mycorrhizae
and rusts. Mol Ecol 2:113-118

Ghobad-Nejhad M (2011) Wood-inhabiting basidiomycetes in the
Caucasus region—systematics and biogeography. Publications in
Botany from the University of Helsinki. No 40. Yliopistopaino

Ghobad-Nejhad M, Dai YC (2010) Diplomitoporus rimosus is found in
Asia and belongs to the Hymenochaetales. Mycologia 102:
1510-1517

Greslebin A, Nakasone KK, Rajchenberg M (2004) Rhizochaete, a new
genus of phanerochaetoid fungi. Mycologia 96:260-271

Hjortstam K, Ryvarden L (2004) Some new tropical genera and species of
corticioid fungi (Basidiomycotina, Aphyllophorales). Synop
Fungorum 18:20-32

Kirk PM, Cannon PF, Minter DW, Stalpers JA (2008) Dictionary of the
fungi, 10th edn. CABI, Wallingford

Larsson KH (2007) Re-thinking the classification of corticioid fungi.
Mycol Res 111:1040-1063

Miiller K, Quandt D, Miiller J, Neinhuis C (2005) PhyDE: Phylogenetic
Data Editor. v0.995. Available from: http:/www.phyde.de

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

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

Punugu A, Dunn MT, Welden AL (1980) The peniophoroid fungi of the
West Indies. Mycotaxon 10:428-454


http://www.phyde.de/

Mycol Progress (2015) 14: 68

Page 7of 7 68

Ronquist F, Huelsenbeck JP (2003) MRBAYES 3: Bayesian phylogenet-
ic inference under mixed models. Bioinformatics 19:1572-1574

White TJ, Bruns T, Lee S, Taylor JW (1990) Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics. In:
Innis MA, Gelfand DH, Sninsky JJ, White TJ (eds) PCR protocols: a
guide to methods and applications. Academic Press, New York, pp
315-322

Wu SH (1990) The Corticiaceae (Basidiomycetes) subfamilies
Phlebioideae, Phanerochactoideac and Hyphodermoideae in
Taiwan. Acta Bot Fenn 142:1-123

Wu SH (1995) A study of the genus Phanerochaete (Aphyllophorales)
with brown subicular hyphae. Mycotaxon 54:163—172

Wu SH (2000) Six new species of Phanerochaete from Taiwan. Bot Bull
Acad Sin (Taipei) 41:165-174

Wu SH, Nilsson HR, Chen CT, Yu SY, Hallenberg N (2010) The white-
rotting genus Phanerochaete is polyphyletic and distributed
throughout the phleboid clade of the Polyporales (Basidiomycota).
Fungal Divers 42:107-118

@ Springer



	Molecular and morphological evidence reveal a new non-cystidiate species belonging to the core Phanerochaete (Polyporales)
	Abstract
	Introduction
	Materials and methods
	Results
	Taxonomy
	Discussion (and notes on Phanerochaete s.s.)
	References


