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Abstract Fragiliporiaceae fam. nov., a new poroid wood-
inhabiting family, is introduced based on the combination of
molecular and morphological data, and is typified by
Fragiliporia gen. nov. The phylogenetic analysis shows that
Fragiliporia fragilis sp. nov. forms a monophyletic group
within Polyporales and warrants the introduction of a new
fragiliporia clade based on molecular data of ITS+nLSU
rRNA gene regions. Combined ITS, nLSU, mtSSU, TEF1
and RPB2 sequence data also demonstrated that the new
family Fragiliporiaceae also formed a monophyletic lineage
(70 % BS, 57 % BP, 0.99 BPP), and grouped with the
phlebioid clade, residual polyporoid clade and core polyporoid
clade. Fragiliporiaceae has unique macromorphological char-
acters in having resupinate basidiocarps with very soft tubes
when fresh, which become brittle when dry (becoming almost
powdery when bruised); a monomitic hyphal system with
thick-walled generative hyphae, clamp connections, and fre-
quently H-, W- or Y-shaped hyphae branching from the clamp
connections.
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Introduction

The Polyporales is a diverse group of Agaricomycetes includ-
ing more than 1,800 described species in 216 genera and 13

families (Kirk et al. 2008). Polypores are a very important
group of wood-inhabiting fungi because of their key role in
the carbon cycle and being the most efficient wood decayers
in the biosphere (Zhou et al. 2011; Floudas et al. 2012). They
may also be pathogenic and have potential application in
biomedical engineering and biodegradation (Younes et al.
2007; Dai et al. 2007, 2009; Wang et al. 2012; Si et al. 2013).

Molecular systematics is a powerful tool to infer phyloge-
nies within fungal groups including polypores (White et al.
1990; Hibbett et al. 2007; Justo and Hibbett 2011; Zhang et al.
2011; Binder et al. 2013; Hyde et al. 2013, 2014; Nilsson et al.
2014). Genes coding for ribosomal RNA and proteins have
been used to reconstruct the evolutionary history in the Fungi
(James et al. 2006), and a higher-level phylogeny including
Polyporales have been principally resolved (Hibbett et al.
2007). Resolving the taxonomic structure of Polyporales has
proven difficult based on the nearly exclusive use of ribosom-
al DNA sequences (Binder et al. 2005). More recent studies
have used protein-coding genes (rpb1, rpb2, tef1) for phylo-
genetic reconstruction (Justo and Hibbett 2011; Miettinen
et al. 2012; Sjökvist et al. 2012). Recently, molecular studies
employing multi-gene (5.8S, nrLSU, nrSSU, rpb1, rpb2, tef1)
datasets has helped to investigate phylogenetic overview of
the Polyporales. Thirty-four valid families are now placed in
Polyporales (Binder et al. 2013).

China has a huge land area, including boreal, temperate,
subtropical, and tropical vegetations. Most parts of southern
China have subtropical to tropical vegetations, in which the
diversity of polypores and other fungi is very rich (Dai 2012;
Wu et al. 2014). Seven-hundred and four polypore species
belonging to 132 genera in ten orders were identified and the
majority of them belong in the order Polyporales (Dai 2012).
Polypore diversity in southern China has been extensively
studied during the past 20 years, and a mass of novel genera
and new species have been found (Cui et al. 2011; Cao et al.
2012; Dai et al. 2014).
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In the present study, we examined taxonomy and phylog-
eny of new samples within the Polyporales. A distinct family
level clade was found based on combined ITS, nLSU, mtSSU,
TEF1 and RPB2 sequence data. Species in the clade have
different morphology from the presently known families of
Polyporales. Thus, a new family is proposed to accommodate
this taxon.

Materials and methods

Morphology

The studied specimens are deposited at the herbaria of Beijing
Forestry University (BJFC) and the Institute of Applied Ecol-
ogy, Chinese Academy of Sciences (IFP). Macro-
morphological descriptions are based on field notes. Special
colour terms follow Petersen (1996). Micro-morphological
data were obtained from the dried specimens, and observed
under a light microscope following Dai (2010). Sections were
studied at a magnification of up to×1,000 using a Nikon
Eclipse 80i microscope and phase contrast illumination.
Drawings were made with the aid of a drawing tube. Micro-
scopic features, measurements and drawings were made from
slide preparations stained with Cotton Blue and Melzer’s
reagent. Spores were measured from sections cut from the
tubes. In presenting the variation of spore size, 5 % of mea-
surements were excluded from each end of the range, and
were given in parentheses. The following abbreviations were
used: KOH=5 % potassium hydroxide, CB=Cotton Blue,
CB–=acyanophilous, IKI=Melzer’s reagent, IKI–=both
inamyloid and indextrinoid, L=mean spore length (arithmetic
average of all spores), W=mean spore width (arithmetic av-
erage of all spores), Q=variation in the L/Wratios between the
specimens studied, n (a/b)=number of spores (a) measured
from given number (b) of specimens.

Molecular phylogeny

CTAB rapid plant genome extraction kit-DN14 (Aidlab Bio-
technologies Co., Ltd, Beijing) was used to obtain PCR prod-
ucts from dried specimens, according to the manufacturer’s
instructions with some modifications. ITS region was ampli-
fied with primer pairs ITS5 and ITS4 (White et al. 1990).
Nuclear LSU region was amplified with primer pairs LR0R
and LR7 (http://www.biology.duke.edu/fungi/mycolab/
primers.htm). Mitochondrial SSU region was amplified with
primer pairs MS1 and MS2 (White et al. 1990). TEF1 was
amplified with primer pairs EF1-983 F and EF1-2218R
(Rehner and Buckley 2005). RPB2 was amplified with primer
pairs fRPB2-f5F and bRPB2-7.1R (Liu et al. 1999; Matheny
2005). The PCR procedure for ITS and mtSSU were as
follows: initial denaturation at 95 °C for 3 min, followed by

35 cycles at 94 °C for 40 s, 58 °C for ITS and 55 °C for mtSSU
for 45 s and 72 °C for 1 min, and a final extension of 72 °C for
10 min. The PCR procedure for nLSU and TEF1 were as
follows: initial denaturation at 94 °C for 1 min, followed by
35 cycles at 94 °C for 30 s, 48 °C for nLSU and 59 °C for
TEF1 for 1 min and 72 °C for 1.5 min, and a final extension of
72 °C for 10 min. The PCR procedure for RPB2 follows Justo
and Hibbett (2011) with slightly modifications: initial dena-
turation at 94 °C for 2 min, followed by 10 cycles at 94 °C for
40 s, 60 °C for 40 s and 72 °C for 2 min, then followed by
37 cycles at 94 °C for 45 s, 55 °C for 1.5 min and 72 °C for
2 min, and a final extension of 72 °C for 10 min. The PCR
products were purified and directly sequenced at Beijing
Genomics Institute. All newly generated sequences are depos-
ited at GenBank (Table 1).

Sequences generated in this study were aligned with addi-
tional sequences downloaded from GenBank using ClustalX
(Thompson et al. 1997) and manually adjusted in BioEdit
(Hall 1999). Sequence alignment was deposited at TreeBase
(submission ID 15671).

Maximum parsimony analysis followed present studies
(He and Dai 2012; Tian et al. 2013). This was applied to the
combined multiple genes dataset, under heuristic search and
1,000 homogeneity replicates giving a P value of 1.000, much
greater than 0.01, which means there is no discrepancy among
the five loci in reconstructing phylogenetic trees. The tree
construction procedure was performed in PAUP* version
4.0b10 (Swofford 2002). All characters were equally weighted
and gaps were treated as missing data. Trees were inferred
using the heuristic search option with TBR branch swapping
and 1,000 random sequence additions. Max-trees were set to
5,000, branches of zero length were collapsed and all parsimo-
nious trees were saved. Clade robustness was assessed using a
bootstrap (BT) analysis with 1,000 replicates (Felsenstein
1985). Descriptive tree statistics tree length (TL), consistency
index (CI), retention index (RI), rescaled consistency index
(RC), and homoplasy index (HI) were calculated for each
Maximum Parsimonious Tree (MPT) generated. RAxML
v.7.2.8 was used to construct a maximum likelihood (ML) tree
with GTR+G+I model of site substitution including estima-
tion of Gamma-distributed rate heterogeneity and a proportion
of invariant sites (Stamatakis 2006). The branch support was
evaluated with bootstrappingmethod of 1,000 replicates (Hillis
and Bull 1993).

MrModeltest 2.3 (Posada and Crandall 1998; Nylander
2004) was used to determine the best-fit evolution model for
each data set for Bayesian inference (BI). Bayesian inference
was calculated with MrBayes3.1.2 with a general time revers-
ible (GTR) model of DNA substitution and a gamma distri-
bution rate variation across sites (Ronquist and Huelsenbeck
2003). Four Markov chains were run for 2 runs from random
starting trees for 5 million generations (ITS+nLSU), for 10
million generations (ITS+LSU+mtSSU+TEF1+RPB2) and
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Table 1 A list of species, specimens and GenBank accession number of sequences used in this study

Species name Sample no. GenBank accessions References

ITS nLSU mtSSU TEF1 RPB2

Abortiporus biennis TFRI 274 EU232187 EU232235 — — — Binder et al. 2005

Antrodia albida CBS 308.82 DQ491414 AY515348 DQ491441 — DQ491387 Kim et al. 2007

A. heteromorpha CBS 200.91 DQ491415 AY515350 DQ491442 — DQ491388 Kim et al. 2007

A. xantha CBS 155.79 DQ491424 DQ491424 DQ491451 — DQ491397 Kim et al. 2007

Antrodiella americana Gothenburg 3161 JN710509 JN710509 JN710656 JN710711 — Miettinen et al. 2012

A. semisupina FCUG 960 EU232182 EU232266 — — — Binder et al. 2005

Bjerkandera adusta NBRC 4983 AB733156 AF287848 U27025 — — Binder et al. 2013

Boletinellus merulioides AFTOL-ID 575 DQ200922 AY684153 DQ534581 DQ056287 — Binder et al. 2005

Ceraceomyces serpens KHL 8478 AF090882 AF090882 — — — Binder et al. 2005

Ceriporia aurantiocarnescens Yuan 2066 JX623902 JX644042 — — — Jia et al. 2014

C. lacerata Dai 10734 JX623916 JX644068 — — — Jia et al. 2014

C. purpurea Dai 6205 JX623951 JX644046 — — — Jia et al. 2014

C. viridans Dai 7759 KC182777 — — — — Jia et al. 2014

Ceriporiopsis aneirina TAA 181186 FJ496683 FJ496704 — — — Tomšovský et al. 2010

C. aneirina Dai 12657 KF845945 KF845952 — — — Zhao and Cui 2014

C. balaenae Niemelä H7002389 FJ496669 FJ496717 FJ496746 — — Tomšovský et al. 2010

C. consobrina BRNM 710167 FJ496664 FJ496712 FJ496742 — — Tomšovský et al. 2010

C. gilvescens BRNM 710166 FJ496684 FJ496720 — — — Tomšovský et al. 2010

C. gilvescens Yuan 2752 KF845946 KF845953 — — — Zhao and Cui 2014

C. guidella HUBO 7659 FJ496687 FJ496722 FJ496740 — — Tomšovský et al. 2010

C. pseudogilvescens Niemelä 7447 FJ496680 FJ496700 FJ496735 — — Tomšovský et al. 2010

Cinereomyces lindbladii FBCC 177 HQ659223 HQ659223 — — — Binder et al. 2013

Climacocystis borealis KH 13318 JQ031126 JQ031126 — — — Binder et al. 2013

Climacodon septentrionalis AFTOL 767 AY854082 AY684165 JN710741 AY885151 AY780941 Binder et al. 2013

Coriolopsis caperata LE(BIN)-0677 AB158316 AB158316 — — — Tomšovský et al. 2010

Cryptococcus bacillisporus CBS 10510 FJ534878 FJ534908 — FJ534862 FJ534939 Garcia-Sandoval et al. 2011

C. neoformans ATCC 4565 FJ914892 FJ914892 — — — Garcia-Sandoval et al. 2011

Dacrymyces chrysospermus TUFC 13115 AB712452 AF287855 — — AB712536 Binder et al. 2005

Dacryobolus karstenii KHL 11162 EU118624 EU118624 — — — Binder et al. 2005

Dacryopinax spathularia AFTOL-ID 454 AY854070 AY701525 — AY701525 — Binder et al. 2005

Daedalea quercina DSM 4953 DQ491425 DQ491425 DQ491452 — DQ491398 Kim et al. 2007

Earliella scabrosa PR1209 JN165009 JN164793 — — — Justo and Hibbett 2011

Fomitopsis pinicola CBS 221.39 DQ491405 DQ491405 DQ491432 — DQ491378 Kim et al. 2007

F. rosea ATCC 76767 DQ491410 DQ491410 DQ491437 — — Kim et al. 2007

Fragiliporia fragilis Dai 13080 KJ734260 a KJ734264 a KJ734268 a KJ790245 a KJ790248 a in the present study

F. fragilis Dai 13559 KJ734261 a KJ734265 a KJ734269 a KJ790246 a KJ790249 a in the present study

F. fragilis Dai 13561 KJ734262 a KJ734266 a KJ734270 a KJ790247 a KJ790250 a in the present study

F. fragilis Yuan 5516 KJ734263 a KJ734267 a KJ734271 a — — in the present study

Ganoderma lingzhi Wu 1006-38 JQ781858 — JX029988 JX029975 — Zhao et al. 2014

Gelatoporia subvermispora BRNU 592909 FJ496694 FJ496706 — — — Tomšovský et al. 2010

Globulicium hiemale 5444b DQ873595 DQ873595 — — — Binder et al. 2005

Gloeophyllum sepiarium Dai 5608 KC782726 KC782737 — — — Garcia-Sandoval et al. 2011

G. striatum NBRC 6429 AB733125 AB733308 — — — Garcia-Sandoval et al. 2011

Gloeoporus pannocinctus BRNM 709972 EU546099 FJ496708 — — — Tomšovský et al. 2010
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Table 1 (continued)

Species name Sample no. GenBank accessions References

ITS nLSU mtSSU TEF1 RPB2

G. dichrous KHL 11173 EU118627 EU118627 — — — Tomšovský et al. 2010

Grammothelopsis subtropica Cui 9041 JQ845096 JQ845099 — — — Zhao et al. 2013

Guepiniopsis buccina AFTOL-ID 888 DQ206986 AY745711 — — — Garcia-Sandoval et al. 2011

Heterobasidion annosum PFC 5252 KC492906 KC492906 — KC571646 — Binder et al. 2013

Hornodermoporus martius MUCL 41677 FJ411092 FJ393859 — — — Zhao et al. 2013

Hygrophoropsis aurantiaca MA-Fungi 47694 AJ419201 AF352816 — — — Garcia-Sandoval et al. 2011

Hyphoderma capitatum KHL 8464 DQ677491 DQ677491 — — — Garcia-Sandoval et al. 2011

H. orphanellum NH 12208 DQ677500 DQ677500 — — — Binder et al. 2005

H. setigerum Hallenberg 8544 FN907905 FN907905 — — — Binder et al. 2013

Hypochnicium lyndoniae NL 041031 JX124704 JX124704 — — — Binder et al. 2005

Junghuhnia nitida KHL 11903 EU118638 EU118638 AF352892 N710721 JN710736 Binder et al. 2005

Merulius tremellosus FCUG 1813 AF141632 AF141632 — — — Binder et al. 2013

Microporus xanthopus Cui 8242 JX290074 JX290071 — — JX559313 Li and Cui 2013

Mycoacia fuscoatra KHL 13275 JN649352 JN649352 — — — Tomšovský et al. 2010

M. nothofagi KHL 13750 GU480000 GU480000 — — — Tomšovský et al. 2010

Mycorrhaphium adustum KHL 12255 JN710573 JN710573 JN710692 JN710727 — Miettinen et al. 2012

Neolentinus kauffmanii DAOM 214904 HM536097 HM536073 — — — Garcia-Sandoval et al. 2011

Obba rivulosa KCTC 6892 FJ496693 FJ496710 — — — Miettinen and
Rajchenberg 2012

O. valdiviana FF 503 HQ659235 HQ659235 — — — Miettinen and
Rajchenberg 2012

Perenniporia medulla-panis Dai 3274 JN112792 JN112793 KF051043 KF181137 — Zhao et al. 2013

Perenniporiella neofulva MUCL 45091 FJ411080 FJ393852 — — — Robledo et al. 2009

Phanerochaete chrysosporium BKM-F-1767 HQ188436 GQ470643 — — — Tomšovský et al. 2010

P. velutina FP 102157 AY219351 DQ679917 — — — Binder et al. 2013

Phlebia livida FCUG 2189 AF141624 AF141624 — — — Tomšovský et al. 2010

P. radiata AFTOL 484 AY854087 — — AY885156 AY218502 Binder et al. 2013

P. subserialis FCUG 1434 AF141631 AF141631 — — — Tomšovský et al. 2010

P. unica KHL 11786 EU118657 EU118657 — — — Tomšovský et al. 2010

Piloporia sajanensis Mannine 2733a HQ659239 HQ659239 — — — Tomšovský et al. 2010

Piptoporus betulinus CBS 378.51 DQ491423 DQ491423 DQ491450 — DQ491396 Kim et al. 2007

Podoscypha multizonata Gothenburg 3005 JN710581 JN710581 JN710697 JN710645 — Binder et al. 2013

P. venustula CBS 65684 JN649367 JN649367 — — — Tomšovský et al. 2010

Polyporus tuberaster WD 2382 AB474086 AB368104 — — AB368161 Sotome et al. 2008

Postia guttulata KHL 11739 EU11865 EU11865 — — — Kim et al. 2007

Pouzaroporia subrufa BRNM 710164 FJ496661 FJ496723 — — — Tomšovský et al. 2010

P. subrufa BRNM 710172 FJ496662 FJ496724 — — — Tomšovský et al. 2010

Rickenella mellea Lamoure 74 U66438 U66438 — — — Tomšovský et al. 2010

Sebipora aquosa Miettinen 8680 HQ659240 HQ659240 — — — Miettinen and
Rajchenberg 2012

Serpula himantioides MA-Fungi 24446 AJ419213 AJ419213 — — — Binder et al. 2005

Skeletocutis amorpha Miettinen 11038 FN907913 FN907913 — — — Tomšovský et al. 2010

S. jelicii H 6002113 FJ496690 FJ496727 — — — Tomšovský et al. 2010

S. portcrosensis LY 3493 FJ496689 FJ496689 — — — Tomšovský et al. 2010

Steccherinum fimbriatum KHL 11905 EU118668 EU118668 JN710667 — — Tomšovský et al. 2010
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trees were sampled every 100 generations. The first one-
fourth generations were discarded as burn-in. A majority rule
consensus tree of all remaining trees was calculated. Branches
that received bootstrap support for maximum likelihood (BS),
maximum parsimony (MP) and Bayesian posterior probabil-
ities (BPP) greater than or equal to 75 % (MP) and 0.95 (BPP)
were considered as significantly supported, respectively.

Results

The ITS-nLSU dataset included sequences from 81 fungal
specimens representing 73 taxa. The dataset had an aligned
length of 2,380 characters, of which 1,076 characters are
constant, 357 are variable and parsimony-uninformative, and
947 are parsimony-informative. Maximum parsimony analy-
sis yielded four equally parsimonious trees (TL=7792, CI=
0.312, RI=0.532, RC=0.170, HI=0.681). Best model for the
combined ITS+nLSU dataset estimated and applied in
the Bayesian analysis: GTR+I+G, lset nst=6, rates=
invgamma; prset statefreqpr=dirichlet (1,1,1,1). Bayes-
ian analysis and ML analysis resulted in a similar to-
pology as MP analysis, with an average standard devi-
ation of split frequencies=0.007523 (BI). Sequences of
Cryptococcus bacillisporus Kwon-Chung & J.E. Benn.
and C. neoformans (San Felice) Vuill. obtained from
GenBank were used as outgroups to root trees following
Garcia-Sandoval et al. (2011).

The phylogeny (Fig. 1) inferred from ITS+nLSU se-
quences demonstrates seven major clades for 73 species of
the Polyporales. The new family Fragiliporiaceae formed a
monophyletic lineage and the new fragiliporia clade is
proposed.

The five gene (ITS, LSU, mtSSU, TEF1, RPB2) sequence
dataset did not show any conflicts in tree topology for the
reciprocal bootstrap trees, which allowed us to combine them
(P=0.07). The dataset had an aligned length of 4,517

characters, of which 2,431 characters are constant, 812 are
variable and parsimony-uninformative, and 1,274 are parsi-
mony-informative. Maximum parsimony analysis yielded 3
equally parsimonious trees (TL=4322, CI=0.598, RI=0.507,
RC=0.253, HI=0.503). Best model for the combined ITS+
nLSU+mtSSU+TEF1+RPB2 dataset estimated and applied
in the Bayesian analysis: GTR+I+G. Bayesian analysis and
ML analysis resulted in a similar topology as MP analysis,
with an average standard deviation of split frequencies=
0.003863 (BI). Sequences of Stereum hirsutum (Willd.) Pers.
and Heterobasidion annosum (Fr.) Bref. obtained from
GenBank were used as outgroups to root trees following
Binder et al. (2013).

A further phylogeny (Fig. 2) inferred from multiple
genes of the combined ITS+nLSU+mtSSU+TEF1+
RPB2 sequences was obtained for 44 fungal specimens
representing 40 taxa in the Polyporales and demonstrat-
ed that the new family formed a monophyletic entity,
but with a low 70 % BS, 57 % BP and 0.99 B.P. and
then grouped with phlebia clade, residual polyporoid
clade and core polyporiod clade.

In addition, the results of BLAST queries in NCBI based
on ITS and nLSU separately showed the sequences producing
significant alignments descriptions: in ITS blast results, the
top ten taxa are Ceriporia lacerata N. Maek. only (Maximum
record descriptions: Max score 303; Total score 303; Query
cover 37%; E value 1e-78; Ident 88%). In nLSU blast results,
the top ten taxa are Griseoporia carbonaria (Berk. & M.A.
Curtis) Ginns, Neolentinus kauffmanii (A.H. Sm.) Redhead &
Ginns and Veluticeps fimbriata (Ellis & Everh.) Nakasone
(Maximum record descriptions: Max score 1,626; Total score
1,626; Query cover 99 %; E value 0.0; Ident 93 %).

Taxonomy

Fragiliporiaceae Y.C. Dai, B.K. Cui & C.L. Zhao, fam. nov.
MycoBank no.: MB 809338

Table 1 (continued)

Species name Sample no. GenBank accessions References

ITS nLSU mtSSU TEF1 RPB2

S. ochraceum KHL 11902 JN710590 JN710590 JN710700 JN710730 JN710738 Miettinen et al. 2012

Stereum hirsutum NBRC 6520 AB733150 AB733325 — — — Binder et al. 2013

Suillus pictus AFTOL-ID 717 AY854069 AY684154 — AY883429 — Binder et al. 2005

Truncospora ochroleuca MUCL 39726 FJ411098 FJ393865 — — — Robledo et al. 2009

Tyromyces chioneus Cui 10225 KF698745 a KF698756 a — — — in the present study

Xanthoporus syringae Gothenburg 1488 JN710607 JN710607 — — — Miettinen et al. 2012

a Newly generated sequences for this study
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Type genus. Fragiliporia.
Basidiocarps resupinate, tubes very soft when fresh, be-

coming brittle when dry (become almost powdery when
bruised). Hyphal system monomitic, generative hyphae
thick-walled with clamp connections, hyphae frequently
branched from clamp connections, the branches mostly as
H-, W- or Y-shaped. Basidiospores hyaline, thin-walled.

Fragiliporia Y.C. Dai, B.K. Cui & C.L. Zhao, gen. nov.
MycoBank no.: MB 809339
Type species. Fragiliporia fragilis.
Etymology. fragiliporia (Lat.): referring to brittle

basidiocarps.
Basidiocarps resupinate, very soft when fresh, becoming

brittle when dry. Hyphal system monomitic, generative hy-
phae thick-walled with clamp connections, hyphae frequently
branched from clamp connections, usually encrusted by crys-
tals, IKI–, CB–, branched hyphae mostly H-, W- or Y-shaped;
hyphae swollen in KOH. Basidiospores hyaline, thin-walled,
allantoid, IKI–, CB–.

Fragiliporia fragilis Y.C. Dai, B.K. Cui & C.L. Zhao, sp.
nov. (Figs. 3 and 4).

MycoBank no.: MB 809343
Holo t ype . CHINA . Yunnan Prov. , Baoshan ,

Gaoligongshan Nature Reserve, on rotten stump of Alnus,
28 October 2012, Dai 13080 (BJFC013304, BJFC).

Etymology. fragilis (Lat.) referring to the brittle
basidiocarps.

Fruitbody.Basidiocarps annual, resupinate, very soft, with-
out odor or taste when fresh, when dry becoming brittle and
powdery when bruised, up to 15 cm long, 5 cm wide, 6 mm
thick at center. Pore surface grayish-buff to lavender when
fresh, turning to vinaceous gray to grayish brown upon dry-
ing; pores angular, 0.5–1 per mm; dissepiments thin, entire.
Sterile margin distinct, white, more or less fimbriate, up to
6 mm wide. Subiculum orange-yellow, up to 0.5 mm thick.
Tubes concolorous with pore surface, fragile when dry, up to
5.5 mm long.

Hyphal structure. Hyphal system monomitic; generative
hyphae thick-walled, bearing clamp connections, hyphae fre-
quently branched from clamp connections, branched hyphae
mostly H-, W- or Y-shaped; all hyphae usually encrusted with
crystals, IKI–, CB–; hyphae swollen in KOH.

Subiculum. Generative hyphae hyaline, thick-walled, fre-
quently branched, interwoven, 4–6 μm in diameter.

�Fig. 1 Maximum Parsimony strict consensus tree illustrating the
phylogeny of Fragiliporia fragilis, and related species in Agaricomycetes
based on ITS+nLSU sequences. Branches are labeled with maximum
likelihood bootstrap higher than 70 %, parsimony bootstrap proportions
higher than 50 % and Bayesian posterior probabilities more than 0.95
respectively. Clade names follow Binder et al. (2013)

Fig. 2 Maximum Parsimony
strict consensus tree illustrating
the phylogeny of the new family
Fragiliporiaceae, and more
representative available families
in Polyporales, based on the
combined ITS+nLSU+mtSSU+
TEF1+RPB2 sequence datasets.
Branches are labeled with
maximum likelihood bootstrap
higher than 70 %, parsimony
bootstrap proportions higher than
50 % and Bayesian posterior
probabilities more than 0.95.
Clade names follow Binder
et al. (2013)
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Tubes. Generative hyphae hyaline, thick-walled, occasion-
ally branched, subparallel along the tubes, 3–5 μm in diame-
ter. Cystidia and cystidioles absent; basidia long clavate to
pyriform, with four sterigmata and a basal clamp connection,
15–18×5–6 μm; basidioles abundant (hymenia dominant by
basidioles), in shape similar to basidia, but slightly smaller.

Spores. Basidiospores allantoid, hyaline, thin-walled,
smooth, IKI–, CB–, (4.6–)4.8–5.4(−5.6)×(1.5–)1.7–2(−2.2)
μm, L=5.05 μm, W=1.89 μm, Q=2.57–2.73 (n=180/6).

Rot type. Awhite rot.
Additional specimens (paratypes) examined: CHINA.

Yunnan Prov., Jinghong County, Ailaoshan Nature Reserve,
on fallen angiosperm trunk, 15 October 2013, Dai 13559 &
13561 (BJFC015021 & BJFC015023, BJFC); Zhejiang Prov.,
Lin’an County, Tianmushan Nature Reserve, on rotten angio-
sperm wood, 16 October 2004, Dai 6437 (BJFC000421,
BJFC); 10 October 2005, Cui 2634 (BJFC000415, BJFC);
Guizhou Prov., Jiangkou County, Fanjingshan Nature Re-
serve, on fallen angiosperm trunk, 21 August 2010, Yuan
5516 (IFP014297, IFP).

Discussion

In the present study, a new family, Fragiliporiaceae, is de-
scribed based on phylogenetic analyses and morphological
characters. The family has unique morphological characters
and forms a monophyletic lineage within the order
Polyporales.

Previously, six clades were found in the Polyporales:
antrodia clade, core polyporoid clade, gelatoporia clade,
phlebioid clade, residual polyporoid clade and tyromyces
clade (Binder et al. 2013). According to our result the new
family did not nest in the six known clades when analysed
using combined ITS and nLSU sequence data (Fig. 1). There-
fore, a new clade is recognized in Polyporales as the
fragiliporia clade. The phylogeny inferred from combined
ITS, nLSU, mtSSU, TEF1 and RPB2 gene sequences
(Fig. 2) shows that Fragiliporiaceae also formed a monophy-
letic lineage (70% BS, 57%BP, 0.99 BPP), and then grouped
with phlebioid clade, residual polyporoid clade and core
polyporoid clade, which showed similar result with the com-
bined ITS and nLSU sequences. The molecular analysis
(Figs. 1 and 2) shows that the new taxon is justified at the
family level.

Based on the results of BLAST queries in NCBI,Ceriporia
lacerata, Griseoporia carbonaria, Neolentinus kauffmanii
and Veluticeps fimbriata are related to Fragiliporia fragilis.
However, there are low similarity parameters in the ITS
BLAST result. In addition, morphologically, Ceriporia
lacerata differs from Fragiliporia fragilis in having simple-
septate generative hyphae (Suhara et al. 2003). Moreover,
C. lacerata nested into phlebioid clade in previous molecular

studies (Binder et al. 2013; Jia et al. 2014). In nLSU BLAST,
the descriptions produce good similarity parameters. Howev-
er, morphologically Griseoporia carbonaria differs from
Fragiliporia fragilis by brown basidiocarps, and dimitic hy-
phal system with yellowish to rusty brown skeletal hyphae
(Ginns 1984; Ryvarden and Gilbertson 1993). Veluticeps
fimbriata is separated from the new taxon by having perennial
and hard basidiocarps, smooth hymenophore configuration,
solitary or fascicled cystidia, rather large basidia and basidio-
spores (usually 10–25 μm long) and in causing a brown rot
(Hjortstam and Tellería 1990; Nakasone 1990). Neolentinus
kauffmanii is distinct from F. fragilis by pileate and corky
basidiocarps with lamellate to daedaleoid hymenophore and a
dimitic hyphal system and causing a brown rot (Rune 1994).
In phylogeny, the three species Griseoporia carbonaria,
Neolentinus kauffmanii and Veluticeps fimbriata are not close-
ly related to Fragiliporia fragilis based on molecular studies
(Kim and Jung 2000; Hibbett and Binder 2002; Hibbett et al.
2007; Garcia-Sandoval et al. 2011).

Binder et al. (2005) studied the phylogenetic distribution of
resupinate forms the mushroom-forming fungi and showed
that variations of basidiocarps existed, and there was no
morphological synapomorphy in the order Polyporales. This
order is highly heterogeneous, and a wide variety of

Fig. 3 Basidiomata of Fragiliporia fragilis. Bars: a–4 cm (holotype); b–
2 cm (Dai 13561)
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basidiocarps types: bracket-shaped (e.g. Fomitopsis P. Karst.,
Trametes Fr.), resupinate to effused-reflexed (Ceriporiopsis
Domański, Phlebia Fr., Antrodia (Fr.) Donk), stipitate
(Polyporus P. Micheli) and hymenophore configuration:
poroid (Perenniporia Murrill), lamellate (Lentinus Fr.),
hydnaceous (Steccherinum Gray) and smooth (Podoscypha
Pat.) are included (Binder et al. 2013).

The family Phanerochaetaceae (typified by Phanerochaete)
is morphologically similar to Fragiliporiaceae, which is mainly
characterized by its tyromycetoid, merulioid, corticioid
basidiocarps with smooth, lamellate, tuberculate, spinose,
odontioid hymenophore configuration and rather soft corky to
spongious context and ceraceous tubes (Jülich 1981; Binder et al.

2005; Wu et al. 2010). However, several genera in this family
have poroid hymenophores and they share similar characters
with the new genus Fragiliporia. Ceriporia and Ceriporiopsis
are similar to Fragiliporia by an annual growth habit, causing a
white rot, and producing resupinate basidiocarps. However,
Ceriporia differs in its simple-septate generative hyphae (Donk
1933; Gilbertson and Ryvarden 1986; Núñez and Ryvarden
2001). Ceriporiopsis is separated from Fragiliporia by its soft
corky to corky basidiocarps, its dry basidiocarps are never be-
come powdery when bruised and most importantly the branches
in this genus are not from clamp connections, and hyphae are
never H-, W- or Y-shaped (Gilbertson and Ryvarden 1986;
Ryvarden and Gilbertson 1993; Núñez and Ryvarden 2001).

Fig. 4 Microscopic structures of
Fragiliporia fragilis (drawn from
the holotype). a. Basidiospores;
b. Basidia and basidioles; c.
H-, Y- and W-shaped generative
hyphae; d. Hyphae from trama; e.
Hyphae from subiculum.
Bars: a–5 μm; b–e–10 μm
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