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Abstract 

Bats represent the second largest mammal group, with over 1400 known species dispersed 

across six continents. Bats are unique in many ways. Notably, their incredible longevity, with a life 

span of up to ten times longer than what might be expected from their body size and a unique 

ability to tolerate viruses without displaying any symptoms, means they provide an area of 

particular importance from a disease risk perspective. In addition, the warm, humid environments 

in which bats occur provide ideal habitats for fungi to grow, and the bats potentially carry various 
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pathogens that can threaten plants, animals, and humans. Whilst the role of bats as reservoir of 

viruses is well known, their role as a host to various fungi has been largely neglected. To explore 

this gap, we investigated the culturable mycota isolated from bats in the diverse Yunnan Province, 

China. In total, 164 samples from 104 bats were collected, and 164 fungal strains, representing 25 

species, were isolated using the dilution plate method. The majority of these species were 

discovered for the first time from bats, and 14 new species and 11 new records are described in this 

paper. Some species were previously known from other environments, as pathogens of plants, 

animals, or humans. Based on morphology and multigene phylogeny, we conclude that bats host a 

high fungal diversity, including a number of previously unknown species. Novel species described 

in this paper include Amphichorda yunnanensis, Apiospora xishuangbannaensis, Clonostachys 

rhinolophicola, Fusarium hipposidericola, F. menglaense, F. rhinolophicola, F. yunnanense,  

F. xishuangbannaense, Neopestalotiopsis xishuangbannaensis, Phialemoniopsis hipposidericola, 

Ph. xishuangbannaensis, Trichoderma hipposidericola, T. rhinolophicola and  

T. xishuangbannaense. 

 

Keywords ï 11 new records ï 14 new species ïAscomycota ï Bat fungi ï Caves ï Microfungi ï 

Morphology ï Phylogeny ï Plant pathogens 

 

Introduction  

Bats (Chiroptera), the only mammal with powered flight, are the second most species-rich 

mammal order, with more than 1400 species described (Jones et al. 2009, Prothero 2017, Wilson & 

Mittermeier 2019, Jiang et al. 2020, Ogórek et al. 2020, Poofery et al. 2021, Simmons & Cirranello 

2023). Bats inhabit all continents except Antarctica, with diversity peaking in the tropics and 

subtropics (Jones et al. 2009, Prothero 2017, Ogórek et al. 2020). Bats are well known for their 

unique immune systems and the diverse viruses they can carry which can result in human and 

animal diseases, such as Severe acute respiratory syndrome (SARS), SARS-coronavirus disease 

2019 (SARS-CoV-2), Ebola virus disease (EV), Hendra virus disease (HeV), Nipah virus infection 

(NV), Marburg virus disease (MV), the Middle East respiratory syndrome (MERS), Puumala virus 

infection (PUUV) and Rabies (RV) (He 2014, Leng & Gao 2020, Magnino et al. 2020, Zhou et al. 

2020, 2021, Poofery et al. 2021). 

In addition to viruses, bats also carry various fungal species, some of which have been 

responsible for mass mortalities in bats, such as White Nose Syndrome (WNS) caused by 

Pseudogymnoascus destructans (Blehert & Gargas) Minnis & D.L. Lindner (Thelebolales, 

Ascomycota), leading to the death of more than seven million bats in North America (Blehert et al. 

2009, Warnecke et al. 2012, Sharma et al. 2019, Magnino et al. 2020, Zhang et al. 2020, Liu et al. 

2021, White-nose syndrome 2022). Identifying bat-associated fungi is important as some species 

associated with bats might be plant or animal pathogens. For example, Aspergillus fumigatus 

Fresen, A. sydowii (Bainier & Sartory) Thom & Church, Candida glabrata (H.W. Anderson) S.A. 

Mey. & Yarrow and Rhodotorula mucilaginosa (A. Jörg.) F.C. Harrison cause human diseases, 

Paecilomyces formosus Sakag., May. Inoue & Tada ex Houbraken & Samson can result in plant 

and human diseases, and Fusarium equiseti (Corda) Sacc. and F. incarnatum (Desm.) Sacc. cause 

plant diseases (Swezey & Garrity 2011, Shah-Hosseini et al. 2012, Warnecke et al. 2012, Cunha et 

al. 2020, Magnino et al. 2020), that could pose an underappreciated threat. Bats can also roost in 

colonies of up to millions of individuals in thermally stable, moist conditions, which provide ideal 

habitats for fungal growth and transmission. The need for further study of bats and cave fungi has 

been highlighted with the emergence of WNS in North America in 2006 (Warnecke et al. 2012, 

Kokurewicz et al. 2016, Cunha et al. 2020, Zhang et al. 2020, Liu et al. 2021). 

Some of the earliest reports of bat-associated fungi came from Columbia (Grose & 

Marinkelle 1966), but subsequent studies described a high diversity of fungi associated with bats in 

other regions. For example, in a recent study, 36 species of bat-associated fungi were isolated in 

Northeastern Brazil (Cunha et al. 2020). Research on bat-associated fungi has largely focused on 

Australia, Europe, the USA, and Brazil (Kokurewicz et al. 2016, Holz et al. 2018, Lorch et al. 

http://en.wikipedia.org/wiki/Thelebolales
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2018, Nováková et al. 2018, Cunha et al. 2020, Ogórek et al. 2020). In China, Karunarathna et al. 

(2020) conducted the first and only study on bat fungi, and reported seven fungal species from bat 

carcasses in Yunnan Province, China, highlighting the fact that the fungi are commonly associated 

with bats. 

Yunnan provides an ideal location for the study of bats and bat-associated fungi as it has a 

highly heterogenous landscape. Although Yunnan experiences summer monsoon rainfall patterns, it 

is divided into distinct climate zones. Northern Yunnan reaches elevations of more than 5000 

m.a.s.l, with subalpine environments, central Yunnan, which forms part of Yunnan-Guizhou 

Plateau, has an elevation of about 1900 m.a.s.l, and is characterized by a temperate climate. 

Southern Yunnan lies in the lower elevations and has sub-tropical to tropical climate zones. This 

variation in climate types creates a varied landscape with multiple habitats and a high species 

diversity index. There are more than 6000 species of fungi already recorded in Yunnan (Feng & 

Yang 2018), however, the number of bat species in Yunnan has not been properly estimated yet 

since there are numerous undescribed bat species and unstudied habitats. 

Little is known about the taxonomy, diversity, and ecological roles of bat-associated fungi. 

We aim to fill the knowledge gap relating to the study of bat-associated fungi with our descriptions 

of new and known fungal species found on bats in the central and southern parts of Yunnan 

Province, China, and provide detailed morphological descriptions and phylogenetic analyses of the 

fungal species that we isolated from bats in Yunnan. 

 

Materials & methods 

 

Sample collection 

Fieldwork was conducted in four sites from May to September 2020 (Fig. 1, Table 1) using 

four bank harp traps and a set of selected mist nets (4 shelves, 4 m high). Bats were collected as 

part of a broader study investigating the diversity of bat species in Yunnan Province, by a team of 

experts from the Xishuangbanna Tropical Botanical Gardens, Chinese Academy of Sciences. Bats 

were handled according to standard protocols (Cunha et al. 2020, Kim et al. 2023) and were not 

harmed during the sampling process. Bats were released after the sampling procedures and data 

gathering were completed. Morphological features were measured using digital calipers based on 

standard measurements, while the bats were photographed from the side. The front wing tissue 

samples were collected using a 3 mm biopsy punch and stored in 99% ethanol for later DNA 

verification at the Southwest Barcoding Center (Chornelia et al. 2022). From each individual, 

swabs (used for sampling of fungi) were taken from three areas on the batôs body, namely feet, fur 

(belly and back) and patagium (ventral and dorsal surface) (Cunha et al. 2020, Kim et al. 2023) 

(Fig. 2). Bat morphology combined with DNA barcoding was used to identify the bat species and 

measurements were checked with Francis (2009). Samples were collected using sterile swabs pre-

moistened with sterilized chloramphenicol (0.1 mg/L) solution. These were rolled back and forth 

three times across the bat fur and wing membrane. Swabs were then individually placed in 

sterilized 50 mL conical centrifuge tubes containing 15 mL chloramphenicol (0.1 mg/L) solution, 

labelled, and stored at 4  (Cunha et al. 2020). In total, 14 bat species were sampled in the course 

of this work (Supplementary Table 1). 

 

Fungal isolations 

In the laboratory, the conical centrifuge tubes were shaken to mix the 15 mL chloramphenicol 

solution, and then the suspension was spread using a sterilized cotton bud on potato dextrose agar 

(PDA, Oxoid, England) plates containing amoxicillin (50 ɛg/mL), the procedure was performed in 

triplicate. The PDA plates were incubated at room temperature until individual fungal colonies 

were visible. Fast-growing fungi were subcultured into new plates in one to three daysô time, while 

slow-growing ones were subcultured after one month. Individual fungal colonies were subcultured 

on new PDA plates in triplicate and incubated at room temperature. All fungal strains were stored 

at 4 °C for further studies. 
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Figure 1 ï Sampling locations in Yunnan Province of China. Location names are denoted by 

numbers and full names (Table 1). Source: The original map was extracted from Baidu. 

 

Table 1 Information of the sampled locations. The rainforest and limestone forest sampling areas 

listed in the table are both located in the subtropical area of Xishuangbanna; Shiliansi is a temperate 

forest area in central Yunnan; and long cave refers to a cave system found in central Yunnan. The 

number of samples referred to in the table indicate how many samples were taken in total for each 

area. 

 
Site Sampling area Location Longitude Latitude Altitude  (m) Samples 

1 Rainforest XFBG, Xishuangbanna, 

Yunnan Province 

101.27156ºE 21.91890ºN 570.0 46 

2 Limestone 

forest 

XFBG, Xishuangbanna, 

Yunnan Province 

101.28240ºE 21.90760ºN 520.0 49 

3 Shiliansi Pubei Village, Yimen 

County, Yuxi, Yunnan 

Province 

102.1633ºE 24.61746ºN 616.2 48 

4 Long cave Xishan District, 

Kunming, Yunnan 

Province 

102.6005ºE 24.50839ºN 1988.3 21 

 

Morphological observations 

Morphological characteristics of the cultures sporulated on PDA after 60ï80 days were 

examined. Morphological observations were performed using an Olympus SZ61 (Japan) Series 

stereomicroscope and photographed using an OLYMPUS SZ2-ILST and Industrial Digital Camera 

16NP USB3.0 (Panasonic, Japan) microscope imaging system. Measurements were arranged using 

the Tarosoft Image Framework program (IFW) 0.97, and images were processed with Adobe 

Photoshop CS3 Extended version 10.0 software (Adobe Systems, USA). 

Dry cultures were deposited in the herbarium of the Kunming Institute of Botany Academia 

Sinica (HKAS), while living cultures were deposited in the Kunming Culture Collection (KUMCC) 

and China General Microbiological Culture Collection Center (CGMCC), China. The MycoBank 

numbers (Robert et al. 2005) and Facesoffungi numbers (Jayasiri et al. 2015) were obtained, while 

fungal records were updated in the Greater Mekong region database (Chaiwan et al. 2021).  
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Figure 2 ï Scenes of visited caves and bats. A An entrance to long cave. B, C Stalactite and 

stalagmite. D Bat guano. E, G Bat roosts. FïI Examples of handling the bats when collecting 

samples: F Lateral view of Scotomanes ornatus and standard way of holding (this position was also 

used for foot swabs). H The back of S. ornatus (position for fur swabbing). I Wing swab position of 

S. ornatus. 

 

DNA extraction, PCR amplification and sequencing 

A biospin Fungus Genomic DNA Extraction Kit-BSC14S1 (BioFlux, P.R. China) was used to 

extract DNA from pure fungal mycelia following the manufacturerôs protocol. The extracted DNA 
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was maintained at -20 °C for long-term storage. Polymerase chain reaction (PCR) was used to 

amplify three partial gene regions using the primers shown in Table 2. The total volume of PCR 

mixture per reaction was 25 ɛL, containing 2 ɛL DNA (50 ng/ɛL), 12.5 ɛL 2×FastTaq Premix  

(a mixture of FastTaq TM DNA Polymerase, buffer, dNTP Mixture, and stabilizer) (Beijing Qingke 

Biological Technology Co., Ltd., Beijing, P.R. China), 1 ɛL of each reverse and forward primer  

(10 ɛM) (Beijing Kinco Biotechnology Co., Ltd. Kunming Branch, P.R. China) and 8.5 ɛL double 

distilled water (ddH2O) (Tibpromma et al. 2018). The quality of PCR products was checked on 1% 

agarose gel electrophoresis stained with TS-GelRed (TSJ002, Beijing Kinco Biotechnology Co., 

Ltd. Kunming Branch, China). Purification and sequencing of PCR products were performed by 

Beijing Kinco Biotechnology Co., Ltd. Kunming Branch, P.R. China. 

 

Table 2 Details of genes/loci with PCR primers used in each fungal genus. 

 
Genera name Genes/loci Primers (forward/reverse) References 

Amphichorda ITS ITS5/ITS4 White et al. (1990) 

 RPB1 RPB1A/RPB1B-G2R Matheny et al. (2002), Hofstetter et al. 

(2007) 

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

 TEF1-Ŭ EF1-983F/EF1-2218R Rehner & Buckley (2005) 

Apiospora ITS ITS5/ITS4 White et al. (1990) 

 LSU LR0R/LR5 Vilgalys & Hester (1990) 

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

 TEF1-Ŭ EF1-728F/EF-2 OôDonnell et al. (1998), Carbone & 

Kohn (1999) 

Aspergillus ITS ITS5/ITS4 White et al. (1990) 

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

 CaM Cmd5/Cmd6 Hong et al. (2006) 

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

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

 TUB T1/T22 Glass & Donaldson (1995), OôDonnell 

& Cigelnik (1997) 

Fusarium ITS ITS5/ITS4 White et al. (1990) 

 CaM CL1/CL2A OôDonnell et al. (2000) 

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

 RPB1 RPB1-FA/RPB1-G2R OôDonnell et al. (2010) 

 TUB T1/T2 OôDonnell & Cigelnik (1997) 

 TEF1-Ŭ EF1/EF2 OôDonnell et al. (1998) 

Neopestalotiopsis ITS ITS5/ITS4 White et al. (1990) 

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

 TEF1-Ŭ EF1-728F/EF1-1567R Carbone & Kohn (1999), Groenewald et 

al. (2018) 

Penicillium ITS ITS5/ITS4 White et al. (1990) 

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

 Cam Cmd5/Cmd6 Hong et al. (2006) 

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

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

 LSU LR0R/LR5 Vilgalys & Hester (1990) 

 ACT Act1/Act5ra Voigt & Wostemeyer (2000) 

 TUB TUB-F/TUB-R Cruse et al. (2002) 

Scopulariopsis ITS ITS5/ITS4 White et al. (1990) 

 LSU LR0R/LR5 Vilgalys & Hester (1990) 

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

 TEF1-Ŭ EF1-983F/EF1-2218R Rehner & Buckley (2005) 

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

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

 TEF1-Ŭ EF1-728F/TEF1LLErev Carbone & Kohn (1999), Jaklitsch et al. 
(2005) 
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Phylogenetic analyses 

Phylogenetic analyses followed the methods in Dissanayake et al. (2020). Newly generated 

sequence data were initially subjected to blastn search in NCBI to obtain the most probable closely 

related taxa in the GenBank (http://blast.ncbi.nlm.nih.gov/). Sequence data were retrieved from 

GenBank based on recent publications (https://www.ncbi.nlm.nih.gov/nuccore/). Forward and 

reverse sequences were assembled using Geneious Pro.v4.8.5. Single gene sequence datasets were 

aligned with MAFFT V. 7.215 (https://mafft.cbrc.jp/alignment/server/; Katoh & Standley 2016), 

trimmed in Trimal.v1.2rev59 and edited manually where necessary in BioEdit V.7.0.5.2 (Hall 

1999). The sequence datasets were combined using SequenceMatrix and AliView or BioEdit 

V.7.0.5.2 (Hall 1999). FASTA datafile formats were transferred to PHYLIP and NEXUS formats 

by the online tool available on the website ALTER (http://sing.ei.uvigo.es/ALTER/) (Glez-Peña et 

al. 2010). Phylogenetic trees were based on Randomized Accelerated Maximum Likelihood (ML) 

and Bayesian inference analyses (BI). 

Maximum likelihood trees were generated via RAxM ng the GTR+I+G model of evolution. 

BI analysis was conducted with MrBayes v. 3.1.2 (Stamatakis 2006, 2014, Stamatakis et al. 2008) 

in the CIPRES Science Gateway platform to evaluate posterior probabilities (PP) (Rannala & Yang 

1996, Zhaxybayeva & Gogarten 2002) by Markov Chain Monte Carlo sampling (MCMC). The 

GTR+I+G evolution model was also applied in the BI analyses for all gene regions. Six 

simultaneous Markov chains were run for 2,000,000 to 5,000,000 generations, and trees were 

sampled at every 100th generation. The resulting trees were visualized in FigTree v. 1.4.0 

(http://tree.bio.ed.ac.uk/software/figtree/) and annotated in Microsoft PowerPoint 2019. The ML 

bootstrap supports (greater than or equal to 60%) and Bayesian posterior probabilities (greater than 

or equal to 0.90) are shown in the tree and presented under each relevant description. Sequence data 

of the new strains generated in this study are deposited in the GenBank, and the accession numbers 

are listed in Supplementary Table 2. 

 

Genealogical concordance phylogenetic species recognition (GCPSR) analysis 

We used the genealogical concordance phylogenetic species recognition analysis (GCPSR) to 

check for significant recombination events (Quaedvlieg et al. 2014). The data were analyzed using 

the pairwise homoplasy index (PHI) test in SplitsTree 4 to determine the recombination level with 

closely related species (Bruen et al. 2006, Huson & Bryant 2006, Quaedvlieg et al. 2014). Multi-

locus datasets with closely related species were used for the analyses. The pairwise homoplasy 

index lower than 0.05 (ūw < 0.05) indicates significant recombination in the dataset. The 

relationships between closely related taxa were visualized by constructing split graphs from the 

concatenated datasets using the LogDet transformation and split decomposition options. 

 

Results 

 

Phylogenetic analyses 

 

Aspergillus phylogeny was based on combined ITS, BenA, CaM and RPB2 sequence data 

The aligned dataset encompassed 205 strains representing 161 taxa, including two new 

records and the outgroup taxon Aspergillus nanangensis Pitt (FRR 6048, type). The trees from the 

two analyses (ML and BI) showed identical topologies. Multigene phylogenetic analyses based on 

ITS, BenA, CaM and RPB2 show that our new isolates (KUMCC 21-0819 and KUMCC 21-0820) 

clustered with Aspergillus creber Jurjeviĺ, S.W. Peterson & B.W. Horn with a relatively high 

statistical support (ML/BI = 99/1.00) in section Nidulantes (Visagie & Houbraken 2020, Visagie et 

al. 2021), and the new isolates (KUMCC 21-0699 and KUMCC 21-0700) clustered with As. 

candidus with high statistical support (ML/BI = 100/1.00) in section Candidi (Visagie & 

Houbraken 2020, Visagie et al. 2021). The genus Aspergillus P. Micheli ex Haller sections are 

mentioned in the phylogenetic tree as described by Visagie & Houbraken (2020) and Visagie et al. 

(2021) (Fig. 3). 
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Figure 3 ï Consensus phylogram of 1,000 trees resulting from a RAxML analysis of the 

(ITS+BenA+CaM+RPB2) alignment of the analyzed Aspergillus sequences. The RAxML analysis 

of the combined dataset yielded a best-scoring tree with a final ML optimization likelihood value of 

-76055.918838 and generated from 622, 516, 670 and 895 base pairs of ITS, BenA, CaM and RPB2 
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characters, respectively. The matrix comprises 1894 distinct alignment patterns with 19.67% gaps 

and indeterminate traits. Base frequencies were estimated as follows A = 0.229451, C = 0.271908, 

G = 0.265799, T = 0.232842 with substitution rates AC = 1.004088, AG = 3.355531, AT = 

1.224976, CG = 0.887573, CT = 5.219361, GT = 1.000000; proportion of invariable sites I = 

0.303218; gamma distribution shape parameter Ŭ = 0.789571. RaxML bootstrap support values 

(ML equal to or above 60%) and Bayesian inference posterior probabilities (BYPP equal to or 

above 0.90) are given at the nodes (ML/BYPP). The sequences of the new strains are in blue. The 

scale bar represents the expected number of changes per site. Type strains are denoted with T. 

 

 
 

Figure 3 ï Continued. 
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Figure 3 ï Continued. 

 

Penicillium phylogeny was based on combined ITS, BenA, Cam and RPB2 sequence data 

The aligned dataset encompassed 144 strains representing 98 taxa, including the new record 

and the outgroup taxon Penicillium sacculum E. Dale (CBS 23.61). The trees from the two analyses 

(ML and BI) showed identical topologies. Multigene phylogenetic analyses based on ITS, BenA, 

Cam and RPB2 show our new isolates (KUMCC 21-0762, KUMCC 21-0763, KUMCC 21-0764, 

KUMCC 21-0765, KUMCC 21-0766, KUMCC 21-0767, KUMCC 21-0768 and KUMCC 21-

0769) clustered with Penicillium brevicompactum Dierckx with relatively high statistical support 

(ML/BI = 95/1.00) in section Brevicompacta. Penicillium Link sections in the phylogenetic tree 

(Fig. 4) were followed by Houbraken et al. (2014, 2016, 2020) and Ramos et al. (2021). 

 

Apiospora phylogeny was based on combined LSU, ITS, TUB and TEF1-Ŭ sequence data 

The combined alignment encompassed 170 strains representing 109 taxa, including 

Apiospora Sacc. (142 strains, 83 taxa), Arthrinium Kunze (13 strains, 11 taxa), Nigrospora Zimm. 

(14 strains, 14 taxa) and the outgroup taxon Sporocadus trimorphus F. Liu, L. Cai & Crous (CBS 

114203). The trees from the two analyses (ML and BI) showed identical topologies. 

Phylogenetically, Apiospora is very similar to Arthrinium, and most species of Apiospora were 

synonymized under Arthrinium by Pintos & Alvarado (2021) and Tian et al. (2021). Multigene 

phylogenetic analyses based on LSU, ITS, TUB and TEF1-Ŭ showed the taxonomic placements of 
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our strains belonging to Apiospora (Fig. 5). Apiospora xishuangbannaensis formed a distinct 

branch separated from Ap. septata (Y. Feng & Jian K. Liu) X.G. Tian & Tibpromma, Ap. 

gelatinosa (Y. Feng & Z.Y. Liu) X.G. Tian & Tibpromma and Ap. biserialis (Y. Feng and Z.Y. 

Liu) X.G. Tian and Tibpromma with high statistical support (ML/BI = 90/1.00). In addition, our 

two strains KUMCC 21-0697 and KUMCC 21-0698 clustered with Apiospora arundinis (Corda) 

Pintos & P. Alvarado (CBS 449.92 and CBS 133509), KUMCC 21-0693 AND KUMCC 21-0694 

clustered together with Ap. marii (Larrondo & Calvo) Pintos & P. Alvarado (CBS 113535 and CBS 

114803), and KUMCC 21-0428 and KUMCC 21-0429 clustered together with Ap. vietnamensis 

(Hol.-Jech.) Pintos & P. Alvarado (IMI 99670, type). 

 

Neopestalotiopsis phylogeny was based on combined ITS, TEF1-Ŭ and TUB sequence data 

The combined alignment encompassed 137 strains representing 80 taxa, including of 

Neopestalotiopsis Maharachch. et al. (134 strains, 77 taxa), and three outgroup taxon 

Pseudopestalotiopsis cocos Maharachch., K.D. Hyde & Crous (CBS 272.29, type), Ps. indica 

Maharachch., K.D. Hyde & Crous (CBS 459.78, type) and Ps. theae (Sawada) Maharachch., K.D. 

Hyde & Crous (MFLUCC12-0055, type). The trees from ML and BI analyses showed identical 

topologies. Multigene phylogenetic analyses based on ITS, TEF1-Ŭ and TUB showed our strains 

belong to Neopestalotiopsis (Fig. 6). Neopestalotiopsis xishuangbannaensis formed a distinct clade 

closely related to N. mianyangensis W.L. Li & Jian with high statistical support (ML/BI = 

100/1.00) (Fig. 6). 

 

Clonostachys phylogeny was based on ITS and TUB sequence data 

The combined alignment encompassed 73 strains representing 62 taxa, including the new 

species and the outgroup taxa Fusarium acutatum Nirenberg & OôDonnell (CBS 402.97) and 

Nectria cinnabarina (Tode) Fr. (CBS 279.48). The trees from two analyses (ML and BI) showed 

identical topologies. Multigene phylogenetic analyses based on ITS and TUB show our new species 

formed a distinct clade sister to Clonostachys pityrodes Schroers with high statistical support 

(ML/BI = 99/1.00) (Fig. 7). 

 

Amphichorda phylogeny was based on combined ITS, RPB1, RPB2 and TEF1-Ŭ sequence data 

The combined alignment encompassed 77 strains representing 42 taxa, including 

Amphichorda Fr. (nine strains, four taxa), Beauveria Vuill. (45 strains, 24 taxa), Cordyceps Fr. (13 

strains, eight taxa), Hevansia Luangsa-ard, Hywel-Jones & Spatafora (eight strains, five taxa) and 

the outgroup taxa with Purpureocillium lilacinum (Thom) Luangsa-ard, Houbraken, Hywel-Jones 

& Samson (CBS 284-36) and Pu. Lilacinum (CBS 431-87). The trees from two analyses (ML and 

BI) showed identical topologies. Amphichorda is closely related to Beauveria, Cordyceps and 

Hevansia based on molecular phylogenetic analyses. Multigene phylogenetic analyses based on 

ITS, RPB1, RPB2 and TEF1-Ŭ show that our new species belongs to Amphichorda, and formed a 

distinct clade sister to Am. cavernicola Z.F. Zhang & L. Cai. and Am. guana Z.F. Zhang, F. Liu & 

L. Cai. with high statistical support (ML/BI = 100/1.00) (Fig. 8). 

 

Trichoderma phylogeny was based on combined ITS, RPB2 and TEF1-Ŭ sequence data 

The combined alignment encompassed 159 strains representing 93 taxa, including 

Trichoderma (146 strains, 82 taxa), Arachnocrea Z. Moravec (two strains, two taxa), Hypomyces 

(Fr.) Tul. & C. Tul. (five strains, five taxa), Protocrea Petch (five strains, three taxa) and the 

outgroup taxon Nectria eustromatica Jaklitsch & Voglmayr (CBS 125578). The trees from the two 

analyses (ML and BI) showed identical topologies. Multigene phylogenetic analyses based on ITS, 

RPB2 and TEF1-Ŭ show that our strains belong to Trichoderma (Fig. 9). Trichoderma 

hipposiderocola formed a distinct clade sister to T. atroviride P. Karst. with high statistical support 

(ML/BI = 98/1.00), and T. rhinolophicola formed a distinct clade in the Atroviride clade. 

Trichoderma xishuangbannaense formed a distinct clade with high statistical support (ML/BI = 

100/1.00) in the basal Longibrachiatum clade. The strain KUMCC 21-0806 clustered together with 

http://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=7701
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T. inconspicuum Z.F. Yu & X. Du (YMF 1.04623, type), and the strains KUMCC 21-0807, 

KUMCC 21-0808, KUMCC 21-0809, KUMCC 21-0810 and KUMCC 21-0811 clustered together 

with T. obovatum Z.F. Yu & Y.F. Lv (YMF 1.06211 (type) and YMF 1.06212). The eight clades of 

Trichoderma are labelled in the phylogenetic tree (Fig. 9) (Rodríguez et al. 2021, Zheng et al. 

2021). 

 

 
 

Figure 4 ï Consensus phylogram of 1,000 trees resulting from a RAxML analysis of the 

(ITS+BenA+Cam+RPB2) alignment of the analyzed Penicillium sequences. The RAxML analysis 

of the combined dataset yielded the best scoring tree with a final ML optimization likelihood value 

of -51877.688097 and generated from 646, 494, 579 and 1121 base pairs of ITS, BenA, Cam and 

RPB2 characters, respectively. The matrix comprises 1808 distinct alignment patterns with 20.41% 

gaps and indeterminate traits. Base frequencies were estimated as follows A = 0.227750, C = 

0.274333, G = 0.263453, T = 0.234465 with substitution rates AC = 1.219666, AG = 3.226510, AT 

http://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=834570
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= 1.259285, CG = 0.843272, CT = 5.178371, GT = 1.000000; proportion of invariable sites I = 

0.361128; gamma distribution shape parameter Ŭ = 0.789719. The trees from three analyses (ML 

and BI) showed identical topologies. RAxML bootstrap support values (ML equal to or above 

60%) and Bayesian inference posterior probabilities (BYPP equal to or above 0.90) are given at the 

nodes (ML/BYPP). The sequences of new strains are in blue. The scale bar represents the expected 

number of changes per site. Type strains are denoted with T. 

 

 
 

Figure 4 ï Continued. 
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Figure 5 ï Consensus phylogram of 1,000 trees resulting from a RAxML analysis of the 

(ITS+LSU+TEF1-Ŭ+TUB) alignment of the analyzed Apiospora. The RAxML analysis of the 
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combined dataset yielded the best scoring tree with a final ML optimization likelihood value of -

36510.216073 and generated from 712, 804, 516 and 800 base pairs of ITS, LSU, TEF1-Ŭ and TUB 

characters, respectively. The matrix comprises 1724 distinct alignment patterns with 31.19% gaps 

and indeterminate traits. Base frequencies were estimated as follows A = 0.235767, C = 0.254738, 

G = 0.254191, T = 0.255304 with substitution rates AC = 1.284023, AG = 3.095908, AT = 

1.203994, CG = 1.158116, CT = 4.989142, GT = 1.000000; proportion of invariable sites I = 

0.353713; gamma distribution shape parameter Ŭ = 0.724256. RAxML bootstrap support values 

(ML equal to or above 60%) and Bayesian inference posterior probabilities (BYPP equal to or 

above 0.90) are given at the nodes (ML/BYPP). The ex-type strains are represented in blue bold, 

and the newly introduced sequences are in red bold. The scale bar represents the expected number 

of changes per site. Type strains are denoted with T. 

 

 
 

Figure 5 ï Continued. 
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Figure 6 ï Consensus phylogram of 1,000 trees resulting from a RAxML analysis of the 

(ITS+TEF1-Ŭ+TUB) alignment of the analyzed Neopestalotiopsis sequences. The RAxML analysis 

of the combined dataset yielded the best scoring tree with a final ML optimization likelihood value 

of -11724.008210 and generated from 546, 934 and 771 base pairs of ITS, TEF1-Ŭ and TUB 
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characters, respectively. The matrix comprises 865 distinct alignment patterns with 27.74% gaps 

and indeterminate traits. Base frequencies were estimated as follows A = 0.235829, C = 0.27172, G 

= 0.218698, T = 0.273752 with substitution rates AC = 1.065278, AG = 2.932908, AT = 1.290534, 

CG = 0.816005, CT = 3.981952, GT = 1.000000; proportion of invariable sites I = 0.369668; 

gamma distribution shape parameter Ŭ = 0.773815. The trees from three analyses (ML and BI) 

showed identical topologies. RAxML bootstrap support values (ML equal to or above 60%) and 

Bayesian inference posterior probabilities (BYPP equal to or above 0.90) are given at the nodes 

(ML/BYPP). The newly introduced sequences are in bold red. The scale bar represents the expected 

number of changes per site. Type strains are denoted with T. 

 

 
 

Figure 6 ï Continued. 
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Figure 7 ï Consensus phylogram of 1,000 trees resulting from a RAxML analysis of the 

(ITS+TUB) alignment of the analyzed Clonostachys sequences. The RaxML analysis of the 

combined dataset yielded a best scoring tree with a final ML optimization likelihood value of -

12437.722313 and generated from 479 and 602 base pairs of ITS and TUB characters, respectively. 

The matrix comprises 640 distinct alignment patterns with 22.83% gaps and indeterminate traits. 
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Base frequencies were estimated as follows A = 0.211034, C = 0.282207, G = 0.249578, T = 

0.257181 with substitution rates AC = 1.215440, AG = 3.197995, AT = 1.110533, CG = 0.636495, 

CT = 4.148100, GT = 1.000000; proportion of invariable sites I = 0.315419; gamma distribution 

shape parameter Ŭ = 0.673328. The trees from three analyses (ML and BI) showed identical 

topologies. RaxML bootstrap support values (ML equal to or above 60%) and Bayesian inference 

posterior probabilities (BYPP equal to or above 0.90) are given at the nodes (ML/BYPP). The 

newly introduced sequences are in red bold. The scale bar represents the expected number of 

changes per site. Type strains are denoted with T. 

 

Fusarium phylogeny was based on ITS, RPB2, RPB1, TUB, CAM and TEF1-Ŭ sequence data 

The combined alignment encompassed 193 strains representing 113 taxa, including Fusarium 

Link (191 strains, 111 taxa), and the outgroup taxa Microcera coccophila Desm. (CBS 310.34) and 

M. diploa (Berk. & M.A. Curtis) Gräfenhan & Seifert (CBS 735.79). The trees from the two 

analyses (ML and BI) showed identical topologies. Multigene phylogenetic analyses based on ITS, 

RPB2, RPB1, TUB, CAM and TEF1-Ŭ show that our strains represent one new host record and five 

new species (F. hipposidericola, F. menglaense, F. rhinolophicola, F. xishuangbannaensee and F. 

yunnanense). The 12 Fusarium species in the phylogenetic tree were labelled following Sandoval-

Denis et al. (2018) and Wang et al. (2020), while the F. yunnanense species complex was 

introduced based on the new species F. yunnanense (Fig. 10). 

 

Scopulariopsis phylogeny was based on ITS, LSU, TUB and TEF1-Ŭ sequence data 

The combined alignment encompassed 88 strains representing 48 taxa, including Microascus 

Zukal (32 strains, 30 taxa), Scopulariopsis Bainier (52 strains, 14 taxa), Yunnania H.Z. Kong (three 

strains, three taxa) and the outgroup taxon Cephalotrichum asperulum (J.E. Wright & S. Marchand) 

Sand.-Den., Guarro & Gené (CBS 582.71). The trees from the two analyses (ML and BI) showed 

identical topologies. Multigene phylogenetic analyses based on ITS, LSU, TUB and TEF1-Ŭ show 

the taxonomic placements of our total strains belonging to Scopulariopsis brevicaulis (Sacc.) 

Bainier in Scopulariopsis group (Fig. 11). 

 

Phialemoniopsis phylogeny was based on combined ITS, LSU, Act and TUB sequence data 

The combined alignment encompassed 31 strains representing 14 taxa, including 

Phialemoniopsis Perdomo, Dania García, Gené, Cano & Guarro (21 strains, nine taxa), 

Phialemonium W. Gams & McGinnis (nine strains, four taxa), and the outgroup taxon 

Lecythophora lignicola Nannf. (CBS 267.3). The trees from two analyses (ML and BI) showed 

identical topologies. Multigene phylogenetic analyses based on ITS, LSU, Act and TUB showed 

that Phialemoniopsis and Phialemonium are closely related, but form separate branches and our 

strains belong to Phialemoniopsis (Fig. 12). Phialemoniopsis hipposidericola and Ph. 

xishuangbannaensis each formed a distinct clade sister to Ph. pluriloculosa W. Gams & McGinnis 

with high statistical support. 

 

Overall species summary 

In total 25 species of fungi were isolated from 14 bat species (Supplementary Table 1) in this 

study, representing 14 new fungal species belonging to six families, viz., Apiosporaceae K.D. 

Hyde, J. Fröhl., Joanne E. Taylor & M.E. Barr, Bionectriaceae Samuels & Rossman, 

Cordycipitaceae Kreisel, Hypocreaceae De Not., Nectriaceae Tul. & C. Tul. and Sporocadaceae 

Corda. The 11 known species represent new host records for bats. 

 

Taxonomy 

Chethana et al. (2021) was used as the main reference for introducing new taxa in this study. 

Each genus was treated using the latest and most comprehensive publications of that particular 

genus. The introduction of new taxa in Amphichorda followed Zhang et al. (2017, 2020), while the 

new Apiospora taxon was introduced following Pintos & Alvarado (2021) and Tian et al. (2021). 
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To introduce new Clonostachys Corda, Lechat et al. (2020) and Torcato et al. (2020) were 

followed. Fusarium is one of the most widely distributed and complex genera, and the definition of 

species is still controversial. We describe five new species of Fusarium in this work following 

Crous et al. (2021). Neopestalotiopsis is distinguished from Pestalotiopsis Steyaert based on multi-

gene analyses of ITS, TEF1-Ŭ and TUB, and we describe two new taxa in this paper following 

Maharachchikumbura et al. (2014). Phialemoniopsis was erected by Perdomo et al. (2013), and we 

followed this paper to introduce two new Phialemoniopsis taxa in this paper. Cai & Druzhinina 

(2021) and Zheng et al. (2021) were followed to introduce three new Trichoderma Pers. taxa in this 

study. 

 

Phylum Ascomycota Caval.-Sm. 

Class Eurotiomycetes O.E. Erikss. & Winka 

Eurotiales G.W. Martin ex Benny & Kimbr. 

Aspergillaceae Link 

Aspergillaceae was established by Link (1826), with Aspergillus as the type genus. 

Houbraken & Samson (2011) discussed this family based on multi-locus phylogeny, and it was 

split into seven clades. Some species in this family tolerate extreme conditions, such as high sugar 

or salt concentrations, low or high temperatures, and low acidity or oxygen levels (Houbraken et al. 

2014, Zhang et al. 2020). Aspergillaceae species are predominantly saprobic and commonly occur 

in soil, while a few are plant and animal pathogenic fungi (Houbraken et al. 2014).  

 

Aspergillus P. Micheli ex Haller 

Aspergillus (As.) was established by Haller (1768) with Aspergillus glaucus (L.) Link. as the 

type species (Wijayawardene et al. 2017, Houbraken et al. 2020). Aspergillus is one of the most 

economically important and widely distributed genera of fungi (Zhang et al. 2020). To date, 

Aspergillus, a large genus of filamentous fungi, contains 428 accepted species (Sklen§Ś et al. 2021, 

Wijayawardene et al. 2022). According to the traditional classification, this genus is classified into 

subgenera, sections, and series, and the latest revised and updated overview by Houbraken et al. 

(2020) shows that the accepted species are distributed across six subgenera, 27 sections, and 75 

series (Sklen§Ś et al. 2021). Most members of this genus are terrestrial but were also reported as 

aquatic fungi. They mainly live as saprophytic fungi in soil, plant, and food, but also include some 

pathogenic fungi, which are harmful to humans (aspergillosis), animals and plants (Peterson 2008, 

Sigler et al. 2010, Varga et al. 2010a, b, 2011, Guarro et al. 2012, Jurjeviĺ et al. 2012, 2015, Asgari 

et al. 2014, Samson et al. 2014, Arzanlou et al. 2016, Visagie et al. 2017, Wijayawardene et al. 

2017). The typical feature of this genus is the structure of the conidiophore known as aspergillum, 

which consists of a foot cell, stipe aseptate, and ends in a vesicle (Houbraken et al. 2020). We 

describe two new records as Aspergillus candidus Link and As. creber Jurjeviĺ, S.W. Peterson & 

B.W. Horn in this study. 

 

Aspergillus candidus Link, Mag. Gesell. naturf. Freunde, Berlin 3 (1ï2): 16 (1809).      Fig. 13 

MycoBank number: MB 204868; Facesoffungi number: FoF 13414 

Asexual morph on PDA: Conidial heads radiate, splitting into 3 or more columns. 

Conidiophores uniseriate, branched at apex. Stipes 150ï450 × 3ï9 ɛm, hyaline, septate. Vesicles 7ï

28 ɛm wide, globose to spathulate, smooth. Metulae 6ï21 × 3ï6 ɛm (xↄ = 9.78× 4.38 ɛm, n = 30), 

hyaline to pale brown, uni- to biseriate. Phialides 6ï16 × 1ï3 ɛm (xↄ = 9.31 × 2.54 ɛm, n = 30), 

ampulliform, with minute collarette. Conidia 3ï5 × 2ï5 ɛm (xↄ = 3.67 ×3.44 ɛm, n = 60), broadly 

ellipsoid to globose, smooth-walled, hyaline, arranged in chains. Sexual morph: Undetermined. 

Culture characteristics ï Colonies on PDA attaining 20ï40 mm after 15 days at room 

temperature (20ï25 ), colonies at surface, floccose, wrinkled, with mycelial areas white to cream, 

greenish grey to yellowish grey; reverse white to yellowish grey. Sporulation moderately dense on 

PDA after 60 days. 

http://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=90472
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Figure 8 ï Consensus phylogram of 1,000 trees resulting from a RAxML analysis of the 

(ITS+RPB1+RPB2+TEF1-Ŭ) alignment of the analyzed Amphichorda. The RAxML analysis of the 

combined dataset yielded the best scoring tree with a final ML optimization likelihood value of -
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33516.617816 and generated from 586, 749, 1153 and 975 base pairs of ITS, RPB1, RPB2 and 

TEF1-Ŭ characters, respectively. The matrix comprises 2398 distinct alignment patterns with 

34.61% gaps and indeterminate traits. Base frequencies were estimated as follows A = 0.239382, C 

= 0.288878, G = 0.258017, T = 0.213723 with substitution rates AC = 1.084122, AG = 3.455204, 

AT = 0.832988, CG = 0.988778, CT = 5.225831, GT = 1.000000; proportion of invariable sites I = 

0.199312; gamma distribution shape parameter Ŭ = 0.661000. The trees from three analyses (ML 

and BI) showed identical topologies. RAxML bootstrap support values (ML equal to or above 

60%) and Bayesian inference posterior probabilities (BYPP equal to or above 0.90) are given at the 

nodes (ML/BYPP). The newly introduced sequences are in bold red. The scale bar represents the 

expected number of changes per site. Type strains are denoted with T. 

 

 
 

Figure 9 ï Consensus phylogram of 1,000 trees resulting from a RAxML analysis of the 

(ITS+RPB2+TEF1-Ŭ) alignment of the analyzed Trichoderma. The RAxML analysis of the 
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combined dataset yielded the best scoring tree with a final ML optimization likelihood value of -

39488.402675 and generated from 663, 1064, and 1360 base pairs of ITS, RPB2 and TEF1-Ŭ 

characters, respectively. The matrix comprises 1892 distinct alignment patterns with 32.33% gaps 

and indeterminate traits. Base frequencies were estimated as follows A = 0.235539, C = 0.281030, 

G = 0.245910, T = 0.237522 with substitution rates AC = 1.091673, AG = 2.872530, AT = 

1.096178, CG = 0.815653, CT = 4.704279, GT = 1.000000; proportion of invariable sites I = 

0.247980; gamma distribution shape parameter Ŭ = 0.545773. The trees from three analyses (ML 

and BI) showed identical topologies. RAxML bootstrap support values (ML equal to or above 

60%) and Bayesian inference posterior probabilities (BYPP equal to or above 0.90) are given at the 

nodes (ML/BYPP). The ex-type strains are represented in blue bold, while the newly introduced 

sequences are in red bold. The scale bar represents the expected number of changes per site. Type 

strains are denoted with T. 

 

 
 

Figure 9 ï Continued. 
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Figure 10 ï Consensus phylogram of 1,000 trees resulting from a RAxML analysis of the 

(ITS+CaM+RPB1+RPB2+TEF1-Ŭ+TUB) alignment of the analyzed Fusarium. The RAxML 

analysis of the combined dataset yielded the best scoring tree with a final ML optimization 

likelihood value of -65846.059817 and generated from 578, 845, 1598, 555, 728 and 517 base pairs 

of ITS, CaM, RPB2, RPB1, TEF1-Ŭ and TUB characters, respectively. The matrix comprises 2917 

distinct alignment patterns with 31.21% gaps and indeterminate traits. Base frequencies were 

estimated as follows A = 0.249250, C = 0.257580, G = 0.248502, T = 0.244668 with substitution 

rates AC = 1.366159, AG = 3.869772, AT = 1.236258, CG = 0.964808, CT = 7.097812, GT = 

1.000000; proportion of invariable sites I = 0.178858; gamma distribution shape parameter Ŭ = 

0.643467. The trees from three analyses (ML and BI) showed identical topologies. RAxML 

bootstrap support values (ML equal to or above 60%) and Bayesian inference posterior 
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probabilities (BYPP equal to or above 0.90) are given at the nodes (ML/BYPP). The ex-type strains 

are in blue bold, while the newly introduced sequences are in red bold. The scale bar represents the 

expected number of changes per site. Subdivision of the Fusarium clade represents the recognized 

species complexes. Type strains are denoted with T. 

 

 
 

Figure 10 ï Continued. 

 

Substrata ï Air, animal nests, barley, barn litter, bat droppings, carpets, compost, corn, 

crawlspace metal duct, dead bees, dung, dust, flooring, fur, human external auditory canal, human 

toenail, mattresses, mouse excrements in grain store, oats, rice, soil, tunnels of bark beetles, wheat, 

and wood submerged in seawater.  
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Distribution ï Antarctica, Argentina, Australia, Austria, Bahamas, Bangladesh, Belgium, 

Brazil, Canada, Chile, China, Cuba, Czechia, Denmark, Egypt, Estonia, Ethiopia, Finland, France, 

Germany, Ghana, Hungary, India, Indonesia, Iran, Iraq, Israel, Italy, Jamaica, Japan, Kenya, 

Kuwait, Latvia, Libya, Malaysia, Nepal, Netherlands, New Guinea, New Zealand, Nigeria, North 

Korea, Pakistan, Poland, Portugal, Romania, Russia, Saudi Arabia, Sierra Leone, Slovakia, 

Solomon Islands, Somalia, South Africa, Spain, Sri Lanka, Sudan, Syria, Thailand, Trinidad and 

Tobago, Türkiye, UK, Ukraine, USA, Venezuela and Zambia. 

Material examined ï China, Yunnan Province, Kunming, Xishan District, Long cave, 

Hipposideros armiger collected from the wing surfaces, 102.60045 E, 24.838887 N, Alice Hughes, 

XS-1-B2 (HKAS122854), living culture KUMCC 21-0699; ibid., XS-1-B2-2, living culture 

KUMCC 21-0700. 

GenBank numbers ï KUMCC 21-0699 = ITS: OQ928957, BenA: OQ927579, CaM: 

OR022042, RPB2: OR022027; KUMCC 21-0700 = ITS: OQ928958, BenA: OQ927580, CaM: 

OR022043, RPB2: OR022028. 

Notes ï Aspergillus candidus was introduced by Link (1809). Based on multi-locus 

phylogenetic analyses (ITS+BenA+CaM+RPB2), our isolates clustered together with As. candidus 

(CCF 4659, DTO 223-E5 and CBS 566.65 (type)) and close to As. dobrogensis A. Nováková et al. 

In the sequence comparisons, our isolate (KUMCC 21-0699) was different from As. candidus (CBS 

566.65, type) in 12/636 bp (1.89%) of the ITS, 7/524 bp (1.34%) of the BenA, 9/469 bp (1.91%) of 

CaM and 10/1014 bp (0.99%) of RPB2. Compared to As. dobrogensis (CCF4651, type) in 12/636 

bp (1.89%) of the ITS, 9/456 bp (1.97%) of the BenA, 14/469 bp (2.99%) of CaM and 12/1014 bp 

(1.18%) of RPB2. Morphologically, the new isolate (KUMCC 21-0734) is differed from As. 

dobrogensis by the latter having shorter phialides (6ï16 × 1ï3 ɛm vs (5ï)6ï9(ï12) × 2.5ï3.5(ï4) 

µm), smaller wedge-shaped to cylindrical metulae (6ï21 × 3ï6 ɛm vs (3ï)4ï17(ï36) × (3ï)4ï10(ï

16) µm) (Hubka et al. 2018). Based on both phylogeny and morphology, the new isolates (KUMCC 

21-0819 and KUMCC 21-0820) are identified as As. candidus. This is the first report of As. 

candidus isolated from bats in China. 

 

 
 

Figure 10 ï Continued. 
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Figure 11 ï Consensus phylogram of 1,000 trees resulting from a RAxML analysis of the 

(ITS+LSU+TEF1-Ŭ+TUB) alignment of the analyzed Scopulariopsis sequences. The RAxML 
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analysis of the combined dataset yielded the best scoring tree with a final ML optimization 

likelihood value of -21567.579786 and generated from 852, 608, 520 and 910 base pairs of ITS, 

LSU, TEF1-Ŭ and TUB) characters, respectively. The matrix comprises 1130 distinct alignment 

patterns with 18.17% gaps and indeterminate traits. Base frequencies were estimated as follows A = 

0.214585, C = 0.306434, G = 0.274428, T = 0.204552 with substitution rates AC = 0.870016, AG = 

2.055798, AT = 1.420918, CG = 1.014776, CT = 4.598943, GT = 1.000000; proportion of 

invariable sites I = 0.348651; gamma distribution shape parameter Ŭ = 0.591395. RAxML bootstrap 

support values (ML equal to or above 60%) and Bayesian inference posterior probabilities (BYPP 

equal to or above 0.90) are given at the nodes (ML/BYPP). The new strains are in blue. The scale 

bar represents the expected number of changes per site. Type strains are denoted with T. 

 

 
 

Figure 12 ï Consensus phylogram of 1,000 trees resulting from a RAxML analysis of the 

(ITS+LSU+Act+TUB) alignment of the analyzed Phialemoniopsis. The RAxML analysis of the 

combined dataset yielded the best scoring tree with a final ML optimization likelihood value of -

36643.289170 and generated from 906, 468, 704 and 390 base pairs of ITS, LSU, Act and TUB 

characters, respectively. The matrix comprises 1987 distinct alignment patterns with 40.11% gaps 

and indeterminate traits. Base frequencies were estimated as follows A = 0.218041, C = 0.286820, 

G = 0.257607, T = 0.237532 with substitution rates AC = 0.759580, AG = 1.946459, AT = 

1.203373, CG = 0.953560, CT = 6.268516, GT = 1.000000; proportion of invariable sites I = 

0.500216; gamma distribution shape parameter Ŭ = 0.531412. The trees from three analyses (ML 

and BI) showed identical topologies. RAxML bootstrap support values (ML equal to or above 

60%) and Bayesian inference (BYPP equal to or above 0.90) are given at the nodes (ML/BYPP). 

The newly introduced sequences are in bold red. The scale bar represents the expected number of 

changes per site. Type strains are denoted with T. 
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Figure 13 ï Aspergillus candidus (KUMCC 21-0699). A, B Colony on PDA (above and below).  

C Close-up of colonies on PDA (80 days old culture). D Conidiophore with conidium head.  

EïI Conidial heads and conidia. J Conidia. Scale bars: D, GïJ = 20 ɛm, E, F = 10 ɛm. 

 

Aspergillus creber Jurjeviĺ, S.W. Peterson & B.W. Horn, IMA Fungus 3 (1): 69 (2012).  

                Fig. 14 

MycoBank number: MB 800598; Facesoffungi number: FoF 13415 

Asexual morph on PDA: Conidial heads radiate, splitting into 3 or more columns. 

Conidiophores uniseriate, sparsely branched. Stipes 260ï740 × 4ï10 ɛm, hyaline, septate, smooth. 

Vesicles 14ï28 ɛm wide, globose to spathulate, metulae/phialides cover 100 % of head. Metulae 3ï

9 × 2ï6 ɛm (xↄ = 5.67 × 3.59 ɛm, n = 100), uniseriate, hyaline to pale brown. Phialides 4ï14 × 1ï5 

ɛm (xↄ = 8.27 × 2.57 ɛm, n = 100), ampulliform, with minute collarette. Conidia 2ï5 × 2ï4 ɛm (xↄ = 

3.25 × 2.95 ɛm, n = 100), broadly ellipsoid to globose, rough at surface, hyaline to pale brown, 

arranged in chains. Sexual morph: Undetermined. 


