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Abstract

Muriphaeosphaeria galatellae was collected from Galatella villosa in Russia and is introduced as a novel monotypic genus
and species in the family Phaeosphaeriaceae (Pleosporales). Muriphaeosphaeria is distinct from other genera of the family
Phaeosphaeriaceae by its unique suite of characters such as, superficial ascomata with an ascomatal wall comprising thin-
walled brown cells, cellular pseudoparaphyses, muriform ascospores; and conidiomata with a thick hyaline inner wall layer
producing cylindrical to subclavate, 1-3-transversely septate, brown conidia. The asexual morph of M. galatellae developed
in cultures when grown on sterilized pine needles and bamboo pieces. A phylogenetic analysis based on combined LSU, SSU
and ITS sequence data showed that M. galatellae forms a distinct lineage in Phaeosphaeriaceae. The new genus and species
are introduced and compared with other taxa in the family.
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Introduction

Dothideomycetes is the largest class of Ascomycota, characterized by bitunicate and mostly fissitunicate asci (Berbee
1996, Kirk et al. 2008, Hyde et al. 2013). Pleosporales is considered as the largest order in the class, comprising a
quarter of all dothideomycetous species (Kirk et al. 2008, Zhang et al. 2012). Species of Pleosporales can be epiphytes,
endophytes, parasites on plants, hyperparasites on fungi, and saprobes on dead plant litter (Barr 1979, Taylor et al.
2000, Schoch et al. 2009, Wijayawardene et al. 2014, Ariyawansa et al. 2014a, 2015). The family Phaeosphaeriaceae,
introduced by Barr (1979), is one of the largest families in the order Pleosporales. The family was initially characterized
by immersed to superficial, globose to subglobose ascomata with short papilla, bitunicate asci, and hyaline, yellowish
or brown, uni or multi-septate, muriform ascospores (Shoemaker 1984, Shoemaker & Babcock 1989, 1992, Zhang
et al. 2012). Phookamsak et al. (2014) revised the family Phaeosphaeriaceae and accepted 30 genera based on both
morphology and phylogeny. Although species of Phaeosphaeriaceae are mostly found on monocotyledonous hosts as
pathogens or saprobes (Camara et al. 2002, Hyde et al. 2013, Quaedvlieg et al. 2013, Thambugala et al. 2014) some
also occur on dicotyledons (Wanasinghe et al. 2014, Liu et al. 2015). Currently 17 asexual genera have been reported
in the family Phaeosphaeriaceae by Phookamsak et al. (2014).

We have been studying the families of Pleosporales in order to provide a natural classification of this large taxon
(Zhang et al. 2012, Phookamsak et al. 2013, 2014a, Wijayawardene et al. 2014, Ariyawansa ef al. 2014a, b, c, 2015).
In this study, we introduce a new genus Muriphaeosphaeria, with M. galatellae as the type species, the specimen of
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which was collected from the Rostov region of Russia. The new genus is compared with other genera in the family
Phaeosphaeriaceae and its uniqueness is confirmed based on both morphology and molecular data.

Material and Methods

Sample collection, morphological study and isolation

The specimen was collected from the Rostov region of Russia, in a natural sanctuary ‘Persianovskaya steppe’ on
dead and dying stems of Galatella villosa (L.) Rchb.f. The fungus was examined under a Motic SMZ 168 Series
stereo-microscope. Vertical free-hand sections were made by a razor blade and placed on a droplet of sterilized water
on a glass slide (Gupta et al. 2013). Microscopic characters were observed and photo-micrographed using a Nikon
ECLIPSES80i compound microscope fitted to Cannon 600D digital camera. The measurements were determined using
Taro soft ® Image Framework program version.0.9.7. Photo-plates were made using Photoshop version CS5.1.

Pure cultures were obtained from single ascospores on 2% potato dextrose agar (PDA; 39 g/L in distilled water,
Difco potato dextrose) as described in Chomnunti ez al. (2014). Growth rate of colonies were measured after 7 days
and up to 4 weeks at 16 °C. The asexual morph was obtained by placing agar squares with mycelia on water agar with
sterile bamboo pieces (Phookamsak et al. 2014a) and sterile pine needles (Crous et al. 2006, Liu 2011) and incubating
at 16 °C in the dark for 8 weeks. The type specimen of the new genus is deposited in Mae Fah Luang University
(MFLU) herbarium, Chiang Rai, Thailand. Ex-type living cultures are deposited at the Mae Fah Luang University
Culture Collection (MFLUCC) with duplicates in CBS Fungal Biodiversity Centre, the Netherlands under material
transfer agreement no. MTA0038.

DNA extraction, amplification and sequencing
Fungal isolates were grown on PDA medium at 25 + 2 °C for 4 weeks. Genomic DNA was extracted from the growing
mycelium, following the manufacturer’s protocol from Biospin Fungus Genomic DNA Extraction Kit (BioFlux®)
(Hangzhou, P. R. China). In this study, several gene regions were amplified using known primer pairs. LROR and LRS5
were used to amplify region of nuclear large subunit rDNA (LSU) (Vilgalys & Hester 1990). NS1 and NS4 were used
to amplify region of nuclear small subunit rDNA (SSU), and internal transcribed spacer region (ITS) was amplified by
using ITS5 and ITS4 primer pairs (White et al. 1990).

The amplification reactions were performed in 25 pl of total reaction which contained 9.5 pl of sterilized water,
12.5 pl of 2% Easy Taq PCR Super Mix (mixture of Easy Tag TM DNA Polymerase, dNTPs, and optimized buffer
(Beijing Trans Gen Biotech Co., Chaoyang District, Beijing, PR China), 1 pl of each forward and reverse primers,
and 1 pl of DNA template. PCR amplification conditions were set as follows; an initial denaturation at 94 °C for 3
min, followed by 35 cycles of denaturation at 94 °C for 30 sec, primer annealing at 55 °C for 50 sec, primer extension
at 72 °C for 1 min, and a final extension step at 72 °C for 10 min. The PCR products were checked on 1% Agarose
gel electrophoresis stained with Ethidium bromide. PCR products were purified and sent for sequencing at Shanghai
Sangon Biological Engineering Technology & Services Co. (Shanghai, P.R. China).

Phylogeny analysis

Taxa used in the analyses were obtained through recent publications (Phookamsak et al. 2014) and individual LSU,
SSU and ITS genes of Muriphaeosphaeria galatellae sexual morph and asexual morph were checked using the BLAST
search engine tool of NCBI to reveal the closest matches in GenBank. DNA alignments were performed by using
Bioedit version 7.0.9 (Hall 1999), MEGA version 5 and version 6 (Tamura et al. 2011, 2013), and MAFFT version
7.220 (Katoh et al. 2013) online sequence alignment (mafft.cbrc.jp/alignment/server) and further aligned manually.
Combined LSU, SSU and ITS gene sequence data were used in the analysis to increase the phylogenetic accuracy
and missing data was treated as gaps. Maximum parsimony analysis (MP) was performed by PAUP1.0b10 software
(Swofford 2002), with heuristic search option 1,000 random replicates. Maxtrees were setup to 5000 and branches of
zero length were collapsed and all multiple parsimonious trees were saved. Descriptive tree statistics for parsimony
(Tree Length [TL], Consistency Index [CI], Retention Index [RI], Relative Consistency Index [RC] and Homoplasy
Index [HI] were calculated for trees generated under different optimality criteria. Maximum likelihood analyses (ML)
included 1000 bootstrap replicates run using RAXML (O'meara et al. 2006, Stamatakis 2006) implemented in raxmIGUI
version v.1.3.1 (Silvestro & Michalak 2011). The search strategy was set to rapid bootstrapping. Analysis carried out
by general time reversible (GTR) model nucleotide substitution and applied with gamma-distributed heterogeneity
with 4 discrete implementation rate (Guindon et al. 2010). Bootstrap values (BT) were indicated for clade stability for
MP and ML analysis values, equal or greater than 50% were given above node.
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To perform Bayesian analysis, the model of evolution was performed by using MrModeltest 2.2 (Nylander
2004). The Nucleotide substitution models selected for individual and combined datasets were GTR+I+G. Posterior
probabilities (PP) (Rannala and Yang 1996, Zhaxybayeva and Gogarten 2002) were determined by Markov Chain
Monte Carlo sampling (MCMC) in MrBayes v. 3.0b4 (Huelsenbeck and Ronquist 2001). Four simultaneous Markov
chains were run for 3,500,000 generations and trees were sampled every 100th generation; a total 35,000 trees were
obtained. The first 7,000 trees, representing the burn-in phase of the analyses, were discarded, while the remaining trees
were used for calculating posterior probabilities in the majority rule consensus tree (critical value for the topological
convergence diagnostic set to 0.01) (Zhaxybayeva & Gogarten 2002, Ariyawansa et al. 2015).

Phylogenetic trees and data files were viewed in MEGA v. 6 (Tamura et al. 2013), TreeView v. 1.6.6 (Page 1996)
and FigTree v. 1.4 (Rambaut and Drummond 2008). Facesoffungi numbers are as detailed in Jayasiri et al. (2015).

Results and Discussion

Phylogenetic analysis

Partial nucleotides of LSU, SSU and ITS dataset comprising 58 strains in Phaecosphaeriaceae were used to determine the
generic placement of Muriphaeosphaeria galatellae. Didymella exigua (CBS 183.55) was used as the outgroup taxon
(FIG. 1). The individual LSU, SSU and ITS single gene tree initial performed and observed in similar topology, these
were not significantly different (data not shown). Therefore genes were combined The maximum parsimony dataset
consists of 2252 characters with 1745 characters as constant information, 179 characters as variable characters are
parsimony-uninformative, and 328 characters were count as parsimony-informative character. The most parsimonious
tree showed TL= 1941, CI=0.412, R1=0.59, RC=0.243, HI=0.588 values. The best scoring tree was selected with a
final likelihood value of In: -11885.672296 and the result is presented in FIG. 1.

The strain Muriphaeosphaeria galatellae clustered in the family Phaeosphaeriaceae, phylogeny analyses of two
isolates formed strongly supported values (95% MP/100% ML/ 0.97 PP) to confirmed same species. M. galatellae
formed a sister clade to Entodesmium rude (CBS 650.86), but separated from other genera in the family with high
bootstrap support (70% ML/ 1.00 PP). Phylogenetic trees obtained from Maximum Likelihood and Bayesian analysis
yielded trees with similar overall topology at subclass and family relationships in agreement with previous work
based on Maximum Likelihood analysis (Zhang et al. 2012, Phookamsak et al. 2013, 2014a, Wijayawardene et al.
2014, Ariyawansa et al. 2014a, b, c, 2015), while the Maximum parsimony analysis (MP) tree has some differences
with some internal clades, i.e. Nodulosphaeria modesta, clustered with Dermatiopleospora mariae and Ophiobolus
erythrosporus, but in ML and PP analysis Nodulosphaeria modesta forms a separate branch but still in the same clade.
This is not unexpected as divergence in evolutionary rates and the presence of missing data affects all these differently.
Nevertheless, we describe the new taxon based on agreement in support for all three computational methods. The new
sequence data is deposited in GenBank (TABLE 1).

TABLE 1. Fungal strain used in the phylogenetic analysis.

Taxon Strain number GenBank accession numbers
LSU SSU ITS
Amarenomyces ammophilae CBS 114595 GU301859 GU296185 KF766146
Ampelomyces quisqualis CBS 129.79 EU754128 EU754029 HQ108038
Allophaeosphaeria dactylidis MFLUCC 13-0618 KP744473 KP753946 KP744432
Allophaeosphaeria muriformia MFLUCC 13-0349 KP765681 KP765682 KP765680
Chaetosphaeronema coonsii CBS 141.84 GQ387575 GQ387514 -
Chaetosphaeronema coonsii CBS 559.78 EU754196 EU754097 -
Chaetosphaeronema hispidulum CBS 216.75 KF251652 EU754045 KF251148
Dermatiopleospora mariae MFLUCC 13-0612 KJ749653 KJ749652 KJ749654
Didymella exigua CBS 183.55 EU754155 EU754056 GU237794
Entodesmium rude CBS 650.86 GU301812 AF164356 -
Loratospora aestuarii JK 5535B GU301838 GU296168 -

...continued on the next page
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TABLE 1. (Continued )

Taxon

Strain number

GenBank accession numbers

LSU SSU ITS
Muriophaeosphaeria galatellae MFLUCC 14-0614/ CBS 140021 KT438329 KT438331 KT438333
Muriophaeosphaeria galatellae MFLUCC 15-0769 KT438330 KT438332 -
Neosetophoma samarorum CBS 138.96 KF251664 GQ387517 KF251160
Neosetophoma clematidis MFLUCC 13-0734 KP684153 KP684154 KP744450
Neosetophoma italica MFLUCC 13-0388 KP711361 KP711366 KP711356
Neostagonospora caricis CBS 135092 KF251667 - KF251163
Neostagonospora elegiae CBS 135101 KF251668 - KF251164
Nodulosphaeria modesta MFLUCC 13-0728 KP744493 KP753957 -
Ophiobolus cirsii MFLUCC 13-0218 KMO014662 KM014663 KMO014664
Ophiobolus erythrosporus MFLUCC 12-2225 KMO014665 KMO014666 -
Ophiosphaeriella agrostidis MFLUCC 11-0152 KM434281 KM434290 KM434271
Ophiosphaeriella agrostidis MFLUCC 12-0007 KM434282 KM434291 KM434272
Paraphoma radicina CBS 111.79 KF251676 EU754092 KF251172
Parastagonospora caricis S615 KF251680 - KF251176
Parastagonospora nodorum CBS 110109 KF251681 EU754076 KF251177
Parastagonospora poae CBS 135089 KF251682 - KF251178
Phaeosphaeria papayae CBS 135416 KF251690 - KF251187
Phaeosphaeria alpina CBS 456.84 KF251684 - KF251181
Phaeosphaeria caricicola CBS 603.86 GQ387590 GQ387529 KF251182
Phaeosphaeria chiangraina MFLUCC 13-0231 KM434280 KM434289 KM434270
Phaeosphaeria juncicola CBS 110108 KF251686 - KF251183
Phaeosphaeria juncophila CBS 575.86 GU456328 GU456307 AF439488
Phaeosphaeria musae CBS 120026 GU301862 GU296186 DQ885894
Phaeosphaeria oryzae CBS 110110 KF251689 GQ387530 KF251186
Phaeosphaeria oryzae MFLUCC 11-0170 KM434279 - KM434269
Phaeosphaeria phragmiticola CBS 459.84 KF251691 - KF251188
Phaeosphaeria pontiformis CBS 117487 KF251692 - KF251189
Phaeosphaeria thysanolaenicola MFLUCC 10-0563 KM434276 KM434286 KM434266
Phaeosphaeria typharum CBS 296.54 KF251695 - KF251192
Phaeosphaeria vagans CBS 604.86 KF251696 - KF251193
Phaeosphaeriopsis dracaenicola MFLUCC 11-0157 KM434283 KM434292 KM434273
Phaeosphaeriopsis glaucopunctata MFLUCC 13-0265 KJ522477 KJ522481 KJ522473
Phaeosphaeriopsis triseptata MFLUCC 13-0271 KJ522479 KJ522484 KJ522475
Phoma haematocycla CBS 175.93 GU238080 GU238219 -
Sclerostagonospora cycadis CBS 123538 FJ372410 - FJ372393
Sclerostagonospora phragmiticola CBS 338.86 KF251733 - KF251230
Scolicosporium minkeviciusii MFLUCC 12-0089 KF366382 KF366383 -
Setomelanomma holmii CBS 110217 GU301871 GU296196 -
Setophoma chromolaena CBS 135105T/CPC 18553 KF251747 - KF251244
Setophoma sacchari CBS 333.39 KF251748 GQ387525 KF251245
Setophoma terrestris CBS 335.29 KF251749 GQ387526 KF251246
Sulcispora pleurospora MFLUCC 14-0995 KP271444 KP271445 KP271443
Vrystaatia aloeicola CBS 135107 KF251781 - KF251278
Wojnowicia viburni MFLUCC 12-0733/ICMP 19778  KC594287 KC594288 KC594286
Wojnowicia dactylidicola MFLUCC 13-0738 KP684147 KP684148 KP744469
Wojnowicia dactylidis MFLUCC 13-0735 KP684149 KP684150 KP744470
Wojnowicia lonicerae MFLUCC 12-0737 KP684151 KP684152 KP744471
Xenoseptoria neosaccardoi CBS 128665 KF251784 — KF251281

Abbreviations: CBS: CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands; CPC: Culture collection of Pedro Crous, housed
at CBS; ICMP: International Collection of Microorganisms from Plants, Lincoin, New Zealand; MFLUCC: Mae Fah Luang University
Culture Collection, Chiang Rai, Thailand; JK: J. Kohlmeyer; S: Working collection of William Quaedvlieg
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FIGURE 1. Bayesian majority (50%) consensus rule tree based on combined partial LSU, SSU and ITS gene datasets. Bootstrap
values from maximum parsimony (MP, left above), and maximum likelihood (ML, right above) of more than 60% are given above the
nodes. Bayesian posterior probabilities (PP, below) of more than 0.95 are given below the nodes. The tree is rooted to Didymella exigua
(CBS183.55). Muriphaeosphaeria galatellae (strain MFLUCC 14-0614) is indicated in red bold. The type species of each genus is
indicated in blue bold, ex-type strains are bold.
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Taxonomy

The monotypic genus Muriphaeosphaeria, typified by M. galatellae, is introduced in the family Phaeosphaeriaceae.
It has a distinct morphology compared to other genera in Phaeosphaeriaceae and is also supported by distinctive DNA
data.

Muriphaeosphaeria C. Phukhamsakda, T. Bulgakov & K.D. Hyde, gen. nov.
Index Fungorum Number [F551291; Facesoftfungi number FoF 00868

Etymology:—The generic epithet is in reference to the muriform ascospores.

Saprobic on dead and dying stems. Sexual morph: Ascomata coriaceous, superficial, solitary, scattered, globose
to cupulate, black to dark brown, smooth-walled, ostiolate. Ostiole central, lacking periphyses. Peridium multi-layered,
dark to light brown, comprising cells of textura angularis, with inner hyaline layer. Hamathecium comprising long,
filamentous, narrow, septate pseudoparaphyses surrounding asci. Asci 8-spored, bitunicate, fissitunicate, cylindrical
to clavate, short-pedicellate, apically rounded with an ocular chamber clearly visible when immature. Ascospores bi-
seriate, partially overlapping, obovoid to sub-fusiform, narrow towards ends, slightly curved, transversely septate, with
a longitudinal septuma in the central cells, slightly constricted at the central septum, light brown to yellowish, granulate,
smooth-walled. Asexual morph: Coelomycetous. Conidiomata superficial, dark brown to black, globose, uniloculate,
solitary, scattered, ostiolate. Pycnidial wall thick-walled, multi-layered, with inner layer comprising several cell-layers,
comprising brown-walled cells of textura angularis. Conidiophores reduced to conidiogenous cells. Conidiogenous
cells holoblastic with percurrent annelidic proliferations, integrated, oblong, hyaline, brown when mature, smooth-
walled, and formed from the inner layer of pycnidial wall. Conidia oblong to cylindrical, narrowly rounded at both
ends, transversely septate, pale brown when mature.

FIGURE 2. Muriphaeosphaeria galatellae (MFLU 15-0087, holotype) A. Galatella villosa (L.) Rchb.f. summer. B. Superficial ascomata
of sexual state (MFLUCC 14-0614). C. Conidiomata on host (MFLUCC 15-0769). Scale bars: B, C =500 um.

Muriphaeosphaeria galatellae Phukhamsakda, Bulgakov & K.D. Hyde, sp. nov. FIG. 3
Index Fungorum Number IF551292; Facesoffungi number FoF 00643

Etymology:—Named after the host genus from which it was isolated, Galatella.

Holotype: MFLU 15—0087

Saprobic on dead and dying stems of Galatella villosa (L.) Rchb.f. Sexual morph: Ascomata 114—180 pm high x
167-263 um wide, oriaceous, superficial, flat at the base, globose to cupulate, black to dark brown, solitary, scattered,
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without a papilla, smooth-walled. Ostiole 16—22 um high x 22—32 um wide, slightly raised, centrally located, lacking
periphyses. Peridium 12-26 um wide, composed of 3—5 wall layers, with outer part comprising dark brown to light
brown cells of textura angularis, inner layer comprising thin-walled, hyaline cells. Hamathecium of dense, 2-3 um
(x = 2.7 um, n = 20) wide, filamentous, septate, branched, pseudoparaphyses surrounding asci. 4Asci 53—-86 x 9—17
wm (x =77.5 x 13.6 um, n = 20), 8-spored, bitunicate, fissitunicate, cylindrical to clavate, short-pedicellate, apically
rounded with an ocular chamber, clearly visible when immature. Ascospores 13-27 x 4—11 um (x = 22.1 x 7.8 um,
n=50), bi-seriate, partially overlapping, obovoid to sub-fusiform, or clavate, narrow towards ends, slightly curved,
4-5-tranversely septate and with 1 longitudinal septa in the central 2-3 cells, constricted at three central septa, slightly
constricted at other septa, with second cell from apex enlarged in the centre, light brown to yellowish, granulate,
smooth-walled, without a mucilaginous sheath. Asexual morph: Produced on sterilized bamboo pieces and pine
needles on water agar. Conidiomata 233—293 pum high x 202-332 um wide diam., dark brown to black, globose,
superficial on substrate, covered by dense vegetative hyphae, uniloculate, solitary to scattered, ostiolate. Pycnidial
wall 41-54 pum wide (up to 85 um wide at apex), thick-walled, two-layered, with outer region comprising 2-layers
of brown-walled cells of textura angularis, with inner region comprising up to 7 layers of thick, hyaline cells of
textura angularis. Conidiophores reduced to conidiogenous cells. Conidiogenous cells 1-3 x 2—3 um, holoblastic
with percurrent proliferations, annellidic, integrated, oblong, hyaline, and formed from the inner layer of pycnidium
wall. Conidia 10~17 x 2—6 um (x = 14.2 x 4.6 um, n = 50), cylindrical to subclavate, rounded at both ends, sometimes
slightly curved, with 1-3 transverse septa, initially hyaline, brown when mature, smooth-walled.

Culture characters:—Ascospore germinating on PDA within 24 hours, with germ tubes developed from the end
cells of ascospores. Colonies on PDA reaching 60 mm diam after 4 weeks. Culture incubated at 16 °C, white at first,
becoming pale green after 2 weeks, olive-green, convex with papillate surface, with circular, friable margin.

Material examined:—RUSSIA, Rostov region (rus. Rostovskaya Oblast), Oktyabrsky District (rus. Oktyabr’sky
raion), natural sanctuary ‘Persianovskaya steppe’, dead and drying stems of Galatella villosa (L.) Rchb.f. (Asteraceae)
(FIG. 2A), 26 April 2014, T.S. Bulgakov (MFLU, holotype 15—0087; HKAS 88183, isotype); ex-type living culture,
MFLUCC 14-0614 = MFLUCC 15-0769 = CBS 140021.

Notes:—The genus Muriphaeosphaeria is a monotypic and characterized by superficial, globose to cupulate,
ostiolate ascomata, thick-walled peridium, filamentous, septate, pseudoparaphyses, bitunicate, fissitunicate, short and
narrowly pedicellate asci and muriform ascospores. The asexual morph of the genus (MFLUCC 15-0769, FIG. 2C) found
in same pieces of host and also formed in culture (MFLUCC 14—0614, FIG. 2B, FIG. 3) is coelomycetous with pycnidial,
globose, superficial, uniloculate, ostiolate, thick-walled conidiomata, with an inner wall-layer comprising up to 7 hyaline
cell-layers, annelledic conidiogenous cells, and subclavate, 1—3-transverse septate, brown conidia. The connectively of
sexual and as asexual morphs is proven by phylogenetic analysis (FIG. 1). Muriphaeosphaeria galatellae forms a sister
clade with a putative strain of Entodesmium rude (CBS 650.86, FIG. 1), but the morphology is obviously distinct. E.
rude has long necked, periphysate ostiole, thick-walled peridium, fasciculate, scolecosporous, filiform, 18—20-septate
ascospores (Phookamsak et al. 2014b). Muriphaeosphaeria galatellae shares similarities with Dematiopleospora mariae
(Wanasinghe et al. 2014) in having superficial ascomata and muriform ascospores, but differs in having thick-walled
ascomata, without loose hyphae surrounding the ostiole, filamentous, cellular pseudoparaphyses, short and simple
pedicellate asci and ascospores with rounded ends, while D. mariae contains hyphae around the ostiole and furcated
pedicellate asci. Both taxa cluster in the clade A, with in the family in molecular analysis (FIG. 1). Thus, it is evident that
more taxa are needed to be studied to resolve the relationship within the clade.
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