Volume 9, June 2022

Fungal Systematics and Evolution

WESTERDIJK
FUNGALBIO
DIVERSITY
INSTITUTE



EDITORIAL BOARD

Editor-in-Chief

Prof. dr PW. Crous, Westerdijk Fungal Biodiversity Institute, P.O. Box 85167, 3508 AD Utrecht, The Netherlands. E-mail: p.crous@wi.knaw.nl
Senior Editors

Prof. dr U. Braun, Martin-Luther-Universitat, Institut fir Biologie, Geobotanik und Botanischer Garten, Herbarium, Neuwerk 21, D-06099 Halle,
Germany; e-mail: uwe.braun@botanik.uni-halle.de

Dr J.Z. Groenewald, Westerdijk Fungal Biodiversity Institute, P.O. Box 85167, 3508 AD Utrecht, The Netherlands; e-mail: e.groenewald@wi.knaw.nl

Prof. dr M. Thines, Goethe University Frankfurt am Main, Faculty of Biosciences, Institute of Ecology, Evolution and Diversity, Max-von-Laue-Str. 9,
D-60438 Frankfurt am Main, Germany; e-mail: Marco.Thines@senckenberg.de

Layout Editor

M.J. van den Hoeven-Verweij, Westerdijk Fungal Biodiversity Institute, P.O. Box 85167, 3508 AD Utrecht, The Netherlands; e-mail: m.verweij@
wi.knaw.nl

Graphic Design Editor
M. Vermaas, Westerdijk Fungal Biodiversity Institute, P.O. Box 85167, 3508 AD Utrecht, The Netherlands; e-mail: m.vermaas@wi.knaw.nl

Associate Editors

Prof. dr A.M. Al-Sadi, Department of Crop Sciences, College of Agricultural and Marine Sciences, Sultan Qaboos University, P.O. Box 34, Al-Khod 123,
Sultanate of Oman; e-mail: alsadiam@gmail.com

Prof. dr M. Arzanlou, Plant Protection Department, Agriculture Faculty, University of Tabriz, P.O. Box: 5166614766, Tabriz, Iran; e-mail: arzanlou@
hotmail.com

Prof. dr T.I. Burgess, School of Biological Sciences and Biotechnology, Murdoch University, Perth, 6150, Australia; e-mail: tburgess@murdoch.edu.au

Prof. dr L. Cai, State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, No. 3 Park 1, Beichen West Road, Chaoyang
District, Beijing, 100101, China; e-mail: cail@im.ac.cn

Prof. dr L. Carris, Associate Professor, Department of Plant Pathology, Washington State University, Pullman, WA 99164-6340, USA; e-mail: carris@
mail.wsu.edu

Dr C. Decock, MUCL, Croix du Sud 2 bte L7.05.06, B-1348 Louvain-la-Neuve, Belgium; e-mail: cony.decock@uclouvain.be

Dr X.L. Fan, The Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083, China; e-mail:
xinleifan@bjfu.edu.cn

Dr D. Gramaje, Instituto de Ciencias de la Vid y del Vino (ICVV), Consejo Superior de Investigaciones Cientificas - Universidad de la Rioja - Gobierno
de La Rioja, Ctra. Mendavia-Logrofio NA 134, Km. 90, 26071 Logrofio, Spain; e-mail: david.gramaje@icvv.es

Dr V. Guarnaccia, Department of Agriculture, Forestry and Food Sciences (DiSAFA), University of Torino, via Paolo Braccini 2, 10095 Grugliasco, TO, Italy., Italy;
e-mail: vladimiro.guarnaccia@unito.it

Dr J. Houbraken, Westerdijk Fungal Biodiversity Institute, P.O. Box 85167, 3508 AD Utrecht, The Netherlands; e-mail: j.houbraken@wi.knaw.nl

Dr R. Jeewon, Department of Health Sciences, Faculty of Science, University of Mauritius, Reduit, Mauritius; e-mail: r.jeewon@uom.ac.mu

Dr F. Liu, State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, No. 3 Park 1, Beichen West Road, Chaoyang
District, Beijing, 100101, China; liufang@im.ac.cn

Dr L. Mostert, Department of Plant Pathology, University of Stellenbosch, P. Bag X1, Matieland 7602, South Africa; e-mail: Imost@sun.ac.za

Prof. dr A.J.L. Phillips, University of Lisbon, Faculty of Sciences, Biosystems and Integrative Sciences Institute (BiolSl), Campo Grande, 1749-016
Lisbon, Portugal; e-mail: alan.jl.phillips@gmail.com

Dr H.D.T. Nguyen, Agriculture and Agri-Food Canada, K.W. Neatby Building, 960 Carling Ave., Ottawa, ON, Canada, K1A 0C9; e-mail: Hai.Nguyen@agr.
gc.ca

Dr M. Pigtek, Department of Mycology, W. Szafer Institute of Botany, Polish Academy of Sciences, Lubicz 46, PL-31-512 Krakéw, Poland; e-mail:
m.piatek@botany.pl

Prof. dr H.-D. Shin, Division of Environmental Science and Ecological Engineering, Korea University, Seoul 02841, Korea; e-mail: hdshin@korea.ac.kr

Prof. dr B. Summerell, Royal Botanic Gardens and Domain Trust, Mrs. Macquaries Road, Sydney, NSW 2000, Australia; e-mail: Brett.Summerell@
rbgsyd.nsw.gov.au

Dr J.B. Tanney, Pacific Forestry Centre, Canadian Forest Service, Natural Resources Canada, 506 Burnside Rd W, Victoria, BC V8Z 1MS, Canada; e-mail
jtanney@lakeheadu.ca

Prof. dr P. Taylor, Faculty of Veterinary and Agricultural Sciences, University of Melbourne, VIC, 3010, Australia; e-mail: paulwjt@unimelb.edu.au

Dr A.D.van Diepeningen, Business Unit Biointeractions and Plant Health, Wageningen University and Research, Wageningen, the Netherlands; e-mail:
anne.vandiepeningen@wur.nl

Prof. dr C.M. Visagie, Forestry and Agricultural Research Institute (FABI), University of Pretoria, Pretoria 0002, South Africa; e-mail: cobus.visagie@
up.ac.za

Prof. dr M.J. Wingfield, Forestry and Agricultural Research Institute (FABI), University of Pretoria, Pretoria 0002, South Africa; e-mail: mike.wingfield@
up.ac.za

Prof. dr R. Zare, Agricultural Research, Education and Extension Organization, Tehran, Iran; e-mail: simplicillium@yahoo.com

Cover: Entoloma indikon, habit in situ.

© 2022 Westerdijk Fungal Biodiversity Institute



SCOPE AND AIMS

SCOPE
All aspects of systematics and evolution of fungi.

AIMS

Fungal Systematics and Evolution is an international, peer-reviewed, open-access, full colour, fast-track journal. Papers will include reviews, research
articles, methodology papers, taxonomic monographs, and the description of fungi. The journal strongly supports good practice policies, and requires
voucher specimens to be deposited in a fungarium, cultures in long-term genetic resource collection, sequences in GenBank, alignments in TreeBASE,
and taxonomic novelties in MycoBank.

ABOUT FUNGAL SYSTEMATICS AND EVOLUTION

Fungal Systematics and Evolution has an OPEN ACCESS publishing policy. All manuscripts will undergo peer review before acceptance, and will be
published as quickly as possible following acceptance. There are no page charges or length restrictions, or fees for colour plates. The official journal
language is English. All content submitted to Fungal Systematics and Evolution is checked for plagiarism.

Fungal Systematics and Evolution is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.

PUBLISHED BY
Westerdijk Fungal Biodiversity Institute, P.O. Box 85167, 3508 AD Utrecht, The Netherlands.

WESTERDIJK
FUNGALBIO
DIVERSITY
INSTITUTE

All articles are copyright of Westerdijk Fungal Biodiversity Institute.

FREQUENCY
Twice per year (June and December).

ISSN: 2589-3823
E-ISSN: 2589-3831

© 2022 Westerdijk Fungal Biodiversity Institute



CONTENTS
Research papers

Chang R, Cao W, Wang Y, Li S, Li X, Bose T, Si HL. Melanodevriesia, a new genus of endolichenic oleaginous black yeast recovered from the Inner
1Y FoTaY=Je] I T8 2¥=Y={To T2 1o A Ol o112 - SRR 1

Fuljer F, Zajac M, Boertmann D, Szabdova D, Kautmanova |. Neohygrocybe pseudoingrata, a new grassland species from Slovakia and the Czech
20T T o) Lo 11

Guarnaccia V, Martino |, Tabone G, Crous PW, Gullino ML. Paraphoma garibaldii sp. nov. causing leaf spot disease of Campanula rapunculoides in
1 SRS 19

Zamora JC, Savchenko A, Gonzalez-Cruz A, Prieto-Garcia F, Olariaga I, Ekman S. Dendrodacrys: a new genus for species with branched hyphidia in
Dacrymyces s.l., with the description Of fOUI NEW SPECIES ....cueiiiieciieiieiieee ettt s e ettt ste e s e e ae e teesseeesaeesteesseeaseeaseeenseenseesseasnseenseesseesnseansensenns 27

Crouch JA, Davis WJ, Shishkoff N, Castroagudin VL, Martin F, Michelmore R, Thines M. Peronosporaceae species causing downy mildew diseases of
Poaceae, including nomenclature revisions and diagNOSTIC FESOUITES ......iicuiereerireieerieeseeeteesteesteesteeseeeseesseessaessseaseesseesseeasseansaesseesseesssessseensessseees 43

Noordeloos ME, Vila J, Jordal JB, Kehlet T, Brandrud TE, Bendiksen E, Moreau P-A, Dondl M, Loras J, Larsson E, Dima B. Contributions to the revision of
the genus Entoloma (Basidiomycota, Agaricales) in Europe: six new species from subgenus Cyanula and typification of E. incarnatofuscescens

Elliott TF, Truong C, Jackson S, Zuiiiga CL, Trappe JM, Vernes K. Mammalian mycophagy: a global review of ecosystem interactions between mammals
0o I 0 = SRS 99

Crous PW, Sandoval-Denis M, Costa MM, Groenewald JZ, van Iperen AL, Starink-Willemse M, Hernandez-Restrepo M, Kandemir H, Ulaszewski B, de
Boer W, Abdel-Azeem AM, Abdollahzadeh J, Akulov A, Bakhshi M, Bezerra JDP, Bhunjun CS, Camara MPS, Chaverri P, Vieira WAS, Decock CA, Gaya E,
Gené J, Guarro J, Gramaje D, Grube M, Gupta VK, Guarnaccia V, Hill R, Hirooka Y, Hyde KD, Jayawardena RS, Jeewon R, Jurjevi¢ Z, Korsten L, Lamprecht
SC, Lombard L, Maharachchikumbura SSN, Polizzi G, Rajeshkumar KC, Salgado-Salazar C, Shang Q-J, Shivas RG, Summerbell RC, Sun GY, Swart WJ, Tan
YP, Vizzini A, Xia JW, Zare R, Gonzalez CD, Iturriaga T, Savary O, Coton M, Coton E, Jany J-L, Liu C, Zeng Z-Q, Zhuang W-Y, Yu Z-H, Thines M. Fusarium
and allied fUSArIOIA TAXA (FUSA). 1 ..ueiiiiiie it e ettt e ettt e et eeetee e e teeeeteeeebaeeasseeeseeeasesaassaeeasseeessaaassseeassesaassesesseeeasseseasseseansseeanseeesnseeeanseaean 161

© 2022 Westerdijk Fungal Biodiversity Institute



© 2022 Westerdijk Fungal Biodiversity Institute



Fungal Systematics and Evolution

VOLUME 9
JUNE 2022
PAGES 1-9

doi.org/10.3114/fuse.2022.09.01

Melanodevriesia, a new genus of endolichenic oleaginous black yeast recovered from the
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Abstract: Black yeasts are a phylogenetically diverse group of ascomycetous fungi that may exist in both unicellular
and mycelial morphs. This group of fungi contains numerous commercially significant species as well as others whose
precise roles are unknown, such as endolichenic species. There is currently a paucity of data about endolichenic black
yeast species. To bridge this gap, we surveyed China’s Inner Mongolia Autonomous Region in July 2019. Several fungal
species associated with diverse lichens were isolated during this survey. Among these were two isolates of a previously
unknown species of oleaginous black yeast from Mycosphaerellales. Analyses of morphological and molecular data
revealed that these two isolates were closely related to Xenodevriesia strelitziicola (Xenodevriesiaceae), although with
significant differences. As a result, we established the genus Melanodevriesia gen. nov. to describe this previously
unknown species, Melanodevriesia melanelixiae sp. nov. In addition, we used Transmission Electron Microscopy
to visualise the intracellular oil bodies metabolised by this fungus in its unicellular state. The black yeast species
identified in this study may have a wide range of commercial applications. More research is needed to determine the
chemical composition of the microbial oil synthesized by this fungus and whether it has commercial value.
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INTRODUCTION

Fungi and algae (or cyanobacteria) form a symbiotic relationship
known as lichen (Lutzoni & Miadlikowska 2009). Ascomycota
makes up the bulk of lichenised fungi, whereas the remaining
fungi are from the Basidiomycota (He & Zhang 2012). In addition
to these symbiotic fungi, lichen thalli also house a variety of
other fungi such as endolichenic fungi (Kellogg & Raja 2017).
The ecological role of these non-symbiotic fungi is still largely
unknown (Singh et al. 2017). It is estimated that more than
18 000 endolichenic fungi colonise lichen thalli (Nash 2008); this
includes a group of fungi often referred to as “black yeasts” (also
known as “black fungi”) (Cafiete-Gibas & Wiederhold 2018).
Black yeasts are melanised, non-lichenised and dematiaceous
fungi that can concurrently exist in both unicellular and mycelial
forms (Zalar et al. 1999). The group is phylogenetically diverse,
although it mostly consists of fungi from Ascomycota (Selbmann
et al. 2014b). Most of these black yeasts are from the classes
Dothideomycetes and Eurotiomycetes (Egidi et al. 2014,
Selbmann et al. 2014a). Black yeasts from Dothideomycetes
concentrate in the order Mycosphaerellales (Abdollahzadeh et
al. 2020), whereas in Eurotiomycetes they exclusively represent
Chaetothyriales (Selbomann et al. 2005, Isolaet al. 2016, Selbmann

et al. 2014b, Sun et al. 2020). Melanisation and meristematic
growth amongst these fungi evolved in response to extreme
environments, in which they thrive (de Hoog 1993, Haase et al.
1999, Prenafeta-Boldu et al. 2006), such as high temperature,
UV radiation, toxic chemicals, oligotrophic environments and
many more (Jacobson 2000, Langfelder et al. 2003, Lian et al.
2005, Selbmann et al. 2005, Dadachova et al. 2007, Dadachova
& Casadevall 2008, Zhao et al. 2010).

Apart from melanin, black yeasts also metabolise various
other compounds that allow them to thrive in these extreme
habitats such as betaine, carotenoids, mycosporines, trehalose
and polyalcohols (Moreno et al. 2018). Furthermore, while
growing on a carbohydrate-rich substrate, some black yeast
species accumulate microbial oils (Lamers et al. 2016). Single-cell
oils or microbial oils are intracellularly stored lipids produced by
a variety of oleaginous microorganisms, such as fungi, bacteria,
and algae (Li et al. 2008, Bellou et al. 2016). Single-cell oils are
composed of triacylglycerols (TAGs), free fatty acids, polar lipids,
sterols, hydrocarbons, and pigments (Ratledge 2004). Microbial
oils are preferred over plant- and animal-derived oils because they
can be readily scaled up through the application of biotechnology.
Furthermore, seasonal fluctuations, geographic location, harvest
time, and transportation, which are obstacles in the production
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of plant and animal oils, do not influence on the production of
single-cell oil (Ward & Singh 2005, Thiru et al. 2011).

Oleaginous yeasts are a favoured source of microbial
oils because they may accumulate more lipids than other
microorganisms. Furthermore, the oil synthesised by bacteria is
stored on the external membrane, making it difficult to extract,
whereas those produced intracellularly by algae and yeasts have
a high concentration of unsaturated fatty acids (Vasconcelos et
al. 2019). So far, oleaginous yeast such as Yarrowia lipolytica,
Rhodotorula glutinis, Cryptococcus curvatus, and Lipomyces
starkeyi have all been widely studied (Qiao et al. 2017).

The majority of black yeast research in China is focused on
species that cause human diseases, such as Exophiala asiatica,
Aureobasidium spp., and others (Li et al. 2009, Wang et al. 2019).
The knowledge on endolichenic black yeast species from China
and globally is currently scarce. In an attempt to overcome this
gap, we surveyed China’s Inner Mongolia Autonomous Region in
July 2019. Several fungal species associated with diverse lichens
were isolated during this survey. Among them were two isolates
of a previously unknown species of black yeast from the order
Mycosphaerellales. In this study, we described this black yeast
species using both morphological and genetic data. In addition,
we used transmission electron microscopy to visualize the
intracellular oil bodies associated with this newly discovered
species.

MATERIALS AND METHODS
Collections of lichens

Several Melanelixia subargentifera thalli were collected in July
2019 from Mt. Qingyangcheng, Balin Right Banner, Chifeng
City, Inner Mongolia Autonomous Region (14 98.8m a.s.l.,
44°13'45"N, 118°44’57"E). An individual lichen thallus was
scraped off the substrate and kept separately in paper bags.
Fungal isolations were made from lichen thalli in the laboratory.

Isolation of fungi from lichen thalli

An individual lichen thallus was cleaned with tap water and
then repeatedly rinsed with sterile deionised water. The upper
cortex of the thallus was scraped off using a Leica Zoom 2000
dissecting microscope. Pieces of medullary tissues were put on
the surface of potato dextrose agar medium (PDA; 46 g PDA
powder (Qingdao Hope Bio-Technology Co., Ltd., Shandong,
China), and 1 L distilled water, pH 5.6 * 0.2) amended with 0.05
% streptomycin (Cao et al. 2002). All Petri dishes were incubated
at 25 °C for 14 d. Mycelia emerging from medullary tissues were
sub-cultured onto new PDA plates.

DNA extraction, amplification and sequencing

Using the modified CTAB technique (Doyle & Doyle 1990),
genomic DNA was extracted from 14-d-old fungal cultures
growing on PDA. For all fungal isolates, the complete internal
transcribed spacer (ITS) and partial nuclear large subunit
ribosomal DNA (LSU) regions were amplified using primers ITS1/
ITS4 (White et al. 1990) and LROR/LR5 (Vilgalys & Hester 1990),
respectively.

Each 50 pL of PCR amplification reaction included 19 pL of
PCR grade water, 25 pL of 1-5™ 2 X High-Fidelity Master Mix

(Tsingke Biotech Co., China), 2 uL of each primer (10 uM), and
1 uL DNA template. For both gene regions, PCR amplifications
were conducted with an initial denaturation at 94 °C for 3
min, followed by 30 cycles of 94 °C for 30 s, 56 °C for 1 min, 72
°C for 1 min; and final extension at 72 °C for 10 min. Positive
amplifications were verified using agarose gel electrophoresis
and stained using ethidium bromide. Sangon Biotech Company
(Shanghai, China) cleaned and sequenced the PCR products.

The BLAST algorithm (Altschul et al. 1990) available through
NCBI GenBank was used for the preliminary identification of
the fungal DNA sequences. All DNA sequences generated in this
study were deposited in NCBI GenBank’s nucleotide database
(Table 1).

Sequence alignment and phylogenetic analyses

During the preliminary identification of the ITS and LSU
sequence data, two of our isolates appeared as a potentially
new taxon, closely linked to Xenodevriesia and Paradevriesia
(Mycosphaerellales). As a result, two separate datasets for the
ITS and LSU gene regions were constructed for phylogenetic
analyses. The sequences of the supposedly new taxon identified
in this study were included in this data set, as well as selected
taxa from the order Mycosphaerellales retrieved from GenBank.
For phylogenetic taxon sampling, the neighbour-joining trees
generated during BLAST searches and previously published
phylogenetic by Crous et al. (2020) were used. Both datasets
were aligned separately with MAFFT v. 7 (Katoh et al. 2019) and
manually adjusted with MEGA v. 10.2.0 (Kumar et al. 2018).

Phylogenetic analyses of single-gene and concatenated
datasets were done using maximum likelihood (ML), Bayesian
inference (Bl) and maximum parsimony (MP) approaches.
Software required for ML and Bl analyses were accessed through
the CIPRES Science Gateway platform (https://www.phylo.org)
(Miller et al. 2010). The best models of nucleotide substitution
were determined by using jModelTest v. 2.1.6 (Darriba et
al. 2012). RAXML v. 8.2.12 was used for ML analyses with
GTR+GAMMA as the substitution model and 1 000 bootstrap
replications (Stamatakis et al. 2008). For Bl analyses, MrBayes
v. 3.2.7 (Ronquist & Huelsenbeck 2003) with four MCMC chains
were run from a random starting tree for 5 M generations with
the stop value set at 0.01, the temperature set at 0.2, with trees
sampled every 100 generations. We discarded 25 % of trees
sampled as burn-in and the remaining trees (37 500) were used
to construct majority rule consensus trees. The MP analyses were
performed using MEGA v. 10.2.0 with 1 000 bootstrap replicates,
gaps were treated as a fifth state character. The phylogenetic
trees from the ML, MP and Bl analyses were viewed using
FigTree v. 1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/).
All the alignments and phylogenetic trees were submitted to
TreeBASE under accession number 28863.

Colony morphology and light microscopy

The two isolates (CGMCC3.20308 and CGMCC3.20309) of the
potentially new taxon from Mycosphaerellales were used for
recording culture morphology and microscopic structures. For
this purpose, both isolates were sub-cultured onto PDA and
oatmeal agar (OA; 30 g oatmeal, 15 g agar, 1 L distilled water, pH
7.2 £ 0.2). All the Petri plates were incubated at 25 °C for 40 d.
Microscopic morphological characters such as hyphae, conidia,
and conidiophores were photographed and measured (n =50 /

2 © 2022 Westerdijk Fungal Biodiversity Institute



Table 1. GenBank accession numbers of selected taxa from Mycosphaerellales used for phylogenetic analyses. The new species is shown in boldface.

Melanodevriesia gen. nov.

Species Strain/Voucher LSuU ITS
Batcheloromyces alistairii CPC 18251 JX556237 JX556227
Batcheloromyces leucadendri CPC 18277 JF499852 JF499832
Batcheloromyces proteae CBS 110696 EU019247 JF746163
Capnodium coffeae CBS 147.52 GU214400 MHB856967
Capnodium coffeicola MFLUCC15-206 KU358920 KU358921
Cladosporium cladosporioides CBS 129108 MH876646 MH865207
Cladosporium herbarum CBS 129088 MH876640 MH865203
Cladosporium myrtacearum CBS 126349 MH875385 MH863925
Cladosporium phyllactiniicola CBS 126354 MH875390 MH863930
Cladosporium pseudocladosporioides CBS 125993 MH875333 MH863872
Cladosporium scabrellum CBS 126358 MH875394 MH863934
Cladosporium tenuissimum CBS 125995 MH876286 MH864840
Cladosporium varians CBS 126361 MH875397 MH863937
Devriesia shelburniensis CBS 115876 KF442544 KF442505
Juncomyces californiensis CPC 37989 MT373351 NR_170828
Lecanosticta pini CBS 871.95 GQ852598 GU214663
Leptoxyphium madagascariense CBS 124766 MH874923 MH863407
Melanodevriesia melanelixia sp.nov. CGMCC3.20308 MW528742 MW528736
CGMCC3.20309 MW580586 MW580587
Meristemomyces frigidus CCFEE5457 GU250389 KF309967
Microcyclosporella mali CBS 126135 MH875501 MH864044
Microxiphium theae CBS 202.30 MH866561 MH855113
Montagnula cylindrospora UTHSC-DI16-208 LN907351 LT796834
Muriphila oklahomaensis CCF5751 LR736041 LR736040
Mycosphaerelloides madeirae CBS 116066 KX286989 AY853188
Neocatenulostroma germanicum CBS 539.88 EU019253 MH862143
Neocatenulostroma microsporum CBS 110890 EU019255 AY260097
Neodevriesia cladophorae OUCMBI110119 KU578114 KP269029
Neodevriesia grateloupiae OUCMBI101249 KU578120 KU578118
Neodevriesia modesta CCFEE5672 KF310026 KF309984
Neodevriesia simplex CCFEE5681 KF310027 KF309985
Neodevriesia strelitziae CBS 122379 GU301810 MH863206
Paramycosphaerella watsoniae CPC 37392 MN567653 MN562146
Paradevriesia compacta CBS 118294 NG_059089 NR_144955
Paradevriesia pseudoamericana CPC 16174 GU570544 GU570527
Paradevriesia americana CBS 117726 NG_059077 NR_159866
Phyllachora pomigena CBS 195.33 MH866862 MH855411
Polychaeton citri CBS 116435 GU214469 GU214649
Pseudotaeniolina globosa CBS 109889 MH874434 MH862844
Ramularia acris CBS 109794 KX287010 KX287311
Ramularia acroptili CBS 120253 EU019257 EU019257
Ramularia helminthiae CPC 11504 KX287183 KX287481
Ramularia lethalis CPC 25910 KX287174 KX287472
Ramularia tovarae CBS 113305 KJ504764 KJ504807
Stenella araguata CBS 105.75 EU019250 MH860897
Teratosphaeria dimorpha CPC 14132 FJ493215 FJ023537
Teratosphaeria ovata CPC 14632 FJ493218 FJ023538
Teratosphaeria profusa CPC 12821 F1493220 FJ493196

© 2022 Westerdijk Fungal Biodiversity Institute



Chang et al.

Table 1. (Continued).

Species Strain/Voucher LSuU ITS
Xenodevriesia strelitziicola CBS 122480 NG_059085 MH863214
X1045 GU214635 GU214635
Xenopenidiella nigrescens DOC356 KU216335 KT833169
Xenoramularia arxii CBS 342.49 NG_058254 KX287552
Xenoteratosphaeria jonkershoekensis CBS 122897 MH874777 MH863253

structure) using a Leica DFC495 camera attached to a Leica DM6
microscope. Imagel was used for measuring the taxonomically
relevant structures (Collins 2007).

The ex-holotype cultures were deposited in Beijing, China
General Microbiological Culture Collection Center (CGMCC). The
type specimen was deposited in the Institute of Microbiology’s
(HMAS) Fungarium in Beijing, China.

Electron microscopy for visualising intracellular oil bodies

For visualising intracellular oil bodies using transmission electron
microscopy (TEM), isolates of the unknown fungus were sub-
cultured onto PDA for 14 d. Thereafter, the yeast-like cells were
fixed using 2.5 % glutaraldehyde at 4 °C for 2—3 h (Brisson et
al. 1996). The fixed cells were rinsed repeatedly using 0.1 M
phosphate buffer saline (PBS; pH 7.2). Cells were post-fixed using
1 % osmium tetroxide for 1.5 h in darkness. These post-fixed
cells were rinsed twice with PBS followed by ultrapure water
(three to four times). The cells were gradually dehydrated with
50, 70, 80, and 90 % ethanol, then 90 % acetone and absolute
acetone. The dehydrated tissues were embedded in Epon 812
and sliced into 70 nm ultra-thin sections using a Leica UC7 ultra-
microtome. Sections were stained using 2 % uranyl acetate
for 15 min followed by lead citrate for 8 min (Reynolds 1963).
Stained sections were dried under infrared light for 10 min. The
structure of oil bodies in the cells were observed using a Hitachi
HT-7800 transmission electron microscope at 80 kV.

RESULTS
Phylogenetic analyses

In the phylogeny of selected taxa from the Mycosphaerellales,
Cladosporiales and Capnodiales, the ML tree topologies were
largely consistent between the datasets (Fig. 1). However,
compared to the LSU and concatenated ITS+LSU phylogeny, the
placement of the novel species differed in the ITS phylogeny. In
both the LSU and ITS+LSU phylogenies the new species is sister to
Xenodevriesia strelitziicola in the Xenodevriesiaceae. However,
posterior probability and maximume-likelihood bootstrap values
supporting this clustering were highly significant for the LSU
tree only (Fig. 1). In the ITS tree, the new species emerged as a
basal lineage to a clade that included species of Neodevriesia,
Paradevriesia, and X. strelitziicola with poor statistical support.
The parsimony analyses did not provide any support for the
associations in the ITS+LSU and ITS phylogenies, but moderate
support in the LSU phylogeny (Fig. 1). The strange placement
of our isolates in the ITS phylogeny could be an artefact of the
divergent ITS sequences spanning different families used in the
analysis.

The tree topologies from both the LSU and ITS+LSU datasets,
as well as the accompanying statistical support values, revealed
that our two isolates of the previously undescribed species
represents a new genus. Below, we establish the new genus
Melanodevriesia to accommodate this unknown species as
Melanodevriesia melanelixiae sp. nov.

Taxonomy

Melanodevriesia H.L. Si, W.Q. Cao, & T. Bose, gen. nov.
MycoBank MB 839404.

Etymology: The name refers to the black colony formed by the
fungus when growing on PDA and OA.

Slow-growing colonies on PDA and OA are black to brownish
black in colour. The fungus grows in a yeast-like unicellular state
on PDA, producing pseudohyphae by continuous budding. These
yeast-like cells have several conspicuous intracellular oil bodies.
The thallus on OA and other oligotrophic media is made up of
septate straight or corrugated branching hyphae.

Type species: Melanodevriesia melanelixiae H.L. Si, W.Q. Cao & T. Bose

Notes: Melanodevriesia is currently a monotypic genus that
includes M. melanelixiae, which is described below. Despite
being a sister genus of Xenodevriesia (Xenodevriesiaceae),
Melanodevriesia has distinct morphological characteristics.
Melanodevriesia has two thallus morphologies: yeast-like and
mycelial, both of which are black to brownish black in colour,
but Xenodevriesia possesses a brown mycelial thallus (Crous et
al. 2019). Melanodevriesia produces chlamydospores which are
lacking in Xenodevriesia.

Melanodevriesia melanelixiae H.L. Si, W.Q. Cao, T. Bose, sp. nov.
MycoBank MB 840429. Figs 2, 3.

Etymology: The name is derived from the lichen Melanelixia
subargentifera, from which both isolates of this fungus were
obtained.

This fungus can exist in both a yeast-like and a mycelial state.
The yeast-like thallus produces pseudohyphae through budding.
These pseudohyphae are branched, septate, constricted at the
septa, composed of oval to urceiform cells, hyaline to brown in
colour, smooth-walled, guttulate, measuring 1.4—3 x 2.3—4.6 um
(Fig. 2). In the mycelial state, hyphae grow into the substrate.
Hyphae branched, septate, smooth-walled, smooth or corrugated,
cylindrical, hyaline to pale brown in colour, measuring 1.3—2 um
wide (Fig. 2). Chlamydospores spherical to ovoid in shape, solitary
often monilioid forming radiating clusters, smooth-walled, pale
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Fig. 1. Maximum likelihood trees were constructed using single gene (ITS and LSU) and concatenated (ITS+LSU) datasets. In the ITS+LSU and LSU trees,
both isolates of Melanodevriesia melanelixiae sp. nov. formed a monophyletic clade and were sisters to Xenodevriesia strelitziicola. However, this
clustering was highly significant for the LSU tree only. In the ITS tree, M. melanelixia emerged as a basal diverging taxon within a clade that includes
species of Neodevriesia, Paradevriesia, and Xenodevriesia strelitziicola, but with poor statistical support. The numbers on the branches are statistical
support values, Bootstrap values (< 75 %) from maximum likelihood and maximum parsimony analyses, respectively. Thickened branches indicate the

posterior probability values > 0.90.
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Fig. 2. Morphology of Melanodevriesia melanelixiae sp. nov. (ex-type CGMCC3.20309). Colony morphology on potato dextrose agar (A) and oatmeal
agar (B). C, D. Microscopic structures of 14-d-old culture growing on PDA medium with yeast-like unicellular morph forming pseudohyphae through
budding. E. Straight and corrugated septate hyphae produced by the mycelial state of the fungus. F. A cluster of monilioid chlamydospores. G-I.
Single chlamydospores germinating into unicellular cells that multiply through budding, forming a multicellular structure from which pseudohyphae
emerge. Scale bars: A, B=2 mm; C—| =10 um.
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Fig. 3. Transmission electron microscopic images of pseudohyphae and mycelium of Melanodevriesia melanelixiae sp. nov. (ex-type CGMCC3.20309).
A, B. Budding yeast-like unicellular cell with thick cell walls. Multiple intracellular oil bodies concealing the cell organelles (indicated with arrows). C,
D. Septate hyphae with a thin cell wall that is devoid of intracellular oil bodies. Due to the lack of intracellular oil bodies, various cell organelles are

visible. Scale bars: A, B=2 um; C=10 um; D =1 pm.

brown to dark brown in colour, usually aseptate, rarely septate,
guttulate, measuring 2.8-4.2 x 2.8-4.8 um (Fig. 2). Chlamydospores
geminate into yeast-like unicellular conidia that are globose to sub-
globose in shape, pale brown to dark brown in colour, thick-walled,
measuring 4-7.3 x 3.6-6.2 um (Fig. 2). These unicellular cells
multiply through budding (Fig. 2) forming multicellular structures
from which pseudohyphae emerge randomly (Fig. 2). No sexual
reproductive structures were observed.

Culture characteristics: After 12 wk on PDA, the surfaces of the
colonies were dark brown to black with the reverse dull brown
in colour, erumpent, hollow, with irregular margins, rarely with
a few aerial mycelia. After a few weeks after subculturing, the
colony stains the PDA brown. Colonies slow-growing, reaching
3.1 £ 0.1mm diam after incubating at 25 °C for 12 wk (Fig. 2).

After 8 wk on OA, the colonies are round to oval in shape,
with smooth margins, surface taupe brown to olive-brown with
the reverse taupe brown in colour. Colonies are slow-growing on
OA yet faster than on PDA, reaching 5.42 + 0.2 mm diam after
incubating at 25 °C for 8 wk (Fig. 2).

Intracellular oil bodies: The TEM of yeast-like cells grown on PDA
revealed thick cell walls with many inconspicuous oil bodies

concealing the other cell organelles. Hyphae grown on OA lacked
thick cell walls and intracellular oil bodies (Fig. 3).

Typus: China, Inner Mongolia Autonomous Region, Chifeng, Balin
Right Banner, Mt. Qingyangcheng, 44°13’'46"N, 118°44’57"E,
1498.8 m alt, isolated from the medullary tissue of Melanelixia
subargentifera, 7 Jul. 2019, H.L. Si (holotype HMAS 350275; ex-type
culture CGMCC3.20308).

Notes: Melanodevriesia melanelixiae differs from X. strelitziicola
in that it contains at least two thallus morphologies and
chlamydospores. Besides this, we did not observe any sexual
reproductive structures (Crous et al. 2009, 2019).

DISCUSSION

In the present study, two isolates of a black yeast species were
isolated from two separate thalli of Melanelixia subargentifera
collected at the same coordinates. Analyses of morphological
and molecular data revealed that these two isolates represent an
undescribed genus. As a result, we established Melanodevriesia
gen. nov. to describe this fungus as Melanodevriesia melanelixiae
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sp. nov. The TEM images revealed that during the unicellular
phase of its life cycle, this fungus accumulates multiple
prominent intracellular oil bodies.

In our LSU and ITS+LSU phylogenies, Melanodevriesia
melanelixiae sp. nov. emerged as a sister taxon of X. strelitziicola,
a mycelial fungus isolated from a Strelitzia sp. in South Africa
(Crous et al. 2009, 2019). This clustering, however, was only
significant in the LSU tree. Future discoveries of new species
from Xenodevriesiaceae and the availability of sequences from
additional gene regions may aid in further delimiting this family.

Melanodevriesia melanelixiae sp. nov. was isolated from
the medullary tissue of the lichen Melanelixia subargentifera.
The slow growth and melanisation of this fungus, like that of
other black yeasts, allow it to flourish in harsh conditions
like the one where we collected our samples in China. We
were unable to determine the particular ecological role of M.
melanelixiae. However, we believe that this fungus increases
the overall fitness of the lichen, allowing it to flourish in harsh
environments. This is not an unreasonable hypothesis because
Phaeotheca, an early-diverging capnodiaceous black yeast
encapsulates the algae Trentepohlia when proliferating within
the thallus of Racodium rupestre (Crous et al. 2009). This loose
association of black yeast and algae might be the early stages
of lichen development because the fungus increases the carbon
supply to the algae (Gostincar et al. 2012).

Transmission electron microscopy images of our newly
discovered fungus, M. melanelixiae, revealed that in its yeast-
like form, this organism accumulates a copious number of
intracellular oil bodies. Similar to several other black yeast
species, the microbial oil metabolised by M. melanelixiae might
have a wide range of commercial applications. However, more
research is needed to determine the chemical composition of
the microbial oil metabolised by M. melanelixiae and if this
fungus can be commercially exploited for the production of
microbial oils.

ACKNOWLEDGEMENTS

This study was funded by The National Natural Science Foundation of
China (Project No.: 31600100). The authors would like to thank Prof.
Lisong Wang of the Kunming Institute of Botany, The Chinese Academy
of Sciences and Prof. Zuntian Zhao of Shandong Normal University for
their assistance in identifying lichen specimens.

Conflict of interest: The authors declare that there is no conflict
of interest.

REFERENCES

Abdollahzadeh J, Groenewald JZ, Coetzee M, et al. (2020). Evolution of
lifestyles in Capnodiales. Studies in Mycology 95: 381-414.

Altschul SF, Gish W, Miller W, et al. (1990). Basic local alignment search
tool. Journal of Molecular Biology 215: 403—-410.

Bellou S, Triantaphyllidou I-E, Aggeli D, et al. (2016). Microbial oils
as food additives: recent approaches for improving microbial oil
production and its polyunsaturated fatty acid content. Current
Opinion in Biotechnology 37: 24-35.

Brisson A, Gharibian S, Eagen R, et al. (1996). Localization and
characterization of the melanin granules produced by the sap-
staining fungus Ophiostoma piceae. Material und Organismen 30:

23-32.

Cafiete-Gibas CF, Wiederhold NP (2018). The black yeasts: an update
on species identification and diagnosis. Current Fungal Infection
Reports 12: 59-65.

Cao LX, You JL, Zhou SN (2002) Endophytic fungi from Musa acuminata
leaves and roots in South China. World Journal of Microbiology and
Biotechnology 18: 169-171.

Collins TJ (2007). Image) for microscopy. Biotechniques 43: 25-30.

Crous PW, Schoch CL, Hyde KD, et al. (2009). Phylogenetic lineages in
the Capnodiales. Studies in Mycology 64: 17-47.

Crous PW, Schumacher RK, Akulov A, et al. (2019). New and interesting
fungi. 2. Fungal Systematics and Evolution 3: 57-134.

Crous PW, Wingfield MJ, Chooi YH, et al. (2020). Fungal Planet
description sheets: 1042—-1111. Persoonia 44: 301-459.

Dadachova E, Bryan RA, Huang X, et al. (2007). lonizing radiation
changes the electronic properties of melanin and enhances the
growth of melanized fungi. PLoS ONE 2: e457.

Dadachova E, Casadevall A (2008). lonizing radiation: how fungi cope,
adapt, and exploit with the help of melanin. Current Opinion in
Microbiology 11: 525-531.

Darriba D, Taboada GL, Doallo R, et al. (2012). jModelTest 2: more
models, new heuristics and parallel computing. Nature Methods 9:
772.

de Hoog GS (1993). Evolution of black yeasts: possible adaptation to the
human host. Antonie van Leeuwenhoek 63: 105-109.

Doyle JIT, Doyle JL (1990). Isolation of plant DNA from fresh tissue.
Focus 12: 13-15.

Egidi E, de Hoog GS, Isola D, et al. (2014). Phylogeny and taxonomy of
meristematic rock-inhabiting black fungi in the Dothideomycetes
based on multi-locus phylogenies. Fungal Diversity 65: 127-165.

Gostin¢ar C, Muggia L, Grube M (2012). Polyextremotolerant black
fungi: oligotrophism, adaptive potential, and a link to lichen
symbioses. Frontiers in Microbiology 3: 390.

Haase G, Sonntag L, Melzer-Krick B, et al. (1999). Phylogenetic inference
by SSU-gene analysis of members of the Herpotrichiellaceae with
special reference to human pathogenic species. Studies in Mycology
43: 80-97.

He Y, Zhang Z (2012). Diversity of organism in the Usnea longissima
lichen. African Journal of Microbiology Research 6: 4797—-4804.
Isola D, ZucconiL, OnofriS, et al. (2016). Extremotolerant rock inhabiting
black fungi from Italian monumental sites. Fungal Diversity 76: 75—

96.

Jacobson ES (2000). Pathogenic roles for fungal melanins. Clinical
Microbiology Reviews 13: 708-717.

Katoh K, Rozewicki J, Yamada KD (2019). MAFFT online service: multiple
sequence alignment, interactive sequence choice and visualization.
Briefings in Bioinformatics 20: 1160-1166.

Kellogg JJ, Raja HA (2017). Endolichenic fungi: a new source of rich
bioactive secondary metabolites on the horizon. Phytochemistry
Reviews 16: 271-293.

Kumar S, Stecher G, Li M, et al. (2018). MEGA X: molecular evolutionary
genetics analysis across computing platforms. Molecular Biology
and Evolution 35: 1547-1549.

Lamers D, van Biezen N, Martens D, et al. (2016). Selection of oleaginous
yeasts for fatty acid production. BMC Biotechnology 16: 45.

Langfelder K, Streibel M, Jahn B, et al. (2003). Biosynthesis of fungal
melanins and their importance for human pathogenic fungi. Fungal
Genetics and Biology 38: 143-158.

Li DM, Li RY, de Hoog GS, et al. (2009). Exophiala asiatica, a new species
from a fatal case in China. Medical Mycology 47: 101-109.

Li Y, Horsman M, Wu N, et al. (2008). Biofuels from microalgae.
Biotechnology Progress 24: 815-820.

8 © 2022 Westerdijk Fungal Biodiversity Institute



Melanodevriesia gen. nov.

Lian T, Simmer MI, D’Souza CA, et al. (2005). Iron-regulated transcription
and capsule formation in the fungal pathogen Cryptococcus
neoformans. Molecular Microbiology 55: 1452—-1472.

Lutzoni F, Miadlikowska J (2009). Lichens. Current Biology 19: R502—-503.

Miller MA, Pfeiffer WT, Schwartz T (2010). Creating the CIPRES Science
Gateway for inference of large phylogenetic trees. Institute of
Electrical and Electronics Engineers, New Orleans, LA: 1-8.

Moreno LF, Vicente VA, de Hoog S (2018). Black yeasts in the omics era:
Achievements and challenges. Medical Mycology 56: S32-541.

Nash TH (2008). Nutrients, elemental accumulation, and mineral
cycling. Lichen Biology, Second Edition: 234-251.

Prenafeta-Boldu FX, Summerbell R, de Hoog GS (2006). Fungi growing
on aromatic hydrocarbons: biotechnology’s unexpected encounter
with biohazard? FEMS Microbiology Reviews 30: 109-130.

Qiao K, Wasylenko TM, Zhou K, et al. (2017). Lipid production in
Yarrowia lipolytica is maximized by engineering cytosolic redox
metabolism. Nature Biotechnology 35: 173-177.

Ratledge C (2004). Fatty acid biosynthesis in microorganisms being used
for Single Cell Oil production. Biochimie 86: 807—815.

Reynolds ES (1963). The use of lead citrate at high pH as an electron-
opaque stain in electron microscopy. The Journal of Cell Biology 17:
208-212.

Ronquist F, Huelsenbeck JP (2003). MrBayes 3: Bayesian phylogenetic
inference under mixed models. Bioinformatics 19: 1572—-1574.
Selbmann L, de Hoog GS, Mazzaglia A, et al. (2005). Fungi at the edge
of life: cryptoendolithic black fungi from Antarctic desert. Studies in

Mycology 51: 1-32.

Selbmann L, de Hoog GS, Zucconi L, et al. (2014a). Black yeasts in cold
habitats. In: Cold-adapted yeasts: biodiversity, adaptation strategies
and biotechnological significance (P Buzzini & R Margesin, eds).
Springer Berlin Heidelberg, Berlin, Heidelberg: 173—-189.

Selbmann L, Isola D, Egidi E, et al. (2014b). Mountain tips as reservoirs
for new rock-fungal entities: Saxomyces gen. nov. and four new
species from the Alps. Fungal Diversity 65: 167-182.

Singh BN, Upreti DK, Gupta VK, et al. (2017). Endolichenic fungi: A
hidden reservoir of next generation biopharmaceuticals. Trends in
Biotechnology 35: 808—813.

Stamatakis A, Hoover P, Rougemont J (2008). A rapid bootstrap
algorithm for the RAXML Web servers. Systematic Biology 57: 758—
771.

Sun W, Su L, Yang S, et al. (2020). Unveiling the hidden diversity of rock-
inhabiting fungi: Chaetothyriales from China. Journal of Fungi 6:
187.

Thiru M, Sankh S, Rangaswamy V (2011). Process for biodiesel
production from Cryptococcus curvatus. Bioresource Technology
102: 10436-10440.

Vasconcelos B, Teixeira JC, Dragone G, et al. (2019). Oleaginous yeasts
for sustainable lipid production-from biodiesel to surf boards,
a wide range of “green” applications. Applied Microbiology and
Biotechnology 103: 3651-3667.

Vilgalys R, Hester M (1990). Rapid genetic identification and mapping of
enzymatically amplified ribosomal DNA from several Cryptococcus
species. Journal of bacteriology 172: 4238-4246.

Wang M, Danesi P, James TY, et al. (2019). Comparative pathogenicity of
opportunistic black yeasts in Aureobasidium. Mycoses 62: 803—811.

Ward OP, Singh A (2005). Omega-3/6 fatty acids: Alternative sources of
production. Process Biochemistry 40: 3627-3652.

Wheeler MH, Bell AA (1988). Melanins and their importance in
pathogenic fungi. Current Topics in Medical Mycology 2: 338-387.

White TJ, Bruns T, Lee SB, et al. (1990). Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics. In:
PCR Protocols: A Guide to Methods and Applications (Innis MA,
Gelfand DH, Sninsky JJ, et al. eds). Academic Press, New York: 315—
322.

Zalar P, de Hoog GS, Gunde-Cimerman N (1999). Taxonomy of the
endoconidial black yeast genera Phaeotheca and Hyphospora.
Studies in Mycology 43: 49-56.

Zhao J, Zeng J, de Hoog GS, et al. (2010). Isolation and identification
of black yeasts by enrichment on atmospheres of monoaromatic
hydrocarbons. Microbial Ecology 60: 149-156.

© 2022 Westerdijk Fungal Biodiversity Institute 9



© 2022 Westerdijk Fungal Biodiversity Institute



Fungal Systematics and Evolution

doi.org/10.3114/fuse.2022.09.02

VOLUME 9
JUNE 2022
PAGES 11-17

Neohygrocybe pseudoingrata, a new grassland species from Slovakia and the Czech Republic

F. Fuljer!, M. Zajac?, D. Boertmann?, D. Szabdova?, I. Kautmanova*'

'Department of Botany, Faculty of Natural Sciences, Comenius University, Révova 39, 811 02 Bratislava, Slovakia
2Administration of Protected Landscape Area Kysuce, U Tomali ¢ 1511, 022 01 Cadca, Slovakia

3Department of Ecoscience, Aarhus University, Frederiksborgvej 399, DK-4000 Roskilde, Denmark

Slovak National Museum - Natural History Museum, Vajanského nabrezie 2, P.O. Box 13, 810 06 Bratislava, Slovakia

*Corresponding author: ivona.kautmanova@snm.sk

Key words:
Agaricomycetes
grasslands
Hygrophoraceae
meadows

new taxon
Waxcaps

Abstract: Neohygrocybe pseudoingrata, a new waxcap species known from Slovakia and the Czech Republic, is
characterised by its pale greyish coloured and often robust basidiomata (or sporocarps), nitrous smell, context without
colour changes, hollow, contorted and compressed stipe and smooth or slightly fibrillose pileus surface. Based on
morphology and DNA analysis of ITS and LSU sequences of the collected specimens, N. pseudoingrata belongs to
Neohygrocybe sect. Neohygrocybe together with N. ovina, N. nitrata and N. ingrata. Collections of N. pseudoingrata
form a well-supported clade in phylogenetic trees.
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INTRODUCTION

The genus Hygrocybe as delimited in Boertman (2010) has
been split into a number of genera (Chromosera, Cuphophyllus,
Gliophorus, Gloioxanthomyces, Hygrocybe, Neohygrocybe and
Porpolomopsis) by Lodge et al. (2013). Neohygrocybe differs
from most Humidicutis, Porpolomopsis and Gliophorus species
in lacking bright pigments. Lodge et al. (2013) described
Neohygrocybe as having swollen, and stuffed stipes that become
hollow; pileus 2—6 c¢cm, hemispherical, becoming umbonate,
smooth to scaly, margin becoming fissured, brick colour to
fuscous cinereous; lamellae few, sublunate, uncinate, broad,
venose, white at first, becoming cinereous.

Members of the genus Hygrocybe s. I|. (Hygrocybe,
Neohygrocybe, Gliophorus, Porpolomopsis) and Cuphophyllus
fall into distinct clades but they usually occur together and
are often treated as one group for conservation purposes
(e.g., Boertmann 2010). Most of these genera occur in
“unimproved”, mowed or grazed grasslands in Europe, where
they figure as good indicators of conservation value of semi-
natural and natural grasslands (Adamcik & Kautmanova 2005,
Boertmann 2010, Fuljer et al. 2020). These grasslands are
usually characterised by very low levels of dissolved nitrate
and phosphate (Ejrnaes & Brunn 1995). Hygrocybe s. I. species,
together with a Clavariaceae, Entoloma and Geoglossaceae,
form a so called “CHEG” group, by reason of sharing ecological
similarities (Rotheroe 2001). However, waxcaps can also
produce basidiomata in habitats such as peat bogs, sand dunes
and woodlands (Cantrell & Lodge 2000, Griffith et al. 2004,
Boertmann 2010) and in North America and the tropics they

are mainly found in forests (e.g. Hesler & Smith 1963, Pegler &
Fiard 1978, Laessge & Boertmann 2008).

The ecological role of waxcaps is still unclear, despite intensive
research in this field. Griffith et al. (2004) referred to the fact
that some of the waxcaps can occur in the grasslands together
with mosses and this connection was also noticed by Boertmann
(2010). However, their biology remains a mystery since isotopic
signatures indicate that they are neither mycorrhizal nor
saprotrophic (Seitzman et al. 2011, Halbwachs et al. 2013).
Recent studies revealed that some of the waxcaps can be
associated with plant roots and they probably have a biotrophic
lifestyle with plants (Halbwachs et al. 2013, 2018). Tello et al.
(2013) proved that at least one species, Hygrocybe virginea, is
a maternally transmitted endophytic fungus associated with
Plantago lanceolata.

In this report we describe a taxon new to science found in
central European grasslands. It is also likely to have a wider
distribution.

MATERIAL AND METHODS
Collections and morphological analyses

Waxcaps were collected in Slovakia and the Czech Republic
during 2014-2020, from July to October, at 23 localities by F.
Fuljer, M. Zajac and M. Micka. Most of the collections were from
the Javorniky Mts. (northwestern part of Slovakia) and the rest
were from Biele Karpaty, Jablunkovské medzihorie, Kysucka
vrchovina, Turzovskd vrchovina (Slovakia) and Ceskotiebovska
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vrchovina (Czech Republic) mountains. Soil type has been
determined based on the geological map of Slovakia (http://apl.
geology.sk/gm50js).

Descriptions of macro-morphological features were based
on fresh material. Colours were coded according to the Pantone
colour chart (Pantone Colour Finder 2021). Twenty basidiomata
were studied and measured from the holotype collection.

The micromorphology of the studied specimens was
investigated by F. Fuljer, D. Boertmann and I. Kautmanova using
a Kapa Mic D117 with integrated camera, a Leica SM-Lux, a DIC
microscope Nikon Eclipse Ni-U and microphotography were
captured by a Nikon DS-Ri2 camera. NIS-Elements Basic Research
and MiCam v. 2.4 imaging software were used to measure and
examine microscopic features. Tissues, spores and other micro-
morphological structures were examined fresh or rehydrated in
H,O or in Congo Red ammonia solution. Altogether 575 spores
from 14 basidiomata were studied and measured; spores were
measured mainly from spore deposits in H,O. Fifty basidia,
50 sterigmata and 50 basidioles from five basidiomata were
investigated from the rehydrated material in ammonial Congo
Red solution. Other microscopic structures, such as gill trama,
pileipellis and stipitipellis, were observed in three basidiomata
from the holotype. Q value refers to the division of length and
width of microscopic structures. Qav refers the average value
of Q and av. refers the average length and width of microscopic
features.

Type material was deposited in the herbarium of the Slovak
National Museum-Natural History Museum, Bratislava (BRA).
Nomenclature follows Lodge et al. (2013) and Index Fungorum
(indexfungorum.org).

DNA extraction, amplification, sequencing

Total genomic DNA was extracted from dried tissue using
DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s protocol, but with prolonged
incubation time of up to 3 h after addition of the RNA-lytic
enzyme. PCR was performed using a BioRad C1000 Touch™
Thermal Cycler. Target region of the internal transcribed
spacer regions of ribosomal DNA (ITS) was amplified using
primers ITS5 (5’-GGAAGTAAAAGTCGTAACAAGG-3’) and ITS4
(5’-TCCTCCGCTTATTGATATGC-3’; White et al. 1990). The large
ribosomal subunit of ribosomal DNA (LSU) was amplified
using primers LROR (5-ACCCGCTGAACTTAAGC-3’) and LR5
(5’-TCCTGAGGGAAACTTCG-3’; Vilgalys & Hester 1990). The
amplification reactions were conducted in 25 pL total volume
using a GoTaq Flexi PCR kit (Promega), the reaction mixture
containing 20-25 ng total DNA template, 1 pL of both primers
(10 uM), 5 pL of Buffer (5x), 2.5 uL of ANTP (2 mM), 2 uL of
MgCl, (25 mM), 0.2 uL GoTaq Flexi polymerase (5 U) and the
final volume was added with ultra pure water. The amplification
reaction for ITS and LSU regions was set up as follows: 3 min
initial denaturation at 95 °C, 32 cycles (95 °C for 30 s, 55 °C for
30s, and 72 °C for 1 min + increasing time 2 s per cycle), 10 min
final elongation at 72 °C. The PCR products were analysed on 2 %
agarose gel. PCR products were purified using a Thermosensitive
Alkaline Phosphatase (FastAP) and Exonuclease 1 (Exo 1)
(Thermo Fisher Scientific Inc., USA) according to manufacturer’s
instructions. The partial gene was sequenced in a commercial
laboratory (Eurofins Genomics GmbH, Cologne, Germany).
Sequences were visualised, edited and aligned in MEGA-X (Kumar
et al. 2018). Sequence similarity searches were performed using

GenBank BLASTn (http://www.ncbi.nlm.nih.gov/BLAST/) and
BOLD ldentification System (https://www.boldsystems.org/).

Phylogenetic analysis

DNA sequences of Neohygrocybe species and selected outgroup
of Cuphophyllus fornicatus were downloaded from NCBI on
21 Jan. 2021. All sequences retrieved in this study were sent
to BOLD database and transferred to GenBank and accession
numbers are listed in Table 1. Evolutionary analyses were
conducted in MEGA X (Kumar et al. 2018) by using the Maximum
Likelihood method and Tamura-Nei model (Tamura & Nei 1993).
The tree with the highest log likelihood (-3667.62) is shown
(Fig. 1). The percentage of trees in which the associated taxa
clustered together is shown next to the branches. Initial tree(s)
for the heuristic search were obtained automatically by applying
Neighbor-Joining and BioNJ algorithms to a matrix of pair wise
distances estimated using the Maximum Composite Likelihood
(MCL) approach, and then selecting the topology with superior
log likelihood value. The tree is drawn to scale, with branch
lengths measured in the number of substitutions per site. This
analysis involved 26 ITS sequences. There were a total of 782
positions in the final dataset. In the tree, Neohygrocybe species
were positioned on a separate branch close to the clade of N.
nitrata, which is consistent with the results from macro- and
microcharacters observations.

RESULTS
Taxonomy

Neohygrocybe pseudoingrata Fuljer, Zajac, Boertm. &
Kautmanova, sp. nov. MycoBank MB 842316. Figs 2, 3.

Etymology: Name refers to Neohygrocybe ingrata, a species
with similar morphology.

Typus: Slovakia, Javorniky Mts., Melocik, Velké Rovné, ca. 300 m
E from the main road, N49°20°28.14” E18°30’37.65”, alt. 798 m,
cow grazed and mowed grassland, 21 Jul. 2020, F. Fuljer (holotype
BRA CR33023, ITS GenBank MZ479356, LSU GenBank MZ479363, ITS
BOLD NEOHY001-21).

Habitat & Distribution: Known from Slovakia and the Czech
Republic, probably more widespread but possibly misidentified
as N. ingrata or N. nitrata. Growing gregarious and very often
caespitose and may also sporulate in half rings, sometimes
solitary or scattered. It has been recorded in different vegetation
types, but always in unimproved semi-natural mesic meadows
and pastures, from July to October, on acidic, neutral and
calcareous soils.

Pileus 20-80 mm, at first hemispherical, later convex to
applanate, irregular, often irregularly contorted, sometimes
umbonate, or centrally compressed and with splitting margin;
surface smooth, or radially fibrillose, dry, when old very often
uneven, buff brown, pale brownish, greyish brown, dark
brownish grey (Pantone 463C to Pantone 466C). Stipe 35—100 x
8-32 mm, fusiform, clavate; irregularly furrowed, compressed,
often contorted and tawn; hollow; surface smooth, dry, white
with slightly greyish or brownish tinges (Pantone 4246C to
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Table 1. Collections studied and analysed in this study by molecular methods with collection numbers, country of origin, GenBank and BOLD
accession numbers (some collections of N. pseudoingrata were not sequenced, for all collections check Additional materials examined).

Species Herbarium number Origin ITS GenBank Accession No. ITS BOLD Accession No.
N. ingrata BRA CR34493 Slovakia MZ479336 NEOHY 008-21
BRA CR34490 Slovakia MZ479339 NEOHY 019-21
BRA CR34489 Slovakia MZ479337 NEOHY 025-21
BRA CR34488 Slovakia MZ479338 NEOHY 026-21
N. nitrata BRA CR34492 Czechia MZz479340 NEOHY 009-21
N. ovina BRA CR34491 Slovakia MZ479341 NEOHY 010-21
BRA CR34487 Slovakia Mz479342 NEOHY 027-21
N. pseudoingrata sp. nov. BRA CR33023 holotype Slovakia MZ479356 NEOHY 001-21
BRA CR34363 Slovakia MZz479355 NEOHY 002-21
BRA CR34377 Slovakia MZ479354 NEOHY 003-21
BRA CR34369 Slovakia MZz479353 NEOHY 004-21
BRA CR34368 Slovakia MZz479352 NEOHY 005-21
BRA CR34367 Slovakia Mz479351 NEOHY 006-21
BRA CR34364 Slovakia MZz479350 NEOHY 007-21
BRA CR34374 Slovakia MZ479349 NEOHY 011-21
BRA CR34373 Slovakia MZ479348 NEOHY 012-21
BRA CR34362 Slovakia MZz479347 NEOHY 013-21
BRA CR34371 Slovakia MZz479346 NEOHY 014-21
BRA CR34511 Slovakia MZ479345 NEOHY 015-21
BRA CR34382 Slovakia MZ479344 NEOHY 016-21
BRA CR34365 Slovakia MZ479343 NEOHY 017-21
BRA CR34372 Slovakia Mz479362 NEOHY 018-21
BRA CR34502 Slovakia MZ479361 NEOHY 020-21
BRA CR34378 Slovakia MZ479360 NEOHY 021-21
BRA CR34384 Slovakia MZ479359 NEOHY 022-21
BRA CR34383 Slovakia MZ479358 NEOHY 023-21
BRA CR34370 Slovakia Mz479357 NEOHY 024-21

Pantone 4247C). Lamellae adnexed, often very broad and
thick, ventricose, brittle, white with brownish or greyish hue,
much paler than pileus, slightly paler than stipe (Pantone
P 1-9 C, Pantone 7527C) , sometimes with paler edges. Context
not reddening (without any colour changes), white, white
with brownish hue, especially in cap (in stipe Pantone 7527C,
in pileus Pantone 4645C, Pantone 4655C or Pantone 4665C);
rather fragile, fibrillose. Smell unpleasant, significantly nitrous.
Taste neutral, sometimes farinaceous. Spore deposit white.
Basidiospores broadly ellipsoid, ellipsoid to ellipsoid-oblong,
thin-walled, smooth, hyaline, non-amyloid, sometimes with one
big vacuole, (6.5-)7.2-10.2(-11.8) x (4.4-)4.7-6.4(—7.5) um, av.
=8.4x55um, Q=(1.1-)1.3-1.8(-2.1), Qav. = 1.56 (575 spores
from 14 basidiomata measured from the type collections).
Basidia (33.5-)35-51(-55) x (5.5-)6.8-9.5(-11.3) um, av. =
42 x 8 um (50 basidia from five basidiomata measured from
the holotype), predominantly 4-spored, narrowly clavate to
clavate, sterigmata (2.5-)2.7-6.6(—6.9) um (50 sterigmata from
five basidiomata measured from the holotype), awl-shaped.
Basidioles (30.5-)33-46(—49) x (5.4-)5.9-8.7(-10.1) um (50
basidioles from five basidiomata measured from the holotype),
clavate to broadly clavate. Cystidia absent. Pileipellis a cutis
with cells 28-146 x 3.5-15 um. Stipitipellis a cutis with some

free hyphal ends (resembling a thrichoderm) with cells 25-160
x 3.9—-17 um, cells below pileipellis with brownish content. Gill
trama subregular with cells 30-155 x 4-26.5 um (some up to
400 um), * cylindrical, vermiform and sometimes with slightly
inflated ends, long slender cells in centre and shorter cells to the
sides. Clamps abundant in all tissues.

Additional materials examined: Czech Republic, Ceskotiebovska
vrchovina Mts., Ceskd Trebova, alt. 475 m, mesic mowed meadow,
27 Jul. 2020, M. Micka (BRA CR34358). Slovakia, Javorniky Mts.,
Tomborov Salas, PSurnovice (Bytca), N49°14'2.85” E18°31'59.94”,
alt. 384 m, cow grazed and mowed meadow, 4 Oct. 2014, F.
Fuljer (BRA (CR34502); Melocik, Velké Rovné, N49°20°33.42”
E18°30'31.18", alt. 791 m, small overgrown meadow hidden in the
forest, 29 Aug. 2019, F. Fuljer (BRA CR34375); Duckov, Vysokd nad
Kysucou, N49°21’38.56” E18°31'51.30”, alt. 722 m, mesic mowed
meadow, 31 Aug. 2018, F. Fuljer (BRA CR34374); Skapova, Petrovice,
N49°14’54.65” E18°31’47.48”, alt. 458 m, mesic mowed meadow,
1 September 2019, F. Fuljer (BRA CR34370); under the Holy vrch,
Hvozdnica, N49°12’46.52” E18°27°0.67”, alt. 547 m, mesic mowed
meadow on calcareous soils, 19 Sep. 2019, F. Fuljer (BRA CR34377);
Skapova, Petrovice, N49°15’2.01” E18°31’52.58”, alt. 426 m, mesic
mowed meadow, 2 Oct. 2019, F. Fuljer & M. Zajac (BRA CR34376);
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Neohygrocybe pseudoingrata MZ479360 SVK
Neohygrocybe pseudoingrata MZ479357 SVK
Neohygrocybe pseudoingrata MZ479345 SVK
Neohygrocybe pseudoingrata MZ479362 SVK
Neohygrocybe pseudoingrata MZ479346 SVK

99 |
Neohygrocybe pseudoingrata MZ479343 SVK

92

93

46

48
| Neohygrocybe pseudoingrata MZ479344 SVK

l— Neohygrocybe pseudoingrata MZ479358 SVK
Neohygrocybe pseudoingrata MZ479356 SVK holotype

Neohygrocybe pseudoingrata MZ479355 SVK

Neohygrocybe pseudoingrata MZ479351 SVK

| Neohygrocybe nitrata KP96581 GER
99 I Neohygrocybe nitrata MZ479340 CZ
46 4 Neohygrocybe ingrata KF291225 UK
Neohygrocybe ingrata MZ479336 SVK
Neohygrocybe ingrata MZ479337 SVK

Neohygrocybe ingrata MZ479339 SVK

= Neohygrocybe ingrata EU784317 UK

95 |

Neohygrocybe subovina KF291136 USA

98

Neohygrocybe subovina KF291140 USA
Neohygrocybe ovina KF291233 UK
Neohygrocybe ovina MZ479341 SVK

100 Neohygrocybe ovina KF291228 UK

Neohygrocybe ovina MZ479342 SVK

= Cuphophyllus fornicatus EU784308 UK

0.10

100 Cuphophyllus fornicatus KF291123 DK

Fig. 1. Maximum likelihood tree obtained from the analysis of ITS sequences of Neohygrocybe and Cuphophyllus fornicatus as outgroup. Bootstrap

support values are indicated at the nodes.

under the Medvedie hill, Petrovice, N49°15’46.82” E18°31’1.80”, alt.
422 m, mesic overgrown meadow, 2 Oct. 2019, F. Fuljer & M. Zajac
(BRA CR34372); Benkova, Petrovice, N49°16’4.53” E18°30°52.90”, alt.
451 m, mesic mowed meadow, 2 Oct. 2019, F. Fuljer & M. Zajac (BRA
CR34371); Medvedie, Petrovice, N49°15’53.80” E18°30’57.08”, alt.
444 m, overgrown part of mesic meadow, 27 Oct. 2019, F. Fuljer (BRA
CR34370); Barankovci, Stiavnik, N49°16’50.71” E18°25’12.50”, alt. 692
m, cow grazed pasture, 8 Jul. 2020, F. Fuljer (BRA CR34363); Benkova,
Petrovice, N49°16’2.26” E18°30°47.03”, alt. 477 m, mesic mowed
meadow, 13 Jul. 2020, F. Fuljer (BRA CR34369); Setechov, Petrovice,
N49°16’7.00” E18°29’46.72", alt. 560 m, overgrown meadow, 16
Jul. 2020, F. Fuljer (BRA CR34368); Vrchrieka, Vysokd nad Kysucou,
N49°21’41.23” E18°33’3.74”, alt. 790 m, mesic mowed meadow, 22
Jul. 2020, F. Fuljer (BRA CR34367); Krzel, Papradno, N49°17'40.49”

E18°20°15.30”, alt. 772 m, overgrown complex of meadows, 24 Jul.
2020, F. Fuljer (BRA CR34366); Ciakov, Kolarovice, N49°19’'27.38”
E18°31'25.04”, alt. 674 m, overgrown meadow, 25 Jul. 2020, F. Fuljer
(BRA CR34365); Tomborov Salas, PSurnovice (Bytca), N49°14’0.45”
E18°31'57.01”, alt. 373 m, cow grazed meadow, 25 Jul. 2020, F. Fuljer
(BRA CR34364); Brezie, Petrovice, N49°15’41.07” E18°30°57.63",
alt. 456 m, mowed meadow, 12 Sep. 2020, F. Fuljer (BRA CR34355);
Zakysucie, Krasno nad Kysucou, N49°22°44.18” E18°48’59.35”, alt.
559 m, overgrowing mesic heathland, 10 Oct. 2020, F. Fuljer (BRA
CR34356); Medvedie 2, Petrovice, N49°15’46.45” E18°30'51.77”,
alt. 466 m, small sized overgrown meadow, 26 Oct. 2020, F. Fuljer
(BRA CR34357); Jablunkovské medzihorie Mts., Polana, Skalité,
N49°30°16.3” E18°55’32.9”alt. 730 m, mesophilic mowed meadow,
25 Jul. 2020, M. Zajac (BRA CR34381); Turzovskd vrchovina Mts.,
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Fig. 2. Macromorphological characters of Neohygrocybe pseudoingrata. A. Basidiomata in the natural habitat, where the holotype was collected
(BRA CR33023, holotype). B. Different shapes of basidiomata (PHFF11143, paratype). C. The robust stature of N. pseudoingrata in the natural habitat
(PHFF11554, paratype). D. Basidiomata in the natural habitat (PHFF10723, paratype). E. Basidioma with brownish pileus, in the natural habitat
(PMZ554, paratype). F. Basidioma with greyish pileus, in the natural habitat (PHFF11080, paratype). G. Cross-section of the well-grown basidioma,
hollow stipe and adnexed lamellae visible (BRA CR33023, holotype). H. Closer, ventral view on the compressed stipes and lamellae (BRA CR33023,
holotype). I. Closer view showing the colour, shape and smooth surface of the pileus (BRA CR33023, holotype). Scale bars =20 mm.
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Fig. 3. Neohygrocybe pseudoingrata (BRA CR33023, holotype). A. Basidiospores. B. Pileipellis. Scale bars: A = 10 um; B =20 um.

Bohacovci, Korna, N49°26’33.33” E18°31'49.19”, alt. 714 m, mesic
mowed meadow, 8 Sep. 2019, F. Fuljer (BRA CR34362); Durajé¢ikovci,
Korria, N49°25’46.13” E18°31’4.40”, alt. 698 m, mesic mowed meadow,
8 Sep. 2019, F. Fuljer (BRA CR34379); Hlavice — Flintovci, Klokocov,
N49°27’52.4” E18°36’33.2”, alt. 720 m, mesic mowed meadow, 10
Sep. 2019, M. Zajac (BRA CR34382); Kysucka vrchovina Mts., Tatarovci
— Senkov, Povina, N49°18’08.7” E18°43’52.7”, alt. 633 m, mesic
mowed meadow, 11 Sep. 2019, Z. Vdclavovd (BRA CR34384); Harvelka,
Nova Bystrica, N49°21'27.10” E19°8’50.17”, alt. 808 m, sheep grazed
pasture, 25 Sep. 2019, F. Fuljer & M. Zajac (BRA CR34378); Harvelka,
Nova Bystrica, N49°21’25.21” E19°8’4.39”, alt. 783 m, sheep grazed
pasture, 17 Sep. 2020, F. Fuljer (BRA CR34359); Brodenec, SneZnica,
N49°15’42.87” E18°47’4.41", alt. 459 m, mesic mowed meadow, 7
Oct. 2020, F. Fuljer (BRA CR34360); Kysucké Beskydy Mts., Serafinov
vlek, Skalité, N49°29’39.1” E18°57°48.8”, alt. 725 m, mesic mowed
meadow, 28 Sep. 2019, M. Zajac (BRA CR34383); Biele Karpaty Mts.,
Kopéanka, Horné Orechové, N48°55’31.31” E18°1’59.62", alt. 261 m,
cow grazed pasture, 20 Oct. 2020, £. Fuljer (BRA CR34361).

DISCUSSION

Due to the dull colouration of the basidiomata and dry surfaces
of stipe and pileus, this new waxcap clearly belongs to the genus
Neohygrocybe, as has been confirmed also by the phylogenetic
analysis. It is a well recognisable species, characterised by
robust dull coloured basidiomata, nitrous smell, non-reddening
context, pale brownish and greyish, smooth or finely fibrillose
pileus, slightly greyish or brownish, contorted, compressed and
hollow stipe and broadly ellipsoid to ellipsoid spores (Figs 2, 3).
Closely related species are N. ingrata, N. nitrata and N. ovina.
The most similar species is N. ingrata, in which the context
stains reddish. Young basiomata of N. pseudoingrata and N.
ingrata can be very similar, distinguished only by the reddening
context of N. ingrata. Neohygrocybe nitrata also has a nitrous
smell and also lacks the reddish reaction of the context, but it
is usually smaller (up to 60-70 mm high), with a more or less
squamulose dark brown pileus and thinner stipe (up to 6 mm
diam) which is also dark brown. Neohygrocybe ovina is much
darker, with dark brown, dark grey or almost black stipe, pileus
and lamellae and the context is strongly reddening, and the cap
may be squamulose. Several other Neohygrocybe-taxa have

been described from North and Central America, Australia, New
Zealand and China (many not yet combined into the genus)
such as Hygrocybe lepidopellis, H. cinerascens, H. mellita, H.
albomarginata, H. caespitosa, H. melleofusca, H. ovinoides, H.
fuligineosquamosa, H. waolipo, Neohygrocybe griseonigra, N.
innata, N. subovina, and N. squarrosa (Hesler & Smith 1963,
Pegler 1983, Horak 1990, Desjardin & Hemmes 1997, Cantrell
& Lodge 2004, Young 2005, Bessette et al. 2012, Wang et al.
2018). None of these have been sequenced, but all differ from
N. pseudoingrata in darker colouration, spore morphology,
structure of pileus surface or colour changes. Cuphophyllus
species differ by deeply decurrent lamellae; C. fornicatus is the
single species of the genus that lacks decurrent lamellae and
strongly resembles N. pseudoingrata but for the nitrous smell.
Dull coloured Gliophorus species differ by lubricous cap and
stipe surfaces. Pseudotricholoma metapodium is characterised
by amyloid spores, solid, non-compressed stipe and lamellae
that are not veined.

The indicator value for valuable grasslands of N.
pseudoingrata is uncertain. Recorded collections from
Slovakia and the Czech Republic are from mowed meadows or
extensively grazed pastures and were accompanied by various
CHEG fungi. Further research will reveal whether the species
is rare or only overlooked and misinterpreted. Based on the
numerous collections from NW Slovakia it can be assumed that
N. pseudoingrata is probably common in Slovakia and should be
searched for in neighbouring countries.
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Abstract: Leaf and stem spots are among the most important diseases compromising ornamental plants worldwide.
In this study, Paraphoma garibaldii sp. nov. is described from leaf lesions on Campanula rapunculoides in Piedmont,
Northern Italy. The new species was characterised using a polyphasic approach including morphological characterisation
and a multilocus molecular phylogenetic analysis based on partial nucleotide sequences of the translation elongation
factor 1-a (tef1), the internal transcribed spacers (ITS) region and the B-tubulin (tub2) markers. Pathogenicity tests
and the fulfilment of Koch’s postulates confirm P. garibaldii as a novel foliar pathogen of Campanula rapunculoides.

Presently, the fungal infection due to Paraphoma garibaldii is known from a single location in Italy, and further surveys

are required to determine its distribution and relative importance.
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INTRODUCTION

The genus Phoma was introduced by Saccardo (1880), but the
generic concept was significantly revised by Boerema & Bollen
(1975). Boerema et al. (2004) divided this genus in nine sections
based on morphological features. The section Paraphoma was
distinguished based on the presence of setose pycnidia and
muriform chlamydospores. However, this classification system
revealed several difficulties in understanding species boundaries
and in reflecting the evolutionary relationships among species.
Furthermore, molecular analyses revealed that Paraphoma is
polyphyletic, and related to genera affiliated with the families
Phaeosphaeriaceae (de Gruyter et al. 2010), Cucurbitariaceae
and Coniothyriaceae (Chen et al. 2015). Paraphoma is based
on P radicina, which was isolated from roots of Prunus
cerasus in Australia and from rootstocks of Malus sylvestris
in the Netherlands (de Gruyter et al. 2010). Currently, 14
species are included within the genus: P. chlamydocopiosa,
P. chrysantemicola, P. convolvuli, P. dioscoreae, P. fimeti, P.
ledniceana, P. melnickii, P. pye, P. radicina, P. rhaphiolepidis, P.
salicis, P. variabilis and P. vinacea (Crous et al. 2021). Species
within Paraphoma are generally regarded as soil-borne
pathogens. They usually cause root and crown rot disease, but
they have been isolated from necrotic leaf spots on Tanacetum
cinerariifolium (Moslemi et al. 2016, 2018). Several Paraphoma
spp. have been reported in