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Abstract

During the investigation of fungal microbiome associated with boxwood in the Czech Republic, samples from Buxus
sempervirens L. (Buxaceae) plants were collected and used for isolation. Two fungal strains were proposed as a new species
Pyrenochaetopsis kuksensis based on morphology as well as phylogenetic analyses of ITS, LSU, rpb2, and tub2 sequence
data. Detailed descriptions and phylogenetic relationships of the new taxon are provided.
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Introduction

Buxus sempervirens L. (Buxaceae) commonly known as boxwood is an evergreen ornamental shrub grown worldwide.
Boxwood is widely used as hedges or topiaries. The history of cultivating the boxwood dates at least to Roman Times,
but the fossil records are known in Europe since the Miocene (Lodwick 2017, Ciarallo 2004, Kvacek et al. 1982).

De Gruyter et al. (2010) established the genus Pyrenochaetopsis (Ascomycota, Pezizomycotina, Dothideomycetes,
Pleosporales, Cucurbitariaceae) to accommodate several species which were formerly placed in highly polyphyletic
genera Phoma and Pyrenochaeta. The genus is typified by Pyrenochaetopsis leptospora (Sacc. & Briard) de Gruyter
et al. and is characterized by setose pycnidia; acropleurogenous conidiophores and aseptate, cylindrical to allantoid,
glutatte conidia (de Gruyter et al. 2010). Morphologically, the genus Pyrenochaetopsis resembles genera Pyrenochaeta
and Paraphoma, by its setose pycnidia and phoma-like conidiogenesis. However, both genera are only distantly related
based on molecular phylogeny.

Recently, Valenzuela-Lopezetal. (2018)transferred the Pyrenochaetopsis genus fromthe family of Cucurbitariaceae
to a newly established family of Pyrenochaetopsidaceae, based mainly on molecular data of four genomic loci. In
order to delineate between the Pyrenochaetopsis species and the related genera, a multi locus phylogenetic analysis
based on ITS, LSU, rpb2 and tub?2 sequences is necessary (Wang et al. 2019, Valenzuela-Lopez et al. 2018, Gruyter et
al. 2010).

Currently, the genus Pyrenochaetopsis contains 17 species (Index Fungorum 2021). Species of Pyrenochaetopsis
have various hosts including human, soil, water or plants and can be plant pathogenic, saprophytic or endophytic on
cereals, coffee tree, millet grass or sugarcane (Mapook et al. 2020, Wang et al. 2019, Valenzuela-Lopez et al. 2018,
Papizadeh et al. 2017, de Gruyter et al. 2010, Boerama et al. 2004).

During the investigation of fungal microbiome associated with boxwood in the Czech Republic, samples from
boxwood plants displaying symptoms of dieback were collected. Several fungal strains were obtained and two strains
were proposed as a new species. The taxon is described and illustrated here in terms of morphology and phylogeny
based on multi locus ITS, LSU, rpb2 and tub2 sequence data. To the best of our knowledge, there are four studies of
fungi associated with boxwood plants in the Czech Republic (Crous ef al. 2020a, Spetik et al. 2020, Spetik et al. 2019,
Safrankova 2012).
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Materials and methods
Collection and isolation

During summer and autumn 2018, branches and twigs of 20 boxwood plants displaying symptoms of dieback (bronze
leaves and twigs) were sampled from Nachod region, Czech Republic. Collected samples were placed in sterile plastic
zip-bags and stored at 4°C, until fungal isolation. Wooden tissues were debarked, surface sterilized using 1.0 % sodium
hypochlorite for 1 minute, then washed three times with a sterile distilled water. Pieces of tissue were aseptically
transferred into a plates of Potato dextrose agar (PDA) and incubated at 25°C in the dark for 7 days. The plates were
checked every day for fungal growth and transferred onto the new plates, when needed.

Morphology

Cultures were transferred to 2% water agar (WA) with double-autoclaved poplar twigs on the agar surface to enhance
sporulation. Plates were incubated at 25°C under near-UV in a 12 h light 12 h dark regime for 2—4 weeks. A single
pycnidium from each culture was dissected and the conidiogenous layer and conidia were mounted in 100% lactic
acid. Microscope LSM800 (Carl Zeiss, Germany) equipped with Axiocam 305 colour camera was used for bright-field
digital images of pycnidia and spores. Microscopic measurements were made with the VHX-6000 (Keyence, Belgium)
microscope equipped with VH-ZST optics. The mean, standard deviation and 95% confidence intervals were calculated
from measurements of 30 conidia per each isolate. Dimensions are presented as the range of measurements with
extreme values in brackets followed by 95% confidence limits and mean + standard deviation. Cultural characteristics
were determined after 10 days on PDA, Malt extract agar (MEA) and Oat meal agar (OA) at 25 °C in the dark. Growth
rates and cardinal temperatures for growth were determined on PDA plates incubated at different temperatures (5-35°C
at 5°C intervals) in the dark. Colony colours were determined with the reference to the colour chart of Rayner (1970).
Reference strains and specimens are maintained at CBS and MEND-F fungal collections.

DNA extraction and amplification

Genomic DNA was extracted from 7 days old mycelium grown on PDA at 25°C in the dark, using a NucleoSpin DNA
extraction kit (Macherey-Nagel, Diiren, Germany) following the manufacturer’s protocol. To confirm the identity of
fungal species, a multi-locus DNA analysis was performed. Four genomic loci were used (ITS, LSU, fub2 and rpb2).
The internal transcribed spacer region (ITS) was amplified using ITS1/ITS4 primers (White ef al. 1990). Primer pair
LORO/L5 (Rehner and Samuels 1994; White et al. 1990) was used to amplify the large ribosomal subunit (LSU).
Primers rpb2-5f2 and rpb2-7cR were used to amplify the RNA polymerase II second largest subunit (rpb2) (Liu
et al. 1999; Sung et al. 2007). The partial B-tubulin (fub2) region was amplified using the primers T1 (O’Donnell
and Cigelnik 1997) and bt2b (Glass and Donaldson 1995). PCR was performed utilizing G2 Flexi DNA polymerase
(Promega, Madison, USA) with primers targeting the mentioned gene sequences using respective amplification
conditions regarding the authors of primers. Sequencing was done in both directions with the same primer pair used
for amplification at the Eurofins Genomics Germany GmbH.

Phylogenetic analysis

Consensus sequences were assembled in BioEdit 7.2.5 and additional reference sequences were obtained from GenBank
(Table 2). Alignments were performed using MAFFT v. 7 (Katoh ef al. 2019) with the default settings. Alignments were
checked and manual adjustments made when necessary, using BioEdit v. 7.2.5 (Hall et al. 1999). Maximum Likelihood
(ML) and Maximum Parsimony (MP) analyses were performed using MEGA7 (Kumar et al. 2016). The best fitting
DNA evolution model was determined also by MEGA7. ML analysis was performed on a Neighbour-Joining starting
tree automatically generated by the software. Nearest-Neighbour-Interchange (NNI) was used as the heuristic method
for tree inference. MP analysis was done using the Tree-Bisection-Regrafting (TBR) algorithm with search level 1 in
which the initial trees were obtained by the random addition of sequences (10 replicates). The robustness of the trees
(ML and MP) was evaluated by 1000 bootstrap replications. Gaps were treated as missing data. Tree Length [TL],
Consistency Index [CI], Retention Index [RI], Relative Consistency Index [RC] and Homoplasy Index [HI] were
calculated for the most parsimonious tree.
The alignment and tree files were submitted to TreeBASE (Submission ID: 26867).
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TABLE 1. Known distribution and hosts of Pyrenochaetopsis species.

Species Collection No.! Host, substrate Country Refference
Pyrenochaetopsis americana  FMR 1375 Unknown USA Valenzuela-Lopez et al. 2018
P. botulispora UTHSC:DI16-289  Human, respiratory trac USA Valenzuela-Lopez et al. 2018
P. botulispora UTHSC:DI16-297  Human, superficial tissue USA Valenzuela-Lopez et al. 2018
P. botulispora CBS 142458 Human, bronchial wash sample USA Valenzuela-Lopez et al. 2018
P. chromolaenae MFLUCC: 17-1440  Chromolaena odorata Thailand Mapook et al. 2020

P. confluens CBS 142459 Human, deep tissue USA Valenzuela-Lopez et al. 2018
P. decipiens CBS 343.85 Globodera pallida Netherlands Gruyter et al. 2010

P. globosa CBS 143034 Human, superficial tissue USA Valenzuela-Lopez et al. 2018
P, indica CBS 124454 Saccharum officinarum, leaf India Gruyter et al. 2010

P. kuksensis CBS 146534 Buxus sempervirens, wood CZE This study

P. kuksensis MEND-F-58 Buxus sempervirens, wood CZE This study

P, leptospora CBS 101635 Secale cereale Germany Gruyter et al. 2010

P. leptospora CBS 122787 Unknown Netherlands Valenzuela-Lopez et al. 2018
P. microspora CBS 102876 Human, sinusitis sample USA Gruyter et al. 2010

P. paucisetosa CBS 142460 Human, toe nail USA Valenzuela-Lopez et al. 2018
P. poae CBS 136769 Poa sp. Netherlands Crous et al. 2014

P, rajhradensis CBS 146846 Buxus sempervirens, wood Czech Republic  Crous et al. 2020b

P. setosissima CBS 119739 Coffea arabica, leaf Brazil Valenzuela-Lopez et al. 2018
P, sinensis CGMCC 3.19296 Rhizosphere soil of Poa pratensis ~ China Hyde et al. 2019

P. uberiformis CBS 142461 Human, superficial tissue USA Valenzuela-Lopez et al. 2018
P, tabarestanensis CBS 139506 Soil Iran Papizadeh et al. 2017

P. terricola HGUP 1802 Soil China Wang et al. 2019

Note: 'BRIP, Queensland Plant Pathology herbarium, Brisbane, Australia; CBS, Westerdijk Fungal Biodiversity Institute, Netherlands;;
FMR, Facultat de Medicina, Universitat Rovira i Virgili, Reus, Spain; CGMCC, China General Microbiological Culture Collection
Center; HGUP, Herbarium of Department of Plant Pathology, Guizhou University; MEND-F, Fungal Collection of Mendeleum - Institute
of Genetics, Mendel University, Czech Republic; UMP, University of Melbourne; UTHSC, Fungus Testing Laboratory at the University
of Texas Health Science Center, San Antonio, Texas, USA

Results

The combined LSU, ITS, b2 and rpb2 sequence data set consisted of 22 Pyrenochaetopsis strains with
Xenopyrenochaetopsis pratorum and Neopyrenochaetopsis hominis as the outgroup taxa and consisted of 2205
characters. Of these 1626 were constant, 176 were variable and parsimony-uninformative and 366 were parsimony-
informative. A heuristic search of these 366 parsimony-informative characters resulted in 1000 equally parsimonious
trees of 1358 steps with CI =0.59, RI =0.58 and HI = 0.41. The ML analysis yielded a best scoring tree with the final
ML optimization likelihood value of — 9279.66 (In) and a gamma distribution shape parameter value of y = 0.2260. All
individual trees obtained from single gene datasets were essentially similar in topology and not substantially different
from the tree generated from the concatenated dataset. One of the three ML trees obtained is presented in Fig. 1 with
ML/MP bootstrap support values at the nodes. The four-gene phylogeny (LSU, ITS, fub2 and rpb2) showed the isolates
of the present study in a well-supported monophyletic lineage distinct from the previously described Pyrenochaetopsis
species, which is described here as Pyrenochaetopsis kuksensis sp. nov. The species described here is highlighted in
bold.
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TABLE 2. Strains included in the phylogenetic analyses.

Species Collection number! GenBank accession numbers

ITS LSU tub2 rpb2
Pyrenochaetopsis americana FMR 13757 LT592912 LN907368 LT592981 LT593050
P. botulispora UTHSC:DI16-289 LT592941 LN907432 LT593010 LT593080
P. botulispora UTHSC:DI16-297 LT592945 LN907440 LT593014 LT593084
P. botulispora CBS 142458" LT592946 LN907441 LT593015 LT593085
P. chromolaenae MFLUCC: 17-1440" MT214378 MT214472 - MT235827
P. confluens CBS 1424597 LT592950 LN907446 LT593019 LT593089
P. decipiens CBS 343.85T LT623223 GQ387624 LT623240 LT623280
P. globosa CBS 1430347 LT592934 LN907418 LT593003 LT593072
P indica CBS 1244547 LT623224 GQ387626 LT623241 LT623281
P. kuksensis CBS 146534"; MEND-F57 MT371092 MT371397 MT372662 MT372656
P. kuksensis MEND-F-58 MT371093 MT371398 MT372663 MT372657
P. leptospora CBS 1016357 JF740262 GQ387627 LT623242 LT623282
P. leptospora CBS 122787 LT623225 EU754151 LT623243 LT623283
P. microspora CBS 102876" LT592899 LN907341 LT592968 LT593037
P. paucisetosa CBS 142460" LT592897 LN907336 LT592966 LT593035
P. poae CBS 136769 KJ869117 KJ869175 KJ869243 LT623286
P. rajhradensis CBS 146846" MT853115 MT853182 MT857726 MT857727
P. setosissima CBS 119739°" LT623227 GQ387632 LT623245 LT623285
P, sinensis CGMCC 3.19296" MK348586 MK348581 MK348221 MK355077
P. uberiformis CBS 142461"; FMR 13769 LT592935 LN907420 LT593004 LT593074
P. tabarestanensis CBS 139506"; IBRC-M 30051 KF730241 KF803343 KX789523 -
P, terricola HGUP 18027 MH697394 MH697393 MH697392 MH697395
Xenopyrenochaetopsis pratorum CBS 445.817; FMR 14878"  JF740263 GU238136 KT389846 KT389671
Neopyrenochaetopsis hominis CBS 1430337 LN880536 LN880537 LN880539 LT593073

Note: 'BRIP, Queensland Plant Pathology herbarium, Brisbane, Australia; CBS, Westerdijk Fungal Biodiversity Institute, Netherlands;
CPC, Culture collection of Pedro Crouse, Housed at CBS; FMR, Facultat de Medicina, Universitat Rovira i Virgili, Reus, Spain, CGMCC,
China General Microbiological Culture Collection Center; HGUP, Herbarium of Department of Plant Pathology, Guizhou University;
MEND-F, Fungal Collection of Mendeleum - Institute of Genetics, Mendel University, Czech Republic; UMP, University of Melbourne;
UTHSC, Fungus Testing Laboratory at the University of Texas Health Science Center, San Antonio, Texas, USA. Tex-type.

TABLE 3. Number of a single nucleotide polymorphisms of the most related species to P. kuksensis (CBS 146534).

Species Collection number Number of nucleotide polymorphisms
ITS LSU tub2 rpb2
Pyr. leptospora CBS 122787 4 0 27 79
Pyr. poae CBS 136769 5 0 35 78
Pyr. rajhradensis CBS 146846 4 1 25 82
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FIGURE 1. Maximum likelihood tree generated from the combined analysis of ITS, LSU, fub2 and rpb2 sequence data. ML/MP bootstrap
values are given at the nodes. Bootstrap values less than 50 % are not shown. The tree was rooted to Xenopyrenochaetopsis pratorum and

Neopyrenochaetopsis hominis

FIGURE 2. Pyrenochaetopsis kuksensis. Colony on OA (a). Colony on MEA (b). Colony on PDA (c). Pycnidia forming on poplar twigs
(d,e). Cut through pycnidia (f). Conidia (g). Scale bars: d, e = 100 um. f= 50 pym. g =10 pm.
Taxonomy

Pyrenochaetopsis kuksensis Spetik, Eichmeier & Berraf-Tebbal, sp. nov. (Fig.2)
Mycobank number: MB835803

Type:—CZECH REPUBLIC, Nachod: Kuks, castle garden (50°23°49.0”N 15°53°21.7” E), isolated from the wood of Buxus sempervirens,
September 2018, M. Spetik, Holotype: BRNU 673828, isotype BRNU 673829, ex-type living culture CBS 146534 = MEND-F-57
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Saprobic on dead wood of Buxus sempervirens. Asexual morph: Conidiomata pycnidial, brown, solitary or aggregated,
semi-immersed, globose to ovoid, setose, ostiolate, unilocula.

Conidiogenous cells phialidic, hyaline, discrete and integrated in septate. Conidia hyaline, aseptate, cylindrical to
allantoid, slightly guttulate, (2.5-)2.9-4(-3) x (1-)1.4-2(-1.5) pm mean 3 + 0.4 x 1.4 £ 0.2 um.
Colonies on PDA reaching 32 mm diam at 25 °C after 10 d, margin regular, floccose, white in outer ring, changing to
salmon towards the centre of the colony; reverse white. On MEA reaching 36.5 mm diam after 10 d, margin regular,
floccose, erumpent, white in outer ring, changing to salmon towards the centre of the colony; reverse white. On OA
reaching 44 mm diam after 10 d, margin regular, floccose, white in outer ring, grey-olivaceous, white in center; reverse
grey. No growth at 10° and 37°C was observed.

Etymology:—named after Kuks, where the taxon was collected.

Additional specimens examined:—CZECH REPUBLIC, Nachod: Kuks, castle garden, isolated from the wood
of Buxus sempervirens, September 2018, M. Spetik, living culture MEND-F-58.

Discussion

The genus Pyrenochaetopsis was established to accommodate Pyrenochaetopsis leptospora (Sacc. & Briard) de
Gruyter et al. and is characterized by setose pycnidia, phialidic conidiogenous cells and hyaline, aseptate, cylindrical to
allantoid conidia (de Gruyter et al. 2010). The new species P. kuksensis has morphological characters that fit the generic
concepts very well. Pyrenochaetopsis species have a broad distribution and various hosts - see Table 1. Currently, two
Pyrenochaetopsis species are known from Buxus sempervirens L., both from the Czech Republic - Pyrenochaetopsis
rajhradensis isolated as an endophyte and P. kuksensis described here as saprobe. The morphological characters P,
kuksensis are very similar to those of P. leptospora, P. poae and P. rajhradensis. However, the conidia of P. kuksensis
are smaller 2.9 — 4 x 1.4 — 2 um than conidia of P. leptospora 4.5-7 x 1-2 um (Boerema et al. 2004), P. poae 4-5 x
1.5(=2) um (Crous et al. 2004) and P. rajhradensis 4.1-4.9 x 1.6-2.2 um (Crous et al. 2020b). Nevertheless, based
only on morphological characters is difficult to distinguish between species (Valenzuela-Lopez et al. 2018, Wang
et al. 2019). We confirm an importance of at least four genomic loci (ITS, LSU, tub2, rpb2) to distinguish between
Pyrenochaetopsis species. Jeewon & Hyde (2016) suggest that a minimum of >1.5% nucleotide polymorphisms in
the ITS regions may indicate a new species. Accordingly, among the 17 known Pyrenochaetopsis species, 14 had
more than 1.5% nucleotide polymorphisms in ITS region compared to P. kuksensis. The other three species, namely:
P. leptospora, P. poae and P. rajhradensis showed less nucleotide similarity than <1.5% compared to P. kuksensis ITS
regions. Nevertheless, the novelty of specimen was strongly supported by nucleotide comparison of additional three
loci — LSU, tub2, rpb2. Number of single nucleotide polymorphisms in each loci is showed in Table 3. Briefly, while
comparing nucleotide differences in four regions (ITS, LSU, tub2, rpb2) of P. kuksensis against P. leptospora, P. poae
and P. rajhradensis the LSU region is the least informative with approximately no differences, ITS region carried
approximately 4 % differences, tub2 loci carried 24% differences and rpb2 loci carried 72% differences. The tub2
and 7pb2 loci are the most important for resolving interspecific relationship within genus Pyrenochaetopsis and we
recommend to use them in future studies.

Contribution

This study identified the new species Pyrenochaetopsis kuksensis from the shrubs of Buxus sempervirens in the Czech
Republic and provided the morphological and molecular data for the future studies. It might be possible to identify a
new distribution spots of P. kuksensis from other shrubs in the world.

Acknowledgements

Funding was provided by Internal Grant of Mendel University (IGA-ZF/2020-DP003) and by the project
CZ7.02.1.01/0.0/0.0/16_017/0002334 Research Infrastructure for Young Scientists, co-financed from Operational
Programme Research, Development and Education and Ministry of Education The Czech Republic.

182 « Phytotaxa 498 (3) © 2021 Magnolia Press SPETIK ET AL.



Author Contributions

A.E. designed the study. M.S. performed molecular work. A.B.T. performed the morphological study and phylogenetic
data analysis. R.P. helped with microscopy. M.S. wrote the manuscript. A.E., A.B.T., R.P. reviewed and edited the
manuscript. All the authors reviewed and approved the final manuscript.

Additional information

Competing Interests: The authors declare no competing interests.

References

Boerema, G.H., de Gruyter, J., Noordeloos, M.E. & Hamers, M.E.C. (2004) Phoma Identification Manual. Differentiation of Specific and
Infra-specific Taxa in Culture. CABI Publishing. CAB International Wallingford, Oxfordshire, pp. 172—173.
https://doi.org/10.1079/9780851997438.0000

Ciarallo, A. (2004) Flora pompeiana, Roma, bL’Erma di Bretschneider. Stud. Archaeologica 134.

Crous, P.W., Shivas, R.G., Quaedvlieg, W., van der Bank, M., Zhang, Y., Summerell, B.A., Summerell, B.A., Guarro, J., Wingfield,
M.J., Wood, A.R., Alfenas, A.C., Braun, U., Cano-Lira, J.F., Garcia, D., Marin-Felix, Y., Alvarado, P., Andrade, J.P., Armengol, J.,
Assefa, A., den Breeyen, A., Camele, 1., Cheewangkoon, R., De Souza, J.T., Duong, T.A., Esteve-Raventds, F., Fournier, J., Frisullo,
S., Garcia-Jiménez, J., Gardiennet, A., Gené, J., Hernandez-Restrepo, M., Hirooka, Y., Hospenthal, D.R., King, A., Lechat, C.,
Lombard, L., Mang, S.M., Marbach, P.A.S., Marincowitz, S., Marin-Felix, Y., Montafio-Mata, N.J., Moreno, G., Perez, C.A., Pérez
Sierra, A.M., Robertson, J.L., Roux, J., Rubio, E., Schumacher, R.K., Stchigel, A.M., Sutton, D.A., Tan, Y.P., Thompson, E.H.,
Vanderlinde, E., Walker, A K., Walker, D.M., Wickes, B.L., Wong, P.T.W. & Groenewald, J.Z. (2014) Fungal Planet description
sheets: 214-280. Persoonia 32: 184-306.
https://doi.org/10.3767/003158514X682395

Crous, P.W., Wingfield, M.J., Chooi, Y.H., Gilchrist, C.L.M., Lacey, E., Pitt, J.I., Roets, F., Swart, W.J., Cano-Lira, J.F., Valenzuela-
Lopez, N., Hubka, V., Shivas, R.G., Stchigel, A.M., Holdom, D.G., Jurjevié, Z., Kachalkin, A.V., Lebel, T., Lock, C., Martin, M.P,
Tan, Y.P.,, Tomashevskaya, M.A., Vitelli, J.S., Baseia, 1.G., Bhatt, VK., Brandrud, T.E., De Souza, J.T., Dima, B., Lacey, H.J.,
Lombard, L., Johnston, P.R., Morte, A., Papp, V., Rodriguez, A., Rodriguez-Andrade, E., Semwal, K.C., Tegart, L., Abad, Z.G.,
Akulov, A., Alvarado, P., Alves, A., Andrade, J.P., Arenas, F., Asenjo, C., Ballara, J., Barrett, M.D., Berna, L.M., Berraf-Tebbal, A.,
Bianchinotti, M. V., Bransgrove, K., Burgess, T.I., Carmo, F.S., Chavez, R., Cmokova, A., Dearnaley, J.D.W., Santiago, A.L.C.M. de
A., Freitas-Neto, J.F., Denman, S., Douglas, B., Dovana, F., Eichmeier, A., Esteve-Raventos, F., Farid, A., Fedosova, A.G., Ferisin,
G., Ferreira, R.J., Ferrer, A., Figueiredo, C.N., Figueiredo, Y.F., Reinoso-Fuentealba, C.G., Garrido-Benavent, 1., Caiiete-Gibas,
C.F., Gil-Duréan, C., Glushakova, A.M., Gongalves, M.F.M., Gonzalez, M., Gorczak, M., Gorton, C., Guard, F.E., Guarnizo, A.L.,
Guarro, J., Gutiérrez, M., Hamal, P., Hien, L.T., Hocking, A.D., Houbraken, J., Hunter, G.C., Inacio, C.A., Jourdan, M., Kapitonov,
V.1, Kelly, L., Khanh, T.N., Kisto, K., Kiss, L., Kiyashko, A., Kolatik, M., Kruse, J., Kubatova, A., Kucera, V., Kucerova, 1., Kusan,
I., Lee, H.B., Levican, G., Lewis, A., Liem, N.V., Liimatainen, K., Lim, H.J., Lyons, M.N., Macia-Vicente, J.G., Magafia-Dueiias,
V., Mahiques, R., Malysheva, E.F., Marbach, P.A.S., Marinho, P., Matocec, N., McTaggart, A.R., MeSi¢, A., Morin, L., Mufioz-
Mohedano, J.M., Navarro-Rddenas, A., Nicolli, C.P., Oliveira, R.L., Otsing, E., Ovrebo, C.L., Pankratov, T.A., Pafios, A., Paz-Conde,
A., Pérez-Sierra, A., Phosri, C., Pintos, A., Posta, A., Prencipe, S., Rubio, E., Saitta, A., Sales, L.S., Sanhueza, L., Shuttleworth, L.A.,
Smith, J., Smith, M.E., Spadaro, D., Spetik, M., Sochor, M., Sochorova, Z., Sousa, J.O., Suwannasai, N., Tedersoo, L., Thanh, H.M.,
Thao, L.D., Tkal€ec, Z., Vaghefi, N., Venzhik, A.S., Verbeken, A., Vizzini, A., Voyron, S., Wainhouse, M., Whalley, A.J.S., Wrzosek,
M., Zapata, M., Zeil-Rolfe, I. & Groenewald, J.Z. (2020a) Fungal Planet description sheets: 1042—1111. Persoonia 44: 301-459.
https://doi.org/10.3767/persoonia.2020.44.11

Crous, P.W., Cowan, D.A., Maggs-Kélling, G., Yilmaz, N., Larsson, E., Angelini, C., Brandrud, T.E., Dearnaley, J.D.W., Dima, B., Dovana,
F., Fechner, N., Garcia, D., Gené, J., Halling, R.E., Houbraken, J., Leonard, P., Luangsa-ard, J.J., Noisripoom, W., Rea-Ireland, A.E.,
Seveikova, H., Smyth, C.W., Vizzini, A., Adam, J.D., Adams, G.C., Alexandrova, A.V., Alizadeh, A., Alvarez Duarte, E., Andjic, V.,
Antonin, V., Arenas, F., Assabgui, R., Ballara, J., Banwell, A., Berraf-Tebbal, A., Bhatt, V.K., Bonito, G., Botha, W., Burgess, T.I.,
Cabon, M., Calvert, J., Carvalhais, L.C., Courtecuisse, R., Cullington, P., Davoodian, N., Decock, C.A., Dimitrov, R., Di Piazza,
S., Drenth, A., Dumez, S., Eichmeier, A., Etayo, J., Fernandez, 1., Fiard, J-P, Fournier, J., Fuentes-Aponte, S., Ghanbary, M.A.T.,
Ghorbani, G., Giraldo, A., Glushakova, A.M., Gouliamova, D.E., Guarro, J., Halleen, F., Hampe, F., Hernandez-Restrepo, M.,

A NEW SPECIES OF PYRENOCHAETOPSIS KUKSENSIS Phytotaxa 498 (3) © 2021 Magnolia Press « 183



Iturrieta-Gonzalez, 1., Jeppson, M., Kachalkin, A.V., Karimi, O., Khalid, A.N., Khonsanit, A., Kim, J.I., Kim, K., Kiran, M., Krisai-
Greilhuber, 1., Kucera, V., Kusan, 1., Langenhoven, S.D., Lebel, T., Lebeuf, R., Liimatainen, K., Linde, C., Lindner, D.L., Lombard,
L., Mahamedi, A.E., Matocec, N., Maxwell, A., May, T.W., McTaggart, A.R., Meijer, M., Mesi¢, A., Mileto, A.J., Miller, A.N.,
Molia, A., Mongkolsamrit, S., Mufloz Cortés, C., Muiloz-Mohedano, J., Morte, A., Morozova, O.V., Mostert, L., Mostowfizadeh-
Ghalamfarsa, R., Nagy, L.G., Navarro-Rddenas, A., Orstadius, L., Overton, B.E., Papp, V., Para, R., Peintner, U., Pham, T.H.G.,
Pordel, A., Posta, A., Rodriguez, A., Romberg, M., Sandoval-Denis, M., Seifert, K.A., Semwal, K.C., Sewall, B.J., Shivas, R.G.,
Slovak, M., Smith, K., Spetik, M., Spies, C.F.J., Syme, K., Tasanathai, K., Thorn, R.G., TkalCec, Z., Tomashevskaya, M.A., Torres-
Garcia, D., Ullah, Z., Visagie, C.M., Voitk, A., Winton, L.M. & Groenewald, J.Z. (2020b) Fungal Planet description sheets: 1112—
1181. Persoonia 45: 251-409.

https://doi.org/10.3767/persoonia.2020.45.10

Glass, N.L. & Donaldson, G.C. (1995) Development of primer sets designed for use with the PCR to amplify conserved genes from
filamentous infection due to Phaeoacremonium spp. Journal of Clinical Microbiology 41: 1332—1336.

de Gruyter, J., Woudenberg, J.H.C., Aveskamp, M.M., Verkley, G.J.M., Groenewald, J.Z. & Crous, P.W. (2010) Systematic reappraisal of
species in Phoma section Paraphoma, Pyrenochaeta and Pleurophoma. Mycologia 102: 1066—1081.
https://doi.org/10.3852/09-240

Hall, T.A. (1999) Editor BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT.
Nucleic acids symposium series: [London]: Information Retrieval Ltd., c1979-c2000.

Hyde, K.D., Chaiwan, N., Norphanphoun, C., Boonmee, S., Camporesi, E., Chethana, K.W.T., Dayarathne, M.C., de Silva, N.I., Dissanayake,
A.J., Ekanayaka, A.H., Hongsanan, S., Huang, S.K., Jayasiri, S.C., Jayawardena, R., Jiang, H.B., Karunarathna, A., Lin, C.G., Liu,
JK., Liu, N.G., Lu, Y.Z., Luo, Z.L., Maharachchimbura, S.S.N., Manawasinghe, 1.S., Pem, D., Perera, R.H., Phukhamsakda, C.,
Samarakoon, M.C., Senwanna, C., Shang, Q.J., Tennakoon, D.S., Thambugala, K.M., Tibpromma, S., Wanasinghe, D.N., Xiao,
Y.P, Yang, J., Zeng, X.Y., Zhang, J.F., Zhang, S.N., Bulgakov, T.S., Bhat, D.J., Cheewangkoon, R., Goh, T.K., Jones, E.B.G., Kang,
J.C., Jeewon, R., Liu, Z.Y., Lumyong, S., Kuo, C.H., McKenzie, E.H.C., Wen, T.C., Yan, J.Y. & Zhao, Q. (2018) Mycosphere notes
169-224. Mycosphere 9: 271-430.
https://doi.org/10.5943/mycosphere/9/2/8

Hyde, K.D., Tennakoon, D.S., Jeewon, R., Bhat, D.J., Maharachchikumbura, S.S.N., Rossi, W., Leonardi, M., Lee, H.B., Mun, H.Y.,
Houbraken, J., Nguyen, T.T.T., Jeon, S.J., Frisvad, J.C., Wanasinghe, D.N., Liicking, R., Aptroot, A., Caceres, M.E.S., Karunarathna,
S.C., Hongsanan, S., Phookamsak, S., de Silva, N.I., Thambugala, K.M., Jayawardena, R.S., Senanayake, 1.C., Boonmee, S., Chen,
J., Luo, Z.L., Phukhamsakda, C., Pereira, O.L., Abreu, V.P., Rosado, A.W.C., Bart, B., Randrianjohany, E., Hofstetter, V., Gibertoni,
T.B., Soares, A.M., Jr, H.L.P.,, Sotdo, H.M.P., Xavier, W.K.X., Bezerra, J.D.P., de Oliveira, T.G.L., de Souza-Motta, C.M., Magalhaes,
O.M.C., Bundhun, D., Harishchandra, D., Manawasinghe, 1.S., Dong, W., Zhang, S.N., Bao, D.F., Samarakoon, M.C., Pem, D.,
Karunarathna, A., Lin, C.G., Yang, J., Perera, P.H., Kumar, V., Huang, S.K., Dayarathne, M.C., Ekanayaka, A.H., Jayasiri, S.C.,
Xiao, Y.P., Konta, S., Niskanen, T., Liimatainen, K., Dai, Y.C., Ji, X.H., Tian, X.M., Mesi¢, A., Singh, S.K., Phutthacharoen, K.,
Cai, L., Sorvongxay, T., Thiyagaraja, V., Norphanphoun, C., Chaiwan, N., Lu, Y.Z., Jiang, H.B., Zhang, J.F., Abeywickrama, P.D.,
Aluthmuhandiram, J.V.S., Brahmanage, R.S., Zeng, M., Chethana, T., Wei, D.P., Réblova, M., Fournier , J., Nekvindova, J., Barbosa,
R.D.N., dos Santos, J.E.F., de Oliveira, N.T., Li, G.J., Ertz, D., Shang, Q.J., Phillips, A.J.L., Kuo, C.H., Camporesi, E., Bulgakov,
T.S., Lumyong, S., Jones, E.B.G., Chomnunti, P., Gentekaki, E., Bungartz, F., Zeng, X.Y., Fryar, S., Tkal¢ec, Z., Liang, J., Li, G.S.,
Wen, T.C., Singh, P.N., Gafforov, Y., Promputtha, I., Yasanthika, E., Goonasekara, I.D., Zhao, R.L., Zhao, Q., Kirk, PM., Liu, J.K.,
Yan, J.Y., Mortimer, P.E., Xu, J. & Doilom, M. (2019) Fungal diversity notes 1036—1150: taxonomic and phylogenetic contributions
on genera and species of fungal taxa. Fungal Diversity 96: 1-242.
https://doi.org/10.1007/s13225-019-00429-2

Jaklitsch, W.M., Checa, J., Blanco, M.N., Olariaga, L., Tello, S. & Voglmayr, H. (2018) A preliminary account of the Cucurbitariaceae. Studies
in Mycology 90: 71-118.
https://doi.org/10.1016/j.simyc0.2017.11.002

Jeewon, R. & Hyde, K.D. (2016) Establishing species boundaries and new taxa among fungi: recommendations to resolve taxonomic
ambiguities. Mycosphere 7 (11): 1669-1677.
https://doi.org/10.5943/mycosphere/7/11/4

Katoh, K., Rozewicki, J. & Yamada, K.D. (2019) MAFFT online service: multiple sequence alignment, interactive sequence choice and
visualization. Briefings in bioinformatics 20: 1160-1166.
https://doi.org/10.1093/bib/bbx 108

Kimura, M. (1980) A simple method for estimating evolutionary rate of base substitutions through comparative studies of nucleotide
sequences. Journal of Molecular Evolution 16: 111-120.
https://doi.org/10.1007/BF01731581

Kumar, S., Stecher, G. & Tamura, K. (2016) MEGA7: Molecular Evolutionary Genetics Analysis version 7.0 for bigger datasets. Molecular

184 « Phytotaxa 498 (3) © 2021 Magnolia Press SPETIK ET AL.



Biology and Evolution 33: 1870-1874.
https://doi.org/10.1093/molbev/msw054

Kvacek, Z., Buzek, C. & Holy, F. (1982) Review of Buxus fossils and a new largeleaved species from the Miocene of Central Europe.
Review of Palaeobotany and Palynology 37: 361-394.
https://doi.org/10.1016/0034-6667(82)90008-2

Liu, Y.J., Whelen, S. & Hall, B.D. (1999) Phylogenetic relationships among ascomycetes evidence from an RNA polymerase 11 subunit.
Molecular Biology and Evolution 16: 1799-1808.
https://doi.org/10.1093/oxfordjournals.molbev.a026092

Lodwick, L. (2017) Evergreen Plants in Roman Britain and Beyond: Movement, Meaning and Materiality. Britannia 48: 135-173.
https://doi.org/10.1017/S0068113X17000101

Mapook, A., Hyde, K.D., McKenzie, E.H.C., Jones, E.B.G., Bhat, D.J., Jeewon, R., Stadler, M., Samarakoon, M.C., Malaithong, M.,
Tanunchai, B., Buscot, F., Wubet, T. & Purahong, W. (2020) Taxonomic and phylogenetic contributions to fungi associated with the
invasive weed Chromolaena odorata (Siam weed). Fungal Diversity 101: 1-175.
https://doi.org/10.1007/s13225-020-00444-8

O’Donnell, K. & Cigelnik, E. (1997) Two divergent intragenomic rDNA ITS2 types within a monophyletic lineage of the fungus Fusarium
are nonorthologous. Molecular Phylogenetics and Evolution 7: 103—116.
https://doi.org/10.1006/mpev.1996.0376

Papizadeh, M., Soudi, M., Amini, L., Wijayawardene, N. & Hyde, K. (2017) Pyrenochaetopsis tabarestanensis (Cucurbitariaceae,
Pleosporales), a new species isolated from rice farms in north Iran. Phytotaxa 297: 15-28.
https://doi.org/10.11646/phytotaxa.297.1.2

Rayner, A.J. (1970) The demand for inputs and the aggregate supply function for agriculture. Journal of Agricultural Economics 21:
225-238.
https://doi.org/10.1111/j.1477-9552.1970.tb02033.x

Rehner, S.A. & Samuels, G. J. (1994) Taxonomy and phylogeny of Gliocladium analysed from nuclear large subunitibosomal DNA
sequences. Mycological Research 98: 625—634.
https://doi.org/10.1016/S0953-7562(09)80409-7

Safrankova, 1., Kmoch, M. & Holkova, L. (2012) First report of Cylindrocladium buxicola on box in the Czech Republic. New Disease
Reports 25: 5.
https://doi.org/10.5197/j.2044-0588.2012.025.005

Spetik, M., Berraf-Tebbal, A., Penazova, E., Pecenka, J., Maier, M. & Eichmeier, A. (2019) First Report of Pseudonectria buxi Causing
Volutella Blight on Boxwood in Czech Republic. Plant Disease 103: 1-1790.
https://doi.org/10.1094/PDIS-02-19-0258-PDN

Spetik, M., Berraf-Tebbal, A., Cechova, J. & Eichmeier, A. (2020) Occurrence of Pseudonectria foliicola Causing Volutella Blight on
Boxwood in Czech Republic. Plant Disease 104: 1-1547.
https://doi.org/10.1094/PDIS-09-19-2046-PDN

Sung, G.H., Sung, J.M., Hywel-Jones, N.L. & Spatafora, J.W. (2007) A multi-gene phylogeny of Clavicipitaceae (Ascomycota, Fungi):
identification of localized inkongruence using a combinational bootstrap approach. Molecular Phylogenetics and Evolution 44:
1204-1223.

Valenzuela-Lopez, N., Cano-Lira, J.F., Guarro, J., Sutton, D.A., Wiederhold, N., Crous, P.W. & Stchigel, A.M. (2018) Coelomycetous
Dothideomycetes with emphasis on the families Cucurbitariaceae and Didymellaceae. Studies in Mycology 90: 1-69.
https://doi.org/10.1016/j.simyc0.2017.11.003

Wang, K.Y., Wu, Y.M.,, Chen, Y. & Jiang, Y.L. (2019) A new species of Pyrenochaetopsis and a key to the known species of the genus.
Mycosystema 38 (2): 171-177.

White, T.J., Bruns, T., Lee, S. & Taylor, J. (1990) Amplification and direct sequencing of fungi ribosomal RNA genes for phylogenetics.
In: PCR protocols. A guide to methods and applications. Academic Press, San Diego, CA, pp. 315-322.
https://doi.org/10.1016/B978-0-12-372180-8.50042-1

A NEW SPECIES OF PYRENOCHAETOPSIS KUKSENSIS Phytotaxa 498 (3) © 2021 Magnolia Press « 185


https://doi.org/10.1016/0034-6667(82)90008-2
https://doi.org/10.1016/S0953-7562(09)80409-7

