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Abstract

Bats represent the second largest mammal group, with over 1400 known species dispersed
across six continentBats are unique in many waysotably, their incredible longevity, withlde
span of p 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 perspechivaddition, the warm, huith 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 huWénist the role of bats as reservoir of
viruses is well known, their role as a hos various fungi has been largely neglectéd 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 steiresenting 25
species,were isolated using the dilution plate methdte majority of these species were
discovered for the first time from bats, antirlew species antll new records are described in this
paper Some species were previously known from other envirorsnestpathogens of plants,
animals, or human8ased on morphology and multigene phylogeny, we conclude that bats host a
high fungal diversity, including a number of previously unknown spebiegel species described

in this paper includeAmphichorda yunanensis Apiospora xishuangbannaensiClonostachys
rhinolophicola Fusarium hipposidericolaF. menglaenseF. rhinolophicola F. yunnanense

F. xishuangbannaenséNeopestalotiopsixishuangbannaensifhialemoniopsis hipposidericala

Ph.  xishuangbannaesiss  Trichoderma  hipposidericola T.  rhinolophicola and

T. xishuangbannaense

Keywords i 11 new recordd 14 new specie$ Ascomycota Bat fungii Cavesi Microfungi 1
Morphologyi Phylogenyi Plant pathogens

Introduction

Bats (Chiropterg), the only marmmal with powered flight, are the second most specats
mammal order, with more than 1400 species desc(ibmtes et ak009, Prother@017, Wilson &
Mittermeier 2019, Jiang et.&020, Ogorek et a020, Poofery et ak021, Simmong: Cirranello
2023) Bats inhabit all continents except Antarctica, with diversity peaking in the tropics and
subtropics(Jones et al2009, Prothero 2017, Ogérek al 2020. Bats are well known for their
unique immune systems and the diverse viruses they canwhitit can result in human and
animal diseases, such as Severe acute respiratory syndrome (SARS}c@AREirus disease
2019 (SARSCoV-2), Ebola virus disead&V), Hendravirus disease (HeV), Nipah virus infection
(NV), Marburg virus diseasgMV), the Middle East respiratory syndrom®ERS), Puumala virus
infection PUUV) and RabiegRV) (He 2014, Leng & Gao 2020Jagnino et al. 2020Zhou et al
2020, 2021, Poofergt al 2021).

In addition to viruses, bats also carry various fungal species, some of whiehblan
responsible for mass mortalities in bats, such as White Nose SyndidN&) caused by
Pseudogymnoascus destructa(®Blehert & Gargas) Minnis & D.L. LindnefThelebolales
Ascomyota), leading to the death ofiore tharseven million bats in North Amerid&lehertet al
2009,Warnecke et al012, Sharmat al. 2019Magnino et al. 2020Zhang et al2020, Liu et al
2021, White-nose syndrom@0232. Identifying batassociated fungs important as some species
a s s o cwitla bats dnight be plant or animal pathogeR®r example Aspergillus fumigatus
FresenA. sydowii(Bainier & Sartory) Thom & ChurchCandida glabrata(H.W. Anderson) S.A.
Mey. & Yarrow andRhodotorula mucilaginos§A. Jorg.) F.C. Harrison cause human diseases,
PaecilomycegormosusSakag., May. Inoue & Tada ex Houbraken & Samson can result in plant
and human diseases, aRdsarium equiset{Corda) Sacc. anB. incarnatum(Desm.) Sacc. cause
plant diseaseSwezey &Garrity 2011,ShakHosseini et al2012,Warnecke et aR012,Cunha et
al. 2020, Magnincet al 2020, that could pose an underappreciated thi@ats can also roost in
colonies of up to millions of individuals in thermally stable, moist conditionsglwprovide ideal
habitats for fungal growth and transmissidhe need for further study of bats and cave fungi has
been highlighted with the emergence of WkiSNorth America in 200gWarnecke et al2012,
Kokurewiczet al 2016, Cunha et a2020, Zhanget al 2020, Liuet al 2021) .

Some of the earliest reports dhtassociated fungi came from Columb{&rose &
Marinkelle 1966, b ustibsequersg t u desceiteech h i g hyoflfi wregis i awithlbat @t ien
ot her .Foergieoxnasmp kb e e d y¥36 species obatassociated fungi were isolated in
Northeastern Brazi{Cunha et al2020. Research omat-associated fungi has largely focused on
Australia, Europe, the USA, and Bragokurewicz et al 2016, Holz et al2018, Lorch et al
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2018, Nwakova et al2018, Cunha et aR020, Ogorek et aP020. In China, Karunarathnat al
(2020) conducted the first and only study on bat fungi,rapdrtedseven fungal species from bat
carcasses in Yunnan Province, Chinighlighting the fact that thiungi are commonly associated
with bats

Yunnan provides an ideal location for the study of bats anddsaiciated fungi as it has a
highly heterogenous landscape. Although Yunnan experiences summer monsoon rainfall patterns, it
is divided into distinctclimate zones. Northern Yunnan reaches elevations of more than 5000
m.a.s.l, with subalpine environments, central Yunnan, which forms part of YAa@unahou
Plateau, has an elevation of about 1900 m.a.s.I, and is characterized by a temperate climate.
Soutlern Yunnan lies in the lower elevations and hastsyfical 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 almeadyded 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 ecologiols ofbat-associated fungi
We aim to fill the knowledge gap relating to the studpatfassociated 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 detallmorphological descriptions and phylogenetic analyses of the
fungal species that we isolated fromset Yunnan

Materials & methods

Sample collection

Fieldwork was conducted in four sites from May to September 2080 1, Table ) using
four bank farp traps and a set of selected mist rdtshelves, 4 m highBats were collecteds
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, Chirestedy of Sciences. Bats
were handled according to standard protocols (Cunha 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. Morphologicahtigres 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 storeddre@®@nol for later DNA
verification at the Buthwest Barcoding CentdChornelia et al2022. From each individual,
swabs (used for sampling of fungi) were taken from three areas on thdbdy namelyfeet, fur
(belly and backand patagiun{ventral and dorsal surfac€Cunha et al202Q 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 (208@nples were collected using sterile swabs pre
moistened with sterilized chlorampheni€6l1 mgL) s @ It i These were rolled back and forth
three times across the bat fur and wing membr&weabs were then individually placed in
sterilized50 mL conical centrifuge tubes containid® mL chloramphenico(0.1 mgL)s ol yt i on
labelled, and stored 4t (Cunha et al2020 . Il n total, 14 bat speci e
of t hiSspplententdy Table) .

Fungal isolations

In the laboratory, the conical centrifuge tubes were shaken to mbsthe chloramphenicol
solution, and then the suspensiomrsvepread using a sterilized cotton bud on potato dextrose agar
(PDA, Oxoid, Englangplates containing amoxicillig 0 g/nsL), the procedure was performed in
triplicate The PDA plates were incubated at room temperature until individual fungal colonies
were visible Fastgrowing fungi were subcultured into new plates in one to threebtiays, while
slow-growing ones ere subcultured after one monthdividual fungal colonies were subcultured
on new PDA plates in triplicate and incubated at room tempera&lirfeingal strains were stored
at 4 °C for further studies
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Figure 1 7 Sampling locations in Yunnan Provinoé China Location names are denoted by
numbers and full names (Table $purce The original map was extracted from Baidu

Table 1 Information of the sampled locatonEh®m ifmr est and | i mestone f
|l i sted in theaetdablne tadree shudtthr olpo ca | area of Xi
forest area in centefadr sYutnon aan ; c aawmed d yosntge nt afvoeu
number of samples referred to in thel thbdblt eeac
ar ea.
Site  Sampling area Location Longitude Latitude Altitude (m) Samples
1 Rainforest XFBG, Xishuangbanna 10127156°E  21.91890°N 5700 46
Yunnan Province
2 Limestone XFBG, Xishuangbanna 10128240°E  21.90760°N 5200 49
forest Yunnan Province
3 Shiliansi Pubei Village, Yimen  1021633°E 24.61746°N 6162 48
County, Yuxi, Yunnan
Province
4 Long cave Xishan District, 1026005°E 2450839°N 19883 21
Kunming, Yunnan
Province

Morphological observations

Morphological characteristics of the culktsr sporulated on PDA after i@®&D days were
examined Morphological observations were performed using an Olympus $Z&ia) Series
stereomicroscope and photographed using an OLYMPUSIISZPR and Industrial Digital Camera
16NP USB30 (Panasonic, Japamicroscope imaging systeriMleasurements were arranged using
the Tarosoft Image Framework prograifW) 0.97, and images were processed with Adobe
Photoshop CS3 Extended versionQl€oftwarg/Adobe Systems, USA.

Dry cultures were deposited in the herbariuithe Kunming Institute of Botany Academia
Sinica(HKAS), while living cultures were deposited in the Kunming Culture ColleqfdsMCC)
and China General Microbiological Culture Collection Ceff@EMCC), China The MycoBank
numbers (Roberet 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 i Scenes of visited caves and batsAn entrance tdong cave B, C Stalactite and
stalagmite D Bat guano E, G Bat roosts Fi | Examples of handling the bats when collecting
samples: H.ateral view ofScotomanes ornatund standard way of holdir{this position was also
used for foot swabsH The back ofS ornatus(position for fur swhbing). | Wing swab positioro f

S ornatus

DNA extraction, PCR amplification and sequencing

A biospin Fungus Genomic DNA Extraction KBISC14S1(BioFlux, PR. Ching was used to
extract DNA from pure fungal mycelia following the manufactéeqrotocol The extracted DNA
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was maintained at20 °C for longterm storagePolymerase chain reactidiCR was used to
amplify three partial gene regions using the primers shown in Tallee?total volume of PCR
mixture per reaction was 28, containing 2eL DNA (50 mg/eL), 125 gL 2xFastTaq Premix

(a mixture of FastTaq TM DNA Polymerase, buffer, ANTP Mixture, and stabilBefjing Qingke
Biological Technology Cg Ltd., Beijing, PR. Ching, 1 €L of each reverse and forward primer
(10 M) (Beijing Kinco Biotechnology Co Ltd. Kunming Branch, P.R. Chipand 85 Ldouble
distilled water(ddH0) Tiljpromma et al2018 The quality of PCR products was checked &6 1
agarose gel eledphoresis stained with TGelRed(TSJ002, Beijing Kinco Biotechnology CGo
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 gengloci with PCR primers used in each fungal genus

Genera name Genedloci Primers (forward /reverse References
Amphichorda ITS ITSYITS4 White et al (1990
RPB1 RPB1ARPB1BG2R Matheny et al(2002, Hofstetteret al
(2007
RPB2 RPB25f/RPB27cR Liuetal 1999
TEF1-U EF1-983FEF1-2218R Rehner &Buckley (2005
Apiospora ITS ITSYITS4 White et al (1990
LSU LROR/LRS Vilgalys & Hester(1990
TUB Bt-2a/Bt-2b Glass & Donaldsoli1995
TEF1-U EF1-728HEF-2 Odonnell et al 1998, Carbone &
Kohn (1999
Aspergillus ITS ITSYITS4 Whiteet al (1990
BenA Bt-2a/Bt-2b Glass & Donaldsoli1995
CaM Cmd5Cmd6 Hong et al 2006
RPB2 RPB25f/RPB27cR Liuetal 1999
Clonostachys ITS ITSVITS4 White et al 1990
TUB TUT22 Glass & Donaldsoii1995, OdDonnell
& Cigelnik (1997
Fusarium ITS ITSYITS4 White et al (1990
CaM CLLCL2A Odonnell et al 2000
RPB2 RPB25f/RPB27cR Liu et al (1999
RPB1 RPB1XFA/RPB1-G2R Odonnell et al (2010
TUB TUT2 Odonnell & Cigelnik(1997
TEF1-U EFVEF2 Odonnell et al (1998
Neopestalotiopsis ITS ITSYITS4 White et al 1990
TUB Bt-2a/Bt-2b Glass & Donaldsoli1995
TEF1-U EF1-728FHEF1-1567R Carbone & Kohn(1999, Groenewaldet
al. 2018
Penicillium ITS ITSYITS4 White et al (1990
BenA Bt-2aBt-2b Glass & Donaldsoli1995
Cam Cmd5Cmd6 Hong et al 2006
RPB2 RPB25f/RPB27cR Liuetal 1999
Phialemoniopsis  ITS ITSYITSA White et al (1990
LSU LROR/LRS Vilgalys & Hester(1990
ACT Actl/Act5ra Voigt & Wostemeyef2000
TUB TUB-FHTUB-R Cruse et al(2002
Scopulariopsis ITS ITSYITS4 White et al (1990
LSU LROR/LR5S Vilgalys & Hester(1990
TUB Bt-2a/Bt-2b Glass & Donaldsoi(1995
TEF1-U EF1-983FEF1-2218R Rehner & Buckley2005
Trichoderma ITS ITSUITS4 White et al (1990
RPB2 RPB25f/RPB27cR Liuetal 1999
TEF1-U EF1-728HTEF1LLErev Carbone & Kohn(1999, Jaklitsch et al

(2005
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Phylogenetic analyses

Phylogenetic angbes 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 GenBarlkttp: Iblalstncbi.nim.nih.gov)) Sequence data were nievved from
GenBank based on recent publicatiofgtps Www.ncbi.nlm.nih.govnuccoré) .Forward and
reverse sequences were assembled using Geneiaud.8850 Single gene sequence datasets were
aligned with MAFFT \, 7.215 (https rhdfft.cbrcjp/alignmen/servef; Katoh & Standley 2016
trimmed in Trimalvl.2rev59 and edited manually where necessary in BioEdit0N.2 (Hall
1999 The sequence datasetgre combined using SequenceMatrix and AliView or BioEdit
V.7.0.5.2 (Hall 1999 FASTA datafile form¢s were transferred to PHYLIP and NEXUS formats
by the online tool available on the website ALTHERtp: $ingei.uvigo.eJALTER/) Gl¢zPefia et
al. 2010 Phylogenetic trees were based on Randomized Accelerated Maximum LikelMbgd
and Bayesian inferee analyseéBl) .

Maximum likelihood trees were generated via RAxig the GTRI+G model of evolution
Bl analysis was conducted with MrBayes3\l.2 (Stamataki2006,2014 Stamatakis et ak003
in the CIPRES Science Gateway platform to evaluate postobabilitieSPP Rannala & Yang
1996, Zhaxybayeva & Gogarten 2002y Markov Chain Monte Carlo samplingICMC) The
GTR+I+G evolution model was also applied in the Bl analyses for all gene redsms
simultaneous Markov chains were run for 2,000,860 5,000,000 generations, and trees were
sampled at every 100th generatiofhe resulting trees were visualized in FigTree 1.0
(http: ttekbio.edacuk/softwardfigtree/) and annotated in Microsoft PowerPoint 20The ML
bootstrap suppori@reate than or equal to 88)and Bayesian posterior probabiliti@geater than
or equal to ®0) are shown in the tree and presented under each relevant desc8ptjoence data
of the new strains generated in this study are deposited in the GenBank, aockson numbers
are listed inSupplementary Tabl2

Genealogical concordance phylogenetic species recognition (GCPSR) analysis

We used the genealogical concordance phylogenetic species recognition analysis (GCPSR) to
checkfor significant recombinatio events (Quaedvlieg et al. 2014). The data were analyzed using
the pairwise homoplasy ind€RH]I) test in SplitsTree 4 to determine the recombination level with
closely related specig8ruen et al. 2006, Huson & Bryant 2006, Quaedvlieg et al. 2044dlti-
locus datasets with closely related species were used for the analyses. The pairwise homoplasy
i ndex | ower than O0.05 (daw < 0.05) i ndicates
relationships between closely related taxa were visualized by comnsgrisplit graphs from the
concatenated datasets using the LogDet transformation and split decomposition options.

Results
Phylogenetic analyses

Aspergillusphylogeny was based onombinedITS, BenA, CaM and RPB2 sequence data

The aligned dataset encoagsed 205 strains representingl Xéxa, including two new
recordsand the outgroup taxofsspergillus nanangensRitt (FRR 6048 type) The trees from the
two analyseg§ML and BI) showed identical topologieMultigene phylogenetic analyses based on
ITS, BenA, CaMandRPB2show that our new isolates (KUMCC-P819 and KUMCC 21820)
clustered withAspergillus crebed ur j evi | S. W. Peterson & B. W.
statistical support (ML/BI = 99/1.00) in sectibhdulantes(Visagie & Houbraken 220, Visagie et
al. 2021), and the new isolates (KUMCC-699 and KUMCC 21700) clustered withAs.
candidus with high statistical support (ML/BI = 100/1.00) in secti@andidi (Visagie &
Houbraken 2020, Visagie et.&021). The genusAspergillusP. Michdi ex Haller sections are
mentioned in the phylogenetic tree as describelisagie & Houbrakeri2020 and Visagie et al
(202)) Fid.3) .
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Figure 3 i Consensus phylogram of 1,000 trees resulting from a RAXML analysis of the
(ITS+BenArCaM+RPB2 alignmer of the analyzed\spergillussequencesThe RAXML analysis

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

-7 6 055 . and §ededaid from 622, 516, 670 and 895 base pairs dBENB, CaM andRPB2
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characters, respectivelffhe matrix comprises 1894 distinct alignment patterns with 19.gaps
and indeterminate traitBase frequencies were estimated as follows ®&229451, C= 0.271908,
G = 0.265799, T= 0.232842 with substitution rates A€ 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 0.789571 RaxML bootstrap support values
(ML equal to or abovés0%) and Bayesian inferengeoserior probabilities(BYPP equal to or
above ©0) are given at the nodéML/BYPP) The sequences of the neivainsare inblue The
scale bar represents the expected number of changes péypséestrains are denoted with T

Aspergillus

99/1.00

74/1.00

Figure 371 Cortinued.

74/0.90

61/--

100/1.00|Aspergillus violaceus CBS 138.55
100/1.00 | Aspergillus violaceus CBS 293.93

Aspergillus sulphureoviridis CBS 140626 T
Aspergillus sulphureoviridis NRRL 66274
Aspergillus quadrilineatus CBS 591.65 T
Aspergillus rugulosus CBS 133.60 T

100/1.00| Aspergillus falconensis CBS 271.91 T
102’1 00 Aspergillus falconensis CBS 989.72

-Aspergillus dipodomyus NRRL 66273 T
Aspergilius fruticulosus CBS 486.65 T
Aspergillus latilabiatus CBS 426.93 T
Aspergillus recurvatus CBS 496.65 T
Aspergillus pluriseminatus CBS 100523 T
Aspergillus purpureocrustaceus PPRI 3840 T
Aspergillus longistipitatus CCF 5788 T
Aspergillus longistipitatus CCF 6117
Aspergillus israelensis CBS 140627 T
Aspergillus unguis DTO 017-A6

100/1.00! Aspergillus unguis CBS 13255 T

100/1.00 Aspergillus croceiaffinis CCF 6035 T
Aspergillus croceiaffinis CCF 6036
Aspergillus croceus CBS 134396 T
100/1.00,Aspergillus dromiae CBS 140633 T

65/0.99

Aspergillus stellatus CBS 668.82
Aspergillus stellatus CBS 59865 T
Aspergillus stelliformis CCF 5375 T
Aspergillus stella-maris CBS 113639
Aspergillus steila -maris CBS 113638 T
89/1.00| | Aspergillus astellatus CBS 135.55

100/1.00/ Aspergillus asteliatus CBS 261.93 T
Aspergillus creber NRRL 58673

70/0.95) p spergillus creber NRRL 58592 T

100/1.00) 5 o ergiiius creber NRRL 58597
100/1.00 | Aspergillus creber NRRL 25627
Aspergillus creber KUMCC 21-0819
Aspergillus creber KUMCC 21-0820
Aspergillus creber NRRL 58671
Aspergilius creber NRRL 58600 T
Aspergillus sydowii CBS 593.65 T
Aspergillus amoenus NRRL 4838 T
Aspergil gri: CBS 138191 T
Aspergillus hongkongensis HKU49 T
Aspergillus protuberus CBS 602.74 T
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5
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98/1.00|
100/1.00— |

991.00~ | |
98/1.00~| _|

100/1.00—| |

100M1.00~—— |

62/1.00\ Aspergillus subversicolor NRRL 58999 T
85/1.00] 3/0.09 Aspergillus asperescens CBS 11051 T
100100 —| | 9/1.00" Aspergillus askiburgiensis CBS 134374 T
92/1.00 —0 | Aspergillus spelunceus CBS 49765 T
93/1.00~__ | Aspergillus viridicatenatus CBS 140629 T
Aspergillus varians CBS 505.65 T
Aspergillus aurantiobrunneus CBS 465.65 T
100M1.00! Aspergilus pumpureus CBS 754.74 T
76/1.00, Aspergillus spectabilis CBS 429.77 T
77/1.00|! Aspergillus spectabilis CCF 5113
85/1.00|L Acpergillus coloradensis CCF 6118 T
100100/l A spergillus bicolor CBS 426.77 T
100/1.00 00 Aspergillus foeniculicola CBS 156.80 T
Aspergillus crustosus CBS 478.65 T
i 100/1.00 [ Aspergillus karnatakaensis CBS 102800 T
. 100M1.00] ! Aspergilius karnatakaensis NRRL 4649
Aspergillus aeneus CBS 128.54
LA Aspergillus discophorus CBS 469.88 T
88/1.00 |Aspergillus fuscicans BAFCcult4564 T
79/1.00 100/1.00 | Aspergiilus pseudodeflflectus CBS 756.74 T
66/-- | | Aspergillus calidoustus CBS 121601 T
95/0.90 _| 100/1.00 Aspergillus germanicus CBS 123887 T
100/1.00~—| Aspergillus carlsbadensis CBS 123894 T
—— Aspergillus contaminans CBS 142451 T

100/1.00 Aspergillus sigurros PPRI 15889 T

Aspergillus pseudoustus CBS 123904 T
Aspergillus lannaensis SDBR CMUO8 T

Aspergillus vinaceus ITAL 47.456 T

Aspergillus

100/1.00- Aspergillus hydei KUMCC 18-0196 T

CCDCA 11546 T

505



100/1.00Aspergillus urmiensis CBS 139557
62/0.99| 'Aspergillus urmiensis CBS 139558 T
Aspergillus templicola CBS 138181 T
Aspergillus templicola CCF 4698
Aspergillus suttoniae CBS 143866 T
Aspergillus alboluteus CBS 147421
Aspergillus capensis CBS 138188 T
Aspergillus iizukae CBS 54169 T
Aspergillus flavipes NRRL 302 T
Aspergillus ardalensis CCF 4031 T
Aspergillus neoflavipes CBS 260.73 T
Aspergillus micronesiensis CBS 138183 T
Aspergillus okavangoensis CBS 147420 T
99/1.00| 27/1.00lAspergillus alboluteus CBS 145855 T
100/1.00ll pspergillus alboluteus CBS 145854
Aspergillus inusitatus DTO121-G5 T
Aspergillus alboviridis CBS 142665 T
Aspergillus lanuginosus NRRL 4610 T
Aspergillus spelaeus CCF 4425 T
Aspergillus spelaeus CCF 4886 A spergillus
1001.001 5 opergillus polyporicola NRRL 32683 T
92/0.92 [ Aspergillus citrinoterreus CBS 138921 T
Aspergillus citrinoterreus NRRL 1913
Aspergillus montoensis BRIP 64533 T
Aspergillus terreus CBS 594 .65
Aspergillus hortai CBS 124230 T
Aspergillus hortai IBT 26384
Aspergillus terreus CBS 60165 T
Aspergillus neoafricanus CBS 13055 T

-41.00 99/1.00

[7d
®
0
=
o
3
3
S.
g
&

62?6?1900 Aspergillus heldtiae PPRI 4229 T
100/1.00 : Aspergillus pseudoterreus CBS 123890 T
100-;1 00 Aspergillus cf. alabamensis CBS 142981

Aspergillus alabamensis CBS 125693 T
Aspergillus floccosus CBS 116 37 T
Aspergillus aureoterreus CBS 503.65 T
Aspergillus carneus CBS 49465 T
Aspergillus niveus CBS 11527 T
Aspergillus allahabadii CBS 16463 T
Aspergillus neoindicus CBS 44475 T
Aspergillus iranicus CBS 139561 T
Aspergillus nanangensis FRR 6048 T

0.2

Figure 31 Continued.

Penicillium phylogeny was based onombinedITS, BenA, Camand RPB2sequence data

The aligned dataset encompassed 144 strains representing 98 taxa, including the new record
and the outgroup taxdpenicillium sacculunkt. Dale(CBS 2.61). The trees from the two analyses
(ML and BI) showed identical topologieMultigene phylogenetic analyses based on IB&nA,
Camand RPB2show our new isolates (KUMCC 21762, KUMCC 210763, KUMCC 210764,
KUMCC 21-0765, KUMCC 210766, KUMCC 210767 KUMCC 21-0768 and KUMCC 21
0769) clustered withPenicillium brevicompacturierckx with relatively high statistical support
(ML/BI = 95/1.00) in sectiorBrevicompactaPenicillium Link sections in the phylogenetic tree
(Fig. 4)  wfelloveed by Houbrakemt al (2014, 2016, 2020and Ramos et a2021) .

Apiosporaphylogeny was based on combineldSU, ITS, TUB and TEF1-Usequence data

The combined alignment encompassed 170 strains represeri@igtaga, including
ApiosporaSacc 142 strains83taxg, Arthrinium Kunze (13 strains, 11 tajaNigrosporaZimm.
(14 strains, 14 tayaand the outgroup taxoBporocadus trimorphuB. Liu, L. Cai & Crous(CBS
114203 .The trees from the two analyse@L and BIl) showed identical topologies.
Phyl og e,PApiospra B lvdryysimilar toArthrinium, and most species @piosporawere
synonymizedunder Arthrinium by Pintos & Alvarado (2021 and Tian et al 2021). Multigene
phylogenetic analyses based on LSU, ITBB and TEF1-Ushowed the taxonomic placements of
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our strains belonging t@épiospora (Fig. 5) Apiosporaxishuangbannaensiformed a distinct
branch separated fromAp. septata(Y. Feng & Jian K Liu) X.G. Tian & Tibpromma, Ap.
gelatinosa(Y. Feng & ZY. Liu) X.G. Tian & Tibpromma andAp. biserialis (Y. Feng and Z'.
Liu) X.G. Tian and Tibpromma with high statistical supp@viL/Bl = 90/1.00 In addition, our
two strainsKUMCC 21-0697 andKUMCC 21-0698 clustered witiApiospora arundinigCordg
Pintos & P Alvarado(CBS 44992 and CBS 133509KUMCC 21-:0693 AND KUMCC 210694
clustered together witAp. marii(Larrondo & Calvo) Pintos & P. Alvarad@BS 113535 and CBS
114803, and KUMCC 210428 and KUMCC 20429 clustered together witlp. viethamensis
(Hol.-Jech PRintos& P. Alvarado(IMI 99670, type)

Neopestalotiopsiphylogeny was based on combineld’S, TEF1-Uand TUB sequence data

The combined alignment encompass&87 strains representin@0 taxa including of
NeopestalotiopsisMaharachch et al. (34 strains, 77 taxa), and three outgroup taxon
Pseudopestalotiopsis cocddaharachch., K.D. Hyde & Crou€CBS 272.29 type), Ps. indica
Maharachch., K.D. Hyde & Crous (CBS 459.78, type) BedtheadSawada) Maharachch., K.D.
Hyde & Crous (MFLUCC12055, type) The treesSrom ML and Bl analyses showed identical
topologies Multigene phylogenetic analyses based on ITBF1-U and TUB showed our strains
belong toNeopestalotiopsigFig. 6) Neopestalotiopsigishuangbannaensisrmed a distinct clade
closely related toN. mianyangensidV.L. Li & Jian with high statistical suppor(ML/BI =
1001.00) (Fig. 6) .

Clonostachygphylogeny was based ofif S and TUB sequence data

The combined alignment encompass&lds#ains representing2 taxa, including the new
species and the outgroup takasarium acutatumNirenberg & GDonnell (CBS 40297) and
Nectria cinnabarina(Tode Fr. CBS 27%48) The trees from two analys¢sIL and BIl) showed
identical topologiesMultigene phylogenetic analyses based on ITSTJB show our new species
formed a distinct @de sister taClonostachys pityrodeSchroers with high statistical support
(ML/BI =991.00) Fid.7) .

Amphichordaphylogeny was based on combineldS, RPB1, RPB2 and TEF 1-Usequence data

The combined alignment encompassed 77 strains represenfindax4 including
AmphichordaFr. (nine strains,four taxg, BeauveriaVuill . (45 strains, 24 tayaCordycepg-r. 13(
strains, eight tayaHevansiaLuangsaard, HywelJones & Spataforéeight strains,five taxg and
the outgroup taxa witlPurpureocillium lilagnum (Thom) Luangsaard, Houbraken, Hywelones
& Samson(CBS 28436) andPu. Lilacinum (CBS 43187) The trees from two analysésiL and
Bl) showed identical topologiesAmphichordais closely related tdBeauveria, Cordycepand
Hevansiabased on moleculgphylogenetic analysedlultigene phylogenetic analyses based on
ITS, RPB1, RPB2and TEF1-U show that our new species belongsAtaphichorda and formed a
distinct clade sister tdm cavernicolaZ.F. Zhang & L Cai. andAm guanaZ.F. Zhang, F Liu &
L. Cai. with high statistical suppo(ML/BI = 100'1.00) Fid. 8) .

Trichodermaphylogeny was based on combineld’S, RPB2 and TEF 1-Usequence data

The combined alignment encompassed 159 strains represed8ntpxa, including
Trichoderma(146 strains82 taxg, ArachnocreaZ . Mo rtveosteios,two taxg, Hypomyces
(Fr.) Tul five ftrainS,five taxa@,| ProtoqreaP e t fivh strgins,threetaxg and the
outgroup taxorNectria eustromaticdaklitsch & Voglmayr (CBS 125578Jhe trees from the two
amalyses(ML and Bl) showed identical topologieMultigene phylogenetic analyses based on ITS,
RPB2 and TEF1-U show that our strains belong tdrichoderma (Fig. 9) .Trichoderma
hipposiderocoldormed a distinct clade sister To atroviride P. Karst with high statistical support
(ML/BI = 98/1.00), and T. rhinolophicola formed a distinct clade in thétroviride clade
Trichodermaxishuangbannaens®rmed a distinct clade with high statistical supp@it/Bl =
100'1.00) in the basalongibrachiatumclade The strainKUMCC 21-0806clustered together with
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T. inconspicuumZ.F. Yu & X. Du (YMF 1.04623 type, andthe strainsKUMCC 21-0807,
KUMCC 21-0808, KUMCC 21-0809, KUMCC 21-0810 andKUMCC 21-0811 clustered together
with T. obovatumZ.F. Yu & Y.F. Lv (YMF 1.06211(type)and YMF 106212 The eight clades of
Trichodermaare labelled in the phylogenetic tr@eig. 9) Rddriguez et al2021, Zhenget al

2021) .

100/1.00, Penicillium ochrochloron CBS 357 48 T
10000 pepcfium ochrochioron CBS 133150
100/1.00| - penicillium rotoruae 43A T
1001100~ L Peniciium sialtardense DTO 1716
6410.97) ' penicilium svalbardense CBS 122416 T

1001.00~_|

10011.00 ~_

Penicillium camponotum NN0T2443
F Penicillium camponotum NN058252
[ Penicillium subrubescens CBS 132785 T
* Penicillium subrubescens CBS 120543

101,00~
=09 1. Penclium iscarium €35 35243 T
Penicillium piscarium CBS 220.30
Penicillium pulvillorum CBS 775.83

990100 peneifium puivillorum CES 280.39 T

100M.00 - Penicillium hepuense AS3.16040
1001.00 Penicillium hepuense AS3.16039 T
Penicillium jiaozhouwanicum AS3.16038 T
100100 penicitium fiaozhouwanicum AS3.16027
Penicillium rolfsii NRRL 1078 T

Penicilliam annulatum CBS 135126 T
Penicillium bisseri NNOT1814
0011.00' Penicillium bissettii NNOT1640
Penicilium vasconiae CBS 330.79 T
Penicillium soli KUMCC 180202 T
Penicillivm donggangicum AS3 15900 T
Penicillium brefefdianum NRRL 710 T
Penicilliam levitum NRRL 705 T
Penicillium reticulisporum NRRL 3447 T
Penicillium ehriichii CBS 324.48 T
1001100 Peniciliium uarakhandense NFCC1 4809

Penicillium 9,00

Penicillium brasilianum CBS 253.55 T
Penicillium skrjabinii NRRL 13055 T
Penicillium simplicissimum CBS 37248 T
1001.00 Penicillium austrosinense CBS 144505 T
750.99
Penicillium ausonanum FMR 16948 T
Penicillium mdaleae CBS 211.28 T

{ Penicillivm estinogenum CBS 320.50 T
100100 Penicillum guarroi FNR 17747 T
a Penicillum giabrum CBS 125543 T
00 100190 pencillium giabrum DTO 076-G8
—{ Penicillum giabrum DAOM 239074
Penicilliam thomii CBS 347.50
1001100 Penicillium barbosae URM 7624
—EMﬂmmMeum 5T
100/1.00 ik Penicillium limae URM 7706 T

. | Penicillium ulleungdoense KACC 48990 T
100/1.00' penicifium ulleungdoense KACE 48991
T E Penicillium meridianum CBS 314.67 T
0% penicilium restricium CBS 367.48 T
100100 | penjeifium heteromorphum CES 22689 T
Penicillium corylophilum CBS 330.79

| Penicillium katangense CBS 247.67 T

7811.00 100/1.00, Penicillium labradorum UTHSCSA DI19-20 T
Penicillum labradorum UTHSCSA DI19-21
10000 peicitium parvum CBS 35048T

971.00 Penicillium vaccaeorum FMR 17967
1001.00| * Penicilium CBS148.83 T
10011.00 Penicillium sanguifiuum FNR 17617
1001.00" pepicilium sanguifiuum CBS 127032 T
1001.00 100/1.00 Penicillium sanjayi NFCCIS017 T
Penicillium sanjayi NFCCI5018
10011.00 Penicillium vascosobrinhous URM 8193 T

100/1.00' pepieilfium vascasobrinhous URM 8194
Penicillium saanichanum DAOMC251850 T

Figure 4 7 Consensus phylogram of 1,000 trees resulting from a RAxXML analysis of the
(ITS+BenArCamtRPB2 alignment of theanalyzedPenicillium sequencesThe RAXML analysis

of the combined dataset yielded the best scoring tree with a final ML optimization likelihood value
of-5187 7. afl §eh&@ated from 646, 494, 579 and 1121 base pairs oB€nB, Canmand
RPB2characers, respectivelyrhe matrix comprises 1808 distinct alignment patterns with 20.41%
gaps and indeterminate traitBase frequencies were estimated as follows A.227750, C=
0.274333, G=0.263453, T= 0.234465 with substitution rates AC1.219666, AG= 3.226510, AT
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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 parameter0.789719 The trees from three analys@dL

and B) showed identical topologieRRAXML bootstrap support value@L equal to or above
60% ) and Bayesian inferengmsterior probabilitie$BYPP equal to or aboved) are given at the
nodes(ML/BYPP) . esEduencesf new strainsare inblue The scale bar represents the expected
number of changes per sitg/pe strains are denoted with T

68/0.95 [ Penicillium coprophilum CNO01B6
;g;-?gg ﬂ( Penicillium coprophilum CMV005G5

2 \ﬁnicilﬁum I ii CBS 140573 T

Penicillium coprophilum CBS 110760 T

Penicillium submersum FMR 17140 T
Penicillium griseofulvum CBS 185.27 T
Penicillium geumsanense CNUFC GEU2229.1 T
Penicillium glandicola CBS 498.75 T
Penicillium taurinense CBS 145672 T
Penicillium granulatum CBS 333.48 T

99/1.00

Penicillium tardochrysogenum CBS 132200 T
Penicillium lanosocoeruleum CBS 215.30 T
Penicillium persicinum CBS 111235 T
100/1.00] — Peniciflium Igoetzii CBS 285.73 T
Penicillium sinaicum CBS 279.82 T
100/1.00" penjcillium kewense CBS 344.61 T
Penicillium sicoris FMR 18076 T

100/1.00 Penicillium atramentosum CBS 291.48 T
Penicillium brevicompactum KUMCC 21-0767
=11.00 I pepjcillium brevicompactum KUMCC 21-0768
661000 peniciflium brevicompactum KUMCC 21-0766
Penicillium brevicompactum KUMCC 21-0769
Penicillium brevicompactum KUMCC 21-0765
Penicillium brevicompactum KUMCC 21-0764
Penicillium brevicompactum KUMCC 21-0763
Penicillium brevicompactum KUMCC 21-0762
Penicillium brevicompactum AS3 15323
Penicillium brevicompactum CBS 257.29 T
Penicillium neocrassum NRRL 35639 T
Penicillium bialowiezense CBS 227.28 T
Penicillium fennelliae CBS 711.68
Penicillium olsonii CBS 232.60 T
Penicillium buchwaldii CBS 117181 T
Penicillium spathulatum CBS 117192 T
Penicillium tularense CBS 430.69 T

72/0.98~_|
100/1.00

100/1.00 --10.92

Penicillium

7411001 Penicillium elizabethiae NRRL 917 T
78/0.96 " pepiciliium nigricans CBS 354.48 T
95/0.99 - pepicillium griseoazureum CBS 162.42 T
100/1,00 Penicillium linzhiense CCTCC M2019870
10011.00 —_[1 | penicillium janczewskii CBS 166.81
91100~ ™ pe picitlium janczewskii CBS 221.28 T

11;07/;]1 Dl;Jl) Penicillium dunedinense CBS 138218 T
9711_00. Penicillium scottii CBS 138937

1001.00 | Penicillium scottii CBS 138935
89/1.00 Penicillium eickeri CBS 138940
98/1.00:| ' penicillium eickeri CBS 138939 T
100/1.00 ~| Ly Penicillium alisoppize CN08GC5
Penicillium allsoppiae CN086CT
100/1.00 ~_| Ly Penicillium corvianum CN086D3
Penicillium corvianum CNOS6D5
Penicillium cf. murcianum CNO86D1
Penicillium cf. murcianum CNOS6C9

o7n. 006\"_ Penicillium ium NRRL 35656
- ~| [ Penicillium radiatolobatum CBS 340.79 T
[ T7| ' Penicitlium radiatolobatum IBT 31958
SBIE00 T Penicillium murcianum CBS 458.69
66/~ ~| | | Penicillium murcianum CBS 161.81
g;:;gg ‘\\\ [l - Penicillium arizonense IBT 12289 T
5&4}) 37\\* Penicillium irreguiare FMR 17859 T
" =" Penicillium yarmokense CBS 410.69 T

10011.00 ~_1 | L{penicillivm canescens CBS 300.43 T
Penicillium canescens IMI 149218

\ﬂ Penicillium jensenii CBS 327.59 T

Penicillium jensenii CBS 216.28

100/1.00 Penicillium atrovenetum CBS 243.56

Penicillium atrovenetum CBS 241.56 T

Penicillium antarcticum CBS 116938

Penicillium antarcticum CBS 116939

Penicillium doidgeae CBS 138947 T

100/1.00' penicillium doidgeae CBS 138948

Penicillium coralligerum CBS 123.65 T

100/1.00% pepicillium coralligerum CBS 114.69

100/1.00~]

100/1.00

100/1.00~_|

66/ ~_|

63/~ ~_|
Penicillium nucicola DAOMC 250521
100/1.00 ' penjeifiium nucicola DAOMC 250522 T
100/1.00 Penicillium pole-evansii CBS 138946 T

r Penicillium novaezeelandiae CBS 138936
100/1.00— penicillium novaezeelandiae CBS 137.41 T
Penicillium sacculum CBS 231.61

Out,
009 utgroup

Figure 471 Cortinued.
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Ap. xishuangbannaensis sp. nov.

Figure 5 7 Consensus phylogram of 1,000 trees resulting from a RAXML analysis of the
(ITStLSU+TEF1-U+TUB) alignment of theanalyzedApiospora 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 . ant §ederaded from12, 804 516 and800 base pairs of ITS, LSTEF1-UandTUB
characters, respectivelyhe matrix comprises 1724 distinct alignment patterns with 31.J886

and indeterminate traitBase frequencies were estimated as follows ®&235767, C= 0.254738,

G = 0.254191, T= 0.255304 with substitution rates A€ 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 paraméter 0.724256 RAXML bootstrap support values
(ML equal to or abové&0%) and Bayesian inferengeosterior probabilitieBYPP equal to or
above B0) are given at the noddML/BYPP) . ék-tyme strains are repsented in blue bold,
and the newly introduced sequences are in red Bble scale bar represents the expected number
of changes per sitdype strains are denoted with T

Apiospora rasikravindrae NFCCI 2144 T
Aplospora rasikravindrae LC 8179
711.. |Apiospora marina KuUC21353
100/0.92 Apiospora marina KUC21328 T .
93/1.00 EAplospola pseudorasikravindrae KUMCC 20-0208 T Ap’ ospora
‘Apiospora acutiapicum KUMCC 20-0210
'~ Aplospora rasikravindrae MFLUCC 21-0051
Aplospora neochinensis CFCC 53036 T

Aplospora paraphaeosperma MFLUCC 13-0644 T
4IApbspon rasikravindrae MFLUCC 21-0054
--10.99)|

Apiospora sargassi KUC21228 T
95M1.00~| £

‘Aplospora hydel KUMCC 16-0204
Aplospora cordylinae GUCC 10026
Aplospora aurea CBS 24483 T

X Apiospora minutisporum 1.7E-41
821.00 Apiospora balearica CBS 145129 T
Apiospora descalsii CBS 145130 T
Apiospora phragmitis CPC 18900 T

100/0.99 [ Apiospora pseudoparenchymatica LC 8173
771099 Apjospora pseudoparenchymatica LC 7234 T
100/1.00, HKAS 107008 T
[Apbspnra hyphopodii KUMCC 16-0201
100/1.00'- Apjospora hyphopodii MFLUCC 15-0003 T
100/1.00 |Apiospora jatrophae AMH 9556
Aplospora jatrophae AMH 9557 T
| mori NCYUCC 19-0340
100/1.00 }Aploipon mori MFLUCC 20-0181 T
Apiospora mytilomorpha DAOM 214595 T
| Apiospora subrosea LC 7292 T
Apiospora subrosea LC 7291
Apiospora setostroma KUMCC 19-0217 T
'Aplospora neogarethjonesl/iDQD 2019a T
Aplospora garethjonesii KUMCC 16-0202 T
Aplospora neobambusae LC 7124
9911.00' Apjospora neobambusae LC 7106 T
100/1.00,Apiospora yunnana DDQ 00281
Apiospora yunnana MFLUCC 15-1002 T
Apiospora bambusae ICPM 6889 T
8910911 5 pj0spora bambusae CBS 145133
Aplospora ovata CBS 115042 T
Aplospora marianiae AP18219
Apiospora pterosperma CPC 20193 T
9711.00' Apiospora pterosperma CBS 123185
100/1.00 |, KUMCC 16-0203 T
66/0.90 |Apiospora neosubglobosa JHB 006

100/1.00

8411.00 «

100/1.00

MFLUCC 11-0397 T
Aplospora tropica MFLU 21-0084 T
MFLUCC 21-0023 T
82/0.99 Nigrospora gorlenkoana CBS 480.73
82/0.95 Nigrospora rubi LC2698 T

wm Tl— Nigrospora hainanensis CGMCC 3.18129 T
—— Nigrospora musae CBS 319.34
Nigrospora camelliae-sinensis CGMCC 3.18125 T

10011.00"- Nigrospora pyriformis CGMCC 3.18122 T
Nigrospora sphaerica LC7298

971,00 — Nigrospora osmanthi CGMCC 318126 T Nigrospora

E- Nigrospora lacticolonia CGMCC 318123 T
7110.96 STH00/L__ yiorospora vesicularis CGMCC 318128 T
“——Nigrospora aurantiaca CGMCC 3.18130 T
8911.00
1001100 Nigrospora guilinensis CGMCC 3.18124 T

Nigrospora oryzae LC2693
‘- Nigrospora chinensis CGMCC 3.18127 T
100/1.00 Arthrinium japonicum IFO 31098
1001.00 | Arthrinium japonicum IFO 30500
Arthrinium sporophleum CBS 145154
of. GZU 345102

61/
90/11.00) - Arthrinium luzulae APT619-3 T

92/1.00 Arthrinium sphaerospermum AP25619 e
Arthrinium curvatum AP 25418 Arthrinium

Arthrinium caricicola CBS 145127

85/1.001 Arthrinium austriacum GZU 345004
1001.00 751097\ Arthrinium austriacum GZU 345006
68/ |L Arthrinium morthieri GZU 345043
100/1.00 Arthrinium puccinioides CBS 549 86

Arthrinium crenatum AG 19066 T

86/0.96

CBS 114203

008 Outgroup

Figure 51 Cortinued.
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100/1.00|Neopestalotiopsis sichuanensis CFCC 54338 T
92/1.00| 'Neopestalotiopsis sichuanensis SM15-1C

talotiopsis vh BRIP 72293a T

89]1.00~ﬁ Neopestalotiopsis formicarum CBS 115.83
TENeopestantiopsis formicarum CBS 362.72 T

Neopestalotiopsis magna MFLUCC 12-652 T

AR I~ |Neopestalotiopsis sp.1 CFCC 54337
— Neopestalotiopsis sp.1 ZX12 1
A== ;_INeopestalotiopsis cavernicola KUMCC 20-0269 T
68/0.90~__| | | INeopestalotiopsis cavernicola KUMCC 20-0332
TR )_{Neopestalotiopsis clavispora MFLUCC 12-0281 T
Neopestalotiopsis clavispora MFLUCC 12-0280
N taloti is cocoés MFLUCC 15-0152 T

65’0-90\;(1,. talotiopsis rhapidis GUCC 21501 T
Neopestalotiopsis keteleeria MFLUCC 13-0915
100/1.00 ‘\g_{ Neopestalotiopsis ellipsospora MFLUCC 12-0284
Neopestalotiopsis ellipsospora MFLUCC 12-0283 T
TR [ Neopestalotiopsis sp-2 CFCC 54340
Neopestalotiopsis sp.2 ZX22B
[ Neopestalotiopsis terricola UESTCC 22.0008
Neopestalotiopsis terricola CGMCC 3.23553 T
95/0.93 Neopestalotiopsis alpapicalis MFLUCC 17-2545
Neopestalotiopsis alpapicalis MFLUCC 17-2544 T
Neopestalotiopsis rhizophorae MFLUCC 17-1550 T
Neopestalotiopsis rhizophorae MFLUCC 17-1551
88/0.94~|| || Neopestalotiopsis rosicola CFCC 51992 T
7-|" pestalotiopsis rosicola CFCC 51993

87/1.00 |

63/0.90~_|

N, folofi
P P g

is MFLUCC 18-0119 T

r Neopestalotiopsis brachiata MFLUCC 17-555 T

62/ ~| Neopestalotiopsis samarangensis SS010
{;eopestalotiopsis petila MFLUCC 17-1738

Neopestalotiopsis petila MFLUCC 171737 T
- Neopestalotiopsis samarangensis CBS 115451 T
8711.00 —_|| |  Neopestal, is pi CBS 39448 T
62/0.90 ~ F pestalotiopsis pi CBS 254.32
Neopestalotiopsis aotearoa CBS 367.54 T
Neopes talotiopsis Neopestal?tio;;-sis musae MFLUCC 15-0776 T
99/1.00  Neopestalotiopsis chrysea MFLUCC 12-0262

89/0.99) | neopestalotiopsis umbrinospora MFLUCC 12-0285 T
Neopestalotiopsis asiatica MFLUCC 12-0286 T

100/1.00 | pestal is brasiliensis COAD 2166 T
Neopestalotiopsis guaj FMB0027
=-/0.93 ~_| Neopestalotiopsis guaj FMB0026 T
‘ENeopestalotr’opsis nebuloides BRIP 66617 T
Neopestalotiopsis surinamensis CBS 111494
100/1.00 il . . .
i )_‘Neopestalotlopms drenthii BRIP 72263a
Neopestalotiopsis drenthii BRIP 72264a T
08/0.97~|| [|-—Neopestalotiopsi: i is CBS 450.74 T

Neopestalotiopsis lusitanica MEAN 1317 T
Neopestalotiopsis lusitanica MEAN 1320

Neopestalotiopsis sp. CSUFTCC61

96/0.97| yeopestalotiopsis sp. CSUFTCC63

Neopestalotiopsis sp. CSUFTCC62
Neopestalotiopsis macadamiae BRIP 63742a

1. damiae BRIP 63737¢ T

99/0.98 ~| : {Neopestaloﬁopsis lusitanica MEAN 1321

I 80/1.00 p )
Neopestalotiopsis rhododendri GUCC 21505
93/0.95 H Neopestalotiopsis rhododendri GUCC 21504 T
95 <
[~ )_{Neopestalotiopsis protearum CBS 111506
il Neopestalotiopsis protearum CBS 114178 T
99/0.97 | . .
)_(" pestalotiof acrostichi MFLUCC 17-1755
94/0.97_| Neopestalot{opsgs acrostichi MFLUCC 171754 T
7;_{" pestalotioj p b RV02
R Neopestalotiopsis p b URM7148 T
T _{Neopestalotiopsis olumideae BRIP 72283a
87/1.00 ~| Neopestalotiopsis olumideae BRIP 72273a T
CEaT Neopestalotiopsis thailandica MFLUCC 17-1730 T
=0 Neopestalotiopsis thailandica MFLUCC 17-1731
79/1.00 || Neopestalotiopsis sonneratae MFLUCC 17-1744
=| 'Neopestalotiopsis sonneratae MFLUCC 17-1745 T

83/1.00
™ Neopestalotiopsis coffeae-arabicae HGUP4015

L pestalotio e bicae HGUP4019 T
10011.00~  Neopestalotiopsis hispanica MEAN 1310 T
Neopestalotiopsis hispanica MEAN 1311

Figure 6 i Consensus phylogram of 1,000 trees resyltirom a RAxXML analysis of the
(ITS+TEF1-+TUB) alignment of theanalyzed\eopestalotiopsisequencesThe RAXML analysis

of the combined dataset yielded the best scoring tree with a final ML optimization likelihood value
of -11724. Gudyenkréted from 64934 and 771 base pairs of ITSTEF1-U and TUB
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characters, respectivelyhe matrix

comprises 865 distinct alignment patterns with 27.34ps

and indeterminate traitBase frequencies were estimated as follows(®235829, G=0.27172, G
=0.218698, T= 0.273752 with substitution tes AC= 1.065278, AG=2.932908, AT=1.290534,
CG = 0.816005, CT= 3.981952, GT= 1.000000; proportion of invariable sites=10.369668;
gamma distribution shape parametér 0.773815 The trees from three analys@dL and BI)
showed identical topologie RAXML bootstrap support valugdL equal to or abové0%) and
Bayesian inferenceosterior probabilitie§BYPP equal to or above.dD) are given at the nodes

(ML/BYPP) The newly introduced

sequences are in bold Tee scale bar represents the expécte

number of changes per sitgype strains are denoted with

79/0.91_|

| 100/1.00 Neopestalotiopsis eucalyptorum MEAN 1309
- Neopestalotiopsis eucalyptorum MEAN 1308 T

Neopestalotiopsis scalabiensis CAA1029 T

99/0.99 —| ;rNeopestalolmpsrs foedans CGMCC 3.9123 T

CGMCC 39178

97/1.00 ~| )_{r" Jo Jo P FMB0128
Neop FMB0127 T
99/1.00 \L[ P P ii BRIP 72262a
Neopestalohops:s maddoxii BRIP 72266a T
Neopestalotiopsis jav: is CBS 257.31 T
91/0.93~_ Neop iopsis jav is MFLUCC 12-0594

67/0.96 ~_|

94/1.00 |
65/0.97 ~|

100/0.96 -,

Neopestalotiopsis

74/0.93

--[1.00
100/1.00

97/0.94
\

100/0.99~|
100/1.00 |

61/0.93
100/1.&“

.

{Neopestalotiopsis rosae CBS 124745
Neopestalotmps:s rosae CBS 101057 T
CBS 299.74
P CBS 336.86 T
Neopestalotiopsis vitis MFLUCC 15-1265 T
Neopestalotiopsis vitis MFLUCC 15-1270
talotiopsis CBS 114159 T
Neopestalotiopsis zakeelii BRIP 72282a T
Neopestalotiopsis zakeelii BRIP 72271a
— Neopestalotiopsis psidii FMB0028 T
Neopestalotlops:s iberica MEAN 1313 T
i CAA1021
Neopestalotiopsis vaccinii CAA1059 T
Neopestalotiopsis iberica MEAN 1314

Neopestalotmps:s egyptiaca COAD 2167
CBS 22294 T
MFLUCC 20-0132 T

N ytiopsi:

P P

P P

N PR

P

gyp
q P

y

Neop P

I— Neopestalotiopsis guajavicola FMB0129 T

93/1.00 Neopestalotiopsis dendrobii MFLUCC 14-0099
Neopestalohops:s dendrobii MFLUCC 14-0106 T
pestal: is MFLUCC 18-0113 T

7NeopestalatmpSIs saprophytlca CBS 115452

—

.Neopestalotmpsts paeonrae -suffruticosae CGMCC 3.23554 T
UESTCC 22.0007
is UESTCC 22.0006

Te is CGMCC 3.23555 T
Neopestalotiopsis xishuangbannaensis KUMCC 21-0425 T
00/1.00 Neopestalotiopsis xishuangbannaensis KUMCC 21-0424

L Neop P CBS 600.96 T
Neopestalotmps:s saprophytica MFLUCC 12-0282 T
CBS 114495 T

P chiar

ffru

iopsis p KUMCC 21-0427
Neopestalotrops:s paeoniae-suffruticosae KUMCC 21-0426

P P

N,
A

P

pestalotiopsis miany g

P g

la KUMCC 17-0175 T

N,
)

P P. P

h

P P

99/1.00 N i lull
97/0.97 P jopsis h CBS 111535
Neop iopsis zimbab CBS 111495 T
Neopestalotiopsis eucalypticola CBS 264.37 T
77/0.94 ~ | 98/0.98 |[Neopestalotiopsis camelliae-oleiferae CSUFTCC82
93/0.94 —_| 93/0.96| Neop iopsis camelli: iferae CSUFTCC81 T
99/1.00 Neopestalotiopsis longi diculata MEAN 1316
98098 4| | Neopestalotiopsis Ic diculata MEAN 1315 T
L] x_{ p pSiS v laCAA1055 T
Neopestalotiopsis v icola CAA1054
Neopestalotiopsis vaccinii CAA1027
100/1.00 Neop afetons : is CBS 137767
100/1.00 LNeo,pestalotlo,ps:s iranensis CBS 137768 T

Neupesta[otlops:s steyaert" IMI 192475 T
isCBS 138.41 T

foloti

Pseudopestalotiopsis theae MFLUCC12-0055 T

0.03

Figure 61 Cortinued.

100/1.00
—i|jl’seudopestaloﬁopsis cocos CBS 272.29 T
100/1.00 o y

P P

Pseudopestalotiopsis indica CBS 459.78 T

Outgroup
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C. rhinolophicola sp. nov.

Figure 7 7 Consensus phylogram of 1,000 trees resulting from a RAxML analysis of the
(ITS+TUB) alignment of theanalyzed ClonostachyssequencesThe RaxML analysisof the
combined dataset yielded a best scoring tree with a final ML optimization likelihood value of
12437 . @n2 gedetaded from79and602base pairs of ITS antUB characters, respectively
The matrix comprises @4distinct alignment patterns with2.83%gaps and indeterminate traits
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Base frequencies were estimated as follows A.211034, C= 0.282207, G= 0.249578, T=
0.257181 with substitution rates AC1.215440, AG= 3.197995, AT= 1.110533, CG= 0.636495,

CT = 4.148100, GT= 1.000000; propdron of invariable sites £ 0.315419; gamma distribution
shape parametdd = 0.673328 The trees from three analys@dL and BI) showed identical
topologies RaxML bootstrap support valuésiL equal to or abové&0%) and Bayesian inference
posterior probabties (BYPP equal to or above.d) are given at the nodg8IL/BYPP) The
newly introduced sequences arered bold. The scale bar represents the expected number of
changes per sit@ype strains are denoted with

Fusarium phylogeny was based ofil'S, RPB2, RPB1, TUB, CAM and TEF 1-Usequence data
The combined alignment encompassed 193 strains representing 113 taxa, irfelisdimngm
Link (191 strains, 111 taxaand the outgroup taXdicrocera coccophiledDesm. (CBS 3134) and
M. diploa (Berk. & M.A. Curtis) Grafenhan & Seife(CBS 73579). The trees from the two
analysegML and BIl) showed identical topologieMultigene phylogenetic analyses based on ITS,
RPB2, RPB1TUB, CAMandTEF1-Ushow that our strains represent one new host recoréivand
new speciegF. hipposideriola, F. menglaense, Fhinolophicola, F xishuangbannaensesdF.
yunnanense The 12Fusariumspeciesn the phylogenetic tree were labelled followiSgndoval
Denis et al (2018 and Wang et al(2020, while the F. yunnanensespecies complex was
introduced based on the new spediegunnanenséFig. 10) .

Scopulariopsigphylogeny was based ofil'S, LSU, TUB and TEF1-Usequence data

The combined alignment encompassed 88 strains representing 48 taxa, inklisdoagcus
Z u k a2lstrains, 30 tayaScopulariopsi a i n52 @rains,(14 taYaYunnaniaH. Z. tHreen g (
strainsthreetaxg and the outgroup taxddephalotrichum asperulurfd.E. Wright & S. Marchand)
Sand:Den., Guarro & GenéCBS 58271) The trees from the two analys@dL and Bl) showed
identical topologiesMultigene phylogenetic analyses based on ITS, LBUB and TEF1-U show
the taxonomic placeemts of our total strains belonging &copulariopsis brevicauligSacc.)
Bainier inScopulariopsigiroup(Fig. 11) .

Phialemoniopsigphylogeny was based onombinedITS, LSU, Actand TUB sequence data

The combined alignment encompassed 31 strains refireped4 taxa, including
PhialemoniopsisPerdomo, Dania Garcia, Gené, Cano & Guafd strains, nine taxa,
PhialemoniumW. Gams & McGinnis (nine strains, four taxg, and the outgroup taxon
Lecythophora lignicolaNannf. (CBS 2673) The trees from two anges(ML and BIl) showed
identical topologiesMultigene phylogenetic analyses based on ITS, L&t1,and TUB showed
that Phialemoniopsisand Phialemoniumare closely related, but form separate branches and our
strains belong toPhialemoniopsis (Fig. 12) .Phialemoniopsis hipposidericolaand Ph.
xishuangbannaensmsachformed a distinct clade sister Rh. pluriloculosaW. Gams & McGinnis
with high statistical suppart

Overall species summary

In total 25 species of fungi were isolated from 14 bat spéSasplementary Tabl@&) in this
study, representing4lnew fungal species belonging to six familie®z., ApiosporaceaeK.D.
Hyde, J Frohl, Joanne E Taylor & M.E. Barr, Bionectriaceae Samuels & Rossman,
CordycipitaceaeKreisel Hypocreaceade Not, NectiaceaeTul. & C. Tul. and Sporocadaceae
Corda Thell 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 owsprehensive publications of that particular
genus. The introduction of new taxaAmphichordaollowed Zhang et al. (2017, 2020), while the
new Apiosporataxon wasintroduced followingPintos & Alvarado (2021) and Tian et §021).

515



To introduce newClonostachysCorda, Lechat et al. (2020) andlorcato et al. (2020) were
followed. Fusariumis one of the most widely distributed and complex genera, and the definition of
species is still controversial. We describe five new specidsusériumin this work following
Crous et al. (20P). Neopestalotiopsiss distinguished fronPestalotiopsisSteyaerbased on mukHi

gene analyses of ITS,EF1-Uand TUB, and we describe two new taxa in this paper following
Maharachchikumbura et al. (201#€hialemoniopsisvaserected byPerdomeet al 2013, and we
followed this paper to introduce two ne®hialemoniopsidaxa inthis paper. Cai & Druzhinina
(2021) andzheng et al(2021) were followedo introduce three neWwrichodermaPers taxa in this
study.

PhylumAscomyota Caval-Sm
ClassEurotiomycete<O.E. Erikss & Winka
EurotialesG.W. Martin ex Benny & Kimbr
Aspergillacead.ink

Aspergillaceaewas established by LinK1826, with Aspegillus as the type genus
Houbraken& Samson(2011) discussed this family based on midicus phylogeny, and it was
split into seven cladesSome species in this family tolerate extreme conditions, such as high sugar
or salt concentrations, low or higemperatures, and low acidity or oxygen le&lsubrakeret al
2014 Zhanget al 2020 Aspergillaceaespecies are predominantly saprobic and commonly occur
in soil, while a few are plant and animal pathogenic f{Hgubraken eal. 2014 .

AspergillusP. Micheli ex Haller

Aspergillus(As) was established by Hallét 768 with Aspergillus glaucugL. link. as the
type speciegWijayawardene et aP017, Houbraken et .a2020Q Aspergillusis one of the most
economically important and widely distribdtegenera of fungi{Zhang et al 2020 To date,
Aspergillus,a large genus of filamentous fungi, contains 428 accepted sg8dies e n §2621et al
Wijayawardene et aR022 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 sigscare distributed across six subgenera, 27 sections, and 75
series(Sk | e n § B27eMost amembers of this genus are terrestrial but were also reported as
aguatic fungi They mainly live as saprophytic fungi in soil, plant, and food, but also incloohe
pathogenic fungi, which are harmful to humdaspergillosi¥ animalsand plantgPeterson 2008,
Sigler et al2010, Vargaet al 2010a, b, 2011, Guarroetdl0 1 2, J u.”Q122015/Asgarit a |
et al 2014, Samson et .a2014, Arzanlou et al2016, Visagie et al2017, 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 v@dmldrakenet al 2020 We
describe wo new records aAspergillus candidusink andA sc r e Bugewi |, S. W. Peter
B.W. Horn in this study

Aspergillus candidud.ink, Mag. Gesell. naturf. Freunde, Berli(33 2): 16 (1809) Fig. 13
MycoBanknumber:MB 204868 Facesoffungi number: FoF 13414
Asexual morph on PDA Conidial heads radiate, splittingpito 3 or more columns
Conidiophoresuniseriate, branched at ap&tipesl50' 450 x 39 me hyaline, septat&/esiclessi
2 8 m wide, globose to spathulate, smaodiftetulae6i 21 x 36 me(o=9.78x 4.38m, n= 30),
hyaline to pale brown, unto biseride. Phialides6i 16 x 13 me(»= 9.31 x 25 4 m,an = 30),
ampulliform, with minute collaretteConidia3i5 x 25 me(0= 3.67 x3.44em, n= 60), broadly
ellipsoid to globose, smocthalled, hyaline, arranged in chairfgexual morphUndetermined
Culture characteristicss Colonies on PDA attaining 260 mm after 15 days at room
temperatur€20i 25 ), colonies at surface, floccose, wrinkled, witlycelial areas white to cream,
greenish grey to yellowish grey; reverse white to yellowish grey. Sporulatiderately dense on
PDA after 60 days

516


http://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=90472

100/1

100/1.00
100/1.00 —

Beauveria acridophila HUA 179221 T
Beauveria locustiphila HUA 179217

.00 | Beauveria acridophila HUA 179220
ﬂBeauveria locustiphila HUA 179218 T

100/1.00 ~| Beauveria diapheromeriphila QCNE 186714
|Beauveria diapheromeriphila QCNE 186272 T
100/1.00 — Beauver‘ia liif RCEF5500 T
~.| | Beauveria varroae ARSEF 8257 T
99/1.00 | [| Beauveria varroae ARSEF 2694
97/1.00 . || Beauveria baoshanensis BUB283
71/1.00 M| Beauveria baoshanensis BUB205 T
82/1.00"||- Beauveria kipukae ARSEF 7032 T
100/1.00 —_| || Beauveria bassiana BCC14482
Beauveria bassiana BCc14481
100/1.00.| | Beauveria australis ARSEF 4622
9;"_; ;3%;\ Beauveria australis ARSEF 4580
100/1.00 —[| | | Beauveria mimosiformis BCC75813
100/1.00 —i.I"| Beauveria mimosiformis BCC75812 T
100/1.00 ~ ||| Beauveria brongniartii ARSEF 6215
100/1.00 =| Beauveria brongniartii ARSEF 6214
" ™il | Beauveria asiatica BCC24977
3122’(1,}?0 ~ll Tl Beauveria asiatica BCC24980
;- i | Beauveria majiangensis GZU12141 T
100/1.00 — ; - ;
Beauveria majiangensis GZU12142
100/1.00 .||  Beauveria loeiensis BCC23107 T
Beauveria loeiensis BCC66202 Beauveria
100/1.00 \ | Beayveria amorpha ARSEF 7542
Beauveria amorpha ARSEF 4149
g‘;ﬂ-gg "\, Beauveria sungii ARSEF 5689
100/1.00 .| Beauveria sungii ARSEF 1685 T
99/1.00 | [|; Beauveria yunnanensis BUB347
97/1.00 < | [| Beauveria yunnanensis BUB2 T
100/1.00 ~—__ [[| Beauveria gryliotalpidicola BCC76572
oo 6o 1 Beauveria grytiotaipidicola BCC81472
100”_00“““— Beauveria sinensis RCEF3903 T
97/1.00- Beauveria hoplocheli Bto6
100/1.00 -| | [ | Beauveria hoplocheli Bt121
82/0.98 - Beauveria malawiensis BCC 17613
99/1.00 ~| Beauveria malawiensis ARSEF 4755
96/0.91~[ |  Beauveria caledonica ARSEF 1567
79/0.99 “\\ Beauveria caledonica ARSEF 2567
60/0.95 Beauveria vermiconia ARSEF 2922 T
100/ 001 20”-00 Beauveria vermiconia 2922
- e L Beauveria pseudobassiana ARSEF 1855
Beauveria pseudobassiana ARSEF 3405 T
100/1.00 | Cordyceps tenuipes TBRC 7265
100/1.00 | 61/0.91 Cordyceps renuipes TBRC 7266
I Cordyceps coleopterorum CBS 110.73
100/1.00 - Cordyceps blackwelliae TBRC 7253
100/1.00 \\\ Cordyceps blackwelliae TBRC 7254
Cordyceps bifusispora EFCC 8260
Cordyceps 100& Cordyceps bifusispora EFCC 5690
Cordyceps lepidopterorum EFCC 7263 T
100/1.00 | 44944, Cordyceps lepidopterorum EFCC 7264
Cordyceps fumosorosea CBS 244.31
— Cordyceps cateniannulata TBRC 7258
: Cordyceps javanica TBRC 7260
100/1.00 | Cordyceps javanica TBRC 7259
09/1.00 - Hevansia novoguineensis NHJ 11923
100/1.00 -] Hevansia arachnophila NHJ 10469 T
Hevansia novoguineensis NHJ 4314
88/1.00 —_| Hevansia nelumboides BCC 2093 .
100/1.00 Hevansia nelumboides TNS 16306 T Hevansia
Hevansia cinereaNHJ 3510 T
95/1.00 |100/1.00 | Hevansia cinerea BCC47914
Hevansia arachnophila NHJ2633
Amphichorda cavernicola LC12448 T
) 99/1.00 | Amphichorda cavernicola LC12553
Amphichorda 79/0.90 [ | Amphichorda cavernicola LG12560
100/1.00 Amphichorda guana CGMCC3.17908 T
100/1.00 Amphichorda guana CGMCC3.17909
91/1.00 \ﬁ( Amphichorda yunnanensis KUMCC 21-0415
Amphichorda yunnanensis KUMCC 21-0416 T
100/1.00 93/1.00 | Amphichorda yunnanensis KUMCC 21-0414
Amphichorda felina MTCC 2499
Purpureocillium lilacinum CBS 431.87
100/-- [Purpureocim‘um lilacinum CBS 284.36

Outgroup
0.09

Figure 8 T Consensus phylogram of 1,000 trees resulting from a RAxXML analysis of the

(ITS+tRPBHRPB2TEF1-U) alignment of theanalyzedAmphichordaThe RAXML analysis of the
combined dataset yielded the best scorneg with a final ML optimization likelihood value ef
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33516617816 and generated from 586, 749, 1153 and 975 base pairs GRFB3, RPB2and
TEF1-U characters, respectivelythe matrix comprises 2398 distinct alignment patterns with
34.61% gaps and indetminate traitsBase frequencies were estimated as follows 239382, C
=0.288878, G= 0.258017, T= 0.213723 with substitution rates A€1.084122, AG= 3.455204,

AT =0.832988, CG=0.988778, CT=5.225831, GT= 1.000000; proportion of invariabletss 1=
0.199312; gamma distribution shape parameter0.661000 The trees from three analys@dL

and B) showed identical topologieRRAXML bootstrap support value@L equal to or above
60% ) and Bayesian inferengmsterior probabilitie$BYPP equal to oabove (0) are given at the
nodes(ML/BYPP) The newly introduced sequences are in bold Tdgk scale bar represents the
expected number of changes per.ditge strains are denoted with

Trichoderma endophyticum BAFC 4372
8211.00 Trichoderma neotropicale GJS 08-183
. Trichoderma neotropicale GJS 08-182
95/1.00 || Trichoderma endophyticum H1-S-97

99/1.00 ~ || Trichoderma afarasin BAFC 4355
Trichoderma afarasin Dis 314
I Trichoderma rifaii J2-2CR
96/0.99 _ | _ Trichoderma azevedoi CEN1422 T
65/0.90 \{Trichoderma azevedoi CEN1423
89/0.97 <_ |, Trichoderma austroindianum GJS 08-128
Trichoderma austroindianum VAB T050 T
— Trichoderma jaklitschiiCP61-2 T

74/0.99 100/1.00 - Trichoderma jakiitschii CP01-6

89/0.99 “.; Trichoderma camerunense GJS 99-231

% 1] Trichoderma camerunense GJS 99-230 T

79/0.90 <]

Trichoderma syagri BAFC 4371

Trichoderma syagri BAFC 4357 T

\— Trichoderma lixii GJS 97-106

— Trichoderma rifaii DIS 337F T

— Trichoderma harzianum CBS 226.95

62?9—0[ Trichoderma vermifimicola CGMCC 3.19850

67/0.93 <] 99/1.00 | Trichoderma vermifimicola HMAS 248255 T

100/0.99 Trichoderma harzianum CGMCC 20739
73/0.99 Trichoderma xixiacum CGMCC 3.19698
100/1.00 ~| Trichoderma xixiacum HMAS 248253 T
80/ ™ + Trichoderma lentinulae HMAS 248256 T
™~ Trichoderma lentinulae CGMCC 3.19848

\— Trichoderma lixii GJS 97-96 T
100/1.00 Trichoderma anaharzianum YMF 1.00241
R N ;_4 Trichoderma hotryosum COAD 2520
100/1.00 « Trichoderma botryosum COAD 2543
Trichoderma simile YMF 1.06201 T

98/1.00 | %- Trichoderma anaharzianum YMF 1.00383 T

68/0.94 | Trichoderma simile YMF 1.06202
z 1001.00 | Trichoderma pseudoasiaticum YMF 1.06200 T
Trichoderma 96/1.00 ~ Trichoderma asiaticum YMF 1.00352 T Harzianum clade
100/1.00 ~ | Trichoderma asiaticum YMF 1.00168
100/1.00 | Trichoderma guizhouense PARC1026
100/1.00 Trichoderma guizhouense PARC1025
93 <" | Trichoderma pseudopyramidale COAD 2434
100/ I Trichoderma pseudopyramidale COAD 2433
100/1.00 TH Trichoderma afroharzianum NAIMCC-F-01938
96/1.00 [ Trichoderma afroharzianum Fes1712
64/0.99 ~] Trichoderma peruvianum CP15-9
712/0.97~ {7 Trichoderma peruvianum CP15-2 T
100/0.99 - | Tri
90/0.97 == richoderma zelobreve CGMCC 3.19696
671-- ~L| Trichoderma zelobreve HMAS 248254 T
81/~ Trichoderma hreve COAD 2429
99/1.00 Trichoderma lentiforme H1-R-96

100/1.00 |

Trichoderma breve COAD 2402
Trichoderma lentiforme CEN1429

100/1.00 “‘\5_‘ Trichoderma hortense DAOM 230830

Trichoderma hortense GJS 04-70

79/0.99 |
89/1.00 -

-10.97 \
670.97

100/4.00
97/1.00
79/1.00

72/0.99\

98/1.00

100/1.00 | Trichoderma caeruloviride COAD 2415 T
T Trichoderma caeruloviride COAD 2416
[ Trichoderma ceratophylliYMF 1.04621 T
Trichoderma aggressivum COAD 2432
[ Trichoderma peberdyi CEN1389
100/1.00 ' Trichoderma peberdyi CEN1426 T
94/1.00— Trichoderma stramineum GJS 02-84 T
& Trichoderma stramineum TAMA 0425

Trichoderma propepolypori YMF 1.06199

Trichoderma propepolypori YMF 1.06224 T
\— Trichoderma achlamydosp YMF 1.06226 T
Trichoderma cinnamomeum GJS 97-233

100/1.00 ' Trichoderma cinnamomeum GJS 97-237

': Trichoderma catoptron GJS 02-76 T
100/1.00 '— Trichoderma catoptron HMAS 252533
Trichoderma hirsutum HMAS 248842
100/1.00 ' Trichoderma hirsutum HMAS 248860
100M1.00
1

Trichoderma virens V2
Trichoderma virens V 1

I Virens clade

Figure 9 i Consensus phylogram of 1,000 trees resulting from a RAXML analysis of the
(ITS+tRPB2TEF1-U alignment of theanalyzed 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
39488402675 and generated from 663, 1064, and 1360 base pairs oRPE® and TEF1-U
charactersrespectively The matrix comprises 1892 distinct alignment patterns witB32 gaps

and indeterminate traitBase frequencies were estimated as follows ®&235539, C= 0.281030,

G = 0.245910, T= 0.237522 with substitution rates A€ 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 paraméter0.545773 The trees from three analys@dL

and B) showed identical topologieRRAXML bootstrap support value@L equal to or above
60% ) and Bayesian inferengmsterior probabilitie$BYPP equal to or abovedD) are given at the
nodes(ML/BYPP) . e éx-type strains are represented in blue bold, while the newly introduced
sequences are in red bolthe scale bar represents the expected number of changes pEyste

strains are denoted with
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Figure 97 Continued.
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97M.00) “Fusarium pseudoanthophilum CBS 745.97
991 0 Fusarium brevicatenulatum CBS 404.97 T
1001.00 ;\~ Fusarium brevicatenulatum CBS 100196

Fusarium pseudonygamai CBS 417.97 T
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1001100« | Fusarium ramigenum CBS 526.97

100;;;00 :: [ Fusarium napiforme CBS 135139
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12‘:&,3 g;\\ Fusarium andiyazi CBS 119857 T
J &g’ﬁljﬁiym andiyazi CBS 119856

100/1.00 <-4
99/1.00<_|
790 « |
96/1.00<_
78/1.00</]]
B1/- <

ik Fusarlum madaense CBS 146669 T
10011.00 Fusarium madaense CBS 146656
U HFusarium thapsinum CBS 100312
Fusarium thapsinum CBS 100313

(L) =~ Fusarium lactis CBS 411.97 T
Fusarium lactis CBS 420.97
61/0.96 Fusarium awan CMW 54719 T
63/1.00 Fusarium variasi CMW 53734
| 78/1.00 EFusarium akasfa CMWS4735 T
. 60/0.90“ Fusarium warna CMW 54720
F usarium | Fusarium mekan CMW 54714 T

1001.00 | — Fusarium nygamai CBS 749.97 T

95100 <. "I Fusarium terricola CBS 483.94 T
1001.00 ~_ | ["Fusarium terricola CBS 119850
8410.99< ﬁFusarium sudanense CBS 454.97 T
| 'Fusarium sudanense CBS 675.94

681092« | || L Fysarium nygamai CBS 413.97 T
60/0.90+ | Fusarium pseudocircinatum CBS 455.97

EFusarium pseudocircinatum CBS 449.97 T

Fusarium xyrophilum NRRL 62721 T

951.00 ~._ || | 100/1.00'Fusarium xyrophilum NRRL 66890
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LA Fusarium denticulatum CBS 406.97
1001.00+ | Fusarium chinhoyiense NY 001B5

— Fusarium chinhoyiense NRRL 25221 T

94/0.93< Fusarium mundagurra RGB5717 T

_|_—Fusarium phyllophilum CBS 216.76 T
1001.00« | Fusarium phyllophilum CBS 246.61
98/0.93 =_| Fusarium xylarioides CBS 749.79
1001.00<[ | ! Fysarium xylarioides CBS 258.52 T
81l iFusarium udum CBS 747.79 T

68/« | Fusarium udum CBS 178.32
1001.00« | Fusarium longicomicola NRRL 52706 T
100/1.0 Fusarium secorum NRRL 62594

1001.00 [~ | 'Fusarium secorum NRRL 62593 T
#Fusarium annulatum CBS 131573
Fusarium acutatum CBS 137545

Figure 10 i Consensus phggram of 1,000 trees resulting from a RAxXML analysis of the
(ITS+CaM+RPBH#RPB2TEF1-U+TUB) alignment of theanalyzed Fusarium The RAxML
analysis of the combined dataset yielded the best scoring tree with a final ML optimization
likelihood value 0£65846059817 and generated from 578, 845, 1598, 555, 728 and 517 base pairs
of ITS, CaM, RPB2 RPB1, TEF1-UandTUB characters, respectivelJhe matrix comprises 2917
distinct alignment patterns with 211% gaps and indeterminate trait8ase frequencies were
estimated as follows A 0.249250, C= 0.257580, G= 0.248502, T= 0.244668 withsubstitution

rates AC= 1.366159, AG= 3.869772, AT= 1.236258, CG= 0.964808, CT= 7.097812, GT=
1.000000; proportion of invariable sites=10.178858; gamma distribution shape paraméter
0.643467 The trees from three analysésiL and BIl) showed idatical topologies RAXML
bootstrap support value@ML equal to or above60%) and Bayesian inferenc@osterior
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probabilities(BYPP equal to or abovedD) are given at the nodésIL/BYPP) . €ek-type strains
are in blue bold, while the newly introduced sences are in red bold@ihe scale bar represents the
expected number of changes per.ssiebdivision of the-usariumclade represents the recognized
species complexe3ype strains are denoted with

100/1.00,Fusarium hipposidericola KUMCC 21-0726
85/0.95[ |Fusarium hipposidericola KUMCC 21-0725

100/1.00 Fusarium hipposidericola KUMCC 21-0724 T

61/0.96| 73/0.98 Fusarium hipposidericola KUMCC 21-0728
63/0.96 ] 100/1.00- Fusarium hipposidericola KUMCC 21-0727
73.,0"5@ ——Fusarium mangiferae CBS 120994 T

951.00<1 | 7211.00

Fusarium mangiferae CBS 119853
~ Fusarium lumajangense InaCCF872 T

100/1.00 | Fusarium lumajangense InaCCF393
T " Fusarium proliferatum CBS 430.96 T
97/1.00 [ Fusarium concentricum CBS 453.97
731000 Fusarium concentricum CBS 450.97 T
\_ — Fusarium xishuangbannaensee KUMCC 21-0432 T
*Fusarium xishuangbannaensee KUMCC 21-0731
100.'1.3%0:\_.1‘ |Fusarium annulatum CBS 533.95
10011.00«_[| 17 “Fusarium annulatum CBS 258.54 T
6010.94+ || |- Fusarium siculi CBS 142222 T
1001.00 <[~ Fusarium sicull CPC 27189
991,00 «_|| || " Fusarium globosum CBS 428.97 T
T41.00 «_[[ Fusarium fujikurol CBS 221.76 T
= Fusarium fujikuroi CBS 257.52
—Fusarium fractiflexum NRRL 28852 T
Fusarium sacchari CBS 139376
100/1.00' Fusarium sacchari CBS 135143
5 100/1.00,Fusarium subglutinans CBS 536.95

99/1.00 |'Fusarium subglutinans CBS 215.76
|Fusarium awaxy CBS 119832

100/1.00 9110.95| | Fusarium awaxy CBS 139380
Fusarium temperatum CBS 135539

100/1.00

Fusarium

:

70/1.00
1uut1.m\
<\

9811.00 1 £y sarfum temperatum CBS 135538

__l Fusarium bactridioides CBS 100057 T
Fusarium bactridioides NRRL 20476

Fusarium anthophilum CBS 222.76 T

b — ﬂﬁ“‘*ﬂ“ Sircisss CBS 1876 T
I v\ usarium succisae .

Fusarium anthophilum CBS 119858

95/1.00
n‘!&
& Fusarium circinatum CBS 405.97 T

Fusarium sororula CBS 137242 T

\ _[Fusarfum tupiense CML345

Fusarium tupiense NRRL 53896
+-Fusarium parvisorum CMW 25267 T
{fFusan'um konzum CBS 119849 T

76/1.00«_| “Fusarium werrikimbe CBS 125535 T
Fusarium bulbicola CBS 220.76 T
100/1.00« h_rFusarium pilosicolaNRRL 29124 T
=10.93«_| Fusarium pilosicola NRRL 29123
89/1.00«_| Fusarium begoniae CBS 452.97 T
-10.90 f\k- Fusarium begoniae CBS 403.97
100/1.00 <] Fusarium sterilihyposum NRRL 25623 T
1001.00< | Fusarium sterlibyposum NRRL 53091

Fusarium ananatum CBS 118517

Fusarium guttiforme CBS 409.97 T

55!0.57&% 'i‘ﬁrsan’um ananatum CBS 118516 T

9410.90_|
991,00+,

93/ «_|

100/1.00%

9010.96 +.__
10011.00 <

78/1.00 \

Fusarium fracticaudum CBS 137234 T
- Fusarium ophioides CBS 118512 T
93/0.96. Fusarium musae NRRL 28893

— 97M.00 " Fusarium longicornicola NRRL 52712
961.00 Fusarium globosum CBS 431.97
Fusarium guttiforme NRRL 22945
| 97I0.99 L Fysarium circinatum CBS 141668

Fusarium mexicanum NRRL 53580

Fusarium mexicanum NRRL 53147 T
Fusarium ophioides CBS 118513

——Fusarium konzum CBS 139382

| Fusarium agapanthi NRRL 54464

Fusarium agapanthi NRRL 54463 T

Fusarium dlaminii CBS 119860 T
Fusarium dlaminii CBS 175.88

Fusarium fredkrugeri CBS 144495
‘\ﬂ\{EFnsarium fredkrugeri CBS 144209 T

[Fusan'um echinatum CBS 146496
100/1.00

Fusarium echinatum CBS 146497T

10011.001 Fusarium menglaense KUMCC 210717 T
0/1.00| ‘ Fusarium menglaense KUMCC 21-0718

Fusarium inflexum CBS 716.74
Fusarium cugenangense CBS 130308
Fusarium curvatum NRRL 22902
Fusarium nirenbergiae CBS 744.97

Fusarium redolens CBS 743.97

F CBS 740.97

Figure 107 Continued.

Substratai 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 beskleedt,
and wood submerged in seawater.
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Distribution 7 Antarcticg Argenting Australia, Austria, Bahamas, Bangladesh, Belgium,
Brazil, Canada, Chile, China, Cuba, Czechia, Denmark, Eggbdnia Ethiopig Finland, France,
Germany Ghana,Hungary India, Indonesia Iran, Iraq, Israel, Italy, Jamaica, Japafenya
Kuwait, Latvia, Libya, Malaysia, Nepal, Netherlands, New Guilay Zealand Nigeria, North
Korea, Pakistan, PolancRortuga] Romania, Russia, Saudi Arabia, Sierra LeoS8&vakig
Solomon Islands, Somalia, South Africa, Bpéri Lanka,Sudan Syria, ThailandTrinidad and
Tobagq Turkiye, UK,Ukraing USA, Venezuela andambia

Material examinedi China, Yunnan Province, Kunming, Xishan District, Long cave,
Hipposideros armigecollected from the wing surfaces, 102.60045 E, 24.83883ice Hughes
XS-1-B2 (HKAS122854, living culture KUMCC 21-0699; ibid., XS-1-B2-2, living culture
KUMCC 21-070Q

GenBank numbers KUMCC 21-0699 = ITS: 0Q928957,BenA 0Q927579, CaM:
OR022042,RPB2 OR022027 KUMCC 21-0700 = ITS: 0Q928958,BenA 0Q927580,CaM:
OR022043RPB2 OR022028

Notesi As per gandiwag swoduced by Link (1809). Based on mdticus
phylogenetic analyses (IT8enA+CaM+RPR?), our isolateslustered together withsc andi dus
(CCF 4659 DTO 223E5 and CBS 566.65 (typeandclose toAs. dobrogensié. Novakova et al.

In the segence comparisons, our isoldddJMCC 21-0699  wddfeyent fromA sc a n d (CBSu s
566.65, typgin 12636 bp(1.8%%0)of the ITS, 7524 bp(1.3%4%0) of theBenA 9469 bp(1.91%) of
CaM and 101014 bp (0.99%) of RPB2 Compared tdAs. dobrogensiéCCF4651, ype) in 12/636
bp (1.89%0) of the ITS, $456 bp(1.97%) of the BenA 14469 bp(2.9%9%) of CaM and 121014 bp
(1.18%) of RPB2 Morphologically, the new isolattKUMCC 21-0734) is differed from As.
dobrogensiduy the latter having shter phialides (616 x I3 mevs (5)6i 9(1 12) x 2.5/ 3.5( 4)
pm), smaller wedgshaped to cylindrical metulaei@L x 36 mevs (3 )41 17( 36) x (3i )41 10(
16) um) (Hubkeet al. 2018). Based on both phylogeny and morphology, the new isi{atssCC
21-0819 and KUMCC 21820 are idetified asA's . c a hhi iisdthe Sirst report oA s .
c a n d isothtedsfrom bats in China
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Figure 107 Continued.
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95/1.00/ Scopulariopsis brevicaulis DTO 168-A6
Scopulariopsis brevicaulis CBS 115540
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Figure 11 7 Consensus phylogram of 1,000 trees resulting from a RAXML analysis of the
(ITS+LSU+TEF1-U+TUB) alignment of theanalyzed ScopulariopsissequencesThe RAxXML
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analysis of the combined dataset yielded the best scoring tree with a final ML optimization
likelihood value of-2 1 5 6 7 . and geh&ded from 852, 608, 520 and 910 base pairs of ITS,
LSU, TEF1-U and TUB) charactersyespectively The matrix comprises 1130 distinct alignment
patterns with 18.17%aps and indeterminate traiBase frequencies were estimated as follows A
0.214585, G=0.306434, G= 0.274428, T= 0.204552 with substitution rates A€0.870016, AG=
2.065798, AT = 1.420918, CG= 1.014776, CT= 4.598943, GT= 1.000000; proportion of
invariable sites £ 0.348651; gamma distribution shape paramégted.591395RAXML bootstrap
support valuegML equal to or abové&0% ) and Bayesian inferengeosterior probabilitie$BYPP

equal to or above.90) are given at the nodéML/BYPP) The newstrainsare inblue The scale

bar represents the expected nundfeshanges per sitdype strains are denoted with
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68/0.96 | Phialemoniopsis xishuangbannaensis KUMCC 21-0775

97/1.00 - phjalemoniopsis xishuangbannaensis KUMCC 21-0776

99/1.00|' phialemoniopsis xishuangbannaensis KUMCC 21-0777
100/1.00 Phialemoniopsis pluriloculosa CBS 131712
Phialemoniopsis pluriloculosa UTHSC 04-7 T
Phialemoniopsis hipposidericola KUMCC 21-0778 T
Phialemoniopsis hipposidericola KUMCC 21-0779

61/0.90 Phialemoniopsis endophytica ACCC 38980 T
100/1.00 Phialemoniopsis endophytica ACCC 38978
Phialemoniopsis o Slfg'g’-w Phialemoniopsis endophytica ACCC 38979
98/1.00 Phialemoniopsis ocularis UTHSC 09-2358

Phialemoniopsis ocularis UTHSC 07-3736
Phialemoniopsis ocularis UTHSC 05-2527
Phialemoniopsis cornearis UTHSC 06-1465
Phialemoniopsis cornearis UTHSC 06-1820 T
88/1.00|Phialemoniopsis curvata UTHSC 06-4324
100/1.00| Phialemoniopsis curvata CBS 491.82
Phialemoniopsis curvata CBS 490.82 T
Phialemoniopsis limonesiae CBS 146752 T
Phialemoniopsis hongkongensis HKU39 T

60/1.00r Phialemonium obovatum UTHSC 04-616
M{Phialemonium obovatum UTHSC 01-1399
100/1.00 Phialemonium obovatum UTHSC 01-317
[ | 99/1.001 Phialemonium atrogriseum CBS 604.67 T
APhialemonium atrogriseum CBS 306.85

100M1.00L pp,; ; ;
100/1.00 Phialemonium atrogriseum CBS 774.97

Phialemonium 100/1.00 Phialemonium inflatum CBS 259.39 T
Mmonium inflatum NBRC 31965
100/1.00 Phialemonium globosum UTHSC 03-3661 T
Lecythophora lignicola CBS 267.3

003 Outgroup

100/1.00 |

100/1.00

Figure 12 i Consensus phylogram of 1,000 trees resulting from a RAXML analysis of the
(ITS+LSU+Act+TUB) alignment of theanalyzedPhialemoniopsisThe RAXML analysis of the
combined dataset yielddte best scoring tree with a final ML optimization likelihood value of
36643289170 and generated from 906, 468, 704 and 390 base pairs of ITSAtSud TUB
characters, respectivelyhe matrix comprises 1987 distinct alignment patterns with140 gaps

and indeterminate traitBase frequencies were estimated as follows 3218041, C= 0.286820,

G = 0.257607, T= 0.237532 with substitution rates A€ 0.759580, AG= 1.946459, AT=
1.203373, CG= 0.953560, CT= 6.268516, GT= 1.000000; proportion ofnvariable sites
0.500216; gamma distribution shape paraméter0.531412 The trees from three analys@dL

and B) showed identical topologieRRAXML bootstrap support value@L equal to or above
60% ) and Bayesian inferend®YPP equal to or aboved) are given at the nodéML/BYPP) .

T h mewly introduced sequees are in bold red’he scale bar represents the expected number of
changes per sitdype strains are denoted with
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Figure 1371 Asper gi | | (KIMCE 21r0899 dAu B Colony on PDA(above and beloy .
C Closeup of colonieson PDA (80 days oldculture D Conidiophore withconidium head.
Ei' | Conidial heads and conididConidia Scale barsD, GiJ=20em,E, F=1 Om.¢

AspergilJduwursj evielbberS. W. Peter so(nl)& B6.IW.( HbOT 2),
Fig. 14
MycoBanknumber:MB 800598 Facesoffungi numbeFoF 13415
Asexual morph on PDA Conidial heads radiate, splitting into 3 or mocolumns
Conidiophoreauniseriate, sparsely branch&tipes260 740 x 41 0 m,dyaline, septate, smooth
Vesiclesl4i 2 8 m wide, globose to spathulate, metdtdealides cover 108 of head Metulae3i
9x 26 mego=567 x 35 9 m,sn=100), uniseride, hyaline to pale browrPhialides4i 14 x 1 5
em (0= 8.27 x 25 7 m,;n=100), ampulliform, with minute collaretteConidia2i 5 x 24 mg(>0=
3.25 x 29 5 m,en = 100, broadly ellipsoid to globose, rough at surface, hyaline to pale brown,
arranged irchains Sexual morphUndetermined
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