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Abstract

Trametopsis is a worldwide genus belonging to Irpicaceae in the phlebioid clade, which can cause a white
decay of wood. Previously, only three species were ascribed to the genus. In this study, we performed a
morphological and phylogenetic study of Trametopsis. Molecular phylogenetic analyses of multiple loci
included the internal transcribed spacer (ITS) regions, the large subunit nuclear ribosomal RNA gene
(nLSU), the largest subunit of RNA polymerase IT (RPB1), the second largest subunit of RNA polymerase
IT (RPB2) and the translation elongation factor 1-a gene (TEF1). Phylogenetic trees were inferred from
the combined datasets of ITS+nLSU sequences and ITS+nLSU+RPB1+RPB2+TEF1 sequences by using
maximum parsimony, maximum likelihood and Bayesian inference analyses. Combined with molecular
data, morphological characters and ecological traits, two new species of Trametopsis are discovered. Trame-
topsis abieticola is characterised by its pileate, solitary or imbricate basidiomata, buff to buff-yellow pileal
surface when fresh, becoming pinkish buff to clay-buff when dry, cream to buff pore surface when fresh,
becoming pinkish buff to greyish brown upon drying, round to angular and large pores (0.5-1 per mm),
cylindrical basidiospores (5.8-7.2 x 1.9-2.6 pm), distributed in the high altitude of mountains and grows
on Abies sp. Trametopsis tasmanica is characterised by its resupinate basidiomata, cream to pinkish-buff
pore surface when fresh, becoming honey-yellow to snuff brown upon drying, cylindrical basidiospores
(5.2-6.3 x 1.8-2.2 pm), and by growing on Eucalyptus sp. Detailed descriptions and illustrations of the

two novel species are provided.
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Introduction

Trametopsis TomSovsky was established by Tomsovsky (2008) with 7. cervina (Sch-
wein.) Tomsovsky as type species. The morphological characteristics of Trametopsis
are as follows: Basidiomata annual, sessile to effused-reflexed or rarely resupinate.
Pileal surface pinkish buff to cinnamon or clay-buff, hirsute to strigose. Pore surface
concolorous with pileal surface; pores irregular, daedaloid to irpicoid; dissepiments
thin and lacerate. Context pale buff, fibrous. Tubes concolorous with the context,
corky. Hyphal system dimitic; generative hyphae clamped. Cystidia absent; fusoid
cystidioles occasionally present. Basidia clavate, bearing four sterigmata and a ba-
sal clamp connection. Basidiospores cylindrical, hyaline, thin-walled, smooth, IKI-,
CB- (Tomsovsky 2008).

Gémez-Montoya et al. (2017) evaluated the species of Trametopsis in the Neo-
tropics based on phylogenetic evidences and morphological analyses. The phylo-
genetic analyses showed that Zrametopsis is an independent genus; furthermore,
one new species, 1. aborigena Gémez-Mont. & Robledo, and the two new com-
binations, 7. brasiliensis (Ryvarden & de Meijer) Gémez-Mont. & Robledo and
T luteocontexta (Ryvarden & de Meijer) Gémez-Mont., Robledo & Drechsler-San-
tos were presented. Westphalen et al. (2019) summarised Antrodiella Ryvarden &
I. Johans. and related genera from the Neotropics, and 7. luteocontexta was trans-
ferred to Aegis Gémez-Mont., Rajchenb. & Robledo according to morphological
and molecular data. Recent phylogenetic studies have shown that Zrametopsis be-
longs to Irpicaceae Spirin & Zmitr in the phlebioid clade (Justo et al. 2017; Chen
et al. 2021). So far, three species are accepted in Trametopsis, viz., 1. aborigena,
1. brasiliensis and 1. cervina.

During our investigations of wood-decay fungi, some specimens of the phlebioid
clade were collected. These specimens possess glabrous or velutinate to strigose pile-
al surface, round to angular, irregular, daedaleoid to irpicoid pores, saprophytic on
dead wood and causing white rot. Preliminary morphological observations showed
that these specimens may belong to Zrameropsis. To determine the phylogenetic posi-
tions of these specimens, we performed phylogenetic analyses of Irpicaceae with em-
phasis on Trametopsis based on the combined sequences datasets of ITS+nLSU and
ITS+nLSU+RPB1+RPB2+TEF1. Combining morphological and molecular evidence,
two new species, viz., 1. abieticola and T. tasmanica are described and illustrated.

Materials and methods
Morphological studies
The examined specimens were deposited at the herbarium of the Institute of Microbi-

ology, Beijing Forestry University (BJFC). Morphological descriptions and abbrevia-
tions used in this study follow Cui et al. (2019) and Song et al. (2021).
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Molecular studies and phylogenetic analysis

The procedures for DNA extraction and polymerase chain reaction (PCR) used in this
study were the same as described by Liu et al. (2021a) and Sun et al. (2022). The ITS
regions were amplified with the primer pairs ITS4 and ITS5, the nLSU regions were
amplified with the primer pairs LROR and LR7, RPB1 was amplified with primer pairs
RPBI1-Af and RPB1-Cr, RPB2 gene was amplified with the primer pairs fRPB2-f5F
and bRPB2-7.1R, and TEF1 gene was amplified with the primer pairs EF1-983F and
EF1-1567R (White et al. 1990; Rehner 2001; Matheny et al. 2002; Matheny 2005).
The PCR cycling schedules for different DNA sequences of ITS, nLSU, RPB1,
RPB2 and TEF1 genes used in this study followed those used in Liu et al. (2021b,
2022) with some modifications. The PCR products were purified and sequenced at
Beijing Genomics Institute, China, with the same primers. All newly generated se-
quences were submitted to GenBank and were listed in Table 1.
Sequences were aligned with additional sequences downloaded from GenBank (Table
1) using ClustalX (Thompson et al. 1997). Alignment was manually adjusted to allow
maximum alignment and to minimise gaps in BioEdit (Hall 1999). Sequence alignment
was deposited to TreeBase (https://trecbase.org/treebase-web; submission ID 29580). In
phylogenetic reconstructions, the sequences of Phanerochaete albida Sheng H. Wu and
P alnea (Fr.) P. Karst. obtained from GenBank were used as outgroups. The reason for
choosing these two species as outgroup taxa is that they belong to Phanerochaete in Phan-
erochaetaceae, and are closely related to Irpicaceae (Chen et al. 2021), which conforms to
the outgroup selection rules. Furthermore, species of Phanerochaete were also selected as
outgroups in other phylogenetic studies of Irpicaceae, such as in El-Gharabawy etal (2021).
Phylogenetic analyses approaches used in this study followed Sun et al. (2020) and Ji
et al. (2022). The congruencies of the 2-gene (ITS and nLSU) and 5-gene (ITS, nLSU,
RPB1, RPB2 and TEF1) were evaluated with the incongruence length difference (ILD)
test (Farris et al. 1994) implemented in PAUP* 4.0b10 (Swofford 2002), under heuristic
search and 1000 homogeneity replicates. Maximum parsimony (MP) analysis was per-
formed in PAUP* version 4.0b10 (Swofford 2002). Clade robustness was assessed using a
bootstrap (BT) analysis with 1000 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 Most Parsimonious Tree (MPT)
generated. Maximum Likelihood (ML) analysis was performed in RAXML-HPC v. 8.2.3
with a GTR+G+I model (Stamatakis 2014). Bayesian inference (BI) was calculated by
MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) with a general time reversible (GTR)
model of DNA substitution and a gamma distribution rate variation across sites deter-
mined by MrModeltest 2.3 (Posada and Crandall 1998; Nylander 2008). The branch sup-
port was evaluated with a bootstrapping method of 1000 replicates (Hillis and Bull 1993).
Trees were viewed in FiglTree v1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/).
Branches that received bootstrap supports for maximum parsimony (MP), maximum
likelihood (ML) and Bayesian posterior probabilities (BPP) greater than or equal to 75%
(MP and ML) and 0.95 (BPP) were considered as significantly supported, respectively.
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Results

Phylogeny

The combined 2-gene (ITS+nLSU) sequences dataset had an aligned length of 1893 char-
acters, including gaps (619 characters for ITS, 1274 characters for nLSU), of which 1307
characters were constant, 105 were variable and parsimony-uninformative, and 481 were
parsimony-informative. MP analysis yielded 26 equally parsimonious trees (TL = 2150,
CI=0.409,R1=0.776,RC=0.317, HI = 0.591). The best-fit evolutionary models applied
in Bayesian analyses were selected by MrModeltest2 v. 2.3 for each region of the two genes,
the model for ITS was GTR+I+G with equal frequency of nucleotides, while the model for
nLSU was SYM+1+G with equal frequency of nucleotides. ML analysis resulted in a similar
topology as MP and Bayesian analyses, and only the ML topology is shown in Fig. 1.

The combined 5-gene (ITS+nLSU+RPB1+RPB2+TEF1) sequences dataset had an
aligned length of 4609 characters, including gaps (619 characters for ITS, 1274 char-
acters for nLSU, 1170 characters for RPB1, 1001 characters for RPB2, 545 characters
for TEF1), of which 2675 characters were constant, 272 were variable and parsimony-
uninformative, and 1662 were parsimony-informative. MP analysis yielded 36 equally
parsimonious trees (TL = 9247, CI = 0.362, RI = 0.652, RC = 0.236, HI = 0.638). The
best-fit evolutionary models applied in Bayesian analyses were selected by MrMod-
eltest2 v. 2.3 for each region of the two genes, the model for ITS, RPB1, RPB2 and
TEF1was GTR+I+G with equal frequency of nucleotides, while the model for nLSU
was SYM+1+G with equal frequency of nucleotides. ML analysis resulted in a similar
topology as MP and Bayesian analyses, and only the ML topology is shown in Fig. 2.

Thephylogenetictreesinferred fromITS+nLSUandITS+nLSU+RPB1+RPB2+TEF1
gene sequences were all obtained from 78 fungal samples representing 42 taxa of
Irpicaceae and two taxa of Phanerochaetaceae within the phlebioid clade (Figs 1, 2).
Phylogenetic analyses showed that Trametopsis abieticola, T. aborigena, T. brasilien-
sis, 1. cervina and T. tasmanica grouped together within ZTrameropsis by high support
(100% ML, 100% MP, 1.00 BPP; Figs 1, 2).

Taxonomy

Trametopsis abieticola B.K. Cui & Shun Liu, sp. nov.
MycoBank No: 844097
Figs 3, 4

Diagnosis. Trametopsis abieticola is distinguished from 7. zasmanica by larger pores
(0.5-1 per mm) and basidiospores (5.8-7.2 x 1.9-2.6 pm), and by being distributed
in the high altitude of mountains and growing on Abies sp.

Holotype. China. Xizang Autonomous Region (Tibet), Mangkang County, Man-
gkang Mountain, on fallen trunk of Abies sp., 8 September 2020, Cui 18383 (holotype
BJFC 035242).


http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=844097
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Figure |. Maximum likelihood tree illustrating the phylogeny of Trametopsis based on the combined
sequences dataset of ITS+nLSU. Branches are labelled with maximum likelihood bootstrap higher than
50%, parsimony bootstrap proportions higher than 50% and Bayesian posterior probabilities more than
0.90 respectively. Bold names = New species.
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Figure 2. Maximum likelihood tree illustrating the phylogeny of Trametopsis based on the combined
sequences dataset of [ITS+nLSU+RPB1+RPB2+TEF1. Branches are labelled with maximum likelihood
bootstrap higher than 50%, parsimony bootstrap proportions higher than 50% and Bayesian posterior

probabilities more than 0.90 respectively. Bold names = New species.
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Etymology. Abieticola (Lat.): referring to the species grows on Abies sp.

Fruiting body. Basidiomata annual, pileate, solitary or imbricate, soft corky to
corky, without odour or taste when fresh, becoming corky and light in weight upon
drying. Pilei applanate to flabelliform, projecting up t0 9.5 cm long, 5.5 cm wide, and
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2 cm thick at base. Pileal surface buff to buff-yellow when fresh, becoming pinkish
buff to clay-buff when dry, strigose or glabrous; margin white to cream when fresh,
becoming cream to buff-yellow when dry, obtuse to acute. Pore surface cream to buff
when fresh, becoming pinkish buff to greyish brown upon drying; pores round to
angular, 0.5-1 per mm; dissepiments slightly thick, entire to lacerate. Context corky,
cream to buff yellow, up to 8 mm thick. Tubes concolorous with pore surface, corky,
up to 7 mm long.

Hyphal structure. Hyphal system monomitic in context, dimitic in trama; gen-
erative hyphae with clamp connections; skeletal hyphae IKI-, CB—; tissues unchanged
in KOH.

Context. Generative hyphae hyaline, thin- to slightly thick-walled, occasionally
branched, loosely interwoven, 2.8-4.2 um in diam.

Tubes. Generative hyphae frequent, hyaline, thin- to slightly thick-walled, occa-
sionally branched, 1.8-3.5 pum in diam.; skeletal hyphae dominant, hyaline, thick-
walled with a wide to narrow lumen, occasionally branched, more or less straight,
interwoven, 2—4.5 pm in diam. Cystidia and cystidioles absent. Basidia clavate, bear-
ing four sterigmata and a basal clamp connection, 17.8-22.5 x 4.3-5.5 um; basidioles
dominant, similar to basidia but smaller.

Spores. Basidiospores cylindrical, hyaline, thin-walled, smooth, IKI-, CB-, (5.7—
)5.8-7.2 x (1.8-)1.9-2.6(-2.8) pm, L = 6.57 pm, W = 2.22 pm, Q = 2.75-3.26
(n =60/2).

Type of rot. White rot.

Additional specimen (paratype) examined. China. Sichuan Province, Yajiang
County, Kangbahanzi Village, on fallen trunk of Abies sp., 7 September 2020, Cui
18363 (BJFC 035222).

Trametopsis tasmanica B.K. Cui & Shun Liu, sp. nov.
MycoBank No: 844098
Figs 5, 6

Diagnosis. Trametopsis tasmanica is distinguished from 77 abieticola by resupinate ba-
sidiomata, smaller pores (2—4 per mm) and basidiospores (5.2-6.3 x 1.8-2.2 um), and
by growing on Eucalyptus sp.

Holotype. Australia. Tasmania, Hobart, Mount Wellington, on rotten wood of
Eucalyptus sp., 13 May 2018, Cui 16606 (holotype BJFC 029905).

Etymology. 7asmanica (Lat.): referring to the species collected from Tasmania in
Australia.

Fruiting body. Basidiomata annual, resupinate, not easily separated from the substrate,
withoutodour or taste when fresh, becoming corky to fragile and light in weight upon drying;
up to 5.5 cm long, 2 cm wide, and 7 mm thick at centre. Pore surface cream to pinkish-buff
when fresh, becoming honey-yellow to snuff brown upon drying; pores round to angular,
2—4 per mmy; dissepiments slightly thick, entire to lacerate. Context very thin, corky, cream
to buff, up to 2 mm thick. Tubes concolorous with pore surface, corky, up to 4 mm long.


http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=844098
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Figure 5. Trametopsis tasmanica (Holotype, Cui 16606 and paratype, Cui 16607). Scale bar: 1 cm.

Hyphal structure. Hyphal system monomitic in context, dimitic in trama; generative
hyphae with clamp connections; skeletal hyphae IKI-, CB—; tissues unchanged in KOH.

Context. Generative hyphae hyaline, thin- to slightly thick-walled with a wide lu-
men, occasionally branched, loosely interwoven, 2.7—4 pm in diam.



44 Shun Liu et al. / MycoKeys 90: 31-51 (2022)

Figure 6. Microscopic structures of Trametopsis tasmanica (Holotype, Cui 16606) a Basidiospores
b Basidia c Basidioles d Hyphae from trama e Hyphae from context.
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Tubes. Generative hyphae frequent, hyaline, thin-walled, occasionally branched,
2-3 pm in diam.; skeletal hyphae dominant, hyaline, thick-walled with a wide to
narrow lumen, occasionally branched, more or less straight, interwoven, 2-3.7 um in
diam. Cystidia and cystidioles absent. Basidia clavate, bearing four sterigmata and a
basal clamp connection, 16-19.5 x 3.7-5 um; basidioles dominant, similar to basidia
but smaller.

Spores. Basidiospores cylindrical, hyaline, thin-walled, smooth, IKI-, CB-,
(59)5.2-6.3 x (1.7-)1.8-2.2(-2.4) um, L = 5.84 pm, W = 2.02 um, Q = 2.66-3.13
(n = 60/2).

Type of rot. White rot.

Additional specimen (paratype) examined. Australia. Tasmania, Hobart, Mount
Wellington, on rotten branch of Eucalyptus sp., 13 May 2018, Cui 16607 (BJFC
0299006).

Discussion

In this study, the phylogenetic analyses of 7Zrametopsis and related genera are
inferred from the combined datasets of ITS+nLSU sequences (Fig. 1) and
ITS+nLSU+RPB1+RPB2+TEF1 sequences (Fig. 2). The genera; Raduliporus Spirin
& Zmitr., Resiniporus Zmitr. and Trameropsis grouped together and formed a highly
supported lineage (Figs 1 and 2), which was called the 77ametopsis lineage by Chen et
al. (2021). Morphologically, Raduliporus and Resiniporus differ from Trametopsis by
having a monomitic hyphal system and ellipsoid basidiospores (Chen et al. 2021).
Phylogenetically, 7" abieticola and T. tasmanica clustered with other Trametopsis species
(Figs 1, 2) with high supports (100% MP, 100% ML, 1.00 BPP; Figs 1, 2). The main
morphological characters and ecological habits of species in 7rametopsis are provided in
Table 2. The geographical locations of the Zrametopsis species distributed in the world
are indicated on the map (Fig. 7).

Trametopsis abieticola is distributed in high altitude areas of the Hengduan Moun-
tains (altitude > 3500 m) and grows on Abies sp. In the phylogenetic trees, 7. abieti-
cola is closely related to 7. tasmanica (Figs 1, 2). Morphologically, 7. tasmanica differs
from 77 abieticola in having resupinate basidiomata, smaller pores (2—4 per mm) and
basidiospores (5.2—6.3 x 1.8-2.2 pm), being distributed in Australia and growing on
Eucalyptus sp. Trametopsis cervina can also distributed in high altitude areas of the
Hengduan Mountains (according to our investigations), but 7. cervina differs from
1" abieticola by its smaller pores (2—4 per mm), longer basidiospores (6-9 x 2—3 pum;
Tomsovsky 2008), and usually growing on angiosperm trees. Trametopsis aborigena,
1 brasiliensis and T. abieticola share an annual growth habit, a monomitic hyphal sys-
tem in context, dimitic in trama and clamped generative hyphae; but 7. aborigena dif-
fers from 77 abieticola by having light pale brown to pale yellowish pileal surface with
yellowish red to dark yellowish brown radial veins, smaller pores (1-3 per mm) and ba-
sidiospores (5-7 x 1-2 pm), and being distributed in neotropical regions of Argentina
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Figure 7. The geographical locations of the Trametopsis species distributed in the world.

(Gémez-Montoya et al. 2017); 7. brasiliensis differs from 7. abieticola in having smaller
pores (1-2 per mm) and basidiospores (4.5-5.5 x 1.8-2.2 pm), and being distributed
in neotropical regions of Brazil (Gémez-Montoya et al. 2017).

Trametopsis tasmanica is distributed in Tasmania, Australia and grows on
Eucalyptus sp. Before that, there was no report of Trametopsis in Oceania. Morpho-
logically, 7 tasmanica and T. cervina share similar-sized pores, but 7. cervina differs
from 7. tasmanica by its pileate to effused-reflexed basidiomata, larger basidiospores
(6-9 x 2-3 pm; Tomsovsky 2008). Trametopsis aborigena, 1. brasiliensis and 1. tas-
manica are only distributed in the southern hemisphere and grow on angiosperm trees.
However, T. aborigena differs from 7. tasmanica by having pileate, effused-reflexed
to occasionally resupinate basidiomata, larger basidia (19-22 x 5-6 pm) and basidi-
ospores (57 x 1-2.5 um), and being distributed in neotropical regions of Argentina
(Gémez-Montoya et al. 2017); 7. brasiliensis difters from 7. tasmanica in having pileate
basidiomata, larger pores (1-2 per mm) and distributed in neotropical regions of Brazil
(Gémez-Montoya et al. 2017).

In summary, we performed a taxonomic and phylogenetic study of 77ametopsis.
The concepts and species number of the Trametopsis are updated. So far, five species are
accepted in the Trametopsis around the world. Currently, Trametopsis is characterised by
an annual growth habit, effused-reflexed to pileate or resupinate, solitary or imbricate
basidiomata, pinkish buff to cinnamon or clay-buff, zonate or azonate, glabrous or
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velutinate to strigose pileal surface, cream, pale yellow to greyish brown pore surface
with round to angular, irregular, daedaleoid to irpicoid pores, a monomitic hyphal
system in context, dimitic in trama, clamped generative hyphae, and allantoid to cylin-
drical basidiospores; it grows on different angiosperm and gymnosperm trees, causing
white rot of wood (Tomsovsky 2008; Gémez-Montoya et al. 2017).
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