
Submitted: 29 November 2023; Accepted: 24 April  2024; Published: 30 May 2024 

*Corresponding Author:  Zhi-Yuan Zhang ï e-mail ï zzymetac16@163.com,  

Yan-Feng Han ï e-mail ï swallow1128@126.com 

Accepted by: Ishara S. Manawasinghe  654 

 

 

 

 

 

Culturable Mycobiota from Guizhou Wildlife Park in China  
 

Zhang ZY1*, Pan H1, Tao G1, Li X 2, Han YF2*, Feng Y3, Tong SQ4 and Ding CY4 

 
1 College of Eco-Environmental Engineering, Guizhou Minzu University, Guiyang 550025, P. R. China 
2 Institute of Fungus Resources, College of Life Sciences, Guizhou University, Guiyang 550025, P. R. China 
3 School of Chinese Ethnic Medicine, Guizhou Minzu University, Guiyang, 550025, P. R. China 
4 College of Life Sciences, Guizhou University, Guiyang 550025, P. R. China 

 

Citation  ï Zhang ZY, Pan H, Tao G, Li X, Han YF, Feng Y, Tong SQ, Ding CY 2024 ï Culturable 

Mycobiota from Guizhou Wildlife Park in China. Mycosphere 15(1), 654ï763,  

Doi 10.5943/mycosphere/15/1/5 

 

Abstract 

Wildlife parks play a positive role in strengthening the publicity and education of wildlife 

protection, rational utilization of wildlife resources, and socio-economic development. Due to 

anthropogenic influences, wildlife parks are characterized by highly heterogeneous environments, 

which inevitably harbor a great diversity of fungal taxa. Few systematic surveys of soil fungal taxa 

in wildlife parks have been reported. We investigated fungal taxa in the soil of Guizhou Wildlife 

Park, China, using culture-dependent methods to enrich the information on fungal diversity in such 

habitats. Preliminary internal transcribed spacer (ITS) analyses showed that 223 taxa were obtained 

in this study. Such taxa belonged to 126 genera, 10 undefined genera, 12 classes, and three phyla. 

This study identifies and describes one new order, one new family, two new genera, 21 new 

species, two new combinations, one new record from China and one asexual morph based on 

morphological and phylogenetic distinctions. Tuberculiformaceae is introduced as a new family, in 

the new order Tuberculiformales with Tuberculiforma as the type genus. In addition, a new genus, 

Paragongromeriza, with Paragongromeriza sinensis as the type species is introduced. Taxonomic 

novelties: New section, Guizhouorum is introduced in Penicillium. The novel species identified in 

this study are Amorocoelophoma sinensis, Aphanoascus guizhouensis, Apiospora olivata, 

Bisifusarium sinense, Idriella longispora, Marquandomyces sinensis, Nigrograna guizhouensis, 

Paragongromeriza sinensis, Parasarocladium sinense, Penicillium guizhouense, Phaeodothis 

sinensis, Pseudogymnoascus wildlifiparkensis, Quasiconcha sinensis, Scolecobasidium 

guizhouense, Scolecobasidium inverellipsoidisporum, Scolecobasidium parahumicola, 

Talaromyces longistipes, Talaromyces parapalmae, Tuberculiforma sinensis, Volutella sinensis, 

Yunnanomyces sexualis. New combinations, Keithomyces echinosporus and Tuberculiforma 

catenatus. New record in China, Scolecobasidium longiphorum and the asexual morph of Nemania 

rubi are given as the first reports. This work further demonstrated that wildlife park encompasses a 

high fungal diversity, including many previously unknown species which enhances our 

comprehension of soil fungal diversity within urban environments. 

 

Keywords ï Ascomycota ï new taxa ï Paragongromeriza ï soil fungi ï Tuberculiforma ï 

Tuberculiformaceae ï Tuberculiformales 

 

INTRODUCTION  

Fungi represent one of the most diverse groups of organisms on the planet and play an 

essential role in ecosystem processes and functioning (Hyde 2022, Niego et al. 2023). Such high 
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fungal diversity is partly because many are cosmopolitan, with a wider geographical distribution 

than plants and other organisms (Hernández-Restrepo et al. 2017). Additionally, many habitats and 

substrates remain unexplored as far as fungi are concerned and might support many undescribed 

species (Hernández-Restrepo et al. 2017). The number of fungi has always been intriguing (Hyde 

2022). In recent years, new DNA sequencing technologies have revolutionized studies of fungal 

taxonomy and diversity, leading to changes in the estimates of fungal species numbers ranging 

from 2.2 to 3.8 based on host association (Hawksworth & Lücking 2017) and 11.7 to 13.2 million 

species using culture-independent methods such as metabarcoding and metagenomics (Cheek et al. 

2020, Hawksworth & Lücking 2017, Nilsson et al. 2019, Peay et al. 2016, Tedersoo et al. 2014). 

These studies highlight the gap between the formally described fungal taxa and the estimated 

diversity, suggesting that only 5%ï10% of all fungal species have been described (James et al. 

2020). As far as fungal taxonomy, pure culture methods are still fundamental. Pure cultures of 

fungi make studying many aspects of their biology possible, which will help us understand their 

function in natural ecosystems. More importantly, cultures are valuable for linking sexual and 

asexual morphs and understanding functional guilds and can be preserved as isolates (as dry and 

living) in reference collections (Yasanthika et al. 2022). Unfortunately, to date, many fungal taxa 

do not have pure cultures. Researchers have worked hard on this and have developed many new 

fungi isolation methods. For example, Yasanthika et al. (2022) systematically reviewed various 

methods for isolating fungi from soil, such as baiting and dilution plate methods. 

Numerous studies have shown that fungi are found in marine, cave, forest, volcanic, 

mountain, desert, freshwater aquatic systems, lake, grassland, and indoor environments (Hyde et al. 

2022). However, the composition of fungi in environments closely related to human life and health 

(e.g., in hospitals, campuses, and wildlife parks) has not received enough attention. Guizhou 

Wildlife Park is located within the Lengshuigou sub-field of the Zhazuo Forestry Farm of Guizhou 

Province in Zhazuo Town, Xiwen County, Guiyang City, covering an area of about 5,000 acres. 

This is a part animals and forest landscape display viewing as the main line. In addition, in Guizhou 

Wildlife Park wildlife relocation, protection, popularization of science education, breeding and 

scientific research, is for the public to provide excursions and sightseeing, rest, and recreation of 

the comprehensive wildlife park. There are 536 wild animal species in Guizhou Wildlife Park, 

many of which are under national protection. In addition, the topography of the park is changeable, 

with gentle slopes, mountain cols, broad valleys, mountain peaks, stone forests, karst caves, and 

other karst landforms, and the soil heterogeneity is exceptionally high. The fungal diversity and 

resources in wildlife parks are of great significance. Therefore, the purposes of this study were as 

follows: (1) To investigate the diversity and composition of soil fungi in wildlife park. (2) To 

provide the description and illustration of the new fungal taxa. 

 

MATERIALS AND METHODS  

 

Sample collection and Fungal isolation 

Soil samples were collected from the green belts of Guizhou Wildlife Park in southwest 

China on July 17, 2022. Samples were collected 3ï10 cm below the soil surface, placed in Ziploc 

plastic bags preserved at 4 °C, brought back to the laboratory, and processed immediately. Three 

different modified media were used to maximize the number of fungi isolated: Martinôs medium 

(KH2PO4 1 g/L, MgSO4 0.5 g/L, peptone 5 g/L, glucose 2 g/L, agar 20 g/L, 1% Bengal red aqueous 

solution 3.3 mL/L), Sabouraudôs dextrose agar (SDA; peptone 10 g/L, dextrose 40 g/L, agar 20 g/L, 

1% Bengal red aqueous solution 3.3 mL/L), and Sabouraudôs dextrose agar yeast extract (SDAY; 

peptone 10 g/L, dextrose 40 g/L, agar 20 g/L, yeast extract 2 g/L, 1% Bengal red aqueous solution 

3.3 mL/L). 

Fungi were isolated following the dilution plate method (Zhang et al. 2023a). A total of 2 g of 

each collected sample was suspended in 20 ml of sterile water in a 50 ml sterile conical flask. The 

conical flasks were thoroughly shaken using a Vortex vibration meter. The suspension was then 

diluted to a concentration of 10-4. Then, 1 ml of the diluted sample was transferred to a sterile Petri 
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dish, and Martinôs medium, SDA, SDAY containing 50 mg/L penicillin and 50 mg/L streptomycin, 

was added and mixed. Three replicates of each medium. The plates were incubated at 25 °C for 1ï2 

weeks, and single colonies were selected from the plates and inoculated into new potato dextrose 

agar (PDA, potato 200 g/L, dextrose 20 g/L, agar 20 g/L) plates. 

Additionally, according to the description of Li et al. (2022), the soil was treated with the 

baiting technique, followed by the isolation of fungi to obtain more taxa. Brieþy, clean and sterile 

chicken feathers were placed in a sterile petri dish after adding the soil sample, wetted with distilled 

water, and incubated at room temperature for one month (Zhang et al. 2021a). Then, the strains 

were isolated using the same methods and media described above. 

 

DNA extraction, PCR amplification and sequencing 

Total genomic DNA was extracted from fungal mycelia using a 5% chelex-100 solution. The 

internal transcribed spacer (ITS) sequences of all isolates were amplified and sequenced. According 

to Zhang et al. (2021b), the isolates whose ITS sequences are less than 97% similar to the closest 

strain were recognized as potential new species, and more of their loci were amplified for 

phylogenetic analysis. However, different loci are often required in the phylogenetic analysis of 

different taxa, so this study also amplified different loci for different taxa, as shown in Table 1. The 

amplification reactions were performed in 25 ɛl final volumes consisting of a 2 ɛl DNA template 

(10 ng/ɛl), 1 Õl forward primer (10 ɛM), 1 ɛl reverse primer (10 ɛM), 12.5 ɛl 2 Ĭ SanTaq PCR 

Master Mix (containing Taq polymerase, dNTP, and Mg2+; Sangon Biotech Co., Ltd, Shanghai, 

China), and 8.5 ɛl sterile water (Zhang et al. 2023a). The PCR was run using a T100 thermal cycler 

(Bio-Rad, California, USA), and the resulting amplified PCR products were sequenced in both 

directions using PCR primers. The PCR products were visualized on a 1% agarose gel stained with 

ethidium bromide, and the positive PCR products were then sent for sequencing to Sangon Biotech 

(Shanghai, China). All new sequences generated were deposited to GenBank (Table 2). 

 

Morphological observation 

Fungi cultures were cultivated on fresh malt extract agar (MEA), oatmeal agar (OA), potato 

dextrose agar (PDA), and synthetic nutrient-poor agar (SNA) and incubated at 25 °C in the dark for 

3ï5 weeks. Colony diameter and characteristics were measured after 14 days of incubation.  

The cultures were observed micro morphologically after they produced reproductive structures.  

The characterization and measurement of fungal microscopic characteristics were performed in 

25% clear lactic acid. The observations were performed with an OLYMPUS BX53 compound 

microscope with differential interference contrast (DIC) optics. Photomicrographs and 

measurements were taken with an OLYMPUS DP73 high-definition color digital camera using 

cellSens v.1.18. 

Descriptions of novelties and taxonomic recombination were deposited in MycoBank and 

Facesoffungi, and the type strains for the novel taxa represented by living cultures were deposited 

at the China General Microbiological Culture Collection Center (CGMCC), China. Additionally, 

type collections (dried at 50 °C) and all living cultures of the novel taxa were deposited in the 

College of Eco-Environmental Engineering, Guizhou Minzu University, China. 

 

Phylogenetic analyses 

DNASTAR Lasergene SeqMan Pro v. 7.1.0 (44.1) was used to edit ambiguous bases at both 

ends of the raw forward and reverse reads and to assemble them. The collation of sequences 

(including name simplification and renaming) was performed using TBtools software (Chen et al. 

2020). Sequence alignments were generated with MAFFT v. 7 using the default settings (Katoh & 

Standley 2013) and manually edited in MEGA v. 7.0.21 (Kumar et al. 2015). The ñConcatenate 

Sequenceò function in PhyloSuite v.1.2.3 (Xiang et al. 2023) was used to concatenate the loci. 

The maximum likelihood (ML) and Bayesian inference (BI) methods were used for 

phylogenetic inferences of each concatenated alignment. The best substitution evolution model for 

each data partition was estimated using ModelFinder v2.2.0 (Kalyaanamoorthy et al. 2017) in 
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PhyloSuite v.1.2.3 (Xiang et al. 2023) before the ML and BI analyses. ML analyses were 

performed using IQ-TREE v2.2.0 (Nguyen et al. 2015) with ultrafast bootstrapping (UFBoot2; 

Hoang et al. 2018) in PhyloSuite v.1.2.3 (Xiang et al. 2023). Bayesian analyses were performed 

using MrBayes v. 3.2.6 (Ronquist et al. 2012). Markov chain Monte Carlo sampling (MCMC) 

analyses of four chains were started in parallel using a random tree topology. Four simultaneous 

Markov chains were run for 10 M generations. Trees were sampled every 1,000 generations or until 

the run was stopped automatically when the average standard deviation of split frequencies fell 

below 0.01. The first 25% of the trees were discarded as the burn-in phase of each analysis, and the 

remaining trees were used to calculate the posterior probabilities (PP). The resulting trees were 

plotted using FigTree v. 1.4.2 (http://tree.bio.ed.ac.uk/ software/figtree) and edited using Microsoft 

Paint. Alignments derived from this study were uploaded to Figshare  

(Doi: 10.6084/m9.figshare.24495265). 

 

RESULTS 

Ten samples were collected from Guizhou Wildlife Park, and 223 fungal taxa were isolated 

(Supplementary Table 1). By conducting a BLASTn search in GenBank using the ITS sequences, 

in conjunction with assessments of morphology and phylogeny, it was determined that these taxa 

were belonged to 126 genera, 10 undefined genera, 12 classes, and three phyla (Supplementary 

Table 1). 

 

 
 

Figure 1 ï Venn diagram of fungal taxa numbers obtained from different treatments and mediums 

in this study. a) Venn diagrams showing shared and unique taxa numbers in untreated soils, WZA, 

WZB, and WZC indicate taxa obtained from untreated soils using Martinôs, SDA, and SDAY 

medium, respectively. b) Venn diagrams showing shared and unique taxa numbers in feather 

treatment soils, WZBA, WZBB, and WZCB indicate taxa obtained from untreated soils using 

Martinôs, SDA, and SDAY medium, respectively. 
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Table 1 Details of genes/loci with PCR primers used in different taxa. 

 

Genera name Genes/loci Primers References 

Amorocoelophoma, Aphanoascus, 

Nigrograna, Parasarocladium, Quasiconcha, 

Tuberculiforma, Volutella 

SSU NS1/NS4 White et al. (1990) 

ITS ITS1/ITS4 White et al. (1990) 

LSU LR0R/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000) 

EF1A EF1-983F/EF1-2218R Rehner & Buckley (2005) 

RPB2 RPB2-5f/RPB2-7cR Liu et al. (1999) 

TUB Bt-2a/Bt-2b Glass & Donaldson (1995) 

Apiospora, Scolecobasidium, Yunnanomyces SSU NS1/NS4 White et al. (1990) 

ITS ITS1/ITS4 White et al. (1990) 

LSU LR0R/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000) 

EF1A EF1-728F/EF2 Carbone & Kohn (1999), OôDonnell et al. (1998) 

RPB2 RPB2-5f/RPB2-7cR Liu et al. (1999) 

TUB Bt-2a/Bt-2b Glass & Donaldson (1995) 

Bisifusarium SSU NS1/NS4 White et al. (1990) 

ITS ITS1/ITS4 White et al. (1990) 

LSU LR0R/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000) 

EF1A EF1/EF2 OôDonnell et al. (1998) 

RPB2 RPB2-5f/RPB2-7cR Liu et al. (1999) 

TUB Bt-2a/Bt-2b Glass & Donaldson (1995) 

Idriella SSU NS1/NS4 White et al. (1990) 

ITS ITS1/ITS4 White et al. (1990) 

LSU LR0R/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000) 

EF1A EF1-983F/EF1-2218R Rehner & Buckley (2005) 

RPB2 RPB2-5f/RPB2-7cR Liu et al. (1999) 

TUB Btub526F/Btub1332R Jewell & Hsiang (2013) 

Keithomyces, Marquandomyces, 

Phaeodothis 

SSU NS1/NS4 White et al. (1990) 

ITS ITS1/ITS4 White et al. (1990) 

LSU LR0R/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000) 

EF1A EF1-983F/EF1-2218R Rehner & Buckley (2005) 

RPB2 RPB2-5f/RPB2-7cR Liu et al. (1999) 

Nemania SSU NS1/NS4 White et al. (1990) 

ITS ITS1/ITS4 White et al. (1990) 
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Table 1 Continued. 

 

Genera name Genes/loci Primers References 

 LSU LR0R/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000) 

 RPB2 RPB2-5f/RPB2-7cR Liu et al. (1999) 

 TUB Bt-2a/Bt-2b Glass & Donaldson (1995) 

Paragongromeriza SSU NS1/NS4 White et al. (1990) 

 ITS ITS4/ITS5 White et al. (1990) 

 LSU LR0R/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000) 

 EF1A EF1-983F/EF1-2218R Rehner & Buckley (2005) 

RPB2 RPB2-5f/RPB2-7cR Liu et al. (1999) 

TUB Bt-T1/Bt-2b OôDonnell & Cigelnik (1997), Glass & Donaldson 

(1995) 

Penicillium, Talaromyces SSU NS1/NS4 White et al. (1990) 

ITS ITS1/ITS4 White et al. (1990) 

LSU LR0R/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000) 

EF1A EF1-983F/EF1-2218R Rehner & Buckley (2005) 

RPB2 RPB2-5f/RPB2-7cR Liu et al. (1999) 

TUB Bt-2a/Bt-2b Glass & Donaldson (1995) 

CaM CF1d/CF4 Peterson (2004) 

Pseudogymnoascus ITS ITS1/ITS4 White et al. (1990) 

LSU LR0R/LR7 Vilgalys & Hester (1990), Moncalvo et al. (2000) 

EF1A EF1-983F/EF1-2218R Rehner & Buckley (2005) 

MCM7 Mcm7-709f/Mcm7-1348r Schmitt et al. (2009) 

 

Table 2 Isolates and sequence accession numbers of new taxa in this study. 
 

Species Isolates GenBank accession numbers 

SSU ITS LSU RPB2 EF1A TUB CaM McM7 

Quasiconcha sinensis CGMCC 3.25498 = 

ZY22.011 T 

OR680859 OR680490 OR680557 OR842907 OR865892 OR843197   

Quasiconcha sinensis ZY22.012 OR680860 OR680491 OR680558 OR842908 OR865893 OR843198   

Quasiconcha sinensis ZY22.013 OR680861 OR680492 OR680559 OR842909 OR865894 OR843199   

Amorocoelophoma sinensis CGMCC 3.25499 = 

ZY22.014 T 

OR680862 OR680493 OR680560 OR842910 OR858892 OR843200  
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Table 2 Continued. 

 
Species Isolates GenBank accession numbers 

SSU ITS LSU RPB2 EF1A TUB CaM McM7 

Amorocoelophoma  

sinensis 

ZY22.015 OR680863 OR680494 OR680561 OR842911 OR858893 OR843201   

Amorocoelophoma  

sinensis 

ZY22.016 OR680864 OR680495 OR680562 OR842912 OR858894 OR843202   

Phaeodothis sinensis CGMCC 3.25500 = 

ZY22.017 T 

OR680865 OR680496 OR680563 OR842913 OR858895    

Phaeodothis sinensis ZY22.018 OR680866 OR680497 OR680564 OR842914 OR858896    

Nigrograna guizhouensis CGMCC 3.25501 = 

ZY22.019 T 

OR680867 OR680498 OR680565 OR842915 OR858897 OR843203   

Nigrograna guizhouensis ZY22.020 OR680868 OR680499 OR680566 OR842916 OR858898 OR843204   

Nigrograna guizhouensis ZY22.021 OR680869 OR680500 OR680567 OR842917 OR858899 OR843205   

Scolecobasidium 

guizhouense 

CGMCC 3.25502 = 

ZY22.022 T 

OR680870 OR680501 OR680568 OR842918 OR858900 OR843206   

Scolecobasidium 

guizhouense 

ZY22.023 OR680871 OR680502 OR680569 OR842919 OR858901 OR843207   

Scolecobasidium 

guizhouense 

ZY22.024 OR680872 OR680503 OR680570 OR842920 OR858902 OR843208  
 

Scolecobasidium 

parahumicola 

CGMCC 3.25503 = 

ZY22.025 T 

OR680873 OR680504 OR680571 OR842921 OR858903 OR843209  
 

Scolecobasidium 

parahumicola 

ZY22.026 OR680874 OR680505 OR680572 OR842922 OR858904 OR843210  
 

Scolecobasidium 

inverellipsoidisporum 

CGMCC 3.25504 = 

ZY22.027 T 

OR680875 OR680506 OR680573 OR842923 OR858905 OR843211  
 

Scolecobasidium 

inverellipsoidisporum 

ZY22.028 OR680876 OR680507 OR680574 OR842924 OR858906 OR843212  
 

Scolecobasidium 

inverellipsoidisporum 

ZY22.029 OR680877 OR680508 OR680575 OR842925 OR858907 OR843213  
 

Scolecobasidium 

inverellipsoidisporum 

ZY22.030 OR680878 OR680509 OR680576 OR842926 OR858908 OR843214  
 

Scolecobasidium 

tshawytschae 

CGMCC 3.25506 = 

ZY22.031 

OR680879 OR680510 OR680577 OR842927 OR858909 OR843215  
 

Scolecobasidium 

longiphorum 

CGMCC 3.25505 = 

ZY22.032 

OR680880 OR680511 OR680578 OR842928 OR858910 OR843216  
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Table 2 Continued. 

 
Species Isolates GenBank accession numbers 

SSU ITS LSU RPB2 EF1A TUB CaM McM7 

Yunnanomyces sexualis CGMCC 3.25507 = 

ZY22.033 T 

 OR680512 OR680579 OR842929 OR858911 OR843217   

Yunnanomyces sexualis ZY22.034  OR680513 OR680580 OR842930 OR858912 OR843218   

Penicillium guizhouense CGMCC 3.25508 = 

ZY22.035 T 

OR680881 OR680514 OR680581 OR842931 OR858913 OR843219 OR828450  

Penicillium guizhouense ZY22.036 OR680882 OR680515 OR680582 OR842932 OR858914 OR843220 OR828451  

Penicillium guizhouense ZY22.037 OR680883 OR680516 OR680583 OR842933 OR858915 OR843221 OR828452  

Penicillium guizhouense ZY22.038 OR680884 OR680517 OR680584 OR842934 OR858916 OR843222 OR828453  

Talaromyces longistipes CGMCC 3.25509 = 

ZY22.039 T 

OR680885 OR680518 OR680585 OR842935 OR865895 OR843223 OR828454  

Talaromyces  

longistipes 

ZY22.040 OR680886 OR680519 OR680586 OR842936 OR865896 OR843224 OR828455  

Talaromyces parapalmae CGMCC 3.25510 = 

ZY22.041 T 

 OR680520 OR680587 OR842937 OR865897 OR843225 OR828456  

Talaromyces parapalmae ZY22.042  OR680521 OR680588 OR842938 OR865898 OR843226 OR828457  

Talaromyces parapalmae ZY22.043  OR680522 OR680589 OR842939 OR865899 OR843227 OR828458  

Aphanoascus guizhouensis CGMCC 3.25511 = 

ZY22.044 T 

OR680887 OR680523 OR680590 OR842940 OR858917 OR843228   

Aphanoascus guizhouensis ZY22.045 OR680888 OR680524 OR680591 OR842941 OR858918 OR843229   

Tuberculiforma sinensis CGMCC 3.25512 = 

ZY22.046 T 

OR680889 OR680525 OR680592 OR842942 OR858919 OR843230   

Tuberculiforma sinensis ZY22.047 OR680890 OR680526 OR680593 OR842943 OR858920 OR843231  
 

Tuberculiforma sinensis ZY22.048 OR680891 OR680527 OR680594 OR842944 OR858921 OR843232  
 

Tuberculiforma sinensis ZY22.049 OR680892 OR680528 OR680595 OR842945 OR858922 OR843233  
 

Pseudogymnoascus 

wildlifiparkensis 

CGMCC 3.25513 = 

ZY22.050 T 

 
OR680529 OR680596 

 
OR858923   OR820946 

Pseudogymnoascus 

wildlifiparkensis 

ZY22.051 
 

OR680530 OR680597 
 

OR858924   OR820947 

Apiospora olivata CGMCC 3.25514 = 

ZY22.052 T 

OR680893 OR680531 OR680598 OR842946 OR858925 OR843234  
 

Apiospora olivata ZY22.053 OR680894 OR680532 OR680599 OR842947 OR858926 OR843235  
 

Apiospora olivata ZY22.054 OR680895 OR680533 OR680600 OR842948 OR858927 OR843236  
 

Apiospora olivata ZY22.055 OR680896 OR680534 OR680601 OR842949 OR858928 OR843237  
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Table 2 Continued. 

 
Species Isolates GenBank accession numbers 

SSU ITS LSU RPB2 EF1A TUB CaM McM7 

Paragongromeriza sinensis CGMCC 3.25515 = 

ZY22.056 T 

OR680897 OR680535 OR680602 OR842950 OR858929 OR843238  
 

Paragongromeriza sinensis ZY22.057 OR680898 OR680536 OR680603 OR842951 OR858930 OR843239  
 

Paragongromeriza sinensis ZY22.058 OR680899 OR680537 OR680604 OR842952 OR858931 OR843240  
 

Paragongromeriza sinensis ZY22.059 OR680900 OR680538 OR680605 OR842953 OR858932 OR843241  
 

Paragongromeriza sinensis ZY22.060 OR680901 OR680539 OR680606 OR842954 OR858933 OR843242  
 

Marquandomyces 

marquandii 

CGMCC 3.25516 = 

ZY22.061 

OR680902 OR680540 OR680607 OR842955 OR858934   
 

Marquandomyces 

marquandii 

ZY22.062 OR680903 OR680541 OR680608 OR842956 OR858935   
 

Keithomyces echinosporus CGMCC 3.25517 = 

ZY22.063 

OR680904 OR680542 OR680609 OR842957 OR858936   
 

Marquandomyces sinensis CGMCC 3.25518 = 

ZY22.064 T 

OR680905 OR680543 OR680610 OR842958 OR858937   
 

Marquandomyces sinensis ZY22.065 OR680906 OR680544 OR680611 OR842959 OR858938   
 

Bisifusarium sinense CGMCC 3.25519 = 

ZY22.066 T 

OR680907 OR680545 OR680612 OR842960 OR858939 OR843243  
 

Bisifusarium sinense ZY22.067 OR680908 OR680546 OR680613 OR842961 OR858940 OR843244  
 

Bisifusarium sinense ZY22.068 OR680909 OR680547 OR680614 OR842962 OR858941 OR843245  
 

Volutella sinensis CGMCC 3.25520 = 

ZY22.069 T 

OR680910 OR680548 OR680615 OR842963 OR858942 OR843246  
 

Volutella sinensis ZY22.070 OR680911 OR680549 OR680616 OR842964 OR858943 OR843247  
 

Parasarocladium sinense CGMCC 3.25521 = 

ZY22.071 T 

OR680912 OR680550 OR680617 OR842965 OR865900 OR843248  
 

Parasarocladium sinense ZY22.072 OR680913 OR680551 OR680618 OR842966 OR865901 OR843249  
 

Idriella longispora CGMCC 3.25522 = 

ZY22.073 T 

OR755847 OR680552 OR680619 OR842967 OR858944 OR843250  
 

Idriella longispora ZY22.074 OR755848 OR680553 OR680620 OR842968 OR858945 OR843251  
 

Idriella longispora ZY22.075 OR755849 OR680554 OR680621 OR842969 OR858946 OR843252  
 

Nemania rubi CGMCC 3.25523 = 

ZY22.076 

OR680914 OR680555 OR680622 OR842970 
 

OR843253  
 

Nemania rubi ZY22.077 OR680915 OR680556 OR680623 OR842971 
 

OR843254  
 

Ex-type strains are indicated with T. 
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A total of 163 taxa were isolated from the untreated soil samples, and they belonged to 99 

genera, 12 classes, three phyla, one undefined genus in Lecanoromycete, three undefined genera in 

Sordariomycetes, and four undefined genera in Fungi (Supplementary Table 1). A total of 78 taxa 

were obtained from the feather-enriched soil, and they belonged to 52 genera, seven classes, three 

phyla, and one undefined genus in fungi (Supplementary Table 1). Significantly more of the former 

than the latter, showing that baits function as environmental stressors that specifically enrich 

holobionts with specific functions (Yasanthika et al. 2022) but reduce the diversity of many taxa 

with a wide range of nutrient sources, and thus the composition of the fungal communities in the 

samples. 

A comparison of the isolation effects of different mediums revealed no significant difference 

in the number of fungal taxa isolated using the three mediums (Martinôs medium, SDA, SDAY), 

both from untreated soil and from feather-enriched treated soil. Still, some endemic taxa were 

isolated using each medium (Fig. 1). There are vast treasures of fungi in the natural environment 

that have not been purely cultured or formally described. Different tools (media with different 

compositions) can lead to more fruitful digging. 

 

Taxonomy 

In this study, each novel taxon was treated using the latest and most comprehensive 

publications of that particular taxa. Based on morphological and phylogenetic distinctions, this 

study identifies and describes 21 new species, two new combinations, one new record from China, 

and adds the asexual morph of the known species, Nemania rubi. 

 

 
 

Figure 2 ï Phylogram generated from maximum likelihood analysis based on combined SSU, ITS, 

LSU, RPB2, and EF1A sequence data. Estimated base frequencies were as follows; A = 0.256, C = 

0.228, G = 0.264, T = 0.252; substitution rates AC = 1.14377, AG = 6.57495, AT = 3.94689, CG = 

1.12724, CT = 13.85930, GT = 1.00000; gamma distribution shape parameter Ŭ = 0.335. The tree 

topology of ML analysis is similar to BI analysis. Bootstrap support values for MLBS Ó 70% and 

BYPP Ó 0.7 are defined as BS/PP above the nodes. Hyphens (-) represent support values less than 

70% in ML and 0.7 in BI. Newly generated sequences are in blue and ñTò indicates type strain. 
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Phylum Ascomycota Caval.-Sm. 

Class Dothideomycetes O.E. Erikss. & Winka. 

Mytilinidiales E. Boehm, C.L. Schoch & Spatafora 

Mytilinidiaceae Kirschst. 

Quasiconcha M.E. Barr & M. Blackw. 

Based on the dataset combined SSU, ITS, LSU, RPB2, and EF1A sequences, the phylogeny 

of Quasiconcha sinensis and its related taxa were studied. Glonium circumserpens (CBS 123343) 

and G. stellatum (CBS 207.34) were used as the outgroup for the phylogenetic analysis. The 

concatenated sequences included 21 taxa and consisted of 4,018 nucleotides (SSU, 829 bp; ITS, 

638 bp; LSU, 809 bp; RPB2, 815 bp; and EF1A, 927 bp) with inserted gaps. The phylogenetic trees 

showed that three new isolates, CGMCC 3.25498, ZY 22.012, and ZY 22.013 clustered into a 

single clade with a high support value (92% BS support [BS]/0.99 posterior probability [PP]). In 

addition, Q. sinensis and Q. reticulata clustered with moderate support value (78/0.86) (Fig. 2). 

 

 
 

Figure 3 ï Quasiconcha sinensis (CGMCC 3.25498). aïd Upper and reverse views of cultures on 

PDA, MEA, SNA, and OA 14 d after inoculation. eïh, j Asci. i Ascospores. k Conidia. Scale bars: 

eïk = 10 µm. 

 

Quasiconcha sinensis Zhi Y. Zhang & Y. F. Han, sp. nov. Fig. 3 

MycoBank number: MB850364; Facesoffungi number: FoF15073 

Etymology ï Named after the location China, where the holotype was collected. 

Holotype ï ZY H-22.011 

Description ï Hyphae branched, septate, hyaline, smooth, 1ï3 ɛm diam. Sexual morph 

Ascomata rare, superficial, black. Asci 14ï16.5 × 11.5ï12.5 µm (av. 15.3 × 11.9 µm, n = 30), 8-

spored, obovate, pyriform to subglobose, abundant, thin-walled at maturity; paraphyses not seen. 

Ascospores 8.5ï10.5 × 4.5ï6 µm (av. 9.6 × 5.2 µm, n = 30), brown, broadly ellipsoid, symmetric, 

one septate, slightly constricted at septum; coarsely reticulate in surface view, in side view tips of 
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ridges protruding as low echinulations, surrounded by a delicate outer layer when immature; 

uniseriate, straight, oblique or transverse in the ascus. Asexual morph conidiophores simple or 

absent, cylindrical, smooth, hyaline. Conidiogenous cells solitary on aerial hyphae, cylindrical to 

ampulliform, straight or slightly curved, smooth, hyaline. Conidia irregularly chained, subglobose 

to globose, hemispherical, pyriform, oval, or irregular, smooth, hyaline, 4ï8 × 4.5ï7 µm (av. 6.1 × 

5.7 µm, n = 30). 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 8ï10 mm, fluffy, light lvory, aerial 

mycelium dense, elliptical, margin regular; reverse light lvory to ochre yellow from centre to 

margin. Colony on MEA 7ï9 mm, fluffy, pure white, aerial mycelium dense, elliptical, margin 

regular; reverse mouse grey. Colony on SNA 4ï6 mm, flocculent, olive grey to pure white from 

centre to margin; reverse olive grey to pure white from centre to margin. Colony on OA 10ï12 mm, 

aerial mycelia sparse, grey white; reverse olive grey to pure white from centre to margin. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.011), ex-type CGMCC 3.25498 = ZY 22.011; ibid. ZY 

22.012 and ZY 22.013. 

Notes ï In the phylogenetic analyses (Fig. 2), Quasiconcha sinensis formed a distinct clade 

and separated from Q. reticulata and Halokirschsteiniothelia maritima. Although Q. sinensis had a 

similar morphology to Q. reticulata, they can be distinguished by their asci and ascospore size (14ï

16.5 × 11.5ï12.5 ɛm and 8.5ï10.5 × 4.5ï6 ɛm in Q. sinensis; 45ï55 × 6ï7.5 ɛm and 6ï8 × 5ï5.5 

ɛm in Q. reticulata) (Barr 1980). Quasiconcha sinensis produces an asexual morph, which is not 

observed in Q. reticulata (Barr 1980). As of now, Q. reticulata is known to have only one strain, 

EB QR, which lacks sequence data for SSU, ITS, RPB2, and EF1A. Although the LSU sequences 

of CGMCC 3.25498 (type strain of Q. sinensis) and EB QR (strain of Q. reticulata) exhibit high 

similarity (99.7%, two base pairs (bp) differences in 711 bp), the similarity of their SSU, ITS, 

RPB2, and EF1A sequences remains unknown. Furthermore, Q. reticulata was found on undigested 

seeds of Juniperus virginiana excreted in the dung of Bassariscus astutus (Barr 1980), while  

Q. sinensis was isolated from soil. Therefore, we identified our isolates as Q. sinensis and 

illustrated it, representing a new species. 

 

 
 

Figure 4 ï Phylogram generated from maximum likelihood analysis based on combined SSU, ITS, 

LSU, and EF1A sequence data. Estimated base frequencies were as follows; A = 0.243, C = 0.246, 
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G = 0.270, T = 0.241; substitution rates AC = 0.94803, AG = 2.10070, AT = 1.67042, CG = 

0.77655, CT = 9.62980, GT = 1.00000; gamma distribution shape parameter Ŭ = 0.279. The tree 

topology of ML analysis is similar to BI analysis. Bootstrap support values for MLBS Ó 70% and 

BYPP Ó 0.7 are defined as BS/PP above the nodes. Hyphens (-) represent support values less than 

70% in ML and 0.7 in BI. Newly generated sequences are in blue and ñTò indicates type strain. 

 

Pleosporales Luttr. ex M.E. Barr 

Amorosiaceae Thambug. & K.D. Hyde 

Amorocoelophoma Jayasiri, E.B.G. Jones & K.D. Hyde 

Based on the dataset combined SSU, ITS, LSU, and EF1A sequences, the phylogeny of 

Amorocoelophoma sinensis and its related taxa were studied. Flabellascoma cycadicola (CBS 

143644) and F. aquaticum (KUMCC 15-0258) were used as the outgroup for the phylogenetic 

analysis. The concatenated sequences included 23 taxa and consisted of 2,914 nucleotides (SSU, 

862 bp; ITS, 503 bp; LSU, 823 bp; and EF1A, 726 bp) with inserted gaps. The phylogenetic trees 

showed that genera of Amorosiaceae clustered into a group with a high support value (100/1, Fig. 

4). The new isolates, CGMCC 3.25499, ZY 22.015, and ZY 22.016 clustered into a single clade 

with a high support value (100/1) and close relationships with A. cassiae and A. neoregeliae (Fig. 

4). In addition, three isolates of A. camelliae clustered into a single clade and separated from A. 

cassiae, A. neoregeliae, and A. sinensis (Fig. 4), which is consistent with Yu et al. (2022) results. 

Therefore, the genus Amorocoelophoma should be polyphyletic. 

 

 
 

Figure 5 ï Amorocoelophoma sinensis (CGMCC 3.25499). aïd Upper and reverse views of 

cultures on PDA, MEA, SNA, and OA 14 d after inoculation. eïg Conidiogenous cells and conidia. 

hïi Conidioma wall. j Conidia. Scale bars: eïj = 10 µm. 
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Amorocoelophoma sinensis Zhi Y. Zhang & Y. F. Han, sp. nov. Fig. 5 

MycoBank number: MB850365; Facesoffungi number: FoF15074 

Etymology ï Named after the location China, where the holotype was collected. 

Holotype ï ZY H-22.014 

Description ï Hyphae branched, septate, hyaline, smooth, 1ï2 ɛm diam. Sexual morph: Not 

observed. Asexual morph: Coelomycetous. Conidiomata pycnidial, solitary to gregarious, ovoid to 

globose, brown, covered with hyaline to pale brown, septate, branched hyphal growth as an outer 

brown layer. Conidiomata wall, two-layered, inner hyaline textura angularis, outer layer textura 

angularis brown. Conidiogenous cells 6.5ï11.5 × 1ï2.5 ɛm (av. 9.2 Ĭ 1.7 Õm, n = 30), phialidic, 

ampulliform, doliform, curved, hyaline, smooth. Conidia 3ï5.5 × 1.5ï2 ɛm (av. 4.1 Ĭ 1.9 Õm, n = 

30), hyaline, aseptate, cylindrical, smooth- and thin-walled. 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 25ï28 mm, flocculent, pure white, 

nearly round, margin regular; reverse pure white. Colony on MEA 22ï24 mm, fluffy, papyrus 

white at the centre, pure white at the margin, margin regular; reverse pure white. Colony on SNA 

20ï24 mm, flocculent, petaloid, pure white, margin undulated; reverse pure white. Colony on OA 

22ï23 mm, fluffy, pure white, flat, compact, sectorization; reverse pure white. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.014), ex-type CGMCC 3.25499 = ZY 22.014; ibid. ZY 

22.015. China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected 

from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 2022, Zhi-Yuan Zhang 

ZY 22.016. 

Notes ï In the phylogenetic analyses, Amorocoelophoma sinensis formed a distinct clade 

separated from A. cassiae and A. neoregeliae (Fig. 4). However, A. sinensis differs from A. cassiae 

in its presence of ampulliform conidiogenous cells, and smaller conidia (3ï5.5 × 1.5ï2 ɛm in  

A. sinensis; 9ï11 × 2ï3 ɛm in A. cassiae) (Jayasiri et al. 2019). Amorocoelophoma sinensis can be 

distinguished from A. neoregeliae by its solitary to gregarious conidiomata and two-layered 

conidiomata wall (Crous et al. 2021). In addition, they can be distinguished by their low sequence 

similarities. In a comparison of SSU, ITS, LSU, and EF1A nucleotides, A. sinensis (Type strain 

CGMCC 3.25499) has 99.6%, 95.4%, 94.5%, and 96.2% similarity, in SSU (1027/1031 bp, one 

gap), ITS (440/461 bp, three gaps), LSU (817/864 bp, 37 gaps), and EF1A (880/914 bp, no gap), 

which is different from A. cassiae (Type strain MFLUCC 17-2283). In a comparison of ITS, LSU, 

and EF1A nucleotides, A. sinensis (CGMCC 3.25499) has 92.9%, 94.3%, and 95.5% similarity, in 

ITS (344/370 bp, eight gaps), LSU (803/851 bp, 37 gaps), and EF1A (867/907 bp, no gap), which is 

different from A. neoregeliae (Type strain CBS 146820). 

 

Didymosphaeriaceae Munk 

Phaeodothis Syd. & P. Syd. 

Based on the dataset combined SSU, ITS, and LSU sequences, the phylogeny of Phaeodothis 

sinensis and its related taxa were studied. Tremateia arundicola (MFLU 16-1275) and  

T. guiyangensis (GZAAS01) were used as the outgroup for the phylogenetic analysis. The 

concatenated sequences included 41 taxa and consisted of 2,233 nucleotides (SSU, 940 bp; ITS, 

465 bp; and LSU, 828 bp) with inserted gaps. The phylogenetic trees showed that genera of 

Didymosphaeriaceae are clustered into a group with a high support value (100/1). Additionally, our 

two new isolates, CGMCC 3.25500 and ZY 22.018 clustered into a single clade with a high support 

value (99/0.99) and close relationship with P. winteri (Fig. 6). 

 

Phaeodothis sinensis Zhi Y. Zhang & Y. F. Han, sp. nov. Fig. 7 

MycoBank number: MB850366; Facesoffungi number: FoF15075 

Etymology ï Named after the location China, where the holotype was collected. 

Holotype ï ZY H-22.017 
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Figure 6 ï Phylogram generated from maximum likelihood analysis based on combined SSU, ITS, 

and LSU sequence data. Estimated base frequencies were as follows; A = 0.245, C = 0.228, G = 

0.278, T = 0.249; substitution rates AC = 1.77319, AG = 2.22177, AT = 1.61533, CG = 1.02611, 

CT = 7.49524, GT = 1.00000; gamma distribution shape parameter Ŭ = 0.254. The tree topology of 

ML analysis is similar to BI analysis. Bootstrap support values for MLBS Ó 70% and BYPP Ó 0.7 

are defined as BS/PP above the nodes. Hyphens (-) represent support values less than 70% in ML 

and 0.7 in BI. Newly generated sequences are in blue and ñTò indicates type strain. 

 

Description ï Hyphae branched, septate, hyaline, smooth, 1ï2.5 ɛm diam. Sexual morph: 

Ascomata dark brown to black, subglobose to globose. Peridium composing several layers of 

irregular cells arranged in a textura angularis, cells towards the inside hyaline, at the outside, light 

brown, thick-walled, somewhat flattened. Asci 45.5ï52 × 6ï8.5 ɛm (av. 49.1 Ĭ 6.9 Õm, n = 30), 8-

spored, bitunicate, cylindrical to cylindric-clavate, short pedicellate with furcate to obtusely ends, 

apically rounded with an indistinct ocular chamber. Ascospores 8.5ï14 × 3ï4 ɛm (av. 11.8 Ĭ 3.5 

µm, n = 30), overlapping biseriate, yellowish brown, subfusoid, septate at the centre, strongly 

constricted at the septum, straight or slightly curved, enlarged near the septum at the upper cell, 

non-surrounded by the thin mucilaginous sheath, smooth-walled. Asexual morph: Not observed. 
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Culture characteristics (14 d at 25 °C) ï Colony on PDA 56ï59 mm, flocculent, exudates 

hyaline, pure white, margin slightly undulated; reverse pure white. Colony on MEA 51ï54 mm, 

fluffy, flat, pure white, margin slightly undulated; reverse rape yellow. Colony on SNA 37ï44 mm, 

flocculent, white, aerial mycelium sparse, zonate with different sectors, margin serrated; reverse 

white. Colony on OA 61ï64 mm, fluffy to velvety, pure white, flat, margin slightly undulated; 

reverse pure white. 

 

 
 

Figure 7 ï Phaeodothis sinensis (CGMCC 3.25500). aïd Upper and reverse views of cultures on 

PDA, MEA, SNA, and OA 14 d after inoculation. eïg, jïk Asci. h Ascospores. i Ascoma wall. 

Scale bars: eïk = 10 µm. 

 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.017), ex-type CGMCC 3.25500 = ZY 22.017; ibid. ZY 

22.018. 

Notes ï According to the multi-locus phylogenetic analyses, Phaeodothis sinensis formed a 

single clade nested in the genus Phaeodothis and is closely related to P. winteri (a synonym of 

Didymosphaeria winteri) (Fig. 6). However, our novel species, P. sinensis can be distinguished 

from P. winteri in having small asci (45.5ï52 × 6ï8.5 ɛm), whereas P. winteri has larger asci (60ï

80 × 10ï12 ɛm) (Niessl 1875). Furthermore, the GenBank database (March 2024) contains only 12 

records of P. winteri. Within these records, certain strains are represented by only one sequences, 

whereas the strains selected for phylogenetic analysis, CBS 182.58 and AFTOL ID 1590, possess 

both SSU and LSU sequences. It is worth noting that CBS 162.31 is characterized by an ITS 

sequence exclusively. Despite the high similarity of P. sinensis (Type strain CGMCC 3.25500) to 
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the SSU and LSU sequences of CBS 182.58 and AFTOL ID 1590, the resemblance to the ITS 

sequence of CBS 162.31 (MH855163) is considerably lower (84.3% similarity, 78 bp difference 

with 20 gaps). 

 

 
 

Figure 8 ï Phylogram generated from maximum likelihood analysis based on combined SSU, ITS, 

LSU, RPB2, and EF1A sequence data. Estimated base frequencies were as follows; A = 0.247, C = 
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0.247, G = 0.268, T = 0.238; substitution rates AC = 1.52552, AG = 4.01441, AT = 1.55613, CG = 

0.93046, CT = 10.14103, GT = 1.00000; gamma distribution shape parameter Ŭ = 0.349. The tree 

topology of ML analysis is similar to BI analysis. Bootstrap support values for MLBS Ó 70% and 

BYPP Ó 0.7 are defined as BS/PP above the nodes. Hyphens (-) represent support values less than 

70% in ML and 0.7 in BI. Newly generated sequences are in blue and ñTò indicates type strain. 

 

Nigrogranaceae Jaklitsch & Voglmayr 

Nigrograna Gruyter, Verkley & Crous 

Based on the dataset combined SSU, ITS, LSU, RPB2, and EF1A sequences, the phylogeny 

of Nigrograna sinensis and its related taxa were studied. Two strains, CBS 419.85 and CBS 141486 

of Cyclothyriella rubronotata were used as the outgroup for the phylogenetic analysis. The 

concatenated sequences included 68 taxa and consisted of 3,734 nucleotides (SSU, 984 bp; ITS, 

462 bp; LSU, 829 bp; RPB2, 755 bp; and EF1A, 704 bp) with inserted gaps. The phylogenetic trees 

showed that members of the family Nigrogranaceae are clustered into a group with a high support 

value (100/1). Additionally, our three new isolates, CGMCC 3.25501, ZY 22.020, and ZY22.021 

clustered into a single clade with a high support value (100/1) and close relationship with N. coffeae 

(Fig. 8). 

 

 
 

Figure 9 ï Nigrograna guizhouensis (CGMCC 3.25501). aïd Upper and reverse views of cultures 

on PDA, MEA, SNA, and OA 14 d after inoculation. eïj Conidiogenous cells and conidia.  

k Conidia. Scale bars: eïk = 10 µm. 
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Nigrograna guizhouensis Zhi Y. Zhang, Heng Pan & Y. F. Han, sp. nov. Fig. 9 

MycoBank number: MB850367; Facesoffungi number: FoF15076 

Etymology ï Named after the location Guizhou, where the holotype was collected. 

Holotype ï ZY H-22.019 

Description ï Hyphae branched, septate, hyaline, smooth, 1ï2 ɛm diam. Sexual morph: Not 

observed. Asexual morph: Coelomycetous. Pycnidia globose to subglobose, or pyriform, solitary, 

unilocular, dark brown. Pycnidial wall brown, the wall with pseudoparenchymatous cells. 

Conidiophores absent, or simple. Phialides 9ï15 × 2ï3.5 ɛm (av. 12.9 Ĭ 2.7 Õm, n = 30), 

subcylindrical to cylindrical, ampulliform, lageniform, straight or slightly curved. Conidia 3.5ï6 × 

2ï3 ɛm (av. 4.7 Ĭ 2.6 Õm, n = 30), subcylindrical to cylindrical, ellipsoidal, unicellular, aseptate, 

granules absent, hyalin, smooth-walled. 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 42ï43 mm, flocculent to fluffy, 

papyrus white to white from centre to margin, nearly round, margin regular; reverse grey white. 

Colony on MEA 30ï33 mm, fluffy, papyrus white to white from centre to the margin; reverse light 

lvory. Colony on SNA 24ï25 mm, flocculent, white, margin undulated; reverse white. Colony on 

OA 35ï36 mm, aerial mycelium dense, flocculent, reed green to white from centre to margin, 

margin regular; reverse reed green to white from centre to margin. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.019), ex-type CGMCC 3.25501 = ZY 22.019; ibid. ZY 

22.020. China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected 

from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 2022, Zhi-Yuan Zhang 

ZY 22.021. 

Notes ï In the phylogenetic analyses, Nigrograna guizhouensis formed a distinct clade and 

close relationship with N. coffeae (Fig. 8). However, N. guizhouensis produces an asexual morph, 

which is not observed in N. coffeae (Lu et al. 2022). Additionally, they can be distinguished by 

their low sequence similarity (75% similarity, 337 gaps in 1338 base pairs (bp) of SSU; 96% 

similarity, 21 bp differences in 503 bp of ITS; 98% similarity, 16 bp differences in 855 bp of LSU; 

89% similarity, 100 bp differences in 899 bp of RPB2; 96% similarity, 35 bp differences in 954 bp 

of EF1A). 

 

Venturiales Y. Zhang ter, C.L. Schoch & K.D. Hyde 

Sympoventuriaceae Y. Zhang ter, C.L. Schoch & K.D. Hyde 

Scolecobasidium E.V. Abbott 

Based on the dataset combined SSU, ITS, LSU, TUB, and EF1A sequences, the phylogeny of 

Scolecobasidium was studied. Pseudosigmoidea excentrica (CBS 469.59) and Sympoventuria 

capensis (CBS 120136) were used as the outgroup for the phylogenetic analysis. The concatenated 

sequences included 78 taxa and consisted of 3,600 nucleotides (SSU, 973 bp; ITS, 814 bp; LSU, 

830 bp; TUB, 412 bp; and EF1A, 571 bp) with inserted gaps. The phylogenetic trees showed that 

members of Scolecobasidium are clustered into a group with a high support value (100/1). 

Additionally, our three new isolates (CGMCC 3.25502, ZY 22.023, and ZY 22.024) of  

S. guizhouense clustered into a single clade with a high support value (100/1) and closely related to 

S. terrestre and S. constrictum (Fig. 10). Two new isolates (CGMCC 3.25503 and ZY 22.026) of  

S. parahumicola clustered into a single clade with a high support value (100/1) and closely related 

to S. humicola and S. podocarpi (Fig. 10), and four new isolates (CGMCC 3.25504, ZY 22.028, ZY 

22.029, and ZY 22.030) of S. inverellipsoidisporum clustered into a single clade with a high 

support value (100/1) and closely related to S. echinulatum (Fig. 10). In addition, the new isolates 

CGMCC 3.25506 and CGMCC 3.25505 were belongs to S. tshawytschae and S. longiphorum, 

respectively (Fig. 10). 

 

Scolecobasidium guizhouense Zhi Y. Zhang & Y. F. Han, sp. nov. Fig. 11 

MycoBank number: MB850368; Facesoffungi number: FoF15077 
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Figure 10 ï Phylogram generated from maximum likelihood analysis based on combined SSU, ITS, 

LSU, TUB, and EF1A sequence data. Estimated base frequencies were as follows; A = 0.241, C = 
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0.242, G = 0.292, T = 0.226; substitution rates AC = 0.95877, AG = 1.89661, AT = 0.92859, CG = 

0.89348, CT = 3.51585, GT = 1.00000; gamma distribution shape parameter Ŭ = 0.443. The tree 

topology of ML analysis is similar to BI analysis. Bootstrap support values for MLBS Ó 70% and 

BYPP Ó 0.7 are defined as BS/PP above the nodes. Hyphens (-) represent support values less than 

70% in ML and 0.7 in BI. Newly generated sequences are in blue and ñTò indicates type strain. 

 

 
 

Figure 11 ï Scolecobasidium guizhouense (CGMCC 3.25502). aïd Upper and reverse views of 

cultures on PDA, MEA, SNA, and OA 14 d after inoculation. eïi Conidiophores and conidiogenous 

cells bearing conidia. jïl Hyphal coil and conidiogenous cells bearing conidia. Scale bars: eïl = 10 

µm. 

 

Etymology ï Named after the location Guizhou, where the holotype was collected. 

Holotype ï ZY H-22.022 

Description ï Hyphae branched, septate, hyaline to pale brown, smooth-walled, 0.5ï2 ɛm 

diam. Sexual morph: Not observed. Asexual morph: Conidiophores subcylindrical to cylindrical, 

arising from the aerial hyphae or hyphal ropes, continuous or septate, usually reduced to 

conidiogenous cells. Conidiogenous cells 0ï2-septate, solitary, hyaline to pale brown, smooth, 

clavate, sometimes subcylindrical, straight to geniculous-sinuous, with single or several sympodial 

apical loci with rhexolytic conidiogenesis, 3.5ï13 × 2ï3 ɛm (av. 6.8 Ĭ 2.3 Õm, n = 30). Conidia 

echinulate to verruculose, subhyaline to pale brown, cylindrical, sometimes ellipsoidal, usually 

constricted at the septum, ends obtusely rounded, 7.5ï11 × 2ï3 ɛm (av. 9.2 Ĭ 2.6 Õm, n = 30). 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 18ï19 mm, flocculent, broom 

yellow, flat; reverse brown beige. Colony on MEA 17ï18 mm, flocculent, light lvory, nearly round, 
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margin regular; reverse ocher brown. Colony on SNA 13ï15 mm, flocculent, aerial mycelium 

sparse, light lvory; reverse light lvory. Colony on OA 22ï23 mm, compact, flat, flocculent, green 

brown; reverse quartz grey. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.022), ex-type CGMCC 3.25502 = ZY 22.022; ibid. ZY 

22.023. China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected 

from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 2022, Zhi-Yuan Zhang 

ZY 22.024. 

Notes ï In the phylogenetic analyses, Scolecobasidium guizhouensis formed a distinct clade 

and separated from S. terrestre and S. constrictum (Fig. 10). Although S. guizhouensis has a similar 

morphology to S. terrestre and S. constrictum. Still, the conidia sizes and shapes of S. guizhouensis 

are significantly different. Scolecobasidium guizhouensis differs from S. terrestre by echinulate to 

verruculose conidia and the number of septa (0ï3 vs. 0ï1) in the conidia (Song et al. 2023). 

Additionally, S. guizhouensis differs from S. constrictum in the shape of its conidia (cylindrical vs. 

broadly ellipsoidal to cylindrical) (Song et al. 2023, Wei et al. 2022). In addition, they can be 

distinguished by their low sequence similarities. In a comparison of SSU, ITS, LSU, TUB, and 

EF1A nucleotides, S. guizhouensis (Type strain CGMCC 3.25502) has 100%, 71.7%, 99.1%, 

76.5%, and 87.8% similarity, in SSU (955/955 bp, one gap), ITS (554/772 bp, 123 gaps), LSU 

(789/796 bp, three gaps), TUB (363/474 bp, 14 gaps), and EF1A (324/369 bp, no gap), which is 

different from S. terrestre (Type strain CBS 211.53). In a comparison of SSU, ITS, LSU, TUB, and 

EF1A nucleotides, S. guizhouensis (CGMCC 3.25502) has 100%, 73.8%, 99%, 77.7%, and 68.6% 

similarity, in SSU (955/955 bp, one gap), ITS (530/718 bp, 114 gaps), LSU (863/871 bp, no gap), 

TUB (367/472 bp, 14 gaps), and EF1A (261/380 bp, 50 gaps), which is different from  

S. constrictum (Type strain CBS 202.27). 

 

 
 

Figure 12 ï Scolecobasidium parahumicola (CGMCC 3.25503). aïd Upper and reverse views of 

cultures on PDA, MEA, SNA, and OA 14 d after inoculation. eïk Conidiophores, conidiogenous 

cells and conidia. Scale bars: eïk = 10 µm. 
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Scolecobasidium parahumicola Zhi Y. Zhang & Y. F. Han, sp. nov. Fig. 12 

MycoBank number: MB850369; Facesoffungi number: FoF15078 

Etymology ï Based on its close phylogenetic relationship to Scolecobasidium humicola. 

Holotype ï ZY H-22.025 

Description ï Hyphae branched, septate, hyaline to pale brown, 1ï2 ɛm diam. Sexual morph: 

Not observed. Asexual morph: Conidiophores 0ï7-septate, branched, straight to irregularly curved, 

subcylindrical to cylindrical, hyaline to pale brown, arising from the aerial hyphae. Conidiogenous 

cells polyblastic, sympodial, terminal or intercalary, subhyaline to brown, smooth, subcylindrical to 

cylindrical, straight or curved, 3.5ï10.5 × 1.5ï3.5 ɛm (av. 6.9 Ĭ 2.2 Õm, n = 30), with 1ï2 terminal 

or lateral conidia. Conidia 0ï1-septate, smooth-walled, subhyaline to pale brown, cylindrical with 

rounded ends, pyriform, rarely ellipsoidal, 4ï11.5 × 3ï4 ɛm (av. 7.2 Ĭ 3.58 Õm, n = 30). 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 29ï31 mm, flocculent, yellow-

brown, flat; reverse green grey. Colony on MEA 27ï28 mm, flocculent to felty, reed green to grey 

white from centre to margin, nearly round; reverse dusty grey. Colony on SNA 30ï34 mm, flat, 

grey white, aerial mycelia sparse; reverse grey white. Colony on OA 35ï36 mm, flat, felty, beige 

grey; reverse beige grey. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.025), ex-type CGMCC 3.25503 = ZY 22.025; ibid. ZY 

22.026. 

Notes ï In the phylogenetic analyses, Scolecobasidium parahumicola formed a distinct clade 

separated from S. humicola and S. podocarpi (Fig. 10). Although Scolecobasidium parahumicola 

has similar morphological characteristics to S. humicola and S. podocarpi, conidiophores and 

conidia shapes of S. parahumicola are significantly different (Barron & Bush 1962, Crous et al. 

2017). Scolecobasidium parahumicola differs from S. humicola in its conidia shape (cylindrical, 

pyriform, smooth-walled vs. ovoid to short cylindric, finely echinulate) (Barron & Bush 1962).  

Scolecobasidium parahumicola differs from S. podocarpi by the conidiophores (0ï7-septate, 

branched, straight to irregularly curved vs. 1-septate, erect, unbranched), and conidia (cylindrical, 

pyriform, smooth-walled vs. fusoidellipsoid to subcylindrical, verruculose) (Crous et al. 2017). In 

addition, they can be distinguished by their low sequence similarities. In a comparison of SSU, ITS, 

LSU, TUB, and EF1A nucleotides, S. parahumicola (Type strain CGMCC 3.25503) has 99.8%, 

95.4%, 99.1%, 95.3% and 93.1% similarity, in SSU (942/943 bp, one gap), ITS (626/656 bp, 7 

gaps), LSU (773/780 bp, no gap), TUB (413/433 bp, no gap), and EF1A (352/378 bp, six gaps), 

which is different from S. humicola (Type strain CBS 116655). In a comparison of ITS and LSU 

nucleotides, S. guizhouensis (CGMCC 3.25502) has 76.6% and 96.8% similarity, in ITS (579/755 

bp, 65 gaps) and LSU (810/836 bp, 114 gaps), which is different from S. podocarpi (Type strain 

CBS 143174). 

 

Scolecobasidium inverellipsoidisporum Zhi Y. Zhang & Y. F. Han, sp. nov. Fig. 13 

MycoBank number: MB850371; Facesoffungi number: FoF15079 

Etymology ï Referring to its inverted ellipsoidal conidia. 

Holotype ï ZY H-22.027 

Description ï Hyphae branched, septate, hyaline to pale brown, 0.5ï2.5 ɛm diam. Sexual 

morph: Not observed. Asexual morph: Conidiophores simple, solitary, erect, smooth, 

subcylindrical to cylindrical, often reduced to conidiogenous cells. Conidiogenous cells integrated, 

terminal, polyblastic, sympodial, cylindrical tapering towards the apex, sometimes apical 1-3 

branches, continued growth or sporulation, subhyaline to pale brown, 9ï26.5 × 1.5ï2.5 ɛm (av. 

13.7 × 2 µm, n = 30). Conidia solitary, inverted ellipsoidal, rarely cylindrical, constricted at the 

septum, the upper cells slightly wider than the lower ones, subhyaline to pale brown, 0ï1-septate, 

smooth or somewhat verrucose, constricted at the septum, 6.5ï17 × 3ï5.5 ɛm (av. 9.9 Ĭ 4.1 Õm,  

n = 30). 
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Culture characteristics (14 d at 25 °C) ï Colony on PDA 14ï16 mm, flocculent to fluffy, dark 

lvory; reverse reed green. Colony on MEA 9ï10 mm, raised, flocculent, olive grey; reverse granite 

grey. Colony on SNA 13ï15 mm, flat, flocculent, olive grey, aerial mycelia sparse; reverse beige 

grey. Colony on OA 13ï15 mm, flat, flocculent, beige grey, reverse green grey. 

 

 
 

Figure 13 ï Scolecobasidium inverellipsoidisporum (CGMCC 3.25504). aïd Upper and reverse 

views of cultures on PDA, MEA, SNA, and OA 14 d after inoculation. eïl Conidiophores, 

conidiogenous cells and conidia. Scale bars: eïl = 10 µm. 

 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.027), ex-type CGMCC 3.25504 = ZY 22.027; ibid. ZY 

22.028. China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected 

from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 2022, Zhi-Yuan Zhang 

ZY 22.029; ibid. ZY 22.030. 

Notes ï In the phylogenetic analyses, Scolecobasidium inverellipsoidisporum formed a 

distinct clade separated from S. echinulatum (Fig. 10). However, the conidiophores and conidia of  

S. inverellipsoidisporum are significantly different. Conidiophores are simple in  

S. inverellipsoidisporum, which is differentiated in S. echinulatum, and conidia inverted ellipsoidal 

in S. inverellipsoidisporum, which is ellipsoidal to cylindrical in S. echinulatum (Wei et al. 2022). 

In addition, they can be distinguished by their low sequence similarities. In a comparison of SSU, 

ITS, LSU, TUB, and EF1A nucleotides, S. inverellipsoidisporum (Type strain CGMCC 3.25504) 

has 93.3%, 74.3%, 90.5%, 70.7% and 62.3% similarity, in SSU (942/1,009 bp, three gaps), ITS 

(545/733 bp, 65 gaps), LSU (780/861 bp, nine gaps), TUB (317/448 bp, 30 gaps), and EF1A 

(255/409 bp, 78 gaps), which is different from S. echinulatum (Type strain GUCC 18247). 

 

Scolecobasidium longiphorum Matsush., Icones Microfungorum a Matsushima lectorum, Kobe,  

p. 127, 1975. Fig. 14 

Description ï Hyphae branched, septate, subhyaline to pale brown, 1ï2.5 ɛm diam. Sexual 

morph: Not observed. Asexual morph: Conidiophores arising from aerial hyphae, brown, solitary, 

branched, simple, 1ï2-septate, straight or curved. Conidiogenous cells integrated, terminal, lateral, 
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polyblastic, subcylindrical to cylindrical, straight or slightly curved, subhyaline to pale brown, 

11.5ï31.5 × 2.5ï4.5 ɛm (av. 18.2 Ĭ 3.2 Õm, n = 30). Conidia subcylindrical to cylindrical, rounded 

at both ends, 1ï3-septate, not or slightly constricted at the septum, smooth or verruculose, 12.5ï24 

× 5.5ï9 ɛm (av. 18.3 Ĭ 7.5 Õm, n = 30), crowded, pale brown. 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 14ï15 mm, flocculent to fluffy, light 

lvory; reverse brown beige. Colony on MEA 6ï8 mm, raised, flocculent, pure white; reverse clay 

brown. Colony on SNA 10ï12 mm, flat, flocculent, powdery, light lvory, aerial mycelia sparse; 

reverse grey beige. Colony on OA 12ï13 mm, flat, flocculent, felty, sand yellow; reverse curry. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang ZY 22.032 = CGMCC 3.25505. 

 

 
 

Figure 14 ï Scolecobasidium longiphorum (CGMCC 3.25505). aïd Upper and reverse views of 

cultures on PDA, MEA, SNA, and OA 14 d after inoculation. eïm Conidiophores, conidiogenous 

cells and conidia. Scale bars: eïm = 10 µm. 

 

Notes ï Scolecobasidium longiphorum was introduced by Matsushima (1975). In this study, 

one newly collected isolate clustered with S. longiphorum was fully phylogenetically supported 

(Fig. 10). The comparison of the morphological characteristics of the two strains found them to be 

similar (Matsushima 1975, Samerpitak et al. 2014). Notably, the ex-type culture (CBS 435.76) of  

S. longiphorum had the following nucleotide similarities with the sequences of our newly collected 

strain (ZY 22.032). On SSU, ITS, LSU, TUB, and EF1A, respectively: 949/949 (100%, no gap), 

613/615 (99.6%, no gap), 776/776 (100%, no gap), 450/450 (100%, no gap), and 318/321 (99%, 
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including one gap). Therefore, we identified our isolate as S. longiphorum and illustrated it, 

representing a new record from China. 

 

 
 

Figure 15 ï Phylogram generated from maximum likelihood analysis based on combined ITS, LSU, 

EF1A, TUB, and RPB2 sequence data. Estimated base frequencies were as follows; A = 0.241,  
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C = 0.254, G = 0.289, T = 0.216; substitution rates AC = 1.44873, AG = 2.75029, AT = 1.48756, 

CG = 1.12302, CT = 5.67486, GT = 1.00000; gamma distribution shape parameter Ŭ = 0.889. The 

tree topology of ML analysis is similar to BI analysis. Bootstrap support values for MLBS Ó 70% 

and BYPP Ó 0.7 are defined as BS/PP above the nodes. Hyphens (-) represent support values less 

than 70% in ML and 0.7 in BI. Newly generated sequences are in blue and ñTò indicates type strain. 

 

Yunnanomyces Tibpromma & K.D. Hyde 

Based on the dataset combined ITS, LSU, EF1A, TUB, and RPB2 sequences, the phylogeny 

of Sympoventuriaceae was studied. Venturia saliciperda (CBS 480.61) and Tyrannosorus 

lichenicola (CBS 144018) were used as the outgroup for the phylogenetic analysis. The 

concatenated sequences included 59 taxa and consisted of 3,389 nucleotides (ITS, 769 bp; LSU, 

812 bp; EF1A, 686 bp; TUB, 340 bp; and RPB2, 782 bp) with inserted gaps. The phylogenetic trees 

showed that members of the genus Yunnanomyces clustered into a single group with a high support 

value (95/1) (Fig. 15). Additionally, our two new isolates (CGMCC 3.25507 and ZY 22.034) of  

Y. sexualis clustered into a single clade with a high support value (100/1) and closely related to  

Y. pandanicola and Y. phoenicis (Fig. 15). Sympoventuriaceae genera sections in the phylogenetic 

tree were followed by Wei et al. (2022). 

 

 
 

Figure 16 ï Yunnanomyces sexualis (CGMCC 3.25507). aïd Upper and reverse views of cultures 

on PDA, MEA, SNA, and OA 14 d after inoculation. eïf Ascomata. g Ascospores. hïl Asci. Scale 

bars: gïl = 10 µm. 

 

Yunnanomyces sexualis Zhi Y. Zhang, Heng Pan & Y. F. Han, sp. nov. Fig. 16 

MycoBank number: MB850372; Facesoffungi number: FoF15080 

Etymology ï Named after the present sexual morph. 
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Holotype ï ZY H-22.033 

Description ï Hyphae branched, septate, hyaline, smooth, 1ï2.5 ɛm diam. Sexual morph: 

Ascomata superýcial, guttulate to ellipsoidal, 33ï46 ɛm high, 29ï40 ɛm diam. Ascomata wall 

orange-brown, of textura epidermoidea in surface view. Hairs arcuate or þexuous, subhyaline to 

brown, septate. Asci 36ï46 × 5.5ï7 ɛm (av. 41.6 Ĭ 6.1 ɛm, n = 30), numerous, 8-spored, bitunicate, 

broadly cylindrical to somewhat obclavate, straight or curved, with a short, knob-like pedicel or 

pedicel lacking, each with an inconspicuous ocular chamber. Ascospores 6ï8.5 × 2ï2.5 ɛm (av. 7.2 

Ĭ 2.2 ɛm, n = 30), narrowly fusiform, subhyaline to hyaline, overlapping to biseriate, 1-septate, the 

upper cells wider and longer than the lower ones, smooth-walled. Asexual morph: Not observed. 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 11ï12 mm, flocculent, beige; 

reverse brown curry. Colony on MEA 8ï10 mm, flocculent, dark lvory to oyster white from centre 

to margin; reverse curry. Colony on SNA 6ï9 mm, flocculent, felty, rape yellow; reverse curry. 

Colony on OA 11ï13 mm, flat, aerial mycelia sparse, flocculent, grey beige; reverse curry. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.033), ex-type CGMCC 3.25507 = ZY 22.033; ibid. ZY 

22.034. 

Notes ï In phylogenetic analyses, Yunnanomyces sexualis nests in the genus Yunnanomyces 

and is the sibling to Y. pandanicola and Y. phoenicis (Fig. 16). However, Y. sexualis produces a 

sexual morph, which is not observed in Y. pandanicola and Y. phoenicis (Tibpromma et al. 2018, 

Zhang et al. 2019). In addition, they can be distinguished by their low sequence similarities. In a 

comparison of ITS, LSU, and RPB2 nucleotides, S. sexualis (Type strain CGMCC 3.25507) has 

79.4%, 98.2% and 73.6% similarity, in ITS (372/468 bp, 15 gaps), LSU (787/801 bp, no gap), and 

RPB2 (753/1,022 bp, 13 gaps), which is different from S. pandanicola (Type strain MFLUCC 17-

2260). In a comparison of LSU and RPB2 nucleotides, S. sexualis (CGMCC 3.25507) has 95% and 

74.1% similarity, in LSU (784/825 bp, three gaps) and RPB2 (756/1,019 bp, nine gaps), which is 

different from S. phoenicis (Type strain MFLUCC 19-0254). 

 

Class Eurotiomycetes O.E. Erikss. & Winka 

Eurotiales G.W. Martin ex Benny & Kimbr. 

Aspergillaceae Link 

Penicillium Link 

Based on the dataset combined ITS, TUB, CaM, and RPB2 sequences, the phylogeny of 

subgenus Aspergilloides of Penicillium was studied. Aspergillus glaucus (CBS 516.65) and 

Hamigera avellanea (CBS 295.48) were used as the outgroup for the phylogenetic analysis. The 

concatenated sequences included 109 taxa and consisted of 2,642 nucleotides (ITS, 609 bp; TUB, 

482 bp; CaM, 671 bp; and RPB2, 880 bp) with inserted gaps. The phylogenetic trees showed that 

members of each section of subgenus Aspergilloides of Penicillium are clustered into separate 

branches with high support values (Fig. 17). Additionally, our four new isolates (CGMCC 3.25508, 

ZY 22.036, ZY 22.037, and ZY22.038) of Penicillium guizhouense clustered into a single clade 

with a high support value (100/1) and closely related to sections Aspergilloides, Sclerotiorum, 

Charlesia, Eremophila, and Griseola (Fig. 17). In addition, Houbraken et al. (2020) defined 

Penicillium thiersii as a series (i.e., Thiersiorum) in section Aspergilloides, subgenus Aspergilloide, 

but the phylogenetic tree they constructed showed low support for this result (77%/-). In this study, 

Penicillium thiersii formed a single clade, which may be a distinctive section in the subgenus 

Aspergilloides. Penicillium sections in the phylogenetic tree (Fig. 17) were followed by Houbraken 

et al. (2020). 

 

Section Guizhouorum Zhi Y. Zhang & Y. F. Han, sp. nov. sect. nov. 

MycoBank number: MB850373 

Etymology ï Named after the type species of the series, Penicillium guizhouense. 

Type species ï Penicillium guizhouense 



682 

 
 

Figure 17 ï Phylogram generated from maximum likelihood analysis based on combined ITS, TUB, 

CaM, and RPB2 sequence data. Estimated base frequencies were as follows; A = 0.226, C = 0.273, 
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G = 0.271, T = 0.230; substitution rates AC = 1.13471, AG = 3.20290, AT = 1.36830, CG = 

0.78656, CT = 5.78072, GT = 1.00000; gamma distribution shape parameter Ŭ = 0.858. The tree 

topology of ML analysis is similar to BI analysis. Bootstrap support values for MLBS Ó 70% and 

BYPP Ó 0.7 are defined as BS/PP above the nodes. Hyphens (-) represent support values less than 

70% in ML and 0.7 in BI. Newly generated sequences are in blue and ñTò indicates type strain. 

 

Description ï Hyphae branched, septate, hyaline, smooth. Sexual morph: Not observed. 

Asexual morph: Sclerotia absent. Stipes vesiculate ýnely rough walled, monoverticillate. Phialides 

ampulliform to subcylindrical, 4ï20 per stipe. Conidia in moderately long chains, ellipsoidal, 

globose to subglobose, smooth or rough. 

Notes ï Phylogeny: Section Guizhouorum belongs to the subgenera Aspergilloides and is 

phylogenetically most closely related to the sect. Aspergilloides, Sclerotiorum, Charlesia, 

Eremophila, and Griseola (Fig. 17). Morphology: of these sections, only all members of the sect. 

Eremophila produced sexual morphs; some members of the sect. Aspergilloides produced sexual 

morphs, and none of the members in the remaining sections produced sexual morphs (Houbraken & 

Samson 2011, Houbraken et al. 2014, Houbraken et al. 2020). In addition, members of sections 

Sclerotiorum and Charlesia have monoverticillate conidiophores, biverticillate conidiophores, or 

both (Houbraken & Samson 2011, Peterson et al. 2005, Visagie et al. 2013). Furthermore, members 

of the sect. Griseola are conspicuously echinulate, with conspicuous connective conidia 

(Houbraken et al. 2020), a different sect. Guizhouorum. 

 

Penicillium guizhouense Zhi Y. Zhang & Y. F. Han, sp. nov. Fig. 18 

MycoBank number: MB850374; Facesoffungi number: FoF15081 

Etymology ï Named after the location Guizhou, where the holotype was collected. 

Holotype ï ZY H-22.035 

Description ï Hyphae branched, septate, hyaline, smooth, 1ï4 ɛm diam. Sexual morph: Not 

observed. Asexual morph: Sclerotia absent. Conidiophores 60ï150 ɛm long, stipes vesiculate up to 

10 ɛm diam, ýnely rough walled, monoverticillate. Phialides ampulliform to subcylindrical, 4ï20 

per stipe, 14ï19.5 × 3ï5 ɛm (av. 16.9 Ĭ 4.1 ɛm, n = 30). Conidia in moderately long chains, 

ellipsoidal, globose to subglobose, smooth or rough, 4ï6 × 3ï5.5 ɛm (av. 4.9 Ĭ 4.2 ɛm, n = 30). 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 32ï40 mm, good sporulation; 

conidia dull green to greyish green, texture velutinous and þoccose, low; mycelium white; exudate 

absent; soluble pigment not produced; margin low, wide, entire; reverse greenish white. Colony on 

MEA 38ï43 mm, good sporulation, texture þoccose, velvety at the edge; conidia pure green or pure 

to dull green; exudate absent; soluble pigment not produced; reverse light yellow to greyish yellow. 

Colony on SNA 26ï29 mm, sporulation moderately dense; mycelium sparse; texture þoccose; 

conidia greenish white to greyish green; exudate absent; soluble pigment not produced; reverse 

greenish white. Colony on OA 30ï31 mm, good sporulation; conidia dull green to greyish green, 

texture velutinous and þoccose, low; exudate absent; soluble pigment not produced; reverse 

greenish white. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.035), ex-type CGMCC 3.25508 = ZY 22.035; ibid. ZY 

22.036. China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected 

from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 2022, Zhi-Yuan Zhang 

ZY 22.037; ibid. ZY 22.038. 

Notes ï Based on multi-locus phylogenies, the four new isolates formed a single clade and 

separated from members in the sect. Aspergilloides, Sclerotiorum, Charlesia, Eremophila, and 

Griseola (Fig. 17). Of these sections, only all members of the sect. Eremophila produced sexual 

morphs; some members of the sect. Aspergilloides produced sexual morphs, and none of the 

members in the remaining sections produced sexual morphs (Houbraken & Samson 2011, 

Houbraken et al. 2014, Houbraken et al. 2020). Additionally, members of sections Sclerotiorum 
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and Charlesia have monoverticillate conidiophores, biverticillate conidiophores, or both 

(Houbraken & Samson 2011, Peterson et al. 2005, Visagie et al. 2013). Furthermore, members of 

the sect. Griseola are conspicuously echinulate, with conspicuous connective conidia, which differs 

from P. guizhouense (Houbraken et al. 2020). In addition, they can be distinguished by their low 

sequence similarities. In a comparison of ITS, TUB, CaM, and RPB2 nucleotides, P. guizhouense 

(Type strain CGMCC 3.25508) has 92.6%, 77.7%, 73.8%, and 85.5% similarity, in ITS (505/545 

bp, 12 gaps), TUB (345/444 bp, 23 gaps), CaM (528/715 bp, 46 gaps), and RPB2 (819/957 bp, three 

gaps), which is different from P. griseolum (Type strain CBS 277.58) type species of section 

Griseola. Penicillium guizhouense (CGMCC 3.25508) has 87.1%, 65%, 64.3%, and 84.1% 

similarity, in ITS (497/570 bp, 17 gaps), TUB (266/409 bp, 70 gaps), CaM (302/469 bp, 79 gaps), 

and RPB2 (819/973 bp, no gap), which is different from P. eremophilum (Type strain CBS 123361) 

type species of section Eremophila. Penicillium guizhouense (CGMCC 3.25508) has 92.1%, 73.9%, 

69.2%, and 82.3% similarity, in ITS (507/550 bp, nine gaps), TUB (321/434 bp, 13 gaps), CaM 

(504/728 bp, 74 gaps), and RPB2 (788/957 bp, three gaps), which is different from P. charlesii 

(Type strain CBS 304.48) type species of section Charlesia. Penicillium guizhouense (CGMCC 

3.25508) has 93.5%, 69.1%, 68.4%, and 82.8% similarity, in ITS (509/544 bp, eight gaps), TUB 

(343/496 bp, 67 gaps), CaM (354/517 bp, 73 gaps), and RPB2 (756/912 bp, no gap), which is 

different from P. sclerotiorum (Type strain CBS 287.36) type species of section Sclerotiorum. 

Penicillium guizhouense (CGMCC 3.25508) has 94.4%, 73.1%, 71.9%, and 84.2% similarity, in 

ITS (511/541 bp, four gaps), TUB (322/440 bp, 23 gaps), CaM (367/510 bp, 45 gaps), and RPB2 

(821/975 bp, no gap), which is different from P. glabrum (Type strain CBS 125543) type species of 

section Aspergilloides. 

 

 
 

Figure 18 ï Penicillium guizhouense (CGMCC 3.25508). aïd Upper and reverse views of cultures 

on PDA, MEA, SNA, and OA 14 d after inoculation. eïl Conidiophores, conidial heads and conidia. 

Scale bars: eïl = 10 µm. 
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Figure 19 ï Phylogram generated from maximum likelihood analysis based on combined ITS, TUB, 

CaM, and RPB2 sequence data. Estimated base frequencies were as follows; A = 0.239, C = 0.257, 
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G = 0.267, T = 0.237; substitution rates AC = 1.40725, AG = 5.07808, AT = 1.42514, CG = 

0.97933, CT = 6.45110, GT = 1.00000; gamma distribution shape parameter Ŭ = 1.033. The tree 

topology of ML analysis is similar to BI analysis. Bootstrap support values for MLBS Ó 70% and 

BYPP Ó 0.7 are defined as BS/PP above the nodes. Hyphens (-) represent support values less than 

70% in ML and 0.7 in BI. Newly generated sequences are in blue and ñTò indicates type strain. 

 

Talaromyces C.R. Benj. 

Based on the dataset combined ITS, TUB, CaM, and RPB2 sequences, the phylogeny of 

Talaromyces was studied. Trichocoma paradoxa (CBS 788.83) was used as the outgroup for the 

phylogenetic analysis. The concatenated sequences included 68 taxa and consisted of 2,465 

nucleotides (ITS, 516 bp; TUB, 494 bp; CaM, 560 bp; and RPB2, 895 bp) with inserted gaps. The 

phylogenetic trees showed that two new isolates (CGMCC 3.25509 and ZY22.040) of  

T. longistipes clustered into a single clade with a high support value (100/1) and nested in the 

section Trachyspermi, and closely related to species T. brasiliensis and T. resinae (Fig. 19).  

In addition, three new isolates (CGMCC 3.25510, ZY 22.042, and ZY22.043) of T. parapalmae 

clustered into a single clade with a high support value (100/1) and nested in the section Subinflati, 

and closely related to species T. palmae (Fig. 19). Talaromyces sections in the phylogenetic tree 

were followed by Houbraken et al. (2020) and Sun et al. (2020). 

 

 
 

Figure 20 ï Talaromyces longistipes (CGMCC 3.25509). aïd Upper and reverse views of cultures 

on PDA, MEA, SNA, and OA 14 d after inoculation. eïj Phialides, conidia and conidia chain. Scale 

bars: eïj = 10 µm. 
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Talaromyces longistipes Zhi Y. Zhang & Y. F. Han, sp. nov. Fig. 20 

MycoBank number: MB850375; Facesoffungi number: FoF15082 

Etymology ï Referring to its longer stipes. 

Holotype ï ZY H-22.039 

Description ï Hyphae branched, septate, hyaline, smooth, 1ï5 ɛm diam. Sexual morph: Not 

observed. Asexual morph: Sclerotia absent. Conidiophores biverticillate, stipes smooth-walled, 

non-vesiculate, 50ï200 × 3ï4.5 µm; metulae 2ï6 per stipe, 12ï19 × 3.5ï5.5 µm. Phialides acerose, 

tapering into very thin neck, 2ï5 per metulae, 13.5ï18 × 2.5ï4 µm. Conidia in long chains, 

ellipsoidal to broad fusiform, rough, pale green, 3.5ï6 × 3ï4 Õm (av. 4.7 Ĭ 3.4 ɛm, n = 30). 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 14ï15 mm, moderately deep, plane; 

margin entire; sporulation moderately dense; conidia en masse greyish green; mycelium greenish 

yellow; colony texture þoccose; exudates absent; soluble pigments greenish yellow; reverse 

greenish yellow. Colony on MEA 18ï20 mm, moderately deep, margin entire; sporulation strong; 

conidia en masse greyish green; mycelium light yellow to grey white; colony texture þoccose; 

exudates absent; soluble pigments absent; reverse greenish yellow. Colony on SNA 12ï13 mm, 

plane; margin irregular; sporulation moderate; conidia en masse greenish yellow; mycelium grey 

yellow to grey white; colony texture þoccose; exudates absent; soluble pigments absent; reverse 

greenish yellow. Colony on OA 18ï20 mm, flat, margin entire; sporulation strong; conidia en 

masse greenish yellow; mycelium grey yellow; exudates absent; soluble pigments absent; reverse 

grey white. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.039), ex-type CGMCC 3.25509 = ZY 22.039; ibid. ZY 

22.040. 

Notes ï Phylogenetically, Talaromyces longistipes falls into a terminal clade of section 

Trachyspermi, including species T. brasiliensis, T. phuphaphetensis, T. resinae, T. satunensi, and  

T. subericola (Fig. 19). Talaromyces brasiliensis, T. longisporu, T. resinae, and T. subericola have 

smooth-walled stipes and conidial ornamentation, whereas T. phuphaphetensis and T. satunensis 

can be differentiated as having tuberculate stipes and smooth-walled conidia (Barbosa et al. 2018, 

Rodríguez-Andrade et al. 2020, Nuankaew et al. 2022, Qi & Kong 1982). Talaromyces longistipes 

differs from T. resinae in having biverticillate conidiophore (most biverticillate and 

monoverticillate symmetric in T. resinae) (Qi & Kong 1982). Talaromyces longistipes differs from 

T. brasiliensis in having longer stipes (12ï19 × 3.5ï5.5 ɛm in T. longistipes vs. 8ï11 × 2.5ï3.5 ɛm 

in T. brasiliensis), and larger conidia (.5ï6 × 3ï4 ɛm in T. longistipes vs. 2ï3 ɛm) (Barbosa et al. 

2018). Talaromyces longistipes differs from T. subericola in its conidia shape (ellipsoidal to broad 

fusiform vs. ellipsoidal to globose) (Rodríguez-Andrade et al. 2020). In addition, they can be 

distinguished by their low sequence similarities. In a comparison of ITS, TUB, CaM, and RPB2 

nucleotides, T. longistipes (Type strain CGMCC 3.25509) has 93.1%, 87.5%, 78.7%, and 91.8% 

similarity, in ITS (410/440 bp, two gaps), TUB (303/346 bp, 18 gaps), CaM (401/509 bp, 24 gaps), 

and RPB2 (916/997 bp, no gap), which is different from T. brasiliensis (Type strain CBS 142493). 

Talaromyces longistipes (CGMCC 3.25509) has 92.1%, 84.3%, 73.3%, and 89.2% similarity, in 

ITS (493/535 bp, eight gaps), TUB (392/465 bp, 21 gaps), CaM (386/526 bp, 50 gaps), and RPB2 

(886/993 bp, no gap), which is different from T. resinae (Type strain CGMCC 3.4387). 

Talaromyces longistipes (CGMCC 3.25509) has 88.8%, 81.8%, and 76.2% similarity, in ITS 

(480/540 bp, 12 gaps), TUB (371/453 bp, 17 gaps), and CaM (401/526 bp, 26 gaps), which is 

different from T. satunensis (Type strain TBRC 16246). Talaromyces longistipes (CGMCC 

3.25509) has 88.6%, 82.8%, 78.3%, and 89.2% similarity, in ITS (475/536 bp, 10 gaps), TUB 

(378/456 bp, 17 gaps), CaM (410/523 bp, 22 gaps), and RPB2 (943/1,057 bp, no gap), which is 

different from T. phuphaphetensis (Type strain TBRC 16281). Talaromyces longistipes (CGMCC 

3.25509) has 89.1%, 86.9%, 79.2%, and 90.6% similarity, in ITS (418/469 bp, nine gaps), TUB 

(287/330 bp, six gaps), CaM (370/467 bp, 27 gaps), and RPB2 (772/852 bp, no gap), which is 

different from T. subericola (Type strain CBS 144322). 
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Talaromyces parapalmae Zhi Y. Zhang & Y. F. Han, sp. nov. Fig. 21 

MycoBank number: MB850376; Facesoffungi number: FoF15083 

Etymology ï Based on its close phylogenetic relationship to Talaromyces palmae. 

Holotype ï ZY H-22.041 

Description ï Hyphae branched, septate, hyaline, smooth, 1ï6 ɛm diam. Sexual morph: Not 

observed. Asexual morph: Conidiophores biverticillate with a minor proportion having subterminal 

branches, sometimes monoverticillate. Stipes smooth walled, 20ï80 × 3ï5 ɛm, branches 23ï57 ɛm. 

Metulae 1ï4 per stipe, divergent, 10ï25 × 2.5ï5.5 ɛm. Phialides acerose, 1ï5 per metulae, 11ï29 × 

2ï4.5 ɛm. Conidia smooth, chain, subglobose to ellipsoidal, 2.5ï6(ï8) × 2ï4.5 ɛm (av. 3.8 Ĭ 2.8 

ɛm, n = 30). 

 

 
 

Figure 21 ï Talaromyces parapalmae (CGMCC 3.25510). aïd Upper and reverse views of cultures 

on PDA, MEA, SNA, and OA 14 d after inoculation. eïk Phialides and conidia. l Conidia. Scale 

bars: eïl = 10 µm. 

 

Culture characteristics ï (14 d at 25 °C) ï Colony on PDA 26ï27 mm, raised at the centre, 

sulcate, margins low; mycelia white, yellow; sporulation absent; soluble pigments absent; exudates 

absent; reverse yellow. Colony on MEA 32ï35 mm, slightly raised, þuffy; margins entire; mycelia 

white to grey yellow; texture þoccose; sporulation absent; soluble pigments absent; exudates absent; 

reverse zinc yellow. Colony on SNA 23ï28 mm, low, margins entire; mycelia grey white; texture 

þoccose; sporulation absent; soluble pigments absent; exudates absent; reverse grey white. Colony 

on OA 25ï27 mm, low, plane; margins plane, entire; mycelia white and grey yellow; texture 

velvety; sporulation strong in the centre, conidia en masse dark green; soluble pigments absent; 

exudates absent; reverse light yellow. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 
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2022, Zhi-Yuan Zhang (holotype, ZY H-22.041), ex-type CGMCC 3.25510 = ZY 22.041; ibid. ZY 

22.042 ibid. ZY 22.043. 

Notes ï Currently, seven species are accepted in the section Subinflati (Houbraken et al. 2020, 

Sun et al. 2020, Zhang et al. 2023a). Talaromyces parapalmae is classified as a new lineage in the 

section Subinflati, forming a strongly supported clade (100/1) (Fig. 19). Phylogenetically,  

T. parapalmae is closely related to T. palmae (Fig. 19). Morphologically, T. parapalmae differs 

from T. palmae in having monoverticillate and biverticillate conidiophore (biverticillate in  

T. palmae). Talaromyces palmae produces synnemata, which is not observed in T. parapalmae 

(Yilmaz et al. 2014). In addition, they can be distinguished by their low sequence similarities. In a 

comparison of ITS, TUB, CaM, and RPB2 nucleotides, T. parapalmae (Type strain CGMCC 

3.25510) has 95.8%, 90.6%, 69.7%, and 95.3% similarity, in ITS (535/558 bp, five gaps), TUB 

(396/437 bp, six gaps), CaM (422/605 bp, 39 gaps), and RPB2 (703/737 bp, no gap), which is 

different from T. palmae (Type strain CBS 442.88). 

 

 
 

Figure 22 ï Phylogram generated from maximum likelihood analysis based on combined ITS and 

LSU sequence data. Estimated base frequencies were as follows; A = 0.234, C = 0.235, G = 0.292, 

T = 0.239; substitution rates AC = 1.33380, AG = 3.50342, AT = 2.17538, CG = 0.80264, CT = 

9.43457, GT = 1.00000; gamma distribution shape parameter Ŭ = 0.372. The tree topology of ML 

analysis is similar to BI analysis. Bootstrap support values for MLBS Ó 70% and BYPP Ó 0.7 are 
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defined as BS/PP above the nodes. Hyphens (-) represent support values less than 70% in ML and 

0.7 in BI. Newly generated sequences are in blue and ñTò indicates type strain. 

 

Onygenales Cif. ex Benny & Kimbr. 

Onygenaceae Berk. 

Aphanoascus Zukal 

Based on the dataset combined ITS and LSU sequences, the phylogeny of Aphanoascus was 

studied. Keratinophyton lemmensii (BiMMF 76) and K. alvearium (LC11684) were used as the 

outgroup for the phylogenetic analysis. The concatenated sequences included 39 taxa and consisted 

of 1,337 nucleotides (ITS, 514 bp; and LSU, 823 bp) with inserted gaps. The phylogenetic trees 

showed that members of the genus Aphanoascus clustered into a group with a high support value 

(100/1) (Fig. 22). Additionally, our two new isolates (CGMCC 3.25511 and ZY22.040) of  

A. guizhouensis clustered into a single clade with a high support value (97/1) and closely related to 

species A. jingzhouense and A. reticulisporus (Fig. 22). In this study, sequences data mostly from 

Kandemir et al. (2022), were downloaded from NCBI GenBank for molecular phylogenetic 

analyses. 

 

Aphanoascus guizhouensis Zhi Y. Zhang, Heng Pan & Y. F. Han, sp. nov. Fig. 23 

MycoBank number: MB850377; Facesoffungi number: FoF15084 

Etymology ï Named after the location Guizhou, where the holotype was collected. 

Holotype ï ZY H-22.044 

 

 
 

Figure 23 ï Aphanoascus guizhouensis (CGMCC 3.25511). aïd Upper and reverse views of 

cultures on PDA, MEA, SNA, and OA 14 d after inoculation. eïg Terminal, lateral and intercalary 

conidia. hïi Arthroconidia. j Ascomata wall. k Asci. l Ascospores. Scale bars: eïl = 10 µm. 
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Description ï Hyphae branched, septate, hyaline, smooth, 1ï3 ɛm diam. Sexual morph: 

Ascomata superficial, spherical, non-ostiolate, light brown. Asci numerous, subglobose to 

ellipsoidal, 11.5ï16 × 8ï11 ɛm, 8-spored, evanescent. Ascospores globose to ellipsoidal, narrow-

ridged reticulate-alveolate, with small verrucae in the pits, one-celled, pale-brown, 5ï6.5 × 4ï6 ɛm 

(av. 5.8 Ĭ 5 ɛm, n = 30). Asexual morph: Conidia terminal and lateral, sessile, on short protrusions, 

the short stalk or the side branches, solitary, hyaline, smooth, clavate, ellipsoidal, with a truncate 

base, 4.5ï9.5 × 2.5ï4 ɛm (av. 6.8 Ĭ 3.4 ɛm, n = 30). Intercalary conidia abundant, solitary, 

cylindrical, clavate to barrel, 6ï13.5 × 4ï6 ɛm (av. 9.6 Ĭ 5 ɛm, n = 30). Arthroconidia abundant, 

thin-walled, cylindrical, smooth, 8ï13 × 3ï4.5 ɛm (av. 10.9 Ĭ 3.9 ɛm, n = 30). 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 78ï79 mm, fluffy, flocculent, white, 

aerial mycelium dense; reverse white. Colony on MEA fast-growing, more than 90 mm, flocculent, 

granular, white, aerial mycelium dense; reverse grey yellow. Colony on SNA 55ï60 mm, aerial 

mycelium very sparse, white; reverse white. Colony on OA fast-growing, more than 90 mm, fluffy, 

flocculent, white, aerial mycelium dense; reverse white. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.044), ex-type CGMCC 3.25511 = ZY 22.044; ibid. ZY 

22.045. 

Notes ï Phylogenetically, Aphanoascus guizhouensis forms a distinct clade and is closely 

related to A. jingzhouense, A. keratinophilus, and A. reticulisporus (Fig. 22). Among these species, 

A. jingzhouense does not produce sexual morph, which is observed in A. guizhouensis,  

A. keratinophilus, and A. reticulisporus (Cano & Guarro 1990, Zhang et al. 2017a). Aphanoascus 

guizhouensis differs from A. keratinophilus in ascospore shape and size (globose to ellipsoidal, 5ï

6.5 × 4ï6 ɛm in A. guizhouensis vs. globose to oblate, 6ï8.5 × 4.5ï6 ɛm in A. keratinophilus), and 

has intercalary conidia and arthroconidia, which is not observed in A. keratinophilus (Cano & 

Guarro 1990). Aphanoascus guizhouensis differs from A. reticulisporus in conidia shape and size 

(clavate, ellipsoidal, 4.5ï9.5 × 2.5ï4 ɛm in A. guizhouensis vs. clavate, 7ï16 × 4ï4.5 ɛm in  

A. reticulisporus) (Cano & Guarro 1990). In addition, they can be distinguished by their low 

sequence similarities. In a comparison of ITS and LSU nucleotides, A. guizhouensis (Type strain 

CGMCC 3.25511) has 97.3% and 99.4% similarity, in ITS (545/560 bp, four gaps) and LSU 

(856/861 bp, two gaps), which is different from A. reticulisporus (Type strain CBS 392.67). 

Aphanoascus guizhouensis (CGMCC 3.25511) has 97.1% similarity, in ITS (544/560 bp, no gap), 

which is different from A. jingzhouense (Type strain EB1303M). Aphanoascus guizhouensis 

(CGMCC 3.25511) has 93.7% similarity, in ITS (537/573 bp, 15 gaps), which is different from  

A. keratinophilus (Type strain IMI 319010). 

 

Tuberculiformales Zhi Y. Zhang & Y. F. Han, ord. nov. 

MycoBank number: MB850378 

Etymology ï Named after its tuberculiform-like conidiogenous structure. 

Type family ï Tuberculiformaceae 

Description ï Hyphae branched, septate. Sexual morph: Not observed. Asexual morph: 

Conidiophores are usually reduced to conidiogenous cells. Conidiogenous cells arise in clusters on 

intercalary or terminal, swollen, subglobose to inequilaterally ampulliform, cup-shaped, like 

tuberculiform. Conidia solitary or in chains. 

Based on the dataset combined SSU, ITS, LSU, and RPB2 sequences, the phylogeny of 

Tuberculiforma sinensis and its related taxa were studied. Geoglossum nigritum (OSC 100009) and 

Trichoglossum hirsutum (KH03232003-1) were used as the outgroup for the phylogenetic analysis. 

The concatenated sequences included 77 taxa and consisted of 3,668 nucleotides (SSU, 974 bp; ITS, 

789 bp; LSU, 853 bp; and RPB2, 1,052 bp) with inserted gaps. The phylogenetic trees showed that 

four new isolates (CGMCC 3.25512, ZY 22.047, ZY 22.048, and ZY22.049) of T. sinensis 

clustered into a single clade with a high support value (100/1) and closely related to T. catenata and 

three beetle-associated isolate (INBio4503Q, INBio4513L, and INBio4513J) (Fig. 24). 
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Figure 24 ï Phylogram generated from maximum likelihood analysis based on combined SSU, ITS, 

LSU, and RPB2 sequence data. Estimated base frequencies were as follows; A = 0.256, C = 0.227, 

G = 0.275, T = 0.242; substitution rates AC = 1.39013, AG = 2.72152, AT = 1.29109, CG = 

0.99535, CT = 5.53269, GT = 1.00000; gamma distribution shape parameter Ŭ = 0.612. The tree 

topology of ML analysis is similar to BI analysis. Bootstrap support values for MLBS Ó 70% and 
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BYPP Ó 0.7 are defined as BS/PP above the nodes. Hyphens (-) represent support values less than 

70% in ML and 0.7 in BI. Newly generated sequences are in blue and ñTò indicates type strain. 

 

 
 

Figure 25 ï Tuberculiforma sinensis (CGMCC 3.25512). aïd Upper and reverse views of cultures 

on PDA, MEA, SNA, and OA 14 d after inoculation. eïk Conidiogenous cells and conidia. Scale 

bars: eïl = 10 µm. 

 

Notes ï Réblová et al. (2017) created the subclass Sclerococcomycetidae and the order 

Sclerococcales based on morphological diagnoses and molecular phylogenetic data. Réblová et al. 

(2017) may not have been aware of the species Anthopsis catenata (Van Oorschot & de Hoog 

1982), the morphological characters of beetle-associated isolates (INBio4503Q, INBio4513J, and 

INBio4513L) are not recorded in the literature, and therefore incorrectly treated these isolates as 

taxa in Sclerococcales based on phylogenetic analyses. In this study, we proposed the new species 

Tuberculiforma sinensis, A. catenate, and three beetle-related isolates (INBio4503Q, INBio4513J, 

and INBio4513L) clustered into a single clade and separated from Sclerococcales. Although no 

sexual stage was observed for T. sinensis and A. catenata (Van Oorschot & de Hoog 1982), their 

asexual phenotypes are distinct from those of the Sclerococcales. Therefore, we propose a new 

order of Tuberculiformales by combining molecular phylogenetic data and morphological 

diagnoses. 

 

Tuberculiformaceae Zhi Y. Zhang & Y. F. Han, fam. nov. 

MycoBank number: MB850379 

Etymology ï Named after its tuberculiform-like conidiogenous structure. 

Type genus ï Tuberculiform 

Description ï Hyphae branched, septate. Sexual morph: Not observed. Asexual morph: 

Conidiophores are usually reduced to conidiogenous cells. Conidiogenous cells arise in clusters on 

intercalary or terminal, swollen, subglobose to inequilaterally ampulliform, cup-shaped, like 

tuberculiform. Conidia solitary or in chains, semicircular or ellipsoidal to subglobose, with truncate 

bases. 
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Tuberculiforma Zhi Y. Zhang & Y. F. Han, gen. nov. 

MycoBank number: MB850380 

Etymology ï Named after its tuberculiform-like conidiogenous structure. 

Type species ï Tuberculiforma sinensis 

Description ï Hyphae branched, septate; fertile parts of hyphae aerial, lateral or terminal, 

with short lateral secondary branches consisting of subglobose cells. Sexual morph: Not observed. 

Asexual morph: Conidiophores are usually reduced to conidiogenous cells. Conidiogenous cells 

arise in clusters on intercalary or terminal, swollen, subglobose to inequilaterally ampulliform, cup-

shaped, like tuberculiform. Conidia solitary or in chains, semicircular or ellipsoidal to subglobose, 

with truncate bases. 

 

Tuberculiforma sinensis Zhi Y. Zhang & Y. F. Han, sp. nov. Fig. 25 

MycoBank number: MB850381; Facesoffungi number: FoF15085 

Etymology ï Named after the location China, where the holotype was collected. 

Holotype ï ZY H-22.046 

Description ï Hyphae branched, septate, hyaline, smooth, 1ï4 ɛm diam; fertile parts of 

hyphae aerial, lateral or terminal, with short lateral secondary branches consisting of subglobose 

cells. Sexual morph: Not observed. Asexual morph: Conidiophores are usually reduced to 

conidiogenous cells. Conidiogenous cells arise in clusters on intercalary or terminal, usually 

swollen, subglobose to inequilaterally ampulliform, sometimes cup-shaped. Conidia solitary, 

smooth-walled, semicircular or ellipsoidal to subglobose, with truncate bases, 2.5ï4.5 × 2.5ï4 ɛm 

(av. = 3.1 Ĭ 3.2 ɛm). 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 17ï18 mm, fluffy, white, aerial 

mycelium sparse at the margin; reverse white. Colony on MEA 13ï14 mm, fluffy, white, sulciform, 

aerial mycelium dense; reverse white. Colony on SNA 14ï18 mm, fluffy, flat, white, aerial 

mycelium sparse; reverse white. Colony on OA 6ï7 mm, fluffy, flat, silk grey, aerial mycelium 

sparse; reverse silk grey. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.046), ex-type CGMCC 3.25512 = ZY 22.046; ibid. ZY 

22.047. China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo Town, soil collected 

from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 2022, Zhi-Yuan Zhang 

ZY 22.048, ibid. ZY 22.049. 

Notes ï Phylogenetically, Tuberculiforma sinensis forms a distinct clade and is closely 

related to A. catenata and three beetle-associated isolates (INBio4503Q, INBio4513J, and 

INBio4513L) (Fig. 24). Morphologically, T. sinensis differs from A. catenata in its solitary conidia 

(Van Oorschot & de Hoog 1982). In addition, INBio4503Q, INBio4513J, and INBio4513L were 

obtained from the beetle gut content of Passalidae and their lack of morphological description 

(Vargas-Asensio et al. 2014). Thus, we did not compare the morphological characteristics between 

these isolates and T. sinensis. In addition, T. sinensis differs from A. catenate by their low sequence 

similarities. In a comparison of ITS and LSU nucleotides, T. sinensis (Type strain CGMCC 

3.25512) has 93.6% and 87.4% similarity, in ITS (474/506 bp, nine gaps) and LSU (804/919 bp, 

104 gaps), which is different from A. catenata (Type strain CBS 492.81). 

 

Tuberculiforma catenatus (Oorschot, de Hoog & G. Schüler) Zhi Y. Zhang & Y. F. Han, com. 

nov. 

ſ Anthopsis catenata Oorschot, de Hoog & G. Schüler, van Oorschot & de Hoog, Antonie 

van Leeuwenhoek 48(1): 63 (1982). 

The genus Anthopsis was established in 1977, with the type species A. deltoidea (Marchisio 

et al. 1977). Recently, Anthopsis deltoidei was transferred to the genus Cyphellophora, named as 

Cyphellophora deltoidea (Crous et al. 2023). Additionally, in our phylogenetic study, A. catenata is 
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closely related to the new genus Tuberculiforma. Therefore, we propose a new combination for that 

species. 

 

Class Leotiomycetes O.E. Erikss. & Winka 

Thelebolales Haeckel 

Thelebolaceae Engl. 

Pseudogymnoascus Raillo 

Based on the dataset combined ITS, LSU, MCM7, RPB2, and EF1A sequences, the 

phylogeny of Pseudogymnoascus was studied. Leuconeurospora pulcherrima (CBS 343.76) and 

Leuconeurospora sp. (02NH04 and 15PA04) were used as the outgroup for the phylogenetic 

analysis. The concatenated sequences included 103 taxa and consisted of 4,021 nucleotides (ITS, 

544 bp; LSU, 1,202 bp; MCM7, 596 bp; RPB2, 761 bp; and EF1A, 918 bp) with inserted gaps. The 

phylogenetic trees showed that members of the genus Pseudogymnoascus clustered into a group 

with a high support value (100/1) (Fig. 26). Additionally, our two new isolates (CGMCC 3.25513 

and ZY 22.01) of P. wildlifiparkensis clustered into a single clade with a high support value (100/1) 

and closely related to P. campensis and 13 undescribed isolates (Fig. 26). Clades are identiýed 

using clade nomenclature (A to M) formally deýned by Minnis and Lindner (2013). 

 

Pseudogymnoascus wildlifiparkensis Zhi Y. Zhang & Y. F. Han, sp. nov. Fig. 27 

MycoBank number: MB850382; Facesoffungi number: FoF15086 

Etymology ï Named after the location of Guizhou Wildlife Park, where the holotype was 

collected. 

Holotype ï ZY H-22.050 

Description ï Hyphae branched, septate, hyaline, smooth, 1ï2.5 ɛm diam. Sometimes lateral 

hyphae end in pyriform-shaped arthroconidia with a truncate base. Sexual morph: Not observed. 

Asexual morph: Conidiophores abundant, solitary, erect, arising in right or acute angles with the 

main axis, hyaline, smooth, usually bearing verticils of one to two branches arising from the stipe at 

an acute angle. Aleurioconidia solitary, pyriform or subglobose, with a broad truncated basal scar, 

2.5ï4 × 2ï3 ɛm (av. 3.2 Ĭ 2.5, n = 30), in conidiophores separated by connective cells, smooth. 

Intercalary conidia pyriform to elongated, drum, cylindrical with slightly wider in the middle, or 

irregular, with a broad truncated scar at the base or both ends, 3.5ï8 × 2.5ï3.5 ɛm (av. 5.5 Ĭ 3.1ɛm, 

n = 30), smooth. Arthroconidia not observed. 

Culture characteristics (14 d at 25 °C) ï Colony on PDA 16ï18 mm, white to pale green, 

fluffy , flocculent, sectorization, sulcate, margin corrugated, exudates and diffusible pigments absent; 

reverse broom yellow to dahlia yellow. Colony on MEA 18ï21 mm, white, fluffy, flocculent, 

sulcate, margin regular, exudates and diffusible pigments absent; reverse zinc yellow. Colony on 

SNA 22ï24 mm, white, fluffy, flocculent, margin regular, exudates and diffusible pigments absent; 

reverse white. Colony on OA 18ï19 mm, white, fluffy, exudates absent, producing a di usible faint 

white pigment; reverse white. 

Material examined ï China, Guizhou Province, Guiyang City, Xiuwen County, Zhazuo 

Town, soil collected from the green belts of Guizhou Wildlife Park, 106.69 E, 26.85 N, 25 May 

2022, Zhi-Yuan Zhang (holotype, ZY H-22.050), ex-type CGMCC 3.25513 = ZY 22.050; ibid. ZY 

22.051. 

Notes ï Based on multi-locus phylogenetic analyses (Fig. 26) and morphological 

characteristics, P. wildlifiparkensis is proposed as a novel species belonging to clade A (Minnis & 

Lindner 2013). Clade A consists of P. campensis and several unidentiýed isolates (Minnis & 

Lindner 2013, Zhang et al. 2023b). Morphologically, P. wildlifiparkensis mainly differs from  

P. campensis in intercalary conidia shape and size (pyriform to elongated, drum, cylindrical with 

slightly wide in the middle, or irregular, av. 5.5 Ĭ 3.1 ɛm in P. wildlifiparkensis vs. barrel, reniform, 

pyriform to elongated or irregular, av. 4 Ĭ 2.6 ɛm in P. campensis) (Zhang et al. 2023b). In addition, 

P. wildlifiparkensis differs from P. campensis by their MCM7 sequence similarities (97.7%, 

597/611, no gap). 
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Figure 26 ï Phylogram generated from maximum likelihood analysis based on combined ITS, LSU, 

MCM7, RPB2, and EF1A sequence data. Estimated base frequencies were as follows; A = 0.247,  


