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Abstract
During a survey of soil fungi collected from Yunnan Province, China, two new species of Exophiala, 
E. yunnanensis and E. yuxiensis, were isolated from the soil of karst rocky desertification (KRD). The DNA 
sequences of these respective strains, including internal transcribed spacers (ITS), large subunit nuclear 
ribosomal RNA (LSU rRNA), partial small subunit (SSU) and β-tubulin (tub2) were sequenced and com-
pared with those from species closely-related to Exophiala. Exophiala yunnanensis differs from the phylo-
genetically closely related E. nagquensis and E. brunnea by its smaller aseptate conidia. Exophiala yuxiensis 
is phylogenetically related to E. lecanii-corni, E. lavatrina and E. mali, but can be distinguished from 
them by its larger conidia. Full descriptions, illustrations and phylogenetic positions of E. yunnanensis and 
E. yuxiensis were provided.
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Introduction

Exophiala J.W. Carmich. (Chaetothyriales, Herpotrichiellaceae) was established with 
E. salmonis J.W. Carmich. as type species (Carmichael 1966) in Alberta, Canada. Due 
to their yeast-like melanised colonies, these fungi are often also referred to as “black 
yeasts” (Matsumoto et al. 1987). The genus is characterised by annellidic conidiog-
enous cells producing slimy heads of conidia, conidiophores upright or bent, not or 
irregularly branched, smooth, light olive to brown. However, there are several synana-
morphs recorded in this genus (Thitla et al. 2022). Nearly all species are recognisable 
within the order by the way they produce cells by budding (De Hoog et al. 2011).

Exophiala spp. are widely distributed and can be isolated from bulk soil, biologi-
cal crusts, rock surfaces, air, natural water masses, rhizosphere, plant tissues, and in-
fected animals and human tissue (Addy et al. 2005; Bates et al. 2006; Neubert et 
al. 2006; Bukovská et al. 2010; Julou et al. 2010; De Hoog et al. 2011). Most stud-
ies on Exophiala species focused on their importance as etiologic agents of disease in 
animals and humans (Zeng and De Hoog 2008; Najafzadeh et al. 2013; Wen et al. 
2016). Several Exophiala species are opportunistic pathogens of immunocompetent 
humans (Woo et al. 2013; Yong et al. 2015), in rare occasions causing nervous sys-
tem phaeohyphomycosis (Chang et al. 2000) or causing cutaneous and subcutaneous 
skin infections, including E. spinifera (H.S. Nielsen & Conant) Mcginnis, which has 
the strongest pathogenicity to human skin (Vitale and De Hoog 2002). Furthermore, 
some Exophiala species, such as E. salmonis, E. aquamarina de Hoog et al. and E. equina 
(Pollacci) de Hoog et al. may cause cutaneous or disseminated infections of cold-blood-
ed animals (De Hoog et al. 2011). Therefore, the classification and identification of 
this genus are significantly important for clinical diagnosis, treatment and prevention.

In the past, taxonomic and diagnostic schemes for Exophiala were morphological 
characteristics, but the anamorphic states of some species are highly pleomorphic (De 
Hoog et al. 1995; Haase et al. 1995; Thitla et al. 2022), which make them difficult to 
be recognised and circumscribed (Naveau 1999; Zeng and De Hoog 2008), so only a 
small number of Exophiala species are, in fact, recognisable using morphology. With 
the development of molecular systematics, more and more species were redefined, re-
designated or described mainly depending on genetic, morphological, physiological 
and ecological features (Haase et al. 1999; De Hoog et al. 2003; Vitale et al. 2003; De 
Hoog et al. 2006). At present, 80 names in Exophiala were recorded in Index Fungo-
rum, amongst them E. nigra (Issatsch.) Haase & de Hoog, E. placitae Crous & Sum-
merell, E. prototropha (Bulanov & Malama) Haase et al. and E. werneckii (Horta) Arx, 
have been moved to Nadsoniella Issatsch., Neophaeococcomyces Crous & M.J. Wingf., 
Pullularia Berkhout and Hortaea Nishim. & Miyaji, respectively. Currently, 68 species 
have been accepted into this genus after a brief review of Thitla et al. (2022) and Crous 
et al. (2022), who described new species from Thailand and Australia.

During a survey of fungi from rocky desertification area, two unknown fungi were 
found. Based on morphology and phylogenetic analysis combined ITS, SSU, LSU and 
tub2, we proposed two new species, E. yunnanensis and E. yuxiensis.
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Materials and methods

Isolation and morphological characterisation of strains

Soil samples were collected from Yiliang and Yuxi in Yunnan Province, southwest Chi-
na. Samples were placed in plastic bags, labelled and transported to the laboratory. All 
the samples were stored at 4 °C before further processing. Fungal strains were obtained 
by serial dilutions (1,000 to 1,000,000 fold) and spread on to the surface of Rose Ben-
gal agar with antibiotics (40 mg streptomycin, 30 mg ampicillin per litre) added in a 
9 cm diam. Petri dish, followed by incubation at 25 °C for 5 days (Zheng et al. 2021a). 
Representative colonies were picked up with a sterilised needle and transferred to potato 
dextrose agar (PDA, 200 g potato, 20 g dextrose, 18 g agar, 1000 ml distilled water). 
After 7 days, colonies were transferred to cornmeal agar (CMA, 20 g cornmeal, 18 g 
agar, 1000 ml distilled water). Characteristics of colonies, growth rate and other mor-
phological aspects from PDA were observed after 10 days. Microscopic characteristics 
including mycelium, 10 conidiophores and 30 conidia were examined and measured af-
ter 7 days on CMA using an Olympus BX51 microscope. Pure cultures were deposited 
in the Herbarium of the Laboratory for Conservation and Utilization of Bio-Resources, 
Yunnan University, Kunming, Yunnan, P.R. China (YMF, formerly Key Laboratory 
of Industrial Microbiology and Fermentation Technology of Yunnan), China General 
Microbiological Culture Collection Center (CGMCC), the Guangdong Microbial Cul-
ture Collection Center (GDMCC) and Japan Collection of Microorganisms (JCM).

DNA extraction, PCR amplification and sequencing

Total DNA was extracted following the protocol of Zheng et al. (2021b). The internal 
transcribed spacer (ITS), the large subunit nuclear ribosomal RNA (LSU rRNA), the par-
tial small subunit (SSU) and the β-tubulin (tub2) were amplified using the primer pairs 
ITS1/ITS4 (White 1990), LR0R/LR5 (Vilgalys and Hester 1990), NSSU131/NS24 
(Kauff and Lutzoni 2002) and Bt2a/Bt2b (Glass and Donaldson 1995), respectively. The 
PCR amplifications were conducted in 25 µl final volumes which consisted of 1.0 µl 
DNA template, 1.0 µl of each forward and reverse primers, 12.5 µl 2 × Master Mix and 
9.5 µl ddH2O. The PCR reaction cycles were as follows: initial denaturation at 94 °C for 
5 min; followed by 35 cycles of denaturation at 94 °C for 40 s; the annealing extension 
dependent on the amplified loci (48 °C for LSU, 54 °C for ITS, 51 °C for SSU and 58 °C 
for tub2) for 1 min and extension at 72 °C for 2 min; a final extension at 72 °C for 10 min. 
PCR products were sequenced by TSINGKE Biological Technology in Kunming, China.

Sequence alignment and phylogenetic analysis

Preliminary BLAST searches with ITS, LSU, SSU and tub2 gene sequences of the new 
isolates against NCBI databases had identified species closely related to our two iso-
lates. Based on this information, ITS, LSU, SSU and tub2 sequences of 62 strains were 
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downloaded and used in the phylogenetic analysis with Cyphellophora oxyspora (CBS 
698.73) as outgroup. The GenBank accession numbers of sequences used in the phylo-
genetic analysis are shown in Table 1. DNA sequence data were aligned using ClustalX 
1.83 (Thompson et al. 1997) with default parameters. Aligned sequences of multiple 
loci were concatenated and manually adjusted through BioEdit version v. 7.0.4.1 (Hall 
1999) and ambiguously aligned regions were excluded. The combined sequence was 
converted to a NEXUS file using MEGA6 (Tamura et al. 2013) and it was uploaded 
to TreeBASE (www.treebase.org; accession number: S29757).

Phylogenetic analyses were conducted using both the Bayesian Inference (BI) and 
Maximum Likelihood (ML) methods. Bayesian Inference analysis was conducted using 
MrBayes v.3.2 (Ronquist et al. 2012) with the NEXUS file. The following parameters 
were used: ngen = 1,000,000; samplefr = 1,000; printfr = 1,000. The Akaike Informa-
tion Criterion (AIC) implemented in jModelTest version 2.0 (Posada 2008) was used to 
select the best fit models after likelihood score calculations were done. TPM1uf + I + G 
was estimated as the best-fit model under the output strategy of AIC. Two independent 
analyses with four chains each (one cold and three heated) were run until stationary 
distribution was achieved. The initial 25% of the generations of MCMC sampling 
were excluded as burn-in. The refinement of the phylogenetic tree was used for estimat-
ing Bayesian Inference posterior probability (BIPP) values. The ML trees, based on 
four gene loci, were constructed with the GTR+GAMMA model using RAxML ver-
sion 7.2.6 (Stamatakis 2006) and the robustness of branches was assessed by bootstrap 
analysis with 1000 replicates. The tree was viewed in TreeView 1.6.6 (Page 1996) with 
Maximum Likelihood bootstrap proportions (MLBP) greater than 50% and Bayesian 
Inference posterior probabilities (BIPP) greater than 70%, as shown at the nodes.

Results

Molecular phylogeny

The Bayesian tree, based on ITS sequence data, confirmed that two strains were distinct 
from known species of Exophiala (Fig. 1), Exophiala yunnanensis is phylogenetically 
close to E. nagquensis CGMCC 3.17284 and ITS similarity between E. yunnanensis 
and E. nagquensis is 92.21%. Exophiala yuxiensis is phylogenetically related to E. lecanii-
corni CBS 123.33, E. mali CBS 146791 and E. lavatrina NCPF 7893 and the similari-
ties between the holotype of E. yuxiensis and the representative strains of three species 
are 90.27%, 89.86% and 85.08%, respectively.

In the combined phylogenetic analyses (ITS, LSU, SSU and tub2), which con-
tained 2218 characters, a similar topological structure was observed between the two 
phylogenetic trees constructed by BI and ML. The support values with BI analy-
sis are relatively higher than the ML bootstrap support values (Fig. 2) In this tree, 
E. yunnanensis, E. nagquensis W. Sun et al., E. brunnea Papendorf and E. frigidotolerans 
Rodr.-Andr. et al. formed a clade with high statistical support (BIBP/MLBP = 100/97). 
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Table 1. Species, strains and their corresponding GenBank accession numbers of sequences used for 
phylogenetic analyses. Exophiala strains of the present study were marked in bold. Tex-type cultures; “-” 
The gene fragment representing this strain was not attainable.

Species Strain no. GenBank accession no.
ITS LSU SSU tub2

Exophiala abietophila CBS 145038T MK442581 NG066323 – –
Exophiala alcalophila CBS 520.82T JF747041 AF361051 JN856010 JN112423
Exophiala angulospora CBS 482.92T JF747046 KF155190 JN856011 JN112426
Exophiala aquamarina CBS 119918T JF747054 – JN856012 JN112434
Exophiala asiatica CBS 122847T EU910265 – – –
Exophiala attenuata F10685 KT013095 KT013094 – –
Exophiala bergeri CBS 353.52T EF551462 FJ358240 FJ358308 EF551497
Exophiala bonariae CBS 139957T JX681046 KR781083 – –
Exophiala brunnea CBS 587.66T JF747062 KX712342 JN856013 JN112442
Exophiala campbellii NCPF 2274 LT594703 LT594760 – –
Exophiala cancerae CBS 120420T JF747064 – – JN112444
Exophiala capensis CBS 128771T JF499841 MH876538 – –
Exophiala castellanii CBS 158.58T JF747070 KF928522 JN856014 KF928586
Exophiala cinerea CGMCC 3.18778T MG012695 MG197820 MG012724 MG012745
Exophiala clavispora CGMCC 3.17512 KP347940 MG197829 MG012733 KP347931
Exophiala crusticola CBS 119970T AM048755 KF155180 KF155199 –
Exophiala dermatitidis CBS 207.35T AF050269 KJ930160 – KF928572
Exophiala ellipsoidea CGMCC 3.17348T KP347955 KP347956 KP347965 KP347921
Exophiala embothrii CBS 146560 MW045819 MW045823 – –
Exophiala equina CBS 119.23T JF747094 – JN856017 JN112462
Exophiala eucalypti CBS 142069 KY173411 KY173502 – –
Exophiala eucalyptorum CBS 121638T NR132882 KC455258 KC455302 KC455228
Exophiala exophialae CBS 668.76T AY156973 KX822326 KX822287 EF551499
Exophiala frigidotolerans CBS 146539T LR699566 LR699567 – –
Exophiala halophila CBS 121512T JF747108 – JN856015 JN112473
Exophiala heteromorpha CBS 232.33T MH855419 MH866871 – –
Exophiala hongkongensis CBS 131511 JN625231 – – JN625236
Exophiala italica MFLUCC 16-0245T KY496744 KY496723 KY501114 –
Exophiala jeanselmei CBS 507.90T AY156963 FJ358242 FJ358310 EF551501
Exophiala lacus FMR 3995 KU705830 KU705847 – –
Exophiala lavatrina NCPF 7893 LT594696 LT594755 – –
Exophiala lecanii-corni CBS 123.33T AY857528 FJ358243 FJ358311 –
Exophiala lignicola CBS 144622T MK442582 MK442524 – –
Exophiala macquariensis CBS 144232T MF619956 – – MH297438
Exophiala mali CBS 146791T MW175341 MW175381 – –
Exophiala mansonii CBS 101.67T AF050247 AY004338 X79318 –
Exophiala mesophila CBS 402.95T JF747111 KX712349 JN856016 JN112476
Exophiala moniliae CBS 520.76T KF881967 KJ930162 – –
Exophiala nagquensis CGMCC 3.17284 KP347947 MG197838 MG012742 KP347922
Exophiala nidicola FMR 3889 MG701055 MG701056 – –
Exophiala nigra CBS 535.94T KY115191 KX712353 – –
Exophiala nishimurae CBS 101538T AY163560 KX822327 KX822288 JX482552
Exophiala oligosperma CBS 725.88T AY163551 KF928486 FJ358313 EF551508
Exophiala opportunistica CBS 109811T JF747123 KF928501 – JN112486
Exophiala palmae CMRP 1196T KY680434 KY570929 – KY689829
Exophiala phaeomuriformis CBS 131.88T AJ244259 – – –
Exophiala pisciphila CBS 537.73T NR121269 AF361052 JN856018 JN112493
Exophiala placitae CBS 121716T MH863143 MH874694 – –
Exophiala prostantherae CBS 146794T MW175344 MW175384 – –

http://www.ncbi.nlm.nih.gov/nuccore/MK442581
http://www.ncbi.nlm.nih.gov/nuccore/NG066323
http://www.ncbi.nlm.nih.gov/nuccore/JF747041
http://www.ncbi.nlm.nih.gov/nuccore/AF361051
http://www.ncbi.nlm.nih.gov/nuccore/JN856010
http://www.ncbi.nlm.nih.gov/nuccore/JN112423
http://www.ncbi.nlm.nih.gov/nuccore/JF747046
http://www.ncbi.nlm.nih.gov/nuccore/KF155190
http://www.ncbi.nlm.nih.gov/nuccore/JN856011
http://www.ncbi.nlm.nih.gov/nuccore/JN112426
http://www.ncbi.nlm.nih.gov/nuccore/JF747054
http://www.ncbi.nlm.nih.gov/nuccore/JN856012
http://www.ncbi.nlm.nih.gov/nuccore/JN112434
http://www.ncbi.nlm.nih.gov/nuccore/EU910265
http://www.ncbi.nlm.nih.gov/nuccore/KT013095
http://www.ncbi.nlm.nih.gov/nuccore/KT013094
http://www.ncbi.nlm.nih.gov/nuccore/EF551462
http://www.ncbi.nlm.nih.gov/nuccore/FJ358240
http://www.ncbi.nlm.nih.gov/nuccore/FJ358308
http://www.ncbi.nlm.nih.gov/nuccore/EF551497
http://www.ncbi.nlm.nih.gov/nuccore/JX681046
http://www.ncbi.nlm.nih.gov/nuccore/KR781083
http://www.ncbi.nlm.nih.gov/nuccore/JF747062
http://www.ncbi.nlm.nih.gov/nuccore/KX712342
http://www.ncbi.nlm.nih.gov/nuccore/JN856013
http://www.ncbi.nlm.nih.gov/nuccore/JN112442
http://www.ncbi.nlm.nih.gov/nuccore/LT594703
http://www.ncbi.nlm.nih.gov/nuccore/LT594760
http://www.ncbi.nlm.nih.gov/nuccore/JF747064
http://www.ncbi.nlm.nih.gov/nuccore/JN112444
http://www.ncbi.nlm.nih.gov/nuccore/JF499841
http://www.ncbi.nlm.nih.gov/nuccore/MH876538
http://www.ncbi.nlm.nih.gov/nuccore/JF747070
http://www.ncbi.nlm.nih.gov/nuccore/KF928522
http://www.ncbi.nlm.nih.gov/nuccore/JN856014
http://www.ncbi.nlm.nih.gov/nuccore/KF928586
http://www.ncbi.nlm.nih.gov/nuccore/MG012695
http://www.ncbi.nlm.nih.gov/nuccore/MG197820
http://www.ncbi.nlm.nih.gov/nuccore/MG012724
http://www.ncbi.nlm.nih.gov/nuccore/MG012745
http://www.ncbi.nlm.nih.gov/nuccore/KP347940
http://www.ncbi.nlm.nih.gov/nuccore/MG197829
http://www.ncbi.nlm.nih.gov/nuccore/MG012733
http://www.ncbi.nlm.nih.gov/nuccore/KP347931
http://www.ncbi.nlm.nih.gov/nuccore/AM048755
http://www.ncbi.nlm.nih.gov/nuccore/KF155180
http://www.ncbi.nlm.nih.gov/nuccore/KF155199
http://www.ncbi.nlm.nih.gov/nuccore/AF050269
http://www.ncbi.nlm.nih.gov/nuccore/KJ930160
http://www.ncbi.nlm.nih.gov/nuccore/KF928572
http://www.ncbi.nlm.nih.gov/nuccore/KP347955
http://www.ncbi.nlm.nih.gov/nuccore/KP347956
http://www.ncbi.nlm.nih.gov/nuccore/KP347965
http://www.ncbi.nlm.nih.gov/nuccore/KP347921
http://www.ncbi.nlm.nih.gov/nuccore/MW045819
http://www.ncbi.nlm.nih.gov/nuccore/MW045823
http://www.ncbi.nlm.nih.gov/nuccore/JF747094
http://www.ncbi.nlm.nih.gov/nuccore/JN856017
http://www.ncbi.nlm.nih.gov/nuccore/JN112462
http://www.ncbi.nlm.nih.gov/nuccore/KY173411
http://www.ncbi.nlm.nih.gov/nuccore/KY173502
http://www.ncbi.nlm.nih.gov/nuccore/NR132882
http://www.ncbi.nlm.nih.gov/nuccore/KC455258
http://www.ncbi.nlm.nih.gov/nuccore/KC455302
http://www.ncbi.nlm.nih.gov/nuccore/KC455228
http://www.ncbi.nlm.nih.gov/nuccore/AY156973
http://www.ncbi.nlm.nih.gov/nuccore/KX822326
http://www.ncbi.nlm.nih.gov/nuccore/KX822287
http://www.ncbi.nlm.nih.gov/nuccore/EF551499
http://www.ncbi.nlm.nih.gov/nuccore/LR699566
http://www.ncbi.nlm.nih.gov/nuccore/LR699567
http://www.ncbi.nlm.nih.gov/nuccore/JF747108
http://www.ncbi.nlm.nih.gov/nuccore/JN856015
http://www.ncbi.nlm.nih.gov/nuccore/JN112473
http://www.ncbi.nlm.nih.gov/nuccore/MH855419
http://www.ncbi.nlm.nih.gov/nuccore/MH866871
http://www.ncbi.nlm.nih.gov/nuccore/JN625231
http://www.ncbi.nlm.nih.gov/nuccore/JN625236
http://www.ncbi.nlm.nih.gov/nuccore/KY496744
http://www.ncbi.nlm.nih.gov/nuccore/KY496723
http://www.ncbi.nlm.nih.gov/nuccore/KY501114
http://www.ncbi.nlm.nih.gov/nuccore/AY156963
http://www.ncbi.nlm.nih.gov/nuccore/FJ358242
http://www.ncbi.nlm.nih.gov/nuccore/FJ358310
http://www.ncbi.nlm.nih.gov/nuccore/EF551501
http://www.ncbi.nlm.nih.gov/nuccore/KU705830
http://www.ncbi.nlm.nih.gov/nuccore/KU705847
http://www.ncbi.nlm.nih.gov/nuccore/LT594696
http://www.ncbi.nlm.nih.gov/nuccore/LT594755
http://www.ncbi.nlm.nih.gov/nuccore/AY857528
http://www.ncbi.nlm.nih.gov/nuccore/FJ358243
http://www.ncbi.nlm.nih.gov/nuccore/FJ358311
http://www.ncbi.nlm.nih.gov/nuccore/MK442582
http://www.ncbi.nlm.nih.gov/nuccore/MK442524
http://www.ncbi.nlm.nih.gov/nuccore/MF619956
http://www.ncbi.nlm.nih.gov/nuccore/MH297438
http://www.ncbi.nlm.nih.gov/nuccore/MW175341
http://www.ncbi.nlm.nih.gov/nuccore/MW175381
http://www.ncbi.nlm.nih.gov/nuccore/AF050247
http://www.ncbi.nlm.nih.gov/nuccore/AY004338
http://www.ncbi.nlm.nih.gov/nuccore/X79318
http://www.ncbi.nlm.nih.gov/nuccore/JF747111
http://www.ncbi.nlm.nih.gov/nuccore/KX712349
http://www.ncbi.nlm.nih.gov/nuccore/JN856016
http://www.ncbi.nlm.nih.gov/nuccore/JN112476
http://www.ncbi.nlm.nih.gov/nuccore/KF881967
http://www.ncbi.nlm.nih.gov/nuccore/KJ930162
http://www.ncbi.nlm.nih.gov/nuccore/KP347947
http://www.ncbi.nlm.nih.gov/nuccore/MG197838
http://www.ncbi.nlm.nih.gov/nuccore/MG012742
http://www.ncbi.nlm.nih.gov/nuccore/KP347922
http://www.ncbi.nlm.nih.gov/nuccore/MG701055
http://www.ncbi.nlm.nih.gov/nuccore/MG701056
http://www.ncbi.nlm.nih.gov/nuccore/KY115191
http://www.ncbi.nlm.nih.gov/nuccore/KX712353
http://www.ncbi.nlm.nih.gov/nuccore/AY163560
http://www.ncbi.nlm.nih.gov/nuccore/KX822327
http://www.ncbi.nlm.nih.gov/nuccore/KX822288
http://www.ncbi.nlm.nih.gov/nuccore/JX482552
http://www.ncbi.nlm.nih.gov/nuccore/AY163551
http://www.ncbi.nlm.nih.gov/nuccore/KF928486
http://www.ncbi.nlm.nih.gov/nuccore/FJ358313
http://www.ncbi.nlm.nih.gov/nuccore/EF551508
http://www.ncbi.nlm.nih.gov/nuccore/JF747123
http://www.ncbi.nlm.nih.gov/nuccore/KF928501
http://www.ncbi.nlm.nih.gov/nuccore/JN112486
http://www.ncbi.nlm.nih.gov/nuccore/KY680434
http://www.ncbi.nlm.nih.gov/nuccore/KY570929
http://www.ncbi.nlm.nih.gov/nuccore/KY689829
http://www.ncbi.nlm.nih.gov/nuccore/AJ244259
http://www.ncbi.nlm.nih.gov/nuccore/NR121269
http://www.ncbi.nlm.nih.gov/nuccore/AF361052
http://www.ncbi.nlm.nih.gov/nuccore/JN856018
http://www.ncbi.nlm.nih.gov/nuccore/JN112493
http://www.ncbi.nlm.nih.gov/nuccore/MH863143
http://www.ncbi.nlm.nih.gov/nuccore/MH874694
http://www.ncbi.nlm.nih.gov/nuccore/MW175344
http://www.ncbi.nlm.nih.gov/nuccore/MW175384
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Exophiala yuxiensis is phylogenetically close to E. lecanii-corni (Benedek & G. Specht) 
Haase & de Hoog and the clade formed by these species and six additional ones also 
has high statistical support (BIBP/MLBP = 100/89).

Taxonomy

Exophiala yunnanensis Z.F. Yu & R.L. Lv, sp. nov.
MycoBank No: 842373
Fig. 3

Etymology. yunnanensis, pertaining to Yunnan, a province of southwest China from 
where the type was collected.

Description. Colonies on CMA medium after 7 days with hyphae olive green, 
smooth, septate, thin walled, branched, 1.6–3.0 µm wide. Conidiogenous cells slight-
ly differentiated from simple or branched vegetative hyphae, terminal or intercalary, 
flask-shaped, ovoid to elongate, pale brown, loci at tips and lateral; annellated zones 
inconspicuous or occasionally finely fimbriate, often inserted on intercalary cells. 
Conidia aseptate, ellipsoidal, cylindrical or allantoid, 1–2 guttulate, smooth, brown, 
2.9–4.8 × 1.8–3.3 µm, with a conspicuous scar of approx. 1 µm wide at the base, con-
taining no evident or few small oil drops.

Culture characteristics. Colonies on PDA medium, at 25 °C, were slow-growing, 
mycelium immersed and partly superficial, irregular, umbonate, surface olivaceous-
grey to black. Radial growth rates were 0.8–0.9 mm day-1on PDA. Colonies on CMA 
medium were restricted, mycelium immersed and partly superficial, effuse, cottony, 
reverse olivaceous-buff to olivaceous, reaching 12 mm diam. in 15 days at 25 °C.

Type. China. Yiliang County, Yunnan Province, isolated from soil of rocky deser-
tification area, 24°96'N, 102°66'E, ca. 1886 m elev., Oct 2020, Z.F.Yu, preserved by 
lyophilisation (a metabolically-inactive state) in State Key Laboratory for Conservation 
and Utilization of Bio-Resources in Yunnan (holotype YMFT 1.06739), ex-holotype 
live culture: YMF 1.06739; CGMCC 3.16095; GDMCC 3.725; JCM 39339.

Species Strain no. GenBank accession no.
ITS LSU SSU tub2

Exophiala polymorpha CBS 138920T KP070763 KP070764 – –
Exophiala pseudooligosperma YMF 1.6741 MW616557 MW616559 MW616558 MZ127830
Exophiala psychrophila CBS 191.87T JF747135 – JN856019 JN112497
Exophiala quercina CPC 33408 MT223797 MT223892 – –
Exophiala radicis P2772 KT099203 KT723447 KT723452 KT723462
Exophiala salmonis CBS 157.67T AF050274 AY213702 JN856020 JN112499
Exophiala sideris CBS 121818T HQ452311 – HQ441174 HQ535833
Exophiala spinifera CBS 899.68T AY156976 – – EF551516
Exophiala tremulae CBS 129355T FJ665274 – KT894147 KT894148
Exophiala xenobiotica CBS 128104 MH864829 MH876272 – –
Exophiala yunnanensis YMF1.06739 MZ779226 MZ779229 MZ781222 OM095379
Exephiala yuxiensis YMF1.07354 OL863155 OL863154 OM149370 OL944581
Cyphellophora oxyspora CBS 698.73T KC455249 KC455262 KC455305 KC455232

http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=842373
http://www.ncbi.nlm.nih.gov/nuccore/KP070763
http://www.ncbi.nlm.nih.gov/nuccore/KP070764
http://www.ncbi.nlm.nih.gov/nuccore/MW616557
http://www.ncbi.nlm.nih.gov/nuccore/MW616559
http://www.ncbi.nlm.nih.gov/nuccore/MW616558
http://www.ncbi.nlm.nih.gov/nuccore/MZ127830
http://www.ncbi.nlm.nih.gov/nuccore/JF747135
http://www.ncbi.nlm.nih.gov/nuccore/JN856019
http://www.ncbi.nlm.nih.gov/nuccore/JN112497
http://www.ncbi.nlm.nih.gov/nuccore/MT223797
http://www.ncbi.nlm.nih.gov/nuccore/MT223892
http://www.ncbi.nlm.nih.gov/nuccore/KT099203
http://www.ncbi.nlm.nih.gov/nuccore/KT723447
http://www.ncbi.nlm.nih.gov/nuccore/KT723452
http://www.ncbi.nlm.nih.gov/nuccore/KT723462
http://www.ncbi.nlm.nih.gov/nuccore/AF050274
http://www.ncbi.nlm.nih.gov/nuccore/AY213702
http://www.ncbi.nlm.nih.gov/nuccore/JN856020
http://www.ncbi.nlm.nih.gov/nuccore/JN112499
http://www.ncbi.nlm.nih.gov/nuccore/HQ452311
http://www.ncbi.nlm.nih.gov/nuccore/HQ441174
http://www.ncbi.nlm.nih.gov/nuccore/HQ535833
http://www.ncbi.nlm.nih.gov/nuccore/AY156976
http://www.ncbi.nlm.nih.gov/nuccore/EF551516
http://www.ncbi.nlm.nih.gov/nuccore/FJ665274
http://www.ncbi.nlm.nih.gov/nuccore/KT894147
http://www.ncbi.nlm.nih.gov/nuccore/KT894148
http://www.ncbi.nlm.nih.gov/nuccore/MH864829
http://www.ncbi.nlm.nih.gov/nuccore/MH876272
http://www.ncbi.nlm.nih.gov/nuccore/MZ779226
http://www.ncbi.nlm.nih.gov/nuccore/MZ779229
http://www.ncbi.nlm.nih.gov/nuccore/MZ781222
http://www.ncbi.nlm.nih.gov/nuccore/OM095379
http://www.ncbi.nlm.nih.gov/nuccore/OL863155
http://www.ncbi.nlm.nih.gov/nuccore/OL863154
http://www.ncbi.nlm.nih.gov/nuccore/OM149370
http://www.ncbi.nlm.nih.gov/nuccore/OL944581
http://www.ncbi.nlm.nih.gov/nuccore/KC455249
http://www.ncbi.nlm.nih.gov/nuccore/KC455262
http://www.ncbi.nlm.nih.gov/nuccore/KC455305
http://www.ncbi.nlm.nih.gov/nuccore/KC455232
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Figure 1. Phylogenetic tree generated by Bayesian Inference, based on sequences of the ITS. Cyphellophora 
oxyspora CBS 698.73 serves as outgroup. Bayesian posterior probability over 75 is shown at the nodes. Two 
new species were shown in bold.
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Figure 2. Phylogenetic tree generated by Bayesian analyses combined sequences of ITS, LSU, SSU and 
tub2. Bayesian posterior probability values > 70 (left) and Bootstrap values > 50 (right) are indicated at 
nodes (BIBP/MLBP). Cyphellophora oxyspora CBS 698.73 serves as outgroup.
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Figure 3. Exophiala yunnanensis (YMFT 1.06739, holotype) A colony on PDA after 14 days B colony 
on CMA after 14 days C–G conidiogenous cells H conidia and budding cells. Scale bars: 3.2 cm (A, B); 
10 µm (C–H).



Ruili Lv et al.  /  MycoKeys 94: 109–124 (2022)118

Exophiala yuxiensis Z.F. Yu & R.L. Lv, sp. nov.
MycoBank No: MB842374
Fig. 4

Etymology. yuxiensis, pertaining to Yuxi, a city of Yunnan Province in China, from 
which the type was collected.

Description. Colonies on CMA medium after 7 days with hyphae pale olivaceous-
green, smooth, irregularly septate, thin-walled, branched, 1.5–3 µm wide, with lateral 
branches originating close to septa. Conidiogenous cells slightly differentiated from 
hyphae, arising from hyphal tips or lateral, terminal or intercalary, variable in shape, 
flask-shaped, ovoid to elongate, clavate, obtuse at the base, tapering towards incon-
spicuous annellate loci, 5.5–10.5 × 3–5 µm; annellated zones inconspicuous or occa-
sionally finely fimbriate, often inserted on intercalary cells of hyphae. Conidia aseptate, 
ellipsoidal to cylindrical, 1–2 (mostly 2) bi-guttulate, smooth, pale olivaceous-green, 
4.5–8 × 3.5–5 µm, without conspicuous scar.

Culture characteristics. Colonies on PDA medium, at 25 °C, were slow-grow-
ing, mycelium immersed and partly superficial, umbonate, dense, powdery or velvety, 
dry, margin irregular, surface olivaceous-grey, reverse olivaceous-black, attaining 1 cm 
diam. in 4 days. Colonies on CMA medium were restricted, mycelium immersed and 
partly superficial, cottony, surface olivaceous-green, some floccose aerial hyphae in the 
centre, front distinct, reverse pale olivaceous-black, reaching 3 cm diam. in 5–7 days.

Type. China. Yuxi City, Yunnan Province, isolated from soil of rocky desertifica-
tion area, 24°44'N, 102°55'E, 1660 m altitude, Jul 2021, Z.F. Yu, preserved by lyoph-
ilisation (a metabolically-inactive state) in State Key Laboratory for Conservation and 
Utilization of Bio-Resources in Yunnan (holotype YMFT 1.07354), ex-holotype live 
culture: YMF 1.07354; CGMCC 3.16094; GDMCC 3.726; JCM 39376).

Discussion

In this study, we propose two new species of Exophiala, based on combined morpho-
logical characteristics and phylogenetic analyses. Exophiala yunnanensis and E. yuxiensis 
are different from their phylogenetically closely-related species. Amongst them, 
E. nagquensis (Sun et al. 2020) and E. brunnea (Papendorf 1969) are distinguished 
from E. yunnanensis by their larger conidia (E. nagquensis: 4.8–10.4 × 2.6–5.0 µm; 
E. brunnea: 4.5–10 µm in length; E. yunnanensis 2.9–4.8 × 1.8–3.3 µm), while 
E. frigidotolerans differs from E. yunnanensis by ellipsoidal to reniform and larger co-
nidia (4.0–7.0 × 2.0–4 .0 µm) (Crous et al. 2020). Additionally, E. yunnanensis resem-
bles E. nagquensis and E. frigidotolerans in the shape of budding cells, but E. yunnanensis 
has smaller budding cells (Maciá-Vicente et al. 2016; Sun et al. 2020).

Exophiala yuxiensis is phylogenetically related to E. lecanii-corni, E. lavatrina Bor-
man et al. and E. mali Crous. Amongst these species, E. mali is the most similar to 

http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=MB842374
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Figure 4. Exophiala yuxiensis (YMFT 1.07354, holotype) A colony on PDA after 30 days B colony on 
CMA after 30 days C–E conidiogenous cells F conidia and budding cells. Scale bars: 3.2 cm (A, B), 
10 µm (C–F).
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E. yuxiensis by ellipsoidal to cylindrical conidia, but the conidia of E. mali are larger 
(8.0–10.0 × 3.0–5.0 µm vs. 4.5–8.0 × 3.5–5.0 µm) and the hyphae of E. mali are 
constricted at the septa in the terminal region, forming chains of disarticulating co-
nidia (Crous et al. 2020). Exophiala lavatrina can be distinguished from E. yuxiensis by 
smaller conidia (4.5–7 × 2.5–4 µm) (Borman et al. 2017).

The species of Exophiala have a wide distribution, with isolation from diverse sub-
strates, such as plants, fruit juices, shower rooms, seawater, sports drinks, arable soil, 
wood pulp, oil sludge and the decaying shell of babassu coconut (De Hoog et al. 
1994; De Hoog et al. 2006; De Hoog et al. 2011; Feng et al. 2014; Madrid et al. 
2016). Some species were reported as opportunistic pathogens on the superficial skin 
or internal organs in humans and animals. For example, the type species E. salmonis, 
was isolated from cerebral mycetoma of Salmo clarkii Richardson, 1836 (Carmichael 
1966), while isolates of E. equina (Pollacci) de Hoog et al. and E. pisciphila McGinnis 
& Ajello cause disease on cold-blooded animals such as fish, turtles, crabs, sea horses 
and frogs (De Hoog et al. 2011). In addition, some species were frequently isolated as 
endophytes (Addy et al. 2005), although they seldom represent important components 
of endophytic communities.

The present work increased the number of Exophiala species to 70 in the world 
(Crous et al. 2022; Thitla et al. 2022). In China, Yunnan Province has diverse climate 
and vegetation, which provides natural advantages for the study of environmental mi-
crobial diversity. However, further extensive samplings and investigation of fungi are 
necessary to generate a complete knowledge about the biodiversity, distribution, habi-
tats and adaptation mechanisms from Exophiala to environmental stresses.

Acknowledgements

This work was financed by the National Natural Science Foundation Program of PR 
China (31970013, 32170017), Yunnan University Research and Innovation Fund for 
Postgraduates (2021Y294).

References

Addy HD, Piercey MM, Currah RS (2005) Microfungal endophytes in roots. Canadian Journal 
of Botany 83(1): 1–13. https://doi.org/10.1139/b04-171

Bates ST, Reddy G, Garcia-Pichel F (2006) Exophiala crusticola anam. nov. (affinity 
Herpotrichiellaceae), a novel black yeast from biological soil crusts in the Western United 
States. International Journal of Systematic and Evolutionary Microbiology 56(11): 
2697–2702. https://doi.org/10.1099/ijs.0.64332-0

Borman AM, Fraser M, Szekely A, Larcombe DE, Johnson EM, Diekema DJ (2017) Rapid 
identification of clinically relevant members of the genus Exophiala by matrix-assisted la-
ser desorption ionization-time of flight mass spectrometry and description of two novel 

https://doi.org/10.1139/b04-171
https://doi.org/10.1099/ijs.0.64332-0


Exophiala yunnanensis and Exophiala yuxiensis 121

species, Exophiala campbellii and Exophiala lavatrina. Journal of Clinical Microbiology 
55(4): 1162–1176. https://doi.org/10.1128/JCM.02459-16

Bukovská P, Jelínková M, Hrselová H, Sýkorová Z, Gryndler M (2010) Terminal restriction 
fragment length measurement errors are affected mainly by fragment length, G+C nucleo-
tide content and secondary structure melting point. Journal of Microbiological Methods 
82(3): 223–228. https://doi.org/10.1016/j.mimet.2010.06.007

Carmichael JW (1966) Cerebral mycetoma of trout due to a phialophora-like fungus. Medical 
Mycology 5(2): 120–123. https://doi.org/10.1080/00362176785190211

Chang CL, Kim DS, Dong JP, Kim HJ, Chang HL, Shin JH (2000) Acute cerebral phaeo-
hyphomycosis due to Wangiella dermatitidis accompanied by cerebrospinal fluid eosino-
philia. Journal of Clinical Microbiology 38(5): 1965–1966. https://doi.org/10.1128/
JCM.38.5.1965-1966.2000

Crous PW, Cowan DA, Maggs-Kolling G, Yilmaz N, Larsson E, Angelini C, Brandrud TE, 
Dearnaley JDW, Dima B, Dovana F, Fechner N, García D, Gené J, Halling RE, Hou-
braken J, Leonard P, Luangsa-ard JJ, Noisripoom W, Rea-Ireland AE, Ševčíková H, Smyth 
CW, Vizzini A, Adam JD, Adams GC, Alexandrova AV, Alizadeh A, Álvarez Duarte E, 
Andjic V, Antonín V, Arenas F, Assabgui R, Ballarà J, Banwell A, Berraf-Tebbal A, Bhatt 
VK, Bonito G, Botha W, Burgess TI, Caboň M, Calvert J, Carvalhais LC, Courtecuisse 
R, Cullington P, Davoodian N, Decock CA, Dimitrov R, Di Piazza S, Drenth A, Dumez 
S, Eichmeier A, Etayo J, Fernández I, Fiard J-P, Fournier J, Fuentes-Aponte S, Ghanbary 
MAT, Ghorbani G, Giraldo A, Glushakova AM, Gouliamova DE, Guarro J, Halleen 
F, Hampe F, Hernández-Restrepo M, Iturrieta-González I, Jeppson M, Kachalkin AV, 
Karimi O, Khalid AN, Khonsanit A, Kim JI, Kim K, Kiran M, Krisai-Greilhuber I, 
Kučera V, Kušan I, Langenhoven SD, Lebel T, Lebeuf R, Liimatainen K, Linde C, Lind-
ner DL, Lombard L, Mahamedi AE, Matočec N, Maxwell A, May TW, McTaggart AR, 
Meijer M, Mešić A, Mileto AJ, Miller AN, Molia A, Mongkolsamrit S, Muñoz Cortés C, 
Muñoz-Mohedano J, Morte A, Morozova OV, Mostert L, Mostowfizadeh-Ghalamfarsa 
R, Nagy LG, Navarro-Ródenas A, Örstadius L, Overton BE, Papp V, Para R, Peint-
ner U, Pham THG, Pordel A, Pošta A, Rodríguez A, Romberg M, Sandoval-Denis M, 
Seifert KA, Semwal KC, Sewall BJ, Shivas RG, Slovák M, Smith K, Spetik M, Spies 
CFJ, Syme K, Tasanathai K, Thorn RG, Tkalčec Z, Tomashevskaya MA, Torres-Garcia 
D, Ullah Z, Visagie CM, Voitk A, Winton LM, Groenewald JZ (2020) Fungal Planet 
description sheets: 1112–1181. Persoonia 45(1): 251–409. https://doi.org/10.3767/per-
soonia.2020.45.10

Crous PW, Begoude BAD, Boers J, Braun U, Declercq B, Dijksterhuis J, Elliott TF, Garay-
Rodriguez GA, Jurjević Ž, Kruse J, Linde CC, Loyd A, Mound L, Osieck ER, Rivera-
Vargas LI, Quimbita AM, Rodas CA, Roux J, Schumacher RK, Starink-Willemse M, 
Thangavel R, Trappe JM, van Iperen AL, Van Steenwinkel C, Wells A, Wingfield MJ, 
Yilmaz N, Groenewald JZ (2022) New and interesting fungi. 5. Fungal Systematics and 
Evolution 10: 19–90. https://doi.org/10.3114/fuse.2022.10.02

De Hoog GS, Takeo K, Yoshida S, Gottlich E, Nishimura K, Miyaji M (1994) Pleoanamorphic 
life cycle of Exophiala (Wangiella) dermatitidis. Antonie van Leeuwenhoek 65(2): 143–153. 
https://doi.org/10.1007/BF00871755

https://doi.org/10.1128/JCM.02459-16
https://doi.org/10.1016/j.mimet.2010.06.007
https://doi.org/10.1080/00362176785190211
https://doi.org/10.1128/JCM.38.5.1965-1966.2000
https://doi.org/10.1128/JCM.38.5.1965-1966.2000
https://doi.org/10.3767/persoonia.2020.45.10
https://doi.org/10.3767/persoonia.2020.45.10
https://doi.org/10.3114/fuse.2022.10.02
https://doi.org/10.1007/BF00871755


Ruili Lv et al.  /  MycoKeys 94: 109–124 (2022)122

De Hoog GS, Ende A, Uijthof J, Untereiner WA (1995) Nutritional physiology of type isolates 
of currently accepted species of Exophiala and Phaeococcomyces. Antonie van Leeuwenhoek 
68(1): 43–49. https://doi.org/10.1007/BF00873291

De Hoog GS, Vicente V, Caligiorne RB, Kantarcioglu S, Tintelnot K, Gerrits van den Ende 
AHG, Haase G (2003) Species diversity and polymorphism in the Exophiala spinifera clade 
containing opportunistic black yeast-like fungi. Journal of Clinical Microbiology 41(10): 
4767–4778. https://doi.org/10.1128/JCM.41.10.4767-4778.2003

De Hoog GS, Zeng JS, Harrak MJ, Sutton DA (2006) Exophiala xenobiotica sp. nov., an op-
portunistic black yeast inhabiting environments rich in hydrocarbons. Antonie van Leeu-
wenhoek 90(3): 257–268. https://doi.org/10.1007/s10482-006-9080-z

De Hoog GS, Vicente V, Najafzadeh MJ, Harrak MJ, Badali H, Seyedmousavi S (2011) Water-
borne Exophiala species causing disease in cold-blooded animals. Persoonia 27(1): 46–72. 
https://doi.org/10.3767/003158511X614258

Feng PY, Hoog GS, Najafzadeh MJ, Gerrits van den Ende AHG, Stielow JB, Badali H, Boeger 
WA, Vicente VA (2014) Cladophialophora abundans, a novel species of Chaetothyriales 
isolated from the natural environment. Mycological Progress 13(2): 381–391. https://doi.
org/10.1007/s11557-013-0924-4

Glass NL, Donaldson GC (1995) Development of primer sets designed for use with the PCR 
to amplify conserved genes from filamentous ascomycetes. Applied and Environmental 
Microbiology 61(4): 1323–1330. https://doi.org/10.1128/aem.61.4.1323-1330.1995

Haase G, Sonntag L, Peer YVD, Uijthof J, Melzer-Krick B (1995) Phylogenetic analysis of 
ten black yeast species using nuclear small subunit rRNA gene sequences. Antonie van 
Leeuwenhoek 68(1): 19–33. https://doi.org/10.1007/BF00873289

Haase G, Sonntag L, Melzer-Krick B, De Hoog GS (1999) Phylogenetic inference by SSU-gene 
analysis of members of the Herpotrichiellaceae with special reference to human pathogenic 
species. Studies in Mycology 43: 80–97. https://doi.org/10.1017/S0953756298007552

Hall TA (1999) BioEdit: A User-Friendly Biological Sequence Alignment Editor and Analy-
sis Program for Windows 95/98/NT. Nucleic Acids Symposium Series 41(41): 95–98. 
https://doi.org/10.1021/bk-1999-0734.ch008

Julou T, Burghardt B, Gebauer G, Berveiller D, Damesin C, Selosse M-A (2010) Mixotrophy 
in orchids: Insights from a comparative study of green individuals and nonphotosynthetic 
individuals of Cephalanthera damasonium. The New Phytologist 166(2): 639–653. https://
doi.org/10.1111/j.1469-8137.2005.01364.x

Kauff F, Lutzoni F (2002) Phylogeny of the gyalectales and ostropales (Ascomycota, Fungi): 
Among and within order relationships based on nuclear ribosomal RNA small and 
large subunits. Molecular Phylogenetics and Evolution 25(1): 138–156. https://doi.
org/10.1016/S1055-7903(02)00214-2

Maciá-Vicente JG, Glynou K, Piepenbring M (2016) A new species of Exophiala associated with 
roots. Mycological Progress 15(2): 1–12. https://doi.org/10.1007/s11557-016-1161-4

Madrid H, Hernández-Restrepo M, Gené J, Cano J, Guarro J, Silva V (2016) New and inter-
esting chaetothyrialean fungi from Spain. Mycological Progress 15(10–11): 1179–1201. 
https://doi.org/10.1007/s11557-016-1239-z

https://doi.org/10.1007/BF00873291
https://doi.org/10.1128/JCM.41.10.4767-4778.2003
https://doi.org/10.1007/s10482-006-9080-z
https://doi.org/10.3767/003158511X614258
https://doi.org/10.1007/s11557-013-0924-4
https://doi.org/10.1007/s11557-013-0924-4
https://doi.org/10.1128/aem.61.4.1323-1330.1995
https://doi.org/10.1007/BF00873289
https://doi.org/10.1017/S0953756298007552
https://doi.org/10.1021/bk-1999-0734.ch008
https://doi.org/10.1111/j.1469-8137.2005.01364.x
https://doi.org/10.1111/j.1469-8137.2005.01364.x
https://doi.org/10.1016/S1055-7903(02)00214-2
https://doi.org/10.1016/S1055-7903(02)00214-2
https://doi.org/10.1007/s11557-016-1161-4
https://doi.org/10.1007/s11557-016-1239-z


Exophiala yunnanensis and Exophiala yuxiensis 123

Matsumoto T, Padhye AA, Ajello L (1987) Medical significance of the so-called black yeasts. 
European Journal of Epidemiology 3(2): 87. https://doi.org/10.1007/BF00239744

Najafzadeh MJ, Dolatabadi S, Keisari MS, Naseri A, Feng P, de Hoogbfghijk GS (2013) Detec-
tion and identification of opportunistic Exophiala species using the rolling circle amplifica-
tion of ribosomal internal transcribed spacers. Journal of Microbiological Methods 94(3): 
338–342. https://doi.org/10.1016/j.mimet.2013.06.026

Naveau U (1999) Molecular systematics of the Herpotrichiellaceae with an assessment of the 
phylogenetic positions of Exophiala dermatitidis and Phialophora americana. Mycologia 
91(1): 67–83. https://doi.org/10.1080/00275514.1999.12060994

Neubert K, Mendgen K, Brinkmann H, Wirsel SGR (2006) Only a few fungal species domi-
nate highly diverse mycofloras associated with the common reed. Applied and Environ-
mental Microbiology 72(2): 1118–1128. https://doi.org/10.1128/AEM.72.2.1118-
1128.2006

Page RD (1996) Tree View: An application to display phylogenetic trees on personal comput-
ers. Bioinformatics 12(4): 357–358. https://doi.org/10.1093/bioinformatics/12.4.357

Papendorf MC (1969) New South African soil fungi. Transactions of the British Mycological 
Society 52(3): 483–489. https://doi.org/10.1016/S0007-1536(69)80132-4

Posada D (2008) jModelTest: Phylogenetic Model Averaging. Molecular Biology and Evolu-
tion 25(7): 1253–1256. https://doi.org/10.1093/molbev/msn083

Ronquist F, Teslenko M, van der Mark P, Ayres DL, Darling A, Höhna S, Larget B, Liu L, 
Suchard MA, Huelsenbeck JP (2012) MrBayes 3.2: Efficient Bayesian phylogenetic infer-
ence and model choice across a large model space. Systematic Biology 61(3): 539–542. 
https://doi.org/10.1093/sysbio/sys029

Stamatakis E (2006) RAxML-VI-HPC: Maximum likelihood-based phylogenetic analyses 
with thousands of taxa and mixed models. Bioinformatics 22(21): 2688–2690. https://
doi.org/10.1093/bioinformatics/btl446

Sun W, Su L, Yang S, Sun J, Liu B, Fu R, Wu B, Liu X, Cai L, Guo L, Xiang M (2020) 
Unveiling the hidden diversity of rock-Inhabiting Fungi: Chaetothyriales from China. 
Journal of Fungi 6(4): 1–37. https://doi.org/10.3390/jof6040187

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) MEGA6: Molecular Evolution-
ary Genetics Analysis version 6.0. Molecular Biology and Evolution 30(12): 2725–2729. 
https://doi.org/10.1093/molbev/mst197

Thitla T, Kumla J, Khuna S, Lumyong S, Suwannarach N (2022) Species diversity, distribution, 
and phylogeny of Exophiala with the addition of four new species from Thailand. Journal 
of Fungi 8(8): 766. https://doi.org/10.3390/jof8080766

Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG (1997) The CLUSTAL_X 
windows interface: Flexible strategies for multiple sequence alignment aided by qual-
ity analysis tools. Nucleic Acids Research 25(24): 4876–4882. https://doi.org/10.1093/
nar/25.24.4876

Vilgalys R, Hester M (1990) Rapid genetic identification and mapping of enzymatically am-
plified ribosomal DNA from several Cryptococcus species. Journal of Bacteriology 172(8): 
4238–4246. https://doi.org/10.1128/jb.172.8.4238-4246.1990

https://doi.org/10.1007/BF00239744
https://doi.org/10.1016/j.mimet.2013.06.026
https://doi.org/10.1080/00275514.1999.12060994
https://doi.org/10.1128/AEM.72.2.1118-1128.2006
https://doi.org/10.1128/AEM.72.2.1118-1128.2006
https://doi.org/10.1093/bioinformatics/12.4.357
https://doi.org/10.1016/S0007-1536(69)80132-4
https://doi.org/10.1093/molbev/msn083
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.3390/jof6040187
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.3390/jof8080766
https://doi.org/10.1093/nar/25.24.4876
https://doi.org/10.1093/nar/25.24.4876
https://doi.org/10.1128/jb.172.8.4238-4246.1990


Ruili Lv et al.  /  MycoKeys 94: 109–124 (2022)124

Vitale RG, De Hoog GS (2002) Molecular diversity, new species and antifungal suscepti-
bilities in the Exophiala spinifera clade. Medical Mycology 6(6): 545–556. https://doi.
org/10.1080/mmy.40.6.545.556

Vitale RG, Afeltra J, Hoog G, Rijs AJ, Verweij PE (2003) In vitro activity of amphotericin 
B and itraconazole in combination with flucytosine, sulfadiazine and quinolones against 
Exophiala spinifera. The Journal of Antimicrobial Chemotherapy 51(5): 1297–1300. 
https://doi.org/10.1093/jac/dkg218

Wen YM, Rajendran RK, Lin YF, Kirschner R, Hu S (2016) Onychomycosis Associated 
with Exophiala oligosperma in Taiwan. Mycopathologia 181(1–2): 83–88. https://doi.
org/10.1007/s11046-015-9945-7

White TJ (1990) Amplification and direct sequencing of fungal ribosomal RNA genes for phylo-
genetics. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ (Eds) PCR protocols, a guide to 
methods applications 38, 315–322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1

Woo PC, Ngan AH, Tsang CC, Ling IW, Chan JF, Leung S-Y, Yuen K-Y, Lau SKP (2013) 
Clinical spectrum of Exophiala infections and a novel Exophiala species, Exophiala hong-
kongensis. Journal of Clinical Microbiology 51(1): 260–267. https://doi.org/10.1128/
JCM.02336-12

Yong LK, Wiederhold NP, Sutton DA, Sandoval-Denis M, Lindner JR, Fan H, Sanders C, 
Guarro J (2015) Morphological and molecular characterization of Exophiala polymorpha 
sp. nov. isolated from sporotrichoid lymphocutaneous lesions in a patient with Myasthe-
nia Gravis. Journal of Clinical Microbiology 53(9): 2816–2822. https://doi.org/10.1128/
JCM.00622-15

Zeng JS, De Hoog GS (2008) Exophiala spinifera and its allies: Diagnostics from mor-
phology to DNA barcoding. Medical Mycology 46(3): 193–208. https://doi.
org/10.1080/13693780701799217

Zheng H, Li J, Guo JS, Qiao M, Yu ZF (2021a) Anacraspedodidymum submersum, a new species 
of aquatic hyphomycetes from southwest China. International Journal of Systematic and 
Evolutionary Microbiology 71: 004650. https://doi.org/10.1099/ijsem.0.004650

Zheng H, Qiao M, Lv YF, Du X, Zhang KQ, Yu ZF (2021b) New species of soil-inhabiting and 
aquatic endophytic Trichoderma from southwest China. Journal of Fungi 7: 467. https://
doi.org/10.3390/jof7060467

https://doi.org/10.1080/mmy.40.6.545.556
https://doi.org/10.1080/mmy.40.6.545.556
https://doi.org/10.1093/jac/dkg218
https://doi.org/10.1007/s11046-015-9945-7
https://doi.org/10.1007/s11046-015-9945-7
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1128/JCM.02336-12
https://doi.org/10.1128/JCM.02336-12
https://doi.org/10.1128/JCM.00622-15
https://doi.org/10.1128/JCM.00622-15
https://doi.org/10.1080/13693780701799217
https://doi.org/10.1080/13693780701799217
https://doi.org/10.1099/ijsem.0.004650
https://doi.org/10.3390/jof7060467
https://doi.org/10.3390/jof7060467

	Exophiala yunnanensis and Exophiala yuxiensis (Chaetothyriales, Herpotrichiellaceae), two new species of soil-inhabiting Exophiala from Yunnan Province, China
	Abstract
	Introduction
	Materials and methods
	Isolation and morphological characterisation of strains
	DNA extraction, PCR amplification and sequencing
	Sequence alignment and phylogenetic analysis

	Results
	Molecular phylogeny
	Taxonomy
	Exophiala yunnanensis Z.F. Yu & R.L. Lv, sp. nov.
	Exophiala yuxiensis Z.F. Yu & R.L. Lv, sp. nov.

	Discussion
	Acknowledgements
	References

