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Abstract

A new species, Gyrophanopsis changlinii is described and illustrated based on morphological and molecular evidence. This
species is characterized by its white resupinate araneose basidiomata and cylindrical basidiospores (4.5-5.3 x 4.1-4.9 um).
Sequences of the internal transcribed spacer region (ITS) and the large subunit nuclear ribosomal RNA gene (nLSU) from
the studied samples were generated, and phylogenetic analyses were performed using Maximum Likelihood, Bayesian
Inference, and Maximum Parsimony methods. The phylogenetic analyses indicated that the new species, G. changlinii
nested within the genus Gyrophanopsis, sister to three related species: G. japonica, G. polonensis, and G. zealandica.

Key words: Corticioid fungi, Molecular systematics, New taxa, Taxonomy, Yunnan Province

Introduction

Wood-inhabiting fungi are found on living and dead standing trees, decorticated trunks and fallen branches as well as
manufactured wood products, in which these fungi of the cell walls and the components within the living cells secrete
various enzymes that effectively degrade cellulose, hemicellulose and lignin into simple inorganic substances, in
which as an important group of decomposers, thus they play an important role in forest ecosystems (Wei and Dai 2004,
Dai 2011, Deng et al. 2024, Yang et al. 2024, Zhang et al. 2024). Basidiomycota constitutes a major phylum of wood-
inhabiting fungi and is second in number of described species to Ascomycota in the kingdom fungi (Yang et al. 2023,
Andjiereyir et al. 2024, He et al. 2024, Wang et al. 2024a, Zhou et al. 2024a). With the frequent inclusion of data from
DNA sequences and by using both fresh material and cultures, the fungal classification of the kingdom fungi has been
updated continuously (Hibbett et al. 2007, Wu et al. 2022, Zhang et al. 2023a, Zhao et al. 2023, Zhou et al. 2023), and
mycologists recollected more historic taxa and type specimens to accomplish taxonomy and phylogeny in 19 phyla of
Fungi (Wijayawardene et al. 2024). The corticioid fungi are a cosmopolitan group with a rich diversity related to the
high diversity of plants found in boreal, temperate, subtropical, and tropical regions (Gilbertson & Ryvarden 1987,
Bernicchia & Gorjon 2010, Dai et al. 2015, 2021, Zhao et al. 2023).

The genus Gyrophanopsis Jilich (1979: 329) was established by Jiilich (1979) as a monotypic genus, with G.
zealandica (G. Cunn.) Jiilich (1979: 329) designated as the type species. The genus Gyrophanopsis is characterized
by the septocystidia and smooth, slightly thick-walled basidiospores (Jiilich 1979, Maekawa et al. 2023). According
to Index Fungorum (www.indexfungorum.org; accessed January 14, 2025), three species of Gyrophanopsis have been
accepted worldwide.

Another generic name, Hypochnicium J. Erikss. (1958: 100) has treated Gyrophanopsis as a synonym based
on phylogenetic analysis using the ITS region (Paulus er al. 2007). However, more recent research has shown
that Gyrophanopsis formed an independent clade, and was sister to Bulbillomyces Jiilich (1974: 69), rather than
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being positioned within Hypochnicium (Maekawa et al. 2023). Morphologically, the three genera Bulbillomyces,
Gyrophanopsis, and Hypochnicium, share subclavate to suburniform (slightly constricted) basidia, clamped hyphae, and
smooth, thick-walled and cyanophilous basidiospores. However, Bulbillomyces and Gyrophanopsis can be distinguished
from Hypochnicium by forming sclerotia (Aegerita state) and septocystidia (Maekawa et al. 2023). Bulbillomyces
distinguishes from Hypochnicium for its producing sclerotia (Aegerita state) associated with teleomorph (Jiilich 1979,
Stalpers & Buchanan 1991). Gyrophanopsis differs from Hypochnicium by the heavily encrusted septocystidia and
only slightly thick-walled basidiospores (Jiilich 1979, Stalpers & Buchanan 1991, Maekawa et al. 2023). Three species,
viz., G. japonica N. Maek. & Kogi (2023: 28), G. polonensis (Bres.) Stalpers & P.K. Buchanan (1991: 333) and G.
zealandica formed a monophyletic group in Gyrophanopsis (Stalpers & Buchanan 1991). The currently known species
of Gyrophanopsis are rather rare; Gyrophanopsis japonica was described from Japan, G. polonensis (Bres.) Stalpers
& PK. Buchanan (1991) was described from Poland (Stalpers & Buchanan 1991), and G. zealandica occurs in New
Zealand. Thus, the characteristics of its ecological environment still require further expansion.

In the present study, we collected material supposedly belonging to an undescribed species of corticioid fungi from
Yunnan Province, China. Based on ITS and nLSU sequences, we present morphological and molecular phylogenetic
evidence that supports the recognition of a new species within Gyrophanopsis.

Materials and Methods

Sample collections and herbarium specimens’ preparation

The fresh basidiomata growing on fallen angiosperm branches were collected in Dehong, Yunnan Province, China.
The collection information was recorded (Rathnayaka et al. 2024) and taken to the mycology laboratory at Southwest
Forestry University (SWFC). The samples were photographed using a Jianeng 80D camera (Tokyo, Japan), and fresh
macroscopic details were recorded. All the photographs were focus-stacked and merged using Helicon Focus Pro 7.7.5
software. Specimens were dried in an electric food dehydrator at 40 °C (Hu et al. 2022). Once dried, the specimens
were sealed in an envelope and zip-lock plastic bags, labeled (Zhang et al. 2024), and then sealed and stored in an
envelope bag before being deposited in the herbarium of SWFC, Kunming, Yunnan Province, China.

Morphology

The macromorphological descriptions were based on field notes and photos captured in the field and laboratory and
followed the color terminology of Petersen (1996). Micromorphological data were obtained from the dried specimens
following observation under a light microscope (Zhao & Wu 2017). Drawings were made using a fungus plotter
(Zhao et al. 2023). The measurements and drawings were made from slide preparations stained with Cotton Blue (0.1
mg aniline blue dissolved in 60 g pure lactic acid), Melzer’s reagent (3 g potassium iodide, 1 g crystalline iodine,
44 g chloral hydrate, and 40 mL distilled water), and 5% potassium hydroxide. Spore size data, excluding 5% of the
measurements from each end of the range, are shown in parentheses. The following abbreviations were used: KOH =
5% potassium hydroxide water solution, CB+ = cyanophilous, CB = cotton blue, IKI = Melzer’s reagent, IKI— = both
inamyloid and indextrinoid. Q = variation in the L/W ratios between the specimens studied and n = a/b (number of
spores (a) measured from a given number (b) of specimens).

DNA extraction, PCR amplification, sequencing, and phylogenetic analyses

The CTAB rapid plant genome extraction kit-DN14 (Aidlab Biotechnologies Co., Ltd, Beijing, China) was used to
obtain genomic DNA from the dried fungal specimens according to the manufacturer’s instructions (Zhao & Wu
2017). The nuclear ribosomal ITS region was amplified with the ITSS and ITS4 primer pair (White et al. 1990). The
nuclear nLSU region was amplified with the LROR and LR7 primer pair (Vilgalys & Hester 1990, Rehner & Samuels
1994). The PCR procedure for ITS was as follows: initial denaturation at 95 °C for 3 min, followed by 35 cycles at
94 °C for 40 s, 58 °C for 45 s, and 72 °C for 1 min, and a final extension of 72 °C for 10 min. The PCR procedure for
nLSU was as follows: initial denaturation at 94 °C for 1 min, followed by 35 cycles at 94 °C for 30 s, 48 °C for 1 min,
and 72 °C for 1.5 min, and a final extension of 72 °C for 10 min. The PCR products were purified and sequenced at
Kunming Tsingke Biological Technology Limited Company, Yunnan Province, China. All newly generated sequences
were deposited in NCBI GenBank (https://www.ncbi.nlm.nih.gov/genbank) and are listed in Table 1.
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TABLE 1. List of species, specimens, and GenBank accession numbers of sequences used in this study. The new species

are bold.

Species Name Sample No. GenBank Accession No. Locality References
ITS nLSU

Bulbillomyces farinosus NH 9933 (GB) DQ681201  DQ681201  Spain Dong et al. 2024
Gyrophanopsis japonica™ TUMH:61400 * LC663668  LC663688  Japan Maekawa et al. 2023
Gyrophanopsis polonensis NH 11337 (GB) DQ677511  DQ677511  Turkey Larsson 2007
Gyrophanopsis polonensis FCUG 2262 DQ309065 - Turkey Maekawa et al. 2023
Gyrophanopsis polonensis FCUG 2675 DQ309067 - Russia Mackawa et al. 2023
Gyrophanopsis changlinii CLZhao 30151 PQ373196 - China Present study
Gyrophanopsis changlinii CLZhao 30209 PQ373197 - China Present study
Gyrophanopsis changlinii CLZhao 30310 PQ373201 - China Present study
Gyrophanopsis changlinii* CLZhao 30338 * PQ373198 PQ765773 China Present study
Gyrophanopsis changlinii CLZhao 30404 PQ373199 PQ765772 China Present study
Gyrophanopsis changlinii CLZhao 30533 PQ373200 - China Present study
Gyrophanopsis zealandica NH 15340 DQ309068 - New Zealand  Dong et al. 2024
Hypochnicium bombycinum Otto Miettinen 9441 (H) KY415959 KY415959 Finland Dong et al. 2024
Hypochnicium karstenii NH 10924 DQ677510  DQ677510  Sweden Dong et al. 2024
Hypochnicium lundellii 443 AY781277 - Sweden Mackawa et al. 2023
Hypochnicium lyndoniae NL 041031 JX124704  JX124704 UK Dong et al. 2024
Hypochnicium multiforme TUMH 64581 LC663674  LC663693  Japan Mackawa et al. 2023
Hypochnicium sp. WY-DT1 KP980549 - China Mackawa et al. 2023

*Indicates type material (holotype); new sequences are in bold and - represents the data unavailability.

Sequencher 4.6 (GeneCodes, Ann Arbor, MI, USA) was used to assemble and edit the generated sequence
reads. Sequences were aligned in MAFFT 7 (https://mafft.cbrc.jp/alignment/server/) using the “G-INS-I” strategy.
The alignment was adjusted manually using AliView version 1.27 (Larsson 2014). The dataset was first aligned, and
then the sequences of ITS+nLSU were combined using Mesquite version 3.51. The combined ITS+nLSU sequences
were used to infer the position of the new species in the genus Gyrophanopsis and related species. Sequences of
Hypochnicium sp. retrieved from GenBank were used as an outgroup in the combined ITS+nLSU analysis.

Maximum Parsimony (MP), Maximum Likelihood (ML), and Bayesian Inference (BI) analyses were applied
to the combined three datasets. Approaches to phylogenetic analyses followed (Zhao & Wu 2017). MP analysis 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 Tree Bisection and Reconnection (TBR)
branch swapping and 1000 random sequence additions. The maximum number of trees was set to 5,000, branches
of zero length were collapsed, and almost all parsimonious trees were saved. Clade robustness was assessed using
bootstrap (BT) analysis with 1,000 replicates (Felsenstein 1985). Descriptive tree statistics, including tree length (TL),
the consistency index (CI), the retention index (RI), the rescaled consistency index (RC), and the homoplasy index
(HI), were calculated for each most parsimonious tree generated. ML was inferred using RAXML-HPC2 through the
Cipres Science Gateway (www.phylo.org) (Miller et al. 2012). Branch support (BS) for ML analysis was determined
by 1,000 bootstrap replicates and evaluated under the gamma model.

The best evolutionary model for each alignment was estimated using jModel Test (Guindon & Gascuel 2003; Posada
2008) under the Akaike information criterion. MrModeltest 2.3 (Nylander 2004) was used to determine the best-fit
evolution model for the Bayesian Inference (BI) dataset. Bayesian Inference was performed using MrBayes 3.1.2, with
a general time-reversible (GTR+I+G) model of DNA substitution and a gamma distribution of rate variation across sites
(Ronquist & Huelsenbeck 2003). Four Markov chains were run for two independent runs from random starting trees,
each comprising 10 million generations of combined ITS+nLSU sequences (Fig. 1), with trees and parameters sampled
every 100 generations. The first quarter of all the generations was discarded as burn-in. A majority rule consensus tree
of all remaining trees and posterior probabilities was calculated. Branches were considered significantly supported if
they received a Maximum Likelihood bootstrap value (BS) of >70%, a Maximum Parsimony bootstrap value (BT) of
>70%, or Bayesian posterior probabilities (BPP) of >0.95.
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FIGURE 1. Phylogeny of species in Gyrophanopsis and related taxa generated using Maximum Likelihood based on ITS and nLSU
sequence data. Branches are labeled with Maximum Likelihood bootstrap > 70% and Bayesian posterior probabilities > 0.95, respectively.

New species are in bold.

Results

Phylogenetic analyses

The ITS+nLSU dataset included sequences from 18 fungal specimens representing 11 species (Figure 1). The dataset
includes 1,436 characters, all of which are aligned for length. Of these, 1,175 characters are constant, 192 are parsimony-
informative, and 69 are variable and parsimony-uninformative. Maximum parsimony analysis yielded one equally
parsimonious tree (TL =439, CI =0.7244, HI = 0.2756, R1 = 0.8246, RC = 0.5973). Bayesian analysis and ML analysis
yielded a topology similar to that of MP analysis, with the effective sample size (ESS) across the two runs being double
the average ESS (avg ESS) of 3432.5. The phylogram based on ITS+nLSU sequences (Figure 1) shows that the new
taxon clusters within the genus Gyrophanopsis and forms a well-supported lineage within the order Polyporales.

All samples of Gyrophanopsis form a monophyletic clade that exhibits a close relationship with Bulbillomyces and
Hypochnicium. All specimens of Gyrophanopsis form two clades. The six Chinese specimens formed a well-supported
clade, named Gyrophanopsis changlinii, sister to G. japonica. Three Polish specimens occupy another clade, sister to
the Japanese specimens, named G. japonica.

Table 2 gives the BLAST result for the new species, including the closest top 10 taxa and their corresponding
parameters.
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TABLE 2. The BLAST result of the new species for the closest top 10 taxa and their corresponding parameters.

Sequence  Max  Total Query Acc.

Scientific Name Specimens E value Per. Ident. Accession
Number score score  cover len.
Gyrophanopsis changlinii 1219 1219 100% O 100% 660 PQ373196
1199 1199 100% O 99.55% 661  PQ373199
1192 1192 99% 0 99.54% 659  PQ373201
1175 1175 99% 0 99.24% 662  PQ373197
1101 1101 92% 0 99.18% 615  PQ373200
CLZhao 30151 PQ373196
1096 1096  93% 0 98.70% 617 PQ373198

571 571 97%  4e-158  83.51% 618  KJ140731
569 569 86% le-157  85.34% 617  PP982817
566 566 95%  2e-156  83.86% 639  KP980549
558 558 98% 3e-154  82.95% 662  NR_185386
1223 1223 100% O 100.00% 662  PQ373197
1194 1194 99% 0 99.69% 661  PQ373199
1184 1184  99% 0 99.39% 659  PQ373201
1175 1175 98% 0 99.24% 660  PQ373196
1122 1122 93% 0 99.67% 615  PQ373200
1094 1094 93% 0 98.54% 617  PQ373198
582 582 96%  2e-161  83.80% 618  KJ140731
575 575 94% 3e-159  84.13% 639  KP980549
568 568 97% Se-157  83.28% 662  NR_185386
568 568 85% Se-157  85.51% 617  PP982817
1214 1214  100% O 100.00% 659  PQ373201
1197 1197  99% 0 99.69% 661  PQ373199
1192 1192 99% 0 99.54% 660  PQ373196
1184 1184  99% 0 99.39% 662  PQ373197
0
0

CLZhao 30209  PQ373197

1110 1110 93% 99.35% 615  PQ373200
1103 1103 93% 98.86% 617  PQ373198
582 582 96%  2e-161  83.78% 618  KJ140731
577 577 94% 8e-160  84.13% 639  KP980549
569 569 86% le-157  85.34% 617  PP982817
564 564 98% 7e-156  83.00% 662 NR_185386
1122 1122 100% 100.00% 617 PQ373198
1103 1103 99% 98.86% 661  PQ373199
1103 1103 99% 98.86% 659  PQ373201
1096 1096  99% 99.70% 660  PQ373196
1094 1094  99% 98.54% 662  PQ373197
1088 1088  99% 98.53% 615  PQ373200
556 556 92% le-153  84.67% 617  PP982817
545 545 88%  2e-150  85.32% 639  KP980549
544 544 91% 8e-150  84.45% 618  KJ140731

540 540 91% le-148  84.45% 593 KJ140683
...... continued on the next page

CLZhao 30310  PQ373201

CLZhao 30338  PQ373198
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TABLE 2. (Continued)

o . Sequence Max  Total Query Acc. .
Scientific Name Specimens E value Per. Ident. Accession
Number score score  cover len.

1221 1221 100% O 100.00% 661  PQ373199
1199 1199 100% O 99.55% 660  PQ373196
1197 1197 99% 0 99.69% 659  PQ373201
1194 1194  98% 0 99.69% 662  PQ373197
1112 1112 92% 0 99.51% 615  PQ373200
1103 1103 93% 0 98.86% 617  PQ373198
582 582 96%  2e-161  83.80% 618  KJ140731
575 575 94% 3e-159  84.13% 639  KP980549
569 569 98% le-157  83.23% 662  NR_185386
569 569 86% le-157  85.37% 617  PP982817
1133 1133 100% 100.00% 615  PQ373200
1122 1122 100% 99.67% 662  PQ373197
1112 1112 99% 99.51% 661  PQ373199
1110 1110  100% 99.35% 659  PQ373201
1101 1101 99% 99.18% 660  PQ373196
1088 1088  99% 98.53% 617  PQ373198
564 564 91% 6e-156  85.34% 617  PP982817
560 560 88% 8e-155  86.06% 639  KP980549
558 558 90% 3e-154  85.48% 612  HMO008934
556 556 91% le-153  85.13% 618  KJ140731

CLZhao 30404  PQ373199

CLZhao 30553  PQ373200

Taxonomy

Gyrophanopsis changlinii W.Y. Xiao & H.M. Zhou, sp. nov. Figures. 2-3.
MycoBank no.: 856152

Etymology:—Changlinii (Lat.) in honor of the Chinese mycologist, Prof. Changlin Zhao.

Holotype:—CHINA. Yunnan Province, Dehong, Yingjiang County, Tongbiguan Provincial Nature Reserve, GPS
coordinates 23°48'N, 97°38'E, evel. 1500 m a.s.l., on fallen angiosperm branch, leg. C.L. Zhao, 19 July 2023, CLZhao
30338 (SWFC).

Basidiomes:—Annual, resupinate, effused, byssoid, without odor or taste when fresh, up to 8 cm long, 7 cm wide,
and 100 um thick. Hymenophore surface white when fresh, white to slightly buff, flocculent when dry. Sterile margin
narrow, slightly buff, up to 1 mm.

Hyphal system:—Monomitic; generative hyphae with clamp connections, colorless, thin- to thick-walled,
frequently branched, IKI-, CB+, 3-5 pum in diameter; tissues unchanged in KOH. Cystidia clavate to subcylindrical,
smooth, thin- to thick-walled, with 2—3 clamp connections, 9—13 x 4-5 um. Basidia barrel-shaped with a slight median
constriction, colorless, thin-walled, with four sterigmata and a basal clamp connection, 8—15 % 3.5-5 um; basidioles in
shape similar to basidia, but slightly smaller.

Spores:—Basidiospores subglobose to globose, colorless, thick-walled, IKI-, CB+, 4.5-5.3(-5.5) x (4-)4.1-4.9(—
5)pum, L=5pum, W=4.5 um, Q = 1.01-1.08 (n = 180/6).

Additional specimens examined (paratypes):—CHINA. Yunnan Province, Dehong, Yingjiang County, Tongbiguan
Provincial Nature Reserve, GPS coordinates 23°48' N, 97°38' E, evel. 1500 m a.s.l., on fallen angiosperm branch, 19
July 2023, CLZhao 30151, CLZhao 30209, CLZhao 30310, CLZhao 30404, CLZhao 30533 (SWFC).
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FIGURE 2. Gyrophanopsis changlinii (holotype, CLZhao 30338): (A) Basidiomata on the substrate; (B) Macroscopic characteristics of
hymenophore. Bars: (A) =1 cm, (B) =2 mm.
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FIGURE 3. Microscopic structures of Gyrophanopsis changlinii (holotype, CLZhao 30338): (A) Basidiospores; (B) Basidia; (C)
Basidioles; (D) Cystidia; (E) A section of the hymenium. Bars: (A)=5 um, (B-E) = 10 um.

Discussion

The present study describes Gyrophanopsis changlinii as a new species based on phylogenetic analyses and
morphological characteristics.

Previously, three species of Gyrophanopsis were accepted primarily based on morphological examination, and
their confirmation was subsequently supported by phylogenetic analyses (Maekawa et al. 2023). In the present study,
a distinct taxon of Gyrophanopsis is identified in China as G. changlinii, based on morphological and molecular
evidence. The phylogenetic relationship among the three Gyrophanopsis taxa is then analyzed (Figure 1). However,
Gyrophanopsis japonica is distinct from G. changlinii in having cylindrical septocystidia that are heavily covered with
subhyaline crystals and larger basidia (14-20 x 5-5.5 um vs. 8—15 % 3.5-5 pm, Maekawa et al. 2023). Gyrophanopsis
zealandica differs from G. changlinii in its septocystidia, which are covered with a sheath of yellowish-brown
crystalline material, and in its longer basidiospores (5.5—7 pum vs. 4.5-5.3 um; Jilich 1979; Stalpers & Buchanan
1991). Gyrophanopsis polonensis is distinguished from G. changlinii by its longer basidiospores (6.5-8.5 X 4-5 um
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vs. 4.5-5.3 x 4.1-4.9 um, Maekawa et al. 2023). Moreover, a key to the species of Gyrophanopsis known from China
is provided.

Recent advances have been made in studying fungal species diversity (He ef al. 2019; Dai et al. 2021).
Approximately 165,000 species of fungi have been described, accounting for around 7% of an estimated 2.5 million
species (Hawksworth & Liicking 2017, Hyde 2022, Index Fungorum 2025). Additionally, based on fossil evidence,
determining the divergence within Basidiomycota has yielded a robust set of age estimates for higher taxa (He et al.
2019). The discovery of new fungal species has rapidly increased with the development of molecular techniques,
drawing attention to the enormous fungal diversity that exists on earth, and the definition of many genera and families
were revised (Cui et al. 2019, Dai et al. 2021, Wu et al. 2022, Duan et al. 2023, Liu et al. 2023, Mao et al. 2023,
Wang et al. 2023, Yuan et al. 2023a, Yuan et al. 2023b, Zhang et al. 2023b, Zhao et al. 2023, Tian et al. 2024, Wang
et al. 2024b, Zhao et al. 2024, Zhou et al. 2024b), but the generic concept of Gyrophanopsis has not been resolved yet
(Maekawa et al. 2023). Our new contribution to Gyrophanopsis provides new data on the genus.

Key to species of the genus Gyrophanopsis worldwide

la. BasidioSPOTes 1IPSOIA .....c..eeutiuiiietitet ettt b e bt e bt h e bt bt e st e st et et bt bbbt e h e eh e a et e bbb et e bt beebeeneeneens 2
1b. BasidioSPOTES SUDZIODOSE. ......cuviuiiiitiitiettetieie ettt bbbt h e bt e bt e st e st et e bttt b e bt e bt e bt eb e ea et e b e b e eb et e nbe bt ebe et eneens 3
2a. BaSTAIOSPOTES 0.5 LM ...etiiuieiiiieieiteete ettt sttt b sttt et s b e bt e bt eh e eh e eat e st et et et e st e e bt e bt ebees e e st et et enbenbeebeeas G. polonensis
2b. BasidioSpores MEAriNG < 0.5 LM c..c.eiuiiuieieieieteeteeteet ettt ettt ettt b e bt e st es et e b e b e bt ebeebeeateabe st e b et e sbesbesbeebeesteneentens G. zealandica
3a. Septocystidia encrusted with crystalloid Material.........c.ccoiiiiiiiiiiiiii e G. japonica
3b. Septocystidia without subhyaline crystalline MAterial ............coueruiririiiiiiiiieieeeee e G. changlinii
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