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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

[72]
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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
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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- . sequence 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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