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Thirteen new species are formally described: Cortinarius brunneocarpus from Pakistan, C. lilacinoarmillatus from India, Cur-
vularia khuzestanica on Atriplex lentiformis from Iran, Gloeocantharellus neoechinosporus from China, Laboulbenia bernaliana 
on species of Apenes, Apristus, and Philophuga (Coleoptera, Carabidae) from Nicaragua and Panama, L. oioveliicola on Oiovelia 
machadoi (Hemiptera, Veliidae) from Brazil, L. termiticola on Macrotermes subhyalinus (Blattodea, Termitidae) from the DR Con-
go, Pluteus cutefractus from Slovenia, Rhizoglomus variabile from Peru, Russula phloginea from China, Stagonosporopsis flaccidu-
varum on Vitis vinifera from Italy, Strobilomyces huangshanensis from China, Uromyces klotzschianus on Rumex dentatus subsp. 
klotzschianus from Pakistan. The following new records are reported: Alternaria calendulae on Calendula officinalis from India; A. 
tenuissima on apple and quince fruits from Iran; Candelariella oleaginescens from Turkey; Didymella americana and D. calidophi-
la on Vitis vinifera from Italy; Lasiodiplodia theobromae causing tip blight of Dianella tasmanica ‘variegata’ from India; Maras-
miellus subpruinosus from Madeira, Portugal, new for Macaronesia and Africa; Mycena albidolilacea, M. tenuispinosa, and M. xan-
tholeuca from Russia; Neonectria neomacrospora on Madhuca longifolia from India; Nothophoma quercina on Vitis vinifera from 
Italy; Plagiosphaera immersa on Urtica dioica from Austria; Rinodina sicula from Turkey; Sphaerosporium lignatile from Wiscon-
sin, USA; and Verrucaria murina from Turkey. Multi-locus analysis of ITS, LSU, rpb1, tef1 sequences revealed that P. immersa, com-
monly classified within Gnomoniaceae (Diaporthales) or as Sordariomycetes incertae sedis, belongs to Magnaporthaceae (Magna-
porthales). Analysis of a six-locus Ascomycota-wide dataset including SSU and LSU sequences of S. lignatile revealed that this 
species, currently in Ascomycota incertae sedis, belongs to Pyronemataceae (Pezizomycetes, Pezizales).

Keywords: 13 new species, 16 new records, Agaricomycetes, Dothideomycetes, Glomeromycota, integrative taxonomy, La-
boulbeniomycetes, Magnaporthaceae, Pezizomycetes, Pucciniomycetes, Pyronemataceae, Sordariomycetes.

The present paper is the fifth contribution in the 
FUSE series published by Sydowia (Crous et al. 
2015, Hernández-Restrepo et al. 2016, Krisai-Greil-
huber et al. 2017, Liu et al. 2018). Again, new spe-
cies and new records are presented. For two taxa 
(Plagiosphaera immersa, Sphaerosporium ligna-
tile), molecular phylogenetic data were employed to 
resolve their familial placement. The FUSE series 
addresses the “fusion” between phenotypic data and 
molecular genetic data. Contributions are wide in 
scope – including interesting observations of known 
species, newly introduced sexual–asexual connec-
tions and taxonomic consequences following the 

One Fungus One Name (1F1N) principle (Hawsks-
worth et al. 2011, Wingfield et al. 2012), epitypifica-
tion of previously described species, and the use of 
phylogenetic data to resolve the placement of 
known taxa. Authors who wish to contribute to the 
next part in this series, FUSE 6, can e-mail submis-
sions to Danny Haelewaters (danny.haelewaters@
gmail.com) or Irmgard Krisai-Greilhuber (irmgard.
greilhuber@univie.ac.at).

For FUSE 6, we urge authors to incorporate data 
from morphology, molecular phylogeny, ecology, 
host specificity, mating behaviour, and/or geogra-
phy. As we are uncovering more and more cryptic 
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diversity, it becomes difficult to accept taxonomic 
conclusions based on morphology alone. We have 
seen this “integrative taxonomy” approach being in-
creasingly used in different groups of fungi – e.g., 
Aspergillus (Eurotiales, Eurotiomycetes; Pringle et 
al. 2005), Helvella, Octospora (Pezizales, Pezizomy-
cetes; Skrede et al. 2017, Sochorová et al. 2019), 
Hesperomyces (Laboulbeniales, Laboulbeniomy-
cetes; Haelewaters et al. 2018), Ophiocordyceps 
(Hypocreales, Sordariomycetes; Araújo et al. 2015), 
Phialocephala (Helotiales, Leotiomycetes; Grünig 
et al. 2008), Protoparmelia (Lecanorales, Lecanoro-
mycetes; Singh et al. 2015), Cortinarius (Agaricales, 
Agaricomycetes; Stefani et al. 2014), Crepidotus 
(Inocybaceae, Agaricomycetes; Aime 2004), Geas-
trum, Myriostoma (Geastrales, Agaricomycetes; 
Sousa et al. 2017, Accioly et al. 2019), Hericium 
(Russulales, Agaricomycetes; Jumbam et al. 2019), 
Tranzscheliella (Ustilaginales, Ustilaginomycetes; 
Li et al. 2017), and several entries in the present pa-
per. Descriptions of new species based on single iso-
lates will only be accepted by the discretion of the 
Editorial Board. Authors must refer to the Interna-
tional Code of Nomenclature for algae, fungi, and 
plants (Turland et al. 2018) before describing taxa, 
and author(s) of introduced taxa (author names or 
their abbreviations) must be according to the Inter-
national Plant Names Index (IPNI 2019). A diagno-
sis of a newly proposed taxon may be presented, 
highlighting the differences to the most similar 
known species. When citing GenBank accession 
numbers, we highly encourage authors to cite those 
papers in which the sequences were first published. 
Specific Author’s Guidelines for future FUSE sub-
missions will be uploaded to the website of Sydowia 
(http://www.sydowia.at/) in the first half of 2020.

Materials and methods

Sample collection, isolation, and specimen exami-
nation

Basidiomata of Cortinarius were collected from 
different localities in northwestern Himalayan for-
ests in India and Pakistan. Collections were tagged, 
packed after noting macro-morphological charac-
ters, and air-dried. For microscopic study, thin sec-
tions were prepared and stained in 5 % KOH and 
Melzer’s reagent. Dimension ranges were measured 
for 25 basidiospores, 20 basidia, and 20 marginal 
cells for each collection. The following abbrevia-
tions were used in the descriptions: av. = mean spore 
size, Q = quotient of L/W ratios, Qav. = mean of Q 
values. Line drawings of spores were prepared us-

ing a camera lucida. Herbarium specimens are de-
posited at LAH (Department of Botany, University 
of the Punjab, Lahore, Pakistan) and CAL (Central 
National Herbarium, Botanical Survey of India, 
Howrah, West Bengal, India).

During June 2016, five asymptomatic samples of 
Atriplex lentiformis (Fig. 6a), a salt-tolerant plant, 
were collected from saline deserts and dry salt-
marshes around Abadan and Ahvaz (Kozeria), 
Khuzestan province, southwestern Iran. Small piec-
es (0.3–0.5 cm) of the roots were surface-sterilized 
by sodium hypochlorite and plated on potato dex-
trose agar (PDA, Difco, MI) supplemented with 
streptomycin (50 mg/l). After 10 days incubation at 
28 °C, two Curvularia isolates were obtained and 
subjected to further characterization. The isolates 
were purified by single spore method (Babaahmadi 
et al. 2018). The holotype specimen (dried culture) 
was deposited at IRAN (Herbarium Ministerii Iran-
ici Agriculturae, Iranian Research Institute of Plant 
Protection, Tehran, Iran) (IRAN 16941F). In addi-
tion, living cultures were deposited at IRAN, CBS 
(Westerdijk Fungal Biodiversity Centre, Utrecht, 
Netherlands), and SCUA (Collection of Fungal Cul-
tures, Department of Plant Protection, Shahid 
Chamran University of Ahvaz, Iran).

Growth experiments were performed on PDA at 
28 °C with 12 h fluorescent light and 12 h darkness 
for 5–15 days. Fungal structures were mounted in 
lactophenol and lactophenol-cotton blue using the 
method of Riddle (Riddle & Briggs 1950). Color 
codes follow Kornerup & Wanscher (1967). Morpho-
logical characters including morphometry were ob-
served using a Leitz Wetzlar (SM-LUX) Basic Bio-
logical Light Microscope; 100 measurements for 
each structure were recorded and analyzed using 
SPSS software (SPSS, Chicago, IL). Dimensions are 
given as a maximum and minimum range followed 
by 95 % confidence intervals and mean ± standard 
deviation. Photomicrographs were captured with 
an Olympus BX51 microscope (Olympus, Melville, 
NY) connected to an Olympus DP12 digital camera.

Gloeocantharellus specimens were photo-
graphed and annotated in the field and then dried 
in an electric dryer. Macroscopic descriptions were 
gained from original field notes and photographs. 
Color codes follow Kornerup & Wanscher (1967). 
Micro-morphological features were observed from 
dried material after sectioning and mounting in 
5 % KOH, 1 % Congo Red, or Melzer’s reagent. In 
the description of Gloeocantharellus, notation of 
basidiospores (n/m/p) indicates that measurements 
were made on n basidiospores from m basidiomata 
of p collections. The notation (a)b–c(d) was used to 



144 Sydowia 71 (2019)

Song et al.: FUSE 5

describe basidiospores dimension, with ‘b–c’ repre-
senting ≥ 90 % of the measured values and ‘a’ and ‘d’ 
being the extreme values. Q refers to the length/
width ratio ranges of an individual basidiospore 
and Qm = the average Q of all basidiospores ± sam-
ple standard deviation. Sections were studied at a 
magnification of up to 1000× using an Olympus 
BX51 microscope. All line-drawings of microstruc-
tures were drawn from rehydrated material by free 
hand. Studied specimens are deposited at GDGM 
(Macrofungi Herbarium, Guangdong Institute of 
Microbiology, Guangzhou, China).

Thalli of Laboulbenia were removed from host 
specimens at the foot and mounted on microscope 
slides in Amann’s solution (Benjamin 1971), with 
the help of Minuten Pins (BioQuip #1208SA) insert-
ed manually onto wooden rods. The micropin was 
first submerged in Hoyer’s medium to make the 
thalli stick to the pin and prevent them from getting 
lost or flying away. Thalli or groups of thalli were 
placed in a droplet of Hoyer’s on a microscope slide, 
aligned and oriented vertically, and allowed to set-
tle briefly. We placed a drop of Amann’s solution on 
a coverslip and dropped it sideways onto the thalli 
in the Hoyer’s medium. Finally, the coverslip was 
ringed with nail varnish. Mounted specimens were 
studied microscopically at 400–1000× magnifica-
tion. Slides are deposited at BCB (Universitat Au-
tònoma de Barcelona, Spain), BR (Meise Botanic 
Garden, Belgium), FH (Farlow Herbarium, Harvard 
University, USA), INPA (Instituto Nacional de Pes-
quisas da Amazônia, Brazil), and MIUP (Museo de 
Invertebrados G.B. Fairchild, Universidad de Pan-
amá, Panama).

The macroscopic descriptions of Pluteus cute-
fractus sp. nov. are based on observations of fresh 
material, photographs were taken with a Canon 
EOS 80D camera. Terminology follows Vellinga 
(1990). The micro-morphological characters are 
based on the study of fresh and dried material. Dry 
specimens were rehydrated in distilled water be-
fore observation and mounted in aqueous Congo 
Red. The notation [n/m/p] indicates that measure-
ments were made on “n” randomly selected basidi-
ospores from “m” basidiomata of “p” collections. Q 
indicates the quotient of length and width of the 
spores in sideview. Basidiospore dimensions are 
presented as (a) b–c–d (e), with (a) = minimum 
value, b = (average – standard deviation), c = aver-
age, d = (average + standard deviation), and (e) = 
maximum value. Q represents the range of the 
length/width ratio for all measured spores. For 
other microscopic structures 20 elements were 
measured. Voucher specimens are deposited at 

MCVE (New Herbarium, Museo di Storia Naturale 
di Venezia, Venice, Italy).

For the Rhizoglomus study, soil samples (0–30 cm 
depth) were taken in agricultural field sites with 
Inca nut (Plukenetia volubilis L.) in Palmiche 
(06°20’02.40”S, 076°36’00.00”W, 858 m a.s.l.) in the 
Peruvian Amazonia lowlands and adjacent Andean 
low mountain ranges in the Department San Martín 
of the province Lamas. This area is a traditional 
agroforestry site, in which the Inca nut is grown in 
mixed cultures with maize, beans, and other field 
crops without addition of chemical fertilizers and 
pesticides. Mean annual temperatures are about 
25–27 °C, with variation between 18 and 32 °C 
throughout the year. Mean annual precipitation is 
approximately 1300 mm. Bait cultures were estab-
lished in the greenhouse under ambient tempera-
ture conditions, in several cylindrical 1 l pots with 1 
kg of substrate as described in Corazon-Guivin et 
al. (2019a). The substrate consisted of a 1:1 mixture 
of field-collected soil samples and coarse river sand. 
The substrate mixtures were autoclaved at 121 °C 
for 60 min, three weeks before establishment of the 
bait cultures. At inoculation and bait culture estab-
lishment, the pots were first filled to 75 % with the 
autoclaved substrate. Thereafter, 50–60 spores were 
added to the substrate surface and five seeds of each 
of the four plant species Sorghum vulgare L., alfal-
fa (Medicago sativa L.), Brachiaria sp., and Inca nut 
(Plukenetia volubilis) were seeded in order to es-
tablish the mycorrhizal association and reproduce 
spores of the new fungal species. The seeds were 
surface sterilized before seeding, using sodium hy-
pochlorite (0.5 %). Finally, the seeds were covered 
with the remaining 25 % of the autoclaved sub-
strate. The cultures were maintained in the green-
house of the Facultad de Ciencias Agrarias, Univer-
sidad Nacional de San Martín-Tarapoto for ten 
months, with 21.4 °C, 29 °C, and 38.2 ºC as mini-
mum, mean, and maximum temperature, respec-
tively. The relative humidity was from 45 % to 75 % 
between March and December 2018. The pots were 
irrigated every other day and fertilized with a Long 
Anston nutrient solution (Hewitt 1966) every two 
weeks, with reduced P contents (60 % reduction). 
Spores of Rhizoglomus variabile sp. nov. were sepa-
rated from the bait cultures and single species sub-
strates by a wet sieving process (Sieverding 1991). 
The description of the morphological spore charac-
teristics and their subcellular structures are based 
on observations of specimens mounted in polyvinyl 
alcohol-lactic acid-glycerol (PVLG; Koske & Tessi-
er 1983), Melzer’s reagent, a mixture of PVLG and 
Melzer’s reagent (Brundrett et al. 1994), a mixture 
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of lactic acid to water at 1:1, and water (Spain 
1990). Terminology of the spore structure follows 
Błaszkowski (2012) and Oehl et al. (2015) for species 
with glomoid spore formation. Photographs were 
taken with a digital camera (Leika DFC 295) on a 
compound microscope (Leitz Laborlux S), using 
Leica Application Suite version 4.1 software (Leica 
Microsystems, GmbH, Bochum, Germany). Speci-
mens mounted in PVLG and a (1:1) mixture of 
PVLG and Melzer’s reagent were deposited at Z (In-
stitut für Systematische Botanik, Universität 
Zürich, Switzerland) and ZT (Herbarium, Eid-
genössische Technische Hochschule Zürich, Swit-
zerland). Staining of the mycorrhizal root struc-
tures was carried out according to Vierheilig et al. 
(1998).

Collections of Russula were obtained from Yun-
nan, China in 2017. Notes and photographs were 
taken on macro-morphological features based on 
fresh mature basidiomata, and specimens were then 
dried in an oven at 50 °C until completely desiccat-
ed. Studied specimens were deposited at LI (per-
sonal herbarium of Haijiao Li) and RITF (herbari-
um at the Research Institute of Tropical Forestry, 
Chinese Academy of Forestry, Beijing, China). Ter-
minology for descriptive terms follows Vellinga 
(1988). Color names and codes follow the HTML 
Color Code (http://www.htmlcolorcode.org/). Mi-
croscopic examinations are according to Song et al. 
(2018). Tissues of specimens were firstly immersed 
in 5 % KOH, then stained with 1 % aqueous Congo 
red solution for microscopic observation with an 
Olympus BX41 microscope under a 100× oil immer-
sion objective lens. Observations and measurements 
of the basidiospores and ornamentation were made 
in Melzer’s reagent. A 10 % FeSO4 solution was used 
to test for chemical reactions on fresh specimens. 
Sulphovanillin (SV) solution was used to test for re-
actions of cystidia. Cresyl blue was used for per-
forming metachromatic reactions (Buyck 1989). 
Scanning electron microscope (SEM) photos were 
captured with a JEOL JSM-6510 microscope (To-
kyo, Japan). The abbreviation [n/m/p] indicates ‘n’ 
basidiospores measured from ‘m’ basidiodata of ‘p’ 
collections. In the basidiospore dimension notation, 
(a)b–c(d), b–c is the range including 90 % or more of 
the measured values, with a and d being the ex-
treme values. Q = variation in the L/W ratios be-
tween the specimens studied.

Two Didymellaceae strains (S3 and CG7) were 
recovered from a survey performed on withered 
grapes on 2017 vintage and another three strains 
(UC23, UC30, UC56) from a previous survey (Lor-
enzini et al. 2016). The five isolates were deposited 

at CBS (Westerdijk Fungal Biodiversity Institute, 
Utrecht, Netherlands) under the following acces-
sions: UC30 = CBS 145105, CG7 = CBS 145107, 
UC56 = CBS 145106, S3 = CBS 145109, UC23 = CBS 
145113). Berries of Corvina and Garganega grape 
variety were collected in fruit-drying rooms located 
in Valpolicella and Gambellara winemaking areas 
(Italy). The berries were directly plated on potato 
dextrose agar (PDA, Difco Laboratories, Detroit, 
MI) for 5 d at 25 °C, after which colonies were iso-
lated, purified, and maintained on the same medi-
um. To observe cultural characteristics and micro-
morphology, all isolates were incubated on PDA, 
MEA (2 % w/v malt extract, 0.1 % w/v peptone, 2 % 
w/v dextrose, 1.5 % w/v agar) and OA (5 % w/v oat-
meal and 2 % w/v agar) at 25 °C in alternating cy-
cles for 7 d of 12 h fluorescent light and 12 h dark-
ness conditions. The growth rate (diam. in mm) was 
measured daily for 7 d (three replicate plates for 
each isolate) and the experiments were performed 
twice. The micro-morphology of each strain was ex-
amined on PDA, MEA, OA and, also on pine needle 
on water agar (WA, 15 g/l agar) after 7, 14, 30, and 
60 d. The strains were analyzed using stereomicros-
copy (Leica EZ4D, Leica Microsystems, Wetzlar, 
Germany) and light microscopy (Leica DM750) with 
camera attached. Length and width of 20 pycnidia, 
20 chlamydospores, and 50 conidia from each iso-
late were measured. The isolates were tested for 
pathogenicity on young and old leaves, canes, and 
berries of grapevine. Healthy leaves, berries, and 
canes were excised from the test plants and surface 
sterilized by immersion for 5 min in 0.5 % NaOCl, 
rinsed twice with sterile distilled water, and placed 
in plastic trays appropriately spaced. Fungal iso-
lates were transferred onto MEA and grown for 5 d 
at 25 °C in 12 h light/12 h dark. Five mm plugs of 
each isolate were placed mycelium-side down onto 
surface sterilized plant tissues. Negative control 
trials were performed placing non-inoculated plugs 
of MEA. Positive control trials were performed 
placing Botrytis cinerea ITEM 17200 plugs on ber-
ries and leaves and Neofusicoccum parvum ITEM 
17213 plugs on canes. The experiment was per-
formed two times with ten replicates at least. Isola-
tions from infected plant tissues were performed to 
confirm fungal colonization (Koch’s postulate).

Strobilomyces samples were collected from 
Huangshan, a mountain range in eastern China. The 
locality is occupied by a forest dominated by 
Fagaceae, Pinaceae, and Theaceae. Macroscopic de-
scriptions and ecological information were record-
ed based on field notes and digital images. Color 
codes in the description follow Kornerup & Wan-
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scher (1981). Microscopic characters were observed 
using a light compound microscope (Leica DM2500). 
Sections of dried specimens were mounted in 5 % 
KOH. Basidiospores were examined with a scan-
ning electron microscope (Zeiss EVO18, Thornwood, 
New York, NY), and the method follows Wu et al. 
(2014). The abbreviation n/m/p means ‘n’ basidio-
spores from ‘m’ basidiomata of ‘p’ collections. The 
notation (a)b–c(d) indicates the size of basidio-
spores, in which ‘b–c’ contains a minimum of 90 % 
of the measured values, and ‘a’ and ‘d’ are the ex-
treme values. Spore length/width ratios are record-
ed as Q. Qm refers to the mean values of Q ± sample 
standard deviation. Specimens observed in this 
study are deposited at HKAS (Herbarium of Cryp-
togams, Kunming Institute of Botany, Chinese 
Academy of Sciences, Kunming).

Uromyces-infected leaves of Rumex dentatus 
were collected during a rust fungi survey in Paki-
stan in 2015. Using a sterile blade, the spores were 
isolated from infected leaves and mounted on a 
glass slide in distilled water for temporary observa-
tions. These preparations were fixed in glycerin jelly 
as semi-permanent slides for light microscopy. At 
least 30 spores, including the smallest and largest 
spores, were measured for each stage and photo-
graphed using a compound microscope (HM LU 
Leitz) equipped with digital camera (Ali et al. 
2016a). Uromyces samples examined for this study 
are deposited at ISL (Herbarium of Pakistan, De-
partment of Plant Sciences, Quaid-i-Azam Univer-
sity, Islamabad, Pakistan).

In summer 2015, quinces (Cydonia oblonga) and 
apples (Malus domestica) with symptoms of Alter-
naria black and brown rot, respectively, (Fig. 35) 
were collected from gardens in Nour city, 
Mazandaran Province, Iran. The fruits were surface 
sterilized in 0.5 % (v/v) sodium hypochlorite solu-
tion and rinsed with ddH2O. Pieces of fruit tissue 
from boundaries of healthy and diseased areas were 
placed on 2 % water agar (WA). Pure fungal cul-
tures of grown fungi were obtained by transferring 
hyphal tips to potato dextrose agar (PDA). Isolates 
were stored on PDA slant culture medium at 4 °C. 
Identification to species level was done using mor-
phological characteristics of the fungal isolate on 
potato carrot agar (PCA) at 25 °C in the dark and 
under fluorescent light source (8 h light/16 h dark-
ness). After 5–7 d, three-dimensional sporulation 
patterns were observed. After 7 d, microscopic slide 
mounts were prepared in lactophenol solution us-
ing the sellotape technique (sensu Schubert et al. 
2007). Measurements (50× for each characteristic) 
and microphotographs were taken from slides using 

an Olympus BH2 light microscope (Olympus, Tokyo, 
Japan). After the isolation step, two pure isolates 
were recovered, one from the diseased part of apple 
fruit and one from quince fruit. Both fungal isolates 
were similar based on the morphological features, 
and only one representative isolate (from quince) 
was selected for molecular investigation. A PDA 
culture of this isolate was deposited at IRAN (Her-
barium Ministerii Iranici Agriculturae, Department 
of Botany, Iranian Research Institute of Plant Pro-
tection, Tehran, Iran). We also performed a patho-
genicity assay. Apple (Golden delicious) and quince 
fruits were washed with 70 % EtOH for 30 s, fol-
lowed by dipping in 0.1 % sodium hypochlorite so-
lution and rinsing with ddH2O. The disinfected 
fruits were wounded by nail at three sites about 2.5 
mm in diam. and three mm in depth (Etebarian et 
al. 2005). A total of 30 μl of 1 × 106 conidia/ml sus-
pension of the recovered isolate was inoculated to 
each of the wounds. Control treatments were inocu-
lated with ddH2O. After inoculation, fruits were 
placed in enclosed plastic trays to maintain high 
relative humidity (above 90 %) and then incubated 
at 25 ºC for 14 d. Treatments were set up in four 
replicates.

A lichenological survey was conducted in east-
ern Turkey from June to August 2018. Hand-made 
sections were observed with a Zeiss Stemi 2000-c 
stereomicroscope and a Zeiss Axio Imager.A2 light 
microscope. Macrophotographs and microphoto-
graphs were taken with a Zeiss AxioCam ERc5s 
digital camera. Species concepts follow Giralt & 
Llimona (1997), Khodosovtsev (2004), Smith et al. 
(2009), and Sheard et al. (2017). Voucher collections 
are deposited at KTUB (Herbarium, Department of 
Biology, Karadeniz Technical University, Trabzon, 
Turkey).

For the Lasiodiplodia theobromae study, dis-
eased Dianella tasmanica ‘variegata’ leaves were 
cut into small pieces, surface sterilized in 1 % so-
dium hypochlorite for 45–60 sec, 3× rinsed in ddH2O, 
plated on water agar, and then incubated at 28 ˚C 
for 5 d. Hyphal tips from the margin of developing 
colony were picked up and transferred to potato 
dextrose agar (PDA) slants for pure culture. Mate-
rial was deposited at HCIO (Herbarium, Division of 
Mycology and Plant Pathology, Indian Agricultural 
Research Institute, New Delhi, India) and ITCC (In-
dian Type Culture Collection, New Delhi, India).

Fruiting bodies of Marasmiellus (Agaricales, 
Omphalotaceae) were collected in two localities 
during the foray of the XVII Congress of European 
Mycologists held in Maderia, Portugal in Septem-
ber 2015. Collections were photographed and mac-
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roscopic descriptions were based on the fresh ba-
sidiomata. Color codes follow Kornerup & Wan-
scher (1967). Microscopic characters were observed 
on dried material mounted in water and Congo Red 
using an Olympus BX-50 light microscope under 
400× and 1000×. The microscopic description is 
based on 30 measurements of basidiospores, and 20 
of cheilocystidia and caulocystidia per voucher col-
lection. Morphological terminology follows Antonín 
& Noordeloos (2010). Abbreviations used: E = quo-
tient of length and width in any one basidiospore, Q 
= mean of E values. Studied specimens are deposit-
ed at BRNM (Herbarium, Botany Department, 
Moravian Museum, Brno, Czech Republic), PRM 
(Herbarium, Mycological Department, National 
Museum, Prague, Czech Republic), IB (Herbarium, 
Institut für Botanik, Universität Innsbruck, Aus-
tria), and L (Naturalis Biodiversity Center, Nation-
aal Herbarium Nederland, Leiden, The Nether-
lands).

Mycena specimens were collected in 2017 and 
2018. The material was studied according to stand-
ard methods used in fungal taxonomy (Ivoilov et al. 
2017). Macroscopic descriptions are based on fresh 
material shortly after collecting. Photos of basidio-
mata were taken in the field with natural light. Mi-
croscopic characters were observed in squash prep-
arations of small parts of dried basidiomata mount-
ed in 5 % KOH or 1 % Congo Red in 10 % NH4OH. 
Amyloidity of spores was checked in Melzer’s rea-
gent. Microscopic measurements were made with a 
Zeiss Axio Imager A1 microscope at 1000× using an 
oil immersion objective and Nomarski interference 
contrast. Drawings of microcharacters were made 
using InkScape from microphotographs taken with 
AxioCam MRc5 and AxioVision Microscopy Soft-
ware. Basidiospore measurements are based on at 
least 20 spores (unless otherwise indicated). For 
measurements of basidia, cystidia, pileipellis, and 
stipitipellis hyphae and related structures (excres-
cences, terminal cells, caulocystidia) at least 10 ele-
ments were measured. The basidia were measured 
without sterigmata, and the basidiospores without 
apiculus. All specimens are deposited at LE (Rus-
sian Academy of Sciences, Komarov Botanical In-
stitute of RAS, Saint Petersburg, Russia).

Microscopic observations of Plagiosphaera im-
mersa were made in tap water except where noted. 
Methods of microscopy included stereomicroscopy 
using a Nikon SMZ 1500 equipped with a Nikon 
DS-U2 digital camera, and Nomarski differential 
interference contrast (DIC) using a Zeiss Axio Im-
ager.A1 compound microscope equipped with a 
Zeiss Axiocam 506 colour digital camera. Images 

and data were gathered using the NIS-Elements D 
version 3.22.15 or Zeiss ZEN Blue Edition software 
packages. Measurements are reported as maxima 
and minima in parentheses and the range repre-
senting the mean plus and minus the standard de-
viation of a number of measurements given in pa-
rentheses. Studied specimens are deposited at WU 
(Herbarium, Faculty Center Botany, Faculty of Life 
Sciences, Universität Wien, Austria). Isolates were 
prepared from ascospores as described in Jaklitsch 
(2009) and grown on MEA or on 2 % corn meal agar 
plus 2 % w/v dextrose (CMD). Growth of liquid cul-
ture was performed as reported previously (Vogl-
mayr & Jaklitsch 2011, Jaklitsch et al. 2012).

Fruiting bodies of Sphaerosporium lignatile 
were collected from a ravine in 2017. Macroscopic 
and microscopic photos were taken from dried ma-
terial. Microscopic characteristics were observed 
using squash preparations in deionized water or 
5 % KOH stained with phloxine on a Zeiss Axio Im-
ager A2 microscope (Zeiss, White Plains, NY) at 
400× magnification. Photographs were made with 
an AxioCamMR3 camera (Zeiss). Conidia measure-
ments include the cell wall. Measurements are re-
ported as the minimum and maximum in parenthe-
ses, the mean plus and minus one standard devia-
tion, and the number of measurements. All meas-
urements were taken in 5 % KOH stained with 
phloxine. The studied collection is deposited at 
MICH (Herbarium, University of Michigan, USA).

DNA extraction, PCR amplification, and sequenc-
ing

DNA of Cortinarius basidiomata was extracted 
from small pieces of dried specimens using the Ex-
tract-N-Amp Plant PCR Kit (Sigma-Aldrich, St. 
Louis, MO) or the E.Z.N.A. SP Fungal DNA Mini 
Kit (Omega Bio-Tek, Norcross, GA) following man-
ufacturer’s protocols. For amplification of the ITS 
(ITS1–5.8S–ITS2) rDNA region, 1 μl of extracted 
DNA was used in a 20 μl PCR reaction using ITS1F 
and ITS4 primers (White et al. 1990, Gardes & 
Bruns 1993). PCR products were checked on 1 % 
agarose gel. Positive PCR products were sent to 
Macrogen (South Korea) and LGC Genomics (Ger-
many) for direct sequencing in both directions us-
ing the same primers.

Curvularia mycelial biomass was grown in pota-
to-dextrose-broth (PDB), collected by passing 
through filter paper, and freeze-dried. DNA was ex-
tracted using a phenol- and chloroform-based 
method as described by Raeder & Broda (1985) with 
some modifications (Ahmadpour et al. 2017). The 
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ITS rDNA region and gpd were amplified in a 50 μl 
PCR reaction on a MJ MiniTM Gradient Thermal Cy-
cler (BioRad, Hercules, CA) using the ITS1 and ITS4 
(White et al. 1990) and gpd1 and gpd2 (Berbee et al. 
1999) primers, respectively. PCR mix consisted of 
0.1 mM dNTPs, 0.4 μM of each primer, 0.06 U/μl 
Prime Taq DNA Polymerase, 1× prime Taq Reaction 
Buffer, 2.5 mM of MgCl2, and 5 ng/μl template DNA. 
Cycler conditions were as follows: initial denatura-
tion at 94 °C for 3 min; followed by 35 cycles of de-
naturation at 94 °C for 30 s, annealing at 54 °C (ITS) 
or 56 °C (gpd) for 30 s, and extension at 72 °C for 
60 s; and a final extension at 55 °C for 30 s. Ampli-
cons of the expected size were excised from gel aga-
rose and purified with the GF-1 AmbiClean Kit (Vi-
vantis, Malaysia). Amplified products were se-
quenced by Macrogen (South Korea). Consensus 
sequences were obtained with DNA Baser Sequence 
Assembler version 4 (Heracle BioSoft, Romania). 
Generated sequences were deposited in NCBI Gen-
Bank (Tab. 1).

Genomic DNA of Gloeocantharellus was ex-
tracted from silica-gel dried specimens using the 
Sangon Fungus Genomic DNA Extraction kit (San-
gon Biotech, Shanghai, China) following the manu-
facturer’s instructions. The internal transcribed 
spacer (ITS) and large subunit nuclar ribosomal 
DNA (LSU) regions were amplified using primer 
pairs ITS1/ITS4 (White et al. 1990) and LR0R/LR5 
(Vilgalys & Hester 1990, Rehner & Samuels 1994), 
respectively. Amplified products were sequenced by 
the Beijing Genomic Institute (BGI) using the same 
primers. Generated sequence reads were assembled 
by SeqMan version 7.1.0 (DNAStar, Madison, WI) 
and submitted to NCBI GenBank.

DNA was isolated from thalli of Laboulbenia 
oioveliicola sp. nov. using the QIAamp DNA Micro 
Kit (Qiagen, Stanford, CA) with modifications 
(Haelewaters et al. 2015). We removed 8 thalli (3 ju-
venile, 5 mature) from the host and performed the 
standard procedure until step 3. Then the sample 
was processed in a FastPrep FP120 Cell Disrupter 
(5.0 m/sec, 15 sec) and incubated overnight at 56 ºC 
before proceeding with the manufacturer’s instruc-
tions. Amplification of the large subunit ribosomal 
DNA region (LSU rDNA) was done using primers 
LIC24R (5’–GAAACCAACAGGGATTG–3’) and 
LR3 (5’–GGTCCGTGTTTCAAGAC–3’) (Vilgalys & 
Hester 1990, Miadlikowska & Lutzoni 2000). PCR 
reactions consisted of 13.3 μl of Extract-N-Amp 
PCR ReadyMix (Sigma-Aldrich, St. Louis, MO), 
2.5 μL of each 10 μM primer, 5.7 μl of H2O, and 1 μl 
of template genomic DNA. Amplification reactions 
were run under the following thermocycler condi-

tions: initial denaturing at 94 °C for 3 min; then 35 
cycles of denaturing at 94 °C for 1 min, annealing at 
50 °C for 45 sec, extension at 72 °C for 1.5 min; and 
a final extension step of 72 °C for 10 min. Successful 
PCR products were cleaned using the QIAquick 
PCR Purification Kit (Qiagen) and subsequently se-
quenced by the Harvard University FAS Division of 
Science Bauer Core Facility. We prepared 10 μl se-
quencing reactions containing the same primers 
and 1 μl of purified PCR product. Sequencing reac-
tions were performed using the Big Dye® Termina-
tor v3.1 Cycle Sequencing Kit (Life Technologies, 
Carlsbad, CA). Generated forward and reverse se-
quence reads were assembled, trimmed, and edited 
in Sequencher version 4.10.1 (Gene Codes Corpora-
tion, Ann Arbor, MI).

Genomic DNA was extracted from Pluteus ba-
sidiomata using the CTAB procedure of Doyle & 
Doyle (1987). The ITS region was amplified with 
primers ITS1F (Gardes & Bruns 1993) and ITS4 
(White et al. 1990). Sequences were assembled and 
edited in Geneious version 8.1.2 (Kearse et al. 2012) 
and then submitted to GenBank. Accession num-
bers are reported in Fig. 16. 

Healthy and intact Rhizoglomus spore clusters 
were isolated from the single species cultures and 
superficially cleaned of soil particles by friction on 
cellulose filter paper (WHATMAN, Grade 50; Cora-
zon-Guivin et al. 2019b). Spores were surface-steri-
lized (Mosse 1962) using a solution of chloramine T 
(2 %), streptomycin (0.02 %), and Tween 20 (2–5 
drops in 25 ml final volume) for 20 min and rinsing 
five times in milli-Q H2O. Two independent groups 
of sterile spore clusters, each containing 20–30 
spores, connected by a common hypha were selected 
under a laminar flow hood and individually trans-
ferred into Eppendorf PCR tubes as described in 
Corazon-Guivin et al. (2019b). Crude extract was 
obtained by crushing the individual spore clusters 
with a sterile disposable micropestle in 23 μl milli-
Q H2O (Palenzuela et al. 2013). Direct PCR of these 
crude extracts was performed in an Eppendorf 
Mastercycler nexus instrument (Hamburg, Germa-
ny) with a Platinum Taq DNA Polymerase High Fi-
delity (Invitrogen, Carlsbad, CA) with 0.4 μM of 
each primer. A two-step PCR was conducted to am-
plify the ribosomal fragment consisting of partial 
SSU, ITS, and partial LSU rDNA using the primers 
SSUmAf/LSUmAr and SSUmCf/LSUmBr, consec-
utively (Krüger et al. 2009). PCR products from the 
second round of amplifications (~1500 bp) were sep-
arated electrophoretically on 1.2 % agarose gels, 
stained with Diamond™ Nucleic Acid Dye (Prome-
ga, Madison, WI) and viewed by UV illumination. 
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The band of the expected size was excised with a 
scalpel and isolated from the gel with the GFX™ 
PCR DNA and Gel Band Purification Kit (Sigma-
Aldrich, St. Louis, MO) following the manufactur-
er’s protocol, cloned into the pCR2.1 vector (Invitro-
gen, Carlsbad, CA) and transformed into One Shot® 
TOP10 chemically competent Escherichia coli (Inv-
itrogen). Eight recombinant colonies were selected 
by blue/white screening and the presence of inserts 
detected by PCR amplification with KOD DNA Pol-
ymerase (Sigma-Aldrich), using universal forward 
and reverse M13 vector primers. After isolation 
from transformed cells, plasmids were sequenced 
on both strands with M13F/M13R primers using the 
BigDye Terminator kit v3.1 (Applied Biosystems, 
Foster City, CA). The products were analyzed on an 
automated DNA sequencer (ABI 3730XL DNA ana-
lyzer, Macrogen).

DNA was extracted from dried Russula basidi-
omata with the CTAB protocol (Doyle & Doyle 
1987). PCR amplifications were done with primers 
ITS5 and ITS4 for ITS (White et al. 1990), LR0R 
and LR7 for LSU (Vilgalys & Hester 1990, Rehner 
& Samuels 1994), MS1 and MS2 for mtSSU (White 
et al. 1990), and EF1-F and EF1-R for tef1 (More-
house et al. 2003). Amplifications were performed 
in a 50 μl reaction volume containing 5 μl of 10× 
PCR reaction buffer, 5 μl of 0.2 mM dNTP mix, 
2 μl of each 5 μM primer, and 1.5 U of Taq DNA 
polymerase. The final volume was adjusted to 50 
μl with sterile distilled H2O (Liang et al. 2009). The 
DNA sequencing was performed with an ABI 3730 
DNA analyzer and an ABI BigDye 3.1 terminator 
cycle sequencing kit (Shanghai Sangon Biological 
Engineering Technology & Services Co., Shanghai, 
China). The basic authenticity and reliability of 
newly generated sequences were established based 
on Nilsson et al. (2012). All newly generated se-
quences were submitted to NCBI GenBank and are 
listed in Tab. 1. 

DNA was extracted from pure cultures of each 
Didymellaceae isolate as previously described (Lor-
enzini & Zapparoli 2014). ITS, LSU, β-tubulin 
(tub2), and rpb2 loci were amplified using primer 
pairs ITS1/ITS4, LR0R/LR5, TUB2Fw/TUB4Rd, 
and RPB2-5F2/fRPB2-7cR (White et al. 1990, Vil-
galys & Hester 1990, Rehner & Samuels 1994, Liu et 
al. 1999, Sung et al. 2007, Woudenberg et al. 2009). 
PCR products were purified using the NucleoSpin 
gel and PCR Clean-up Kit (Macherey-Nagel, Düren, 
Germany) and sequenced in both directions using 
the same primers (Eurofins Genomics, Edersberg, 
Germany). Sequences were submitted to NCBI Gen-
Bank (accession numbers in Tab. 1).

Genomic DNA of Strobilomyces basidiomata 
was extracted by using a rapid extraction kit for 
plant DNA (BIOTEKE Corporation, Jiangsu, Chi-
na). PCR amplification and sequencing follow Han 
et al. (2017, 2018a, 2018b). The primer pairs for the 
amplification of rpb1, rpb2, cox3, and tef1 were 
COX3st-F/COX3st-R, RPB1-F/RPB2-R, RPB2-F/
RPB2-R, and 983F/1567R (Rehner & Buckley 2005, 
Sato & Murakami 2009, Han et al. 2018a).

Uromyces genomic DNA was extracted from 
urediniospores (Ali et al. 2016b). PCR amplification 
was performed with primer pairs Rust2inv/ITS4rust 
for ITS and LR0R/LR6 for LSU (Ali et al. 2016b). 
Sequences were generated using the same primers. 
The host plant was identified with the aid of the 
Flora of Pakistan (Stewart 1982) and by compari-
son with specimens held at ISL (Herbarium of Pa-
kistan, Department of Plant Sciences, Quaid-i-
Azam University, Islamabad, Pakistan). 

For DNA extraction, fungal isolates of Alter-
naria were grown on PDA for 7 d in the dark at 
25 °C. Fresh mycelial masses were collected for 
DNA extraction following the procedure outlined 
by Cenis (1992). Extracted DNA was diluted in 50 μl 
distilled water and preserved at -20 °C. Molecular 
identification was dome using ITS rDNA and gpd 
sequences that were amplified using primer pairs 
ITS1/ITS4 (White et al. 1990) and gpd1/gpd2 (Ber-
bee et al. 1999). The PCR reaction mixture and cy-
cling conditions for ITS were the same as described 
by Ebrahimi & Fotouhifar (2016). For amplification 
of gpd, PCR was carried out in a final volume of 
25 μl with 11 μl ddH2O, 12 μl master mix (Sinagene, 
Iran), 0.2 pmol of each primer, and 10–30 ng/μl of 
template DNA. PCR amplification was performed 
in an Eppendorf Mastercycler epgradient (Eppen-
dorf, Hamburg, Germany) under the following cy-
cling conditions: initial denaturation at 95 ºC for 
90 s; followed by 35 cycles of denaturation at 95 ºC 
for 30 s, annealing at 52 ºC for 30 s, extension at 
72 ºC for 30 s; and final extension at 72 ºC for 6 min. 
Direct sequencing in one direction with ITS1 and 
gpd1 primers, respectively, was outsourced to Mac-
rogen (South Korea). After sequencing, sequences 
were manually edited with Chromas 2.4 software 
(Technelysium, Australia) and submitted to NCBI 
GenBank.

Genomic DNA of Lasiodiplodia theobromae was 
extracted from pure culture using the CTAB meth-
od (Doyle 1991) with minor modifications. PCR am-
plification of the SSU and ITS rDNA fragments was 
done using primer pairs NS1/NS2 and ITS1/ITS4, 
respectively (White et al. 1990). PCR amplicons of 
460 bp and 503 bp in length were obtained. Both 
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amplicons were cloned into a vector pTZ57R/T us-
ing the InsTAclone PCR Cloning Kit (ThermoFisher 
Scientific, Mumbai, India) and subsequently se-
quenced. Generated sequences were submitted to 
NCBI GenBank under accession numbers MF803169 
(SSU) and MF803168 (ITS).

A collection of Marasmiellus subpruinosus from 
Madeira (BRNM 781138) was sequenced by M. So-
chor. Total genomic DNA was extracted from 
<10 mg of herbarium specimen using the CTAB 
method (Doyle & Doyle 1987). The ITS region was 
amplified and sequenced using primers ITS1F 
(Gardes & Bruns 1993) and ITS4 (White et al. 1990). 
PCR was performed in a 20 μl reaction with Kapa 
Taq polymerase (Kapa Biosystems, Wilmington, 
MA) and a touchdown protocol with annealing tem-
perature of 61–56 °C in the first six cycles and 56 °C 
in the following 34 cycles. PCR products were puri-
fied by precipitation with polyethylene glycol (10 % 
PEG 6000 and 1.25 M NaCl in the precipitation 
mixture) and sequenced by Macrogen.

Mycena DNA was extracted from herbarium ma-
terial with the Phire™ Plant Direct PCR Kit (Ther-
moScientific, Pittsburg, PA). The ITS region was am-
plified using fungal primers ITS1F and ITS4B 
(Gardes & Bruns 1993). PCR products were checked 
using electrophoresis on agarose gel and GelRed 
staining. Purification was performed with the Fer-
mentas Genomic DNA Purification Kit (Thermo 
Fisher Scientific, Waltham, MA). Purified PCR prod-
ucts were sequenced on an ABI model 3130 Genetic 
Analyzer (Applied Biosystems, Foster City, CA). The 
obtained sequences were processed and pairwise 
distance was calculated in MEGA10 (Kumar et al. 
2018). As ITS data on Mycena sect. Filipedes are in-
sufficient to build a good tree, so we  did not include 
this analysis. Newly generated sequences have been 
submitted to NCBI GenBank (Tab. 1).

Extraction of genomic DNA from Plagiosphaera 
immersa was done using the DNeasy Plant Mini Kit 
(Qiagen, Hilden, Germany). The following loci were 
amplified and sequenced: the complete internal 
transcribed spacer region (ITS1–5.8S–ITS2) and a 
ca. 0.9-kb fragment of the large subunit nuclear ri-
bosomal DNA (LSU), amplified as a single fragment 
with primers V9G (de Hoog & Gerrits van den Ende 
1998) and LR5 (Vilgalys & Hester 1990); a ca. 1.2 kb 
fragment of the RNA polymerase II subunit 1 (rpb1) 
gene with primers RPB1-Af (Stiller & Hall 1997) 
and RPB1-6R1asc (Hofstetter et al. 2007); and a ca. 
1.3–1.5 kb fragment of the translation elongation 
factor 1-alpha (tef1) gene with primers EF1-728F 
(Carbone & Kohn 1999) and TEF1LLErev (Jaklitsch 
et al. 2005) or EF1-2218R (Rehner & Buckley 2005). 

PCR products were purified using an enzymatic 
PCR cleanup (Werle et al. 1994) as described in 
Voglmayr & Jaklitsch (2008). DNA was sequenced 
using the ABI PRISM Big Dye Terminator Cycle Se-
quencing Ready Reaction Kit version 3.1 (Applied 
Biosystems, Warrington, PA) and the same PCR 
primers; in addition, the following primers were 
used: ITS–LSU region: ITS4 (White et al. 1990), LR3 
(Vilgalys & Hester 1990), and LR2R-A (Voglmayr et 
al. 2012); tef1: TEF1_INTF (Jaklitsch 2009) and 
TEFD_iR1 (Voglmayr & Jaklitsch 2019). Sequenc-
ing was performed on an automated DNA sequenc-
er (ABI 3730xl Genetic Analyzer, Applied Biosys-
tems).

Sphaerosporium DNA was extracted using the 
QIAamp DNA Micro Kit (Qiagen, Stanford, CA) as 
per the manufacturer’s instructions. We amplified 
the internal transcribed spacer region of the riboso-
mal DNA (ITS) and the nuclear small and large ri-
bosomal subunits (SSU, LSU). Primer combinations 
used were NS1/NS2 for SSU (White et al. 1990), 
ITS1f/ITS4 for ITS (White et al. 1990, Gardes & 
Bruns 1993), and LR0R/LR7 for LSU (Vilgalys & 
Hester 1990, Rehner & Samuels 1994). PCR amplifi-
cations were performed on a pro S Mastercycler 
(Eppendorf, Hauppauge, NY) with an initial dena-
turation step at 94 °C for 5 min; followed by 35 cy-
cles of denaturation at 94 °C for 30 s (ITS) / for 45 s 
(LSU), annealing at 50 °C for 45 s (ITS) / for 1 min 
(LSU), extension at 72 °C for 45 s; and a final exten-
sion step at 72 °C for 7 min. For SSU, cycling condi-
tions included initial denaturation at 95 °C for 
5 min; followed by 40 cycles of denaturation at 
95 °C for 30 s, annealing at 55 °C for 45 s, extension 
at 72 °C for 45 s; and a final extension step at 72 °C 
for 1 min. Purification and sequencing was out-
sourced to Genewiz (Plainfield, NJ). Generated se-
quence reads were assembled, trimmed, and edited 
in Sequencher 5.0 (Gene Codes Corporation, Ann 
Arbor, MI). Sequences were submitted to NCBI 
GenBank (accession numbers of ITS and LSU se-
quences in Tab. 1).

Phylogenetic analyses

Initial BLAST of newly generated Cortinarius 
ITS sequences in GenBank (https://www.ncbi.nlm.
nih.gov/genbank/) and UNITE (https://unite.ut.ee) 
databases was used for comparison with closely re-
lated sequences. We downloaded ITS rDNA se-
quences of species belonging to section Hinnulei 
and other telamonioid lineages (Tab. 1). Multiple 
sequence alignment was produced with MAFFT 
version 7 (http://mafft.cbrc.jp/alignment/server/) 
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using the E-INS-I method (Katoh & Standley 2013) 
under default settings. According to Nagy et al. 
(2012), the phylogenetically informative indels in 
the ITS region were coded following the simple in-
del coding algorithm (Simmons et al. 2001) with 
FastGap 1.2 (Borchsenius 2009). The dataset of 
ITS+binary data consisted of 51 sequences and 669 
characters. maximum likelihood (ML) analysis was 
carried out in RAxML (Stamatakis 2014) as imple-
mented in raxmlGUI version 1.5b2 (Silvestro & 
Michalak 2012). Rapid bootstrap analysis with 1000 
replicates was performed. The GTRGAMMA substi-
tution model (for the three nucleotide partitions) 
and the RAxML default set for binary characters 
(for the indel partition) were applied. In addition, 
Bayesian inference (BI) was performed in MrBayes 
version 3.1.2 (Ronquist & Huelsenbeck 2003). The 
alignment was divided into four partitions (ITS1, 
5.8S, ITS2, and indels). The GTR + Γ substitution 
model was applied to the nucleotide characters, and 
the two-parameter Markov model was set for the 
indels. Two independent runs of four Markov Chain 
Monte Carlo (MCMC) were performed each over 
10 million generations, sampling every 1000 gener-
ations, with a burn-in of 30 % (= the first 3000 trees 
were discarded). Remaining trees were used to com-
pute the 50 % majority rule consensus phylogram. 
Phylogenetic trees from both ML and BI resulted in 
largely congruent topologies. The majority rule con-
sensus phylogram was edited in MEGA7 (Kumar et 
al. 2016) and in Adobe Illustrator CS7. 

For the phylogenetic analysis of Curvularia, 
DNA sequences of 129 strains were included. A 
strain of Bipolaris drechsleri (MUS0028) was used 
as outgroup. DNA sequences of ITS and gpd were 
aligned using BioEdit Sequence Alignment Editor 
version 7.0.9.0 (Hall 1999) and then concatenated 
into a composite alignment. Maximum likelihood 
analysis was performed with all sequences in 
MEGA6 (Tamura et al. 2013), first with each locus 
separately, and then with the composite alignment. 
ML MODEL TEST in MEGA6 was used to select the 
best model of nucleotide substitution for the phylo-
genetic analyses. The concatenated ITS–gpd align-
ment used for constructing the phylogenetic tree in 
Fig. 7 was deposited in TreeBASE (S23087).

ITS sequences of Gloeocamtherellus and Gom-
phus clavatus (outgroup) were aligned using 
MAFFT (Katoh et al. 2005) and manually modified 
where necessary in BioEdit version 7.0.5.3 (Hall 
1999). Substitution models were determined using 
the Akaike Information Criterion (AIC) implement-
ed in MrModeltest version 2.3 (Posada & Crandall 
1998, Nylander 2004). For the maximum likelihood 

(ML) analysis in RAxML version 7.2.6 (Stamatakis 
2006), all parameters were kept default except for 
the substitution model, for which we selected GTR-
GAMMAI. Nonparametric bootstrap analysis was 
done using 1000 replicates. Bayesian inference (BI) 
analysis was run for 2 million generations on Mr-
Bayes 3.1.2 (Ronquist & Huelsenbeck 2003) using 
the selected model GTR+I and the stoprul command 
with the ‘stopval’ value set to 0.01; the other param-
eters were kept default. Resulting trees were sum-
marized and posterior probability support was ob-
tained by using sumt command complemented in 
MrBayes by discarding the first 25 % trees as burn-
in. Branches that received ML bootstrap support 
(MLBS) ≥ 50 and BI posterior probabilities (BIPP) 
≥ 0.9 were considered as significant.

Based on the BLASTn results, Pluteus sequences 
were downloaded – according to the outcomes of re-
cent molecular phylogenetic studies in Pluteus sect. 
Celluloderma (Menolli et al. 2010, 2015; Justo et al. 
2011a, 2011b, 2011c, 2012; Pradeep et al. 2012; 
Malysheva et al. 2016; Ferisin et al. 2019; Crous et 
al. 2019). The sequences of P. cervinus (Schaeff.) P. 
Kumm. and P. petasatus (Fr.) Gillet were used as 
outgroup following Menolli et al. (2015). Sequences 
were aligned using MAFFT version 7.017 (Katoh & 
Toh 2008) with default parameters. Maximum like-
lihood (ML) were inferred with RAxML version 8 
(Stamatakis 2014). The GTR+G model was selected 
and a total of 1000 bootstrap (BS) replicates were 
performed. 

Newly generated Rhizoglomus rDNA sequences 
(consisting of partial SSU, ITS, and partial LSU) 
were aligned with other related glomeromycotan 
sequences from NCBI GenBank in ClustalX (Larkin 
et al. 2007). Glomus macrocarpum Tul. & C. Tul. and 
Funneliformis mosseae (T.H. Nicolson & Gerd.) C. 
Walker & A. Schüssler were included as outgroup. 
Prior to phylogenetic analysis, the model of nucleo-
tide substitution was estimated using Topali 2.5 
(Milne et al. 2004). Bayesian inference (two runs 
over 3 × 106 generations, sample frequency of 300, 
burn-in of 25 %) and maximum likelihood analysis 
(with 1,000 bootstrap replicated) were performed in 
MrBayes 3.1.2 (Ronquist & Huelsenbeck 2003) and 
PhyML (Guindon & Gascuel 2003), launched from 
Topali 2.5, using the GTR + G model.

Sequences of species in Russula subsection Cy-
anoxanthinae and related species were downloaded 
from GenBank (NCBI) based on previous studies 
(Kropp 2016, Zhang et al. 2017, Li & Deng 2018) 
and combined with our newly generated sequences 
to construct a concatenated ITS–LSU–mtSSU–tef1 
dataset. Russula adusta (Pers.) Fr. and R. nigricans 
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Fr. were selected as outgroups. Russula sequences 
were aligned in MAFFT version 7 (Katoh & Toh 
2008) using the “G-INS-I” strategy, and then manu-
ally adjusted in BioEdit (Hall 1999). The sequence 
alignment was deposited at TreeBase (S24448). The 
best fit model of nucleotide evolution to the data-
sets was selected with the Akaike Information Cri-
terion (AIC) using MrModeltest 2.3 (Posada & Cran-
dall 1998, Nylander 2004). Bayesian inference (BI) 
and maximum likelihood (ML) analyses were per-
formed. Six partitions (ITS1, 5.8S, ITS2, LSU, 
mtSSU, and tef1) were used in the phylogenetic 
analyses. BI was performed using MrBayes on 
XSEDE (3.2.6) through the Cipres Science Gateway 
(Miller et al. 2010) with 2 independent runs, each 
one beginning from random trees with 4 simultane-
ous independent chains, performing 2 million gen-
erations, sampling every 100 generations. The first 
25 % of the sampled trees were discarded as burn-
in; the remaining trees were used to reconstruct a 
majority rule consensus and calculate posterior 
probabilities (BIPP). ML searches were conducted 
with RAxML-HPC2 on XSEDE 8.2.10 through Cip-
res (Miller et al. 2010), under the GTRGAMMA 
model. Only the maximum likelihood best tree from 
all 100 searches was kept. A total of 100 rapid boot-
strap replicates were run with the GTRCAT model 
to assess statistical support of nodes. Branches that 
received MLBS ≥ 75 and BIPP ≥ 0.95 were consid-
ered as significantly supported.

Combined and separate Stagonosporopsis trees 
were generated using ITS, LSU, tub2, and rpb2 se-
quences of our isolates (UC30, CG7, UC56, S3, and 
UC23) and reference species belonging to Didymel-
la, Nothophoma, and Stagonosporopsis, which we 
downloaded from GenBank (Tibpromma et al. 2017, 
Valenzuela-Lopez et al. 2018). After Clustal W mul-
tiple alignment, maximum likelihood (ML) was in-
ferred based on the Tamura-Nei model, and boot-
strapping was performed with 1000 replicates. Ini-
tial tree(s) for the heuristic search were obtained 
automatically by applying Neighbour-Joining and 
BioNJ algorithms to a matrix of pairwise distances 
estimated using the Maximum Composite Likeli-
hood (MCL) approach, and then selecting the topol-
ogy with superior log likelihood value. A discrete 
Gamma distribution was used to model evolution-
ary rate differences among sites (5 categories; +G, 
parameter = 0.1270). Phylogenetic analyses were 
conducted in MEGA7 (Kumar et al. 2016). 

Newly generated sequences of Strobilomyces 
and related sequences downloaded from GenBank 
are listed in Tab. 1. A total of 238 sequences includ-
ing 7 newly generated in this study formed the 

dataset. The sequences of rpb1, rpb2, tef1, and cox3 
were combined by Phyutility (Smith & Dunn 2008), 
because no significant incongruence was detected 
among individual genes (Nuhn et al. 2013, BS 
> 70 %). Alignments were made with MAFFT ver-
sion 7.130b (Katoh & Standley 2013) and optimized 
using BioEdit version 7.0.9 (Hall 1999) and Gblocks 
0.91b (Castresana 2000). The combined alignment 
was submitted to TreeBase (S23773). Sequences of 
rpb1, rpb2, tef1, and cox3 were divided into 12 
blocks based on three codon positions, including 
rpb1_codon1, rpb1_codon2, rpb1_codon3, rpb2_co-
don1, rpb2_codon2, rpb2_codon3, tef1_codon1, tef1_
codon2, tef1_codon3, cox3_codon1, cox3_codon2, 
and cox3_codon3. All introns in rpb1 and tef1 were 
treated as a single block, including rpb1_intron1, 
rpb1_intron2, tef1_intron1, and tef1_intron2. Alto-
gether, there were 13 data blocks predefined for the 
combined four-locus dataset. The best partitioning 
schemes and evolution models for each subset were 
evaluated by PartitionFinder 2.1.1 (Lanfear et al. 
2017). Phylogenetic trees were generated from max-
imum likelihood (ML) and Bayesian inference (BI) 
analyses based on RAxML version 7.2.6 (Stamata-
kis 2006) and MrBayes version 3.1.2 (Ronquist et al. 
2012). For ML, 1000 replicates were executed based 
on the rapid bootstrapping algorithm under the 
GTR+I+G model (Nylander 2004, Stamatakis 2006). 
For BI, partitioned Bayesian analyses of four simul-
taneous Markov chains were run for 2 million gen-
erations and sampling every 200 trees. Runs were 
monitored by Tracer version 1.5 (http://tree.bio.
ed.ac.uk/software/tracer/) to make sure the effec-
tive sample sizes (ESS) was higher than 200 and the 
average standard deviation of split frequencies was 
below 0.01. A consensus tree was generated after 
discarding the first 25 % trees as burn-in.

Uredinial ITS sequences were BLAST searched 
against the reference sequences in GenBank (www.
ncbi.nlm.nih.gov). A total of 11 ITS sequences of 
Uromyces species and Puccinia nepalensis (out-
group) previously submitted to NCBI GenBank, to-
gether with the sequences generated in this study, 
were used for phylogenetic analysis (Fig. 33). Unfor-
tunately, insufficient sequences of Rumex-infecting 
Uromyces species are currently available to conduct 
a thorough phylogenetic analysis. The sequence 
data set was aligned using the Muscle E multiple 
alignment tool within MEGA 7.0 (Kumar et al. 
2016). The alignment set was trimmed at terminals 
to remove the gaps. Phylogenetic analysis of the ITS 
sequences was performed using maximum likeli-
hood inference with the GTRGAMMA model (Nei & 
Kumar 2000).
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For phylogenetic placement of our Alternaria 
isolate, reference ITS and gpd sequences of related 
species were downloaded from NCBI GenBank (de-
tails in Tab. 1). Exserohilum gedarefense (El Shafie) 
Alcorn was used as the outgroup. All sequences 
were aligned with Clustal W (Thompson et al. 1994). 
Maximum likelihood (ML) analysis was performed 
by heuristic search in MEGA6 (Tamura et al. 2013). 
Bootstrap analysis was performed with 1000 repli-
cates. 

Sequence editing of the Marasmiellus subprui-
nosus ITS sequence was done in Bioedit 7.09 (Hall 
1999). Other sequences were downloaded from Gen-
Bank and aligned with Muscle (Edgar 2004). The 
best-fit substitution model for the alignment was 
estimated with the Akaike Information Criterion 
(AIC) using FindModel web server (http://www.hiv.
lanl.gov/content/sequence/findmodel/findmodel.
html). Phylogenetic reconstructions of the ITS data-
set were performed with maximum likelihood (ML) 
and Bayesian inference (BI). In both ML and BI the 
best-fit substitution model employed was GTR. ML 
analysis was run in the PhyML server 3.0 (http://
www.phylogeny.fr), with 100 rapid bootstrap repli-
cates. BI was performed using MrBayes 3.2.5 (Ron-
quist et al. 2012).

For Plagiosphaera immersa, the newly generated 
sequences were aligned with selected sequences of 
Magnaporthales from Hernández-Restrepo et al. 
(2016) and Silva et al. (2019), with a few recent ad-
ditions from GenBank; two species of Ophioceras 
(Ophioceraceae) were added as the outgroup. Gen-
Bank accession numbers of sequences used in these 
analyses are given in Tab 1. Sequence alignments 
were produced with the server version of MAFFT 
(http://mafft.cbrc.jp/alignment/server/) and checked 
and refined using BioEdit version 7.2.6 (Hall 1999). 
The ITS–LSU rDNA, rpb1, and tef1 matrices were 
combined for subsequent phylogenetic analyses. 
After exclusion of leading, trailing, and long gaps, 
the final combined data matrix contained 3341 
characters (632 of ITS, 763 of LSU, 1022 of rpb1, 
and 924 of tef1). Maximum likelihood (ML) analyses 
of the ITS–LSU–rpb1–tef1 data matrix were per-
formed with RAxML (Stamatakis 2006) as imple-
mented in raxmlGUI 1.3 (Silvestro & Michalak 
2012), using the ML + rapid bootstrap setting and 
the GTRGAMMA substitution model with 1000 
bootstrap replicates. The matrix was partitioned for 
the different gene regions. Maximum parsimony 
(MP) analyses of the concatenated matrix were per-
formed with PAUP version 4.0a166 (Swofford 2002), 
with 1000 bootstrap replicates using five rounds of 
heuristic search replicates with random addition of 

sequences and subsequent TBR branch swapping 
(MULTREES option in effect, steepest descent op-
tion not in effect) during each bootstrap replicate. 
All molecular characters were unordered and given 
equal weight; analyses were performed with gaps 
treated as missing data; the COLLAPSE command 
was set to minbrlen.

For the placement of Sphaerosporium lignatile 
within a phylogenetically robust tree, we used the 
six-locus Ascomycota-wide Laboulbeniomycetes 
dataset from Haelewaters et al. (2019b), an exten-
sion of the Schoch et al. (2009) Ascomycota Tree of 
Life. We extracted the SSU and LSU loci from the 
data matrix and added the respective sequence data 
of S. lignatile. Multiple alignment was run for each 
locus using MUSCLE v3.8.31 (Edgar 2004) on the 
Halstead computing cluster at Purdue University. 
The sequences of both loci were trimmed with tri-
mAl version 1.3 (Capella-Gutiérrez et al. 2009) on 
the command line with gap threshold (-gt) = 0.6 and 
minimal coverage (-cons) = 0.5, and then concate-
nated with the other loci in MEGA7 (Kumar et al. 
2016) to form a data matrix of 18,524 characters. 
Maximum likelihood (ML) analysis of the resulting 
six-locus data matrix was inferred using RAxML 
8.2.9 (Stamatakis 2014) on Halstead with the GTR-
CAT model of heterogeneity, 1000 bootstrap (MLBS) 
replicates, and Rhizopus oryzae (Mucoromycota 
sensu Spatafora et al. 2016) as outgroup.

Taxonomy

Basidiomycota, Agaricomycetes, Agaricales, Corti-

nariaceae

Cortinarius brunneocarpus Razaq & Khalid, sp. 

nov. – Figs. 1–2
MycoBank no.: MB 830035

H o l o t y p u s . – PAKISTAN. Khyber Pakhtonk haw Prov-
ince, Khanspur, 2400–2580 m a.s.l., on the ground of humified 
soil in Abies pindrow–Pinus wallichiana vegetation, 24 Au-
gust 2010, leg. A. Razaq, KP-80 (LAH240810; holotype). Se-
quences ex-holotype: MN738695 (ITS).

D e s c r i p t i o n .  –  P i l e u s  30–85 mm, cam-
panulate to plano-convex, greyish brown to ochra-
ceous brown with dark brown umbo, lighter to-
wards margin, hygrophanous, surface glabrous, 
with hygrophanous streaks, margin silky white fi-
brillose, wavy, recurved. – L a m e l l a e  adnexed to 
emarginate, distant, fairly thick, broad, ochraceous 
brown, to brown, with concolorous entire edge, 
lamellulae present. – S t i p e  25–60 × 4–10 mm, cy-
lindrical, slightly widening towards base, whitish to 
light yellowish brown, brownish towards base, 
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smooth to fibrillose, universal veil forming a white 
fibrillose evanescent zone at the half, cortina whit-
ish. – C o n t e x t  whitish to brownish, thin, soft to 
moderately firm, pale yellowish, brownish in the 
base, unchanging when bruised or cut. Odour and 
taste not recorded. – B a s i d i o s p o r e s  8.5–11.5 × 
6.0–8.5 μm, av.=10.0–7.1 μm, Q=1.35–1.42, Qav.=1.4; 
subglobose to obovoid, distinctly verrucose, moder-
ately thick-walled, rusty brown to reddish brown in 
5 % KOH, inamyloid, moderately dextrinoid. – B a -
s i d i a  30.5–38.0 × 8.0–11.5 μm, 4-spored, sterigma-
ta 3.0–3.5 μm long, hyaline to light pale yellow in 
5 % KOH, thin-walled, sub-clavate to clavate, 
transparent. Hymenial trama hyphae, cylindrical, 
irregular, 11.0–12.0 μm wide. – M a r g i n a l  c e l l s 
19.0–36.5 × 7.5–12.5 μm, cylindrical to broadly 
clavate, hyaline, thin-walled. – C l a m p  c o n n e c -
t i o n s  present. 

E t y m o l o g y. – Referring to the brown basidi-
oma of the species.

H a b i t a t  a n d  d i s t r i b u t i o n . – Only 
known from coniferous forests of western Hima-

Fig. 1. Cortinarius brunneocarpus (holotype). A. Basidiomata, B. Lamellar side of basidiomata. Photos A. Razaq.

Fig. 2. Spores of Cortinarius brunneocarpus (holotype). Scale 
bar 5 μm, del. H. Bashir.
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Fig. 3. ITS phylogeny of sect. Hinnulei including the two new species and related taxa inferred from Bayesian inference analysis. 
New sequences are highlighted in boldface. BIPP ≥ 0.8 and MLBS ≥ 50 are indicated at the nodes.
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laya, Pakistan, from Abies pindrow–Pinus wallichi-
ana vegetation at ca. 2500 m a.s.l.

N o t e s . – According to the ITS sequence and 
our phylogenetic analysis (Fig. 3), C. brunneocarpus 
is a distinct species in sect. Hinnulei. The most 
closely related species is C. hinnuleoarmillatus from 
which the new species differs in its ITS sequence by 
10 substitution and indel positions (98.1 % se-
quence similarity).

Morphologically, C. brunneocarpus is clearly 
placed in sect. Hinnulei based on the hygrophanous, 
brownish basidiomata, distant lamellae, whitish 
universal veil remnants on the stipe, and the ellip-
soid coarsely verrucose basidiospores. The spores of 
C. hinnuleus sensu Niskanen & Kytövuori (2012) 
and the recently described C. conicoumbonatus 
from Turkey (Sesli & Liimatainen 2018) have small-
er spores (7.0–9.5 × 5.4–6.5 μm and 7.3–8.6 × 4.6–5.8, 
respectively) than those of the Pakistani species 
(8.5–11.5 × 6.0–8.5 μm). Cortinarius hinnuleoarmil-
latus (Niskanen et al. 2006) has almost similar 

spores (8.8–10.5 × 5.4–6.3 μm) compared to those of 
C. brunneocarpus, but differs by the orange to 
ochraceous brown pileus, persistent annulus, lamel-
lae with violet tint, and orange red veil.

Authors: A. Razaq, S. Ilyas, A.N. Khalid, K.C. 
Semwal, V.K. Bhatt, V. Papp & B. Dima

Basidiomycota, Agaricomycetes, Agaricales, Corti-

nariaceae

Cortinarius lilacinoarmillatus Semwal & Dima, sp. 

nov. – Figs. 4–5
MycoBank no.: MB830066

H o l o t y p u s . – INDIA. Uttarakhand, Pauri Garhwal, 
Bharsar, 1950 m a.s.l., solitary, among leaf litter, near Quercus 
leucotrichophora and Corylus jacquemontii, 2 August 2015, 
leg. K.C. Semwal, KCS2428 (CAL; holotype). Sequences ex-
holotype: MN738696 (ITS).

D e s c r i p t i o n .  –  P i l e u s  20–40 mm, cam-
panulate to convex with a low umbo at centre, red-
dish brown to tawny, becoming pale ochraceous 

Fig. 4. Cortinarius lilacinoarmillatus (holotype). A. Basidiomata, B. Lamellar side of basidiomata. Photos K.C. Semwal.



Sydowia 71 (2019) 169

Song et al.: FUSE 5

brown when dry, hygrophanous, surface glabrous, 
margin crenulate. – L a m e l l a e  emarginate, dis-
tant, broad, violet-lilac when young, becoming 
brown with age, with concolorous, slightly wavy 
edge, lamellulae present. – S t i p e  50–70 × 6–8 mm, 
cylindrical, concolorous with the pileus or ochra-
ceous threads towards the base, universal veil forms 
a whitish-cream evanescent membranous ring at 
the upper thirds, cortina whitish. – C o n t e x t 
cream to brownish, thin, soft to moderately firm, 
unchanging when bruised or cut. Odour and taste 
not recorded. – B a s i d i o s p o r e s  7.0–8.7 × 
(4.5)5.0–6.0 μm, av.=7.9–5.4 μm, Q=1.4–1.6, Qav.=1.5, 
obovoid to obovoid-subglobose, moderately verru-
cose, somewhat thick-walled, rusty brown in 5 % 
KOH, inamyloid, moderately dextrinoid. – B a s i d i a 
28.0–35.0 × 7.0–10.5 μm, 4-spored, sterigmata 2.0–
3.0 μm long, hyaline, thin-walled, clavate. – L a -
m e l l a r  t r a m a  hyphae cylindrical, somewhat 
irregular, 10.0–13.0 μm wide. – M a r g i n a l  c e l l s 
21.0–32.0 × 6.0–8.7 μm, clavate, hyaline, thin-walled. 
– C l a m p  c o n n e c t i o n s  present.

E t y m o l o g y. – “lilacino” referring to the ini-
tially lilac gills, and “armillatus” referring to the 
similarity to C. hinnuleoarmillatus as well as to the 
pronounced Armillaria-like membranous partial 
veil remnants on the stipe.

H a b i t a t  a n d  d i s t r i b u t i o n . – Known 
only from type locality. Solitary, occurring among 
leaf litter, near Quercus leucotrichophora (banjh 
oak) and Corylus jacquemontii (Turkish hazelnut).

N o t e s . – This specimen was first identified as 
C. cf. distans Peck according to MushroomExpert.
com (Kuo 2011) – on the basis of the brownish pi-
leus, the distant lamellae, the ellipsoid, verrucose 
spores, and the rusty brown spore print (Semwal et 
al. 2018). However, C. distans was described from 
North America and this species was recombined to 
Phaeomarasmius distans (Peck) Singer (Index Fun-
gorum 2019). The ITS sequence of C. lilacinoarmil-
latus is most closely related to C. hinnuleoarmilla-
tus from which it differs by 8 substitution and indel 
positions (98.5 % sequence similarity). 

The purplish lamellae of young basidiomata 
represent a rare character in sect. Hinnulei. Corti-
narius hinnuleoarmillatus shares this feature with 
C. lilacinoarmillatus, but the former has signifi-
cantly larger spores (8.8–10.5 × 5.4–6.3 μm) and an 
orange reddish veil (Niskanen et al. 2006). The 
above-described C. brunneocarpus from Pakistan 
lacks the annulus-like veil remnants, its basidio-
spores are much larger, and it is associated with co-
niferous trees.

Authors: A. Razaq, S. Ilyas, A.N. Khalid, K.C. 
Semwal, V.K. Bhatt, V. Papp & B. Dima

Ascomycota, Dothideomycetes, Pleosporales, Ple-

osporaceae

Curvularia khuzestanica M. Mehr.-Koushk., Khoda-
dadi & Farokhin., sp. nov. – Fig. 6
MycoBank no.: MB 827195

H o l o t y p e . – IRAN. Khuzestan Province, Kozeria, on 
Atriplex lentiformis, June 2016, leg. M. Mehrabi-Koushki & S. 
Khodadadi-Pourarpanahi (IRAN 16941F; holotype). Ex-type 
cultures: CBS 144736 = IRAN 3135C = SCUA-11C. Sequences 
ex-holotype: MH688044 (ITS), MH688043 (gdp).

D e s c r i p t i o n . – Morphology on PDA: H y -
p h a e  sub-hyaline to pale-brown, branched, sep-
tate, thin and smooth-walled, up to 4.3 μm in width. 
– C o n i d i o p h o r e s  singly, simple, septate, ap-
proximately equally wide in the basal and medium 
parts, wider in the upper part, straight or flexuous, 
geniculate towards the apex, brown, paler in the 
upper part, cell walls thicker than those of the veg-
etative hyphae, smooth-walled, (8.6)13–99(108) × 
2.2–5.4(6.8) μm, 95 % confidence intervals = 46.3–
68.1 × 3.4–4.2 μm, ( ± SD = 57.2 ± 33.1 × 3.8 ± 1.2 μm). 
– C o n i d i o g e n o u s  c e l l s  integrated, mostly 
with verruculose nodes, terminal or intercalary, 
with sympodial proliferation, with darkened and 
thickened scars, brown, sub-cylindrical to slightly 
swollen. – C o n i d i a  ellipsoidal to fusiform, 
straight or sometimes slightly curved at the first 
septum from base, smooth-walled, brown, 3–5-dis-

Fig. 5. Spores of Cortinarius lilacinoarmillatus (holotype). 
Scale bar 5 μm, del. V. Papp.
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Fig. 6. Curvularia khuzestanica (CBS 144736). a. The host plant, Atriplex lentiformis. b–c. Colony on PDA (front and reverse). d–f. 
Conidiophores and conidia. g–h. Mono- or bipolar germination of conidia.
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toseptate, rounded at the apex, with monopolar or 

bipolar germination, (7.5)9–28(31) × 4.3–7.6(8.6) μm, 
95 % confidence intervals = 19.1–22.2 × 5.8–6.4 μm, 
( ± SD = 20.7 ± 5.8 × 6.1 ± 1.1 μm). – H i l a  conspicu-

ous and protuberant, thickened and darkened, 1.2−2 
μm wide. – C h l a m y d o s p o r e s  and sexual morph 
not observed. – Cultural characteristics on PDA: 
Colonies on PDA attaining 75–80 mm diam. after 
6 d at 28 °C, greenish black, floccose, with a fimbri-
ate margin; reverse greyish black.

E t y m o l o g y. – Referring to Khuzestan prov-

ince where the fungus was collected.

H a b i t a t  a n d  d i s t r i b u t i o n . – Thus far 
only found in Khuzestan province, Iran, as an endo-

phyte of Atriplex lentiformis.
A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – IRAN. 

Khuzestan province, Abadan, on an unidentified plant, June 
2016, leg. M. Mehrabi-Koushki & S. Khodadadi-Pourarpanahi 
(SCUA-11C-2).

N o t e s . – The genus Curvularia was erected by 

Boedijn (1933). The type species, C. lunata (Wakker) 

Boedijn, is a phytopathogen causing leaf spots on 

members of Fabaceae, Cucurbitaceae, Compositae, 

Solanaceae, Malvaceae, and Graminaceae (Lal et al. 

2013). Index Fungorum (2019) currently lists 184 

names in Curvularia, which are isolated from dif-

ferent sources including air, animals, humans, 

plants, and soil (Manamgoda et al. 2012a, 2012b, 

2014, 2015; Madrid et al. 2014; Tan et al. 2014, 2018; 
Tomaso-Peterson et al. 2016; Marin-Felix et al. 
2017a, 2017b; Dehdari et al. 2018; Heidari et al. 
2018; Liang et al. 2018; Mehrabi-Koushki et al. 
2018). They are mostly saprobes (Manamgoda et al. 

2011, 2012a, 2012b, 2014, 2015; Scott & Carter 2014; 
Tan et al. 2014, 2018), although a few of them are 

the causal agents of infectious diseases in animals, 

humans, and plants (Manamgoda et al. 2011, Ma-

drid et al. 2014). Some species were also found 

within plants as endophytes (Tadych et al. 2012, 

Gautam et al. 2013, Jena & Tayung 2013, Heidari et 

al. 2018). 

Curvularia species are traditionally distin-

guished based on morphological features, mainly 

conidial morphology including size, number of sep-

ta, conidial shape, and presence or absence of a pro-

tuberant hilum (Nelson 1964, Revankar & Sutton 

2010, da Cunha et al. 2013). Presently, they are 

mainly identified by means of an integrative ap-

proach, including morphological characterization 

and multilocus phylogenetic analyses based on the 

internal transcribed spacer region (ITS), glyceral-

dehyde-3-phosphate dehydrogenase (gpd), and 

translation elongation factor 1-α (tef1) (Manamgo-

da et al. 2012a, 2012b, 2014, 2015; Madrid et al. 

2014; Tan et al. 2014, 2018; Tomaso-Peterson et al. 
2016; Marin-Felix et al. 2017a, 2017b; Dehdari et al. 
2018; Heidari et al. 2018; Liang et al. 2018, Mehra-
bi-Koushki et al. 2018).

Sequence comparison of the newly generated 
ITS sequences via BLAST showed that the new 
species of Curvularia was most closely related to 
the type strains of C. nodosa and C. beasleyi with 
99 % similarity (Fig. 7). In the BLAST analysis of 
the gpd sequence, the closest matches were C. bea-
sleyi (99 % similarity), C. dactyloctenii (98 %), C. 
nodosa (98 %), C. hawaiiensis (98 %), and C. bu-
chloes (98 %). The composite alignment consisted 
of 971 sites including gaps (ITS, 468 sites; gpd, 503 
sites) with 625 conserved (ITS, 333; gpd, 292) and 
334 variable sites. The best model of evolution for 
phylogenetic analysis of the composite data set, as 
calculated by MEGA6, was TN93+G+I). The phylo-
genetic tree based on the composite alignment 
clustered both strains of C. khuzestanica sp. nov. 
in a strongly supported clade with (ML bootstrap 
= 99), distinct from previously described species of 
Curvularia (Fig. 7). The clustering of the ITS- and 
gpd-based phylogenetic trees also supported C. 
khuzestanica as a distinct species of Curvularia 
(not shown). Phylogenetic analyses indicated that 
the closest relatives of the new species are C. ah-
vazensis, C. beasleyi, C. dactyloctenii, C. hawaiien-
sis, and C. nodosa (Fig. 7). These six species share 
97.6 % sequence identity in the ITS region (431 bp) 
attributed to 5 SNPs (1.2 %) and 5 bp (1.2 %) in-
sertion/deletion, and 96.8 % sequence identity in 
the gpd region (432 bp) attributed to 14 SNPs 
(3.2 %).

Curvularia khuzestanica is placed in a clade 
containing C. ahvazensis Mehr.-Koushk. & Ba-
baahm (Mehrabi-Koushki et al. 2018), C. beasleyi 
Y.P. Tan & R.G. Shivas (Tan et al. 2018), C. dacty-
loctenii (Alcorn) Y.P. Tan & R.G. Shivas (Alcorn 
1982, Tan et al. 2014), C. hawaiiensis (Bugnic.) Man-
amgoda, L. Cai & K.D. Hyde (Manamgoda et al. 
2012b), and C. nodosa Y. Marín, Cheew. & Crous 
(Marin-Felix et al. 2017b), which is a subclade with-
in the ‘spicifera’ clade sensu Madrid et al. (2014). Of 
those fungi, C. beasleyi is most closely related to C. 
khuzestanica. However, the new species can be dis-
tinguished from C. beasleyi by its less septate and 
shorter conidia (3–5 distoseptate and 20.7 μm long 
in C. khuzestanica vs. 3–7 distoseptate and 26–29 
μm long in C. beasleyi). Moreover, C. khuzestanica is 
found on Atriplex lentiformis, whereas C. beasleyi 
has been reported from different hosts, including 
Chloris gayana and Leersia hexandra (Tan et al. 
2018).
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The ‘spicifera’-clade shows consistent morpho-
logical characteristics – mostly straight or slightly 
curved conidia with conspicuous distosepta. In Ma-
drid et al. (2014), this clade included only six spe-
cies, but in the present paper it is revealed to in-
clude 17 species. The complete spicifera-clade in 
the tree presented here has an ML bootstrap sup-
port of 59. The low support found here is probably 
due to the use of only two loci. In Madrid et al. 
(2014), four loci were analyzed. Still, our phyloge-
netic analysis based on a combined ITS–gpd dataset 
was able to delimit most species in the genus Cur-
vularia.

Authors: S. Khodadadi-Pourarpanahi, M. Meh-
rabi-Koushki & R. Farokhinejad

Fig. 7. ML phylogenetic tree reconstructed from a concatenated ITS–gpd dataset of 129 Curvularia strains representing previ-
ously described species and the her described C. khuzestanica. ML bootstrap values > 50 are shown at the nodes.

Basidiomycota, Agaricomycetes, Gomphales, Gom-

phaceae

Gloeocantharellus neoechinosporus Ming Zhang & 

T.H. Li, sp. nov. – Figs. 8–9 
MycoBank no.: MB829164

D i a g n o s i s . – Different from G. echinosporus in having 

light orange to orange red pileus, close lamellae without fur-

cation or vein at margin and brown to dark brown color 

changing when bruised, a weak annulus near the stipe apex, 

and smaller basidia with shorter sterigmata.

H o l o t y p u s . – CHINA. Guangdong Province, Shaoguan 
City, Renhua County, Danxiashan National Nature Reserve, 

120 m a.s.l., 113°45’E, 25°03’N, 11 September 2018, leg. Ming 

Zhang (GDGM75321; holotype). Sequences ex-holotype: 
MK358820 (ITS), MK358815 (LSU). 
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D e s c r i p t i o n .  –  P i l e u s  35–100 mm in 
diam., hemispheric at first, becoming convex to 
nearly plane with a shallow central depression in 
age; margin entire, extended to decurved; surface 
viscous when young or in wet conditions, somewhat 
dry in age, smooth, velutinous to slightly fibrillose, 
light orange, orange, deep orange, reddish orange, 
pastel red to orange red (6A4–6A8, 7A4–7A8, 8A4–
8A8) at centre, pale yellow to pale orange (4A3–
6A3) towards margin; – C o n t e x t  8–12 mm thick 
at stipe, pliable to somewhat firm, white, unchang-
ing or slightly changing to yellowish white to red-
dish white (4A2–7A2) when cut or exposed, usually 
with pale red to pastel red (7A3–9A3, 7A4–9A4) 
tones under the pileipellis. – L a m e l l a e  shortly 
decurrent, up to 5 mm wide, close, even to slightly 

fimbriate at edges, white to yellowish white (1A2–
4A2) when young, pale yellow, pale orange to grey-
ish orange (4A3–5A3, 4B3–5B3) at maturity, chang-
ing to light brown, yellowish brown, brown to dark 
brown (5D5–7D5, 5E7–7E7, 5F7–7F7) when bruised; 
– L a m e l l u l a e  present, 1–7 lamellulae of differ-
ent lengths between the two complete lamellae, 
edge entire, concolorous, sometimes forming weak 
reticulations or longitudinal stripes at apex of stipe. 
– S t i p e  30–70 × 10–17 mm, central, solid, terete to 
slightly compressed, equal to clavate-bulbous; base 
obtuse and sometimes tapered downwards and 
curved bent; surface pulverulent, cracking irregu-
larly and exposing context toward base when ma-
ture, usually with weak annulate remnants of inner 
veil near the stipe apex, white, yellowish white to 

Fig. 8. Gloeocantharellus neoechinosporus. 2–3. Basidiomata (a: GDGM75322; b: GDGM75321 Holotype!). 4–5. Basidiospores 
under SEM. 6. Basidiospores in Melzer’s reagent. Scale bars 2–3 50 mm, 4–6 5 μm.
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pale yellow (1A3–3A3, 1A2–3A2) above the annulus, 
light yellow, light orange to orange (3A5–7A5) be-
neath the annulus to the base of stipe, slightly 
changing to light brown to brown when touched or 
bruised; stipe context soft, white, unchanging or 
slightly changing to yellowish white to reddish 
white (4A2–7A2) when exposed; basal mycelium 
white. Odour and taste not distinctive. – B a s i d i -

diam., partially to completely gelatinized, gloeo-

plerous hyphae frequent, flexuous, with yellowish 
refractive content in KOH, thin-walled. – 
P i l e i p e l l i s  an ixocutis, composed of hyphae 3–6 
μm in diam., loose and frequently slightly interwo-

ven, sinuous, thin-walled, sometimes with granular 

content. Pileus context with hyphae 6–15 μm in 
diam.; context hyphae interwoven, thin-walled, 
branched, often inflated, hyaline, intermixed with 
some gloeoplerous refringent hyphae. – S t i p i t i -

p e l l i s  formed of parallel, thin-walled and narrow 

hyphae 3–6 μm in diam., with a trichodermal pali-
sade on the pulverulent portions, without caulocys-

tidia, gloeoplerous elements present as pseudocau-

locystidia. – C l a m p  c o n n e c t i o n s  present on 
almost all septa.

E t y m o l o g y. – ‘neo’ = new, ‘echino’ = echinate 
or echinulate, and ‘spora’ = spore; referring to the 
presence of echinulate spores similar to G. echino-

sporus.

H a b i t a t  a n d  d i s t r i b u t i o n . – Scattered 
or in small groups on the ground in broadleaf for-

ests. Tropical to subtropical southern China.
A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – CHINA. 

Hainan Province, Changjiang County, Bawangling National 
Nature Reserve, 850 m a.s.l., 7 July 2013, leg. Ming Zhang 
(GDGM43107); Hainan Province, Ledong County, Jianfengling 
National Nature Reserve, 1000 m a.s.l., 17 June 2017, leg. Ming 
Zhang (GDGM70585); Guangdong Province, Shaoguan City, 
Renhua County, Danxiashan National Nature Reserve, 150 m 
a.s.l., 113°45’E, 25°03’N, 11 September 2018, leg. Ming Zhang 
(GDGM75322). 

N o t e s . – Gloeocantharellus Singer (Gom-

phales, Gomphaceae) is a small genus with G. pur-
purascens (Hesler) Singer as the type species (Sing-

er 1945). The genus is mainly characterized by small 

and cantharelloid–gomphoid fleshy basidiomata 
with wrinkled to lamellate hymenium and presence 

of many gleoplerous hyphae, the presence of verru-

cose to echinulate basidiospores, and cyanophilous 

gloeocystidia. The main features used to separate 

species within Gloeocantharellus are the size and 

ornamentation of the spores, presence or absence of 

clamp connections or gloeocystidia, habitat, and 

distribution (Giachini 2004). Morphologically, the 

cantharelloid basidiomata and usually bifurcate la-

mellae make Gloeocantharellus quite similar to 

Cantharellus Adans. ex Fr. (Cantharellales, Can-

tharellaceae). However, the latter can be recognized 

by its interveined hymenophore, smooth basidio-

spores, and the absence of cyanophilous gloeocyst-

idia. In addition, Cantharellus can be easily sepa-

rated using molecular phylogenetic data. Recent 

molecular studies show that Gloeocantharellus is a 

monophyletic genus in the Gomphaceae, and close-

o s p o r e s  [80/4/4] (8)10–12(12.5) × 5–7 μm, Q = 
(1.64)1.7–2.09(2.18), Qm = 1.9 ± 0.16, ellipsoid to 
narrowly ellipsoid, thin-walled, yellowish to light 
brown, cyanophilic, strongly ornamented with or-
namentation up to 1.5 μm high, aculeate, ornamen-
tation with apically rounded aculei. – B a s i d i a 
33–50 × 8–12 μm, clavate, deeply tapering towards 
base, hyaline, 2, 4-spored, thin-walled; sterigmata 
3–5 μm, clamp connections present. – B a s i d i o l e s 
clavate. – G l o e o c y s t i d i a  on the sides and mar-
gin of the lamellae, 42–94 × 4–8 μm, cyanophilic, 
subventricose, cylindrical to lanceolate with obtuse 
to subacute apex, deeply tapering and often becom-
ing sinuous towards the base, thin-walled; hyaline 
and without content when young, then with refrin-
gent yellowish brown and densely granular content 
when old; base inserted in subhymenium or in la-
mellar trama, rarely protruding above the hymeni-
um. – H y m e n o p h o r a l  t r a m a  parallel to sub-
bilateral, somewhat interwoven hyphae 3–10 μm 

Fig. 9. Gloeocantharellus neoechinosporus. 7. Gloeocystidia. 
8. Basidia and gleocystidia. 9. Basidiospores. 10. Pileipellis. 
Scale bars 10 μm.
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ly related to Gomphus in Phallomycetidae (Giachi-
ni 2004, Giachini et al. 2010).

Species of the genus are mainly reported from 
tropical and subtropical zones of Asia, Australasia, 
and the Americas; no records are currently known 
from Europe or Africa (Giachini & Castellano 2011, 
Linhares et al. 2016). To date, 14 species of Gloeo-
cantharellus have been reported worldwide (Giach-
ini 2004, Linhares et al. 2016, Wartchow et al. 2017, 
Index Fungorum 2019) and only one reliably identi-
fied species, G. persicinus T.H. Li, Chun Y. Deng & 
L.M. Wu, has been reported from China (Deng & Li 
2008).

Three ITS sequences (MK358819–MK358821) 
were generated in this study, ten Gloeocantharellus 
were downloaded from NCBI GenBank, and Gom-
phus clavatus (Pers.) Gray was selected as outgroup. 
The aligned ITS data matrix consisting of 678 nu-
cleotide positions was submitted to Treebase 
(23924). The phylogenetic trees based on the dataset 
generated from ML and BI were almost identical, 
with only minimal differences in support values. 
The topology from the ML analysis is shown in Fig. 
10. This phylogram is similar to the results of Lin-
hares et al. (2016) and displayed that the samples 
involved in the analysis formed two major clades 
(clades I and II) but without support. The three col-
lections from southern China formed a monophyl-
etic lineage with high support nested within the 
well-supported Clade I, and showed close relation-
ships to G. echinosporus, G. corneri (Singer) Corner, 
and G. aculeatus. Clade II also received high sup-

port and was composed of G. okapaensis (Corner) 
Corner, G. persicinus, G. purpurascens, and Gloeo-
cantharellus sp. (consistent with Linhares et al. 
2016). In addition to the ITS sequences, three LSU 
sequences of the new species generated in this study 
were deposited to GenBank (MK358814–MK358816).

The annulate remnants of the inner veil on the 
stipe of the new species are firstly reported in the 
genus Gloeocantharellus and make G. neoechino-
sporus quite distinctive. In addition, the main dis-
tinctive features of G. neoechinosporus are the 
pale yellow, orange to orange red pileus, decurrent 
lamellae without furcation or vein at margin and 
easily changing to light brown to brown when 
bruised, the light yellow to orange yellow stipe 
with a weak annulus at apex, and echinulate ba-
sidiospores. 

Gloeocantharellus aculeatus and G. echinospo-
rus are two known species with echinulate basidi-
ospores (Corner 1969, Giachini 2004, Linhares et al. 
2016), closely related with G. neoechinosporus in 
morphology and phylogeny. However, G. aculeatus, 
described from Brazil, differs by its dry and orange 
to salmon pileus, bifurcate and slightly intervenose 
lamellae and smaller basidiospores (8.5)9–10.5(11) × 
5–6 μm (Linhares et al. 2016). Gloeocantharellus 
echinosporus, described from Singapore, can be 
separated on account of its orangish to red basidi-
omata combined with a white, pink to violet hyme-
nium, deeply decurrent and furcated lamellae with 
slight veins at the edge and unchanging when 
bruised, a pale white to pale yellow stipe without 

Fig. 10. ML phylogenetic tree of Gloeocantharellus species reconstructed from ITS sequences. MLBS ≥ 50 and BIPP ≥ 0.9 are 
shown above or below the branches.
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annulus, and larger basidia with longer sterigmata 
up to 10 μm (Corner 1969, Giachini 2004). 

Other species in Gloeocantharellus with similar 
pink-orange to red pileus, such as G. dingleyae 
(Segedin) Giachini, G. novae-zelandiae (Segedin) 
Giachini, G. okapaensis, and G. purpurascens, can 
be easily distinguished from G. neoechinosporus by 
the verrucose basidiospores.

The only other known species in China, G. per-
sicinus, is similar to the new species in some extent. 
However, it can be distinguished by its light orange 
to peach pileus, and smaller and verrucose basidio-
spores 8.5–10 × 4–5.8 μm (Deng & Li 2009). Also, it 
is positioned within Clade II, whereas G. neoechi-
nosporus is placed in Clade I (Fig. 10).

Authors: M. Zhang, Tai-Hui Li, C.Q. Wang & Z.X. 
Chen

Ascomycota, Laboulbeniomycetes, Laboulbeniales, 

Laboulbeniaceae

Laboulbenia bernaliana Haelew. & Santam, sp. nov. 
– Fig. 11
MycoBank no.: MB 832739

H o l o t y p u s . – PANAMA. Panamá Province, Interna-
tional Highway 3 km E of Ipell, 3 May 1992, leg. H.P. Stock-
well, on Apenes pallidipes (Chevrolat, 1835) (Coleoptera, Car-
abidae, Lebiinae), STOCKWELL STRI-ENT 0 043 489, D. 
Haelew. 868, deposited at STRI, slide FH00313718 (3 mature 
thalli from distal third of left elytron; holotype).

D e s c r i p t i o n . – Thallus pale brown, except 
for the darker foot, perithecial lips, insertion cell, 
and some parts of the appendage, especially the 
posterior margins of lower cells of outer appendage. 
Thallus straight, curved posteriorly at cell I. – 
C e l l  I  obconical, slightly curved towards posteri-
or at its lower end, 2.6–2.9× longer than wide, 37–46 
× 13–19 μm. – C e l l  I I  stouter, slightly to conspicu-
ously broadening upwards, 23–46 × 17–33 μm; sep-
tum II/VI oblique. – C e l l s  I I I  a n d  I V  sube-
qual, 14–23 and 13–20 μm long respectively. – 
C e l l  V  lens-shaped, in inner-upper corner of cell 
IV, 7–13 × 4–10 μm. – I n s e r t i o n  c e l l  dark to 
subopaque, flattened, marking a constriction on the 
posterior margin of the thallus, situated near the 
base of the posterior margin of the perithecial wall 
but separated from it, 3–8 × 10–15 μm. – I n n e r 
a p p e n d a g e  basal cell 7–9 μm long, rectangular; 
consisting of several branches divided by successive 
dichotomies, with lowest cells separated by con-
stricted septa; each branchlet carrying a single 
flask-shaped and brownish antheridium; antheridia 
degenerated in older thalli, with supporting branch-
es elongated but not exceeding the perithecial tip, 
up to 71 μm long. – O u t e r  a p p e n d a g e  up to 
87 μm long; basal cell 10–14 μm long, unbranched; 
not exceeding the perithecial tip, with lowest cells 
rounded distally and separated by black constricted 
septa. – C e l l  V I  rhomboidal, usually longer than 
wide, 10–25 × 14–22 μm. – P e r i t h e c i u m  asym-
metrical, venter inflated, with the posterior margin 
more convex than the anterior one, 2.4–3.0 × longer 
than wide, 67–98 × 67–98 μm, widest around the 
lower third; perithecial tip slightly asymmetrical, 
with prominent and rounded posterior lip; preosti-
olar spots blackish, subopaque, the posterior spot 
occupying most of the respective lips. Total length 
from foot to perithecial tip 159–212 μm.

E t y m o l o g y. – In honor of Dr. Juan A. Bernal-
Vega (1965–2018), director of Museo de Peces de 
Agua Dulce e Invertebrados, Universidad Autóno-
ma de Chiriquí—entomologist, collaborator, and 
friend.

H o s t s  a n d  d i s t r i b u t i o n . – On species of 
Apenes (Coleoptera, Carabidae, Lebiinae), Apristus, 
and Philophuga (Coleoptera, Carabidae, Harpali-
nae) in Nicaragua and Panama.

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – Ibid., slides 
D. Haelew. 868b (9 mature thalli from pronotum; isotype at 
MIUP) and FH00313719 (4 mature thalli from right elytron; 
isotype); Chiriquí Province, 1 km N of Santa Clara, 1200 m 
a.s.l., UV light, 24. September 1992, leg. A.R. Gillogly, on Ape-
nes sp. 5, STOCKWELL STRI-ENT 0 043 538, D. Haelew. 869, 
deposited at STRI, slide FH00313720 (1 submature and 2 ma-
ture thalli from distal third of elytra; paratype); Veraguas 

Fig. 11. Laboulbenia bernaliana. Two mature thalli from slide 
FH00313719 (isotype). Scale bar 50 μm, del. A. De Kesel.
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Province, Alto de Piedra, above Santa Fe, 830 m a.s.l., 28. Jan-
uary 1996, leg. H.P. Stockwell, on Philophuga caerulea Casey, 
1913 [labeled as Calleida viridis Chevrolat, 1836] (Coleoptera, 
Carabidae, Harpalinae), STOCKWELL STRI-ENT 0 043 616, 
D. Haelew. 874, deposited at STRI, slide FH00313721 (2 ma-
ture thalli from left elytron; paratype). NICARAGUA. Estelí 
Department, Mesas de Moropotente Natural Reserve, 13° 09’ 
51.7” N, 85° 02’ 9” W, 1242 m a.s.l., in pitfall traps, 23–30. Au-
gust 2007, leg. P. Andrés, on Apristus sp. (Coleoptera, Carabi-
dae, Harpalinae), slides BCB-SS-E469a, b, c, d (24 juvenile, 2 
submature, and 30 mature thalli from elytra, pronotum, legs, 
antennae, and mouth parts; paratypes).

N o t e s . – Laboulbenia species from European 
Lebiini have had a turbulent taxonomic history, un-
til they were synonymized under the name L. notio-
phili in Rossi & Santamaría (2006). The same au-
thors preserved the closely related L. casnoniae 
Thaxt. for thalli found on Colliuris (Carabidae, 
Lebiinae) in North America. The most descriptive 
character to separate both species from each other 
is the inner appendage. In L. casnoniae, its basal 
cell carries two unbranched appendages that al-
ways exceed the perithecial tip in length and each 
carry a single antheridium at the second cell (Rossi 
& Santamaría 2006).

For L. notiophili, Rossi & Santamaría (2006) 
mention the following constant characters: (1) thal-
lus dark pigmented except for cells I and V; (2) cell 
V located in the upper-inner corner of cell IV; (3) 
septum IV–V obliquely positioned and straight; (4) 
outer appendage simple and darker in the lower 
cells and in their outer margins. In our Panamanian 
collections of L. bernaliana, the thallus is (light-)
brown pigmented except for cells I–II and (mostly) 
V. Cell V is positioned in the upper-inner corner of 
cell IV and separated from it by an oblique and 
straight septum. The appendages are short, often 
with darkened, constricted septa between the cells. 
The outer appendage is simple, with the basal cell 
being much larger and bulging at the posterior 
margin. The inner appendage consists of two di-
chotomously dividing branches supported by the 
basal cell, which do not reach the perithecial tip; 
sometimes a tuft of branchlets is formed. The poste-
rior preostiolar spot occupies most of the respective 
lips in Panamanian thalli, but this is not the case in 
the Nicaraguan material.

Laboulbenia notiophili has a broad host spec-
trum including two distantly related tribes: Notio-
philini (subfamily Nebriinae) and Lebiini (subfam-
ily Lebiinae). Within the Lebiini tribe, it is known 
from 5 subtribes: Cymindiina (Cymindis), Demetri-
adina (Demetrias), Dromiusina (Calodromius, 
Metadromius, Paradromius, Philorhizus), Lionychi-
na (Syntomus), and Pseudotrechina (Pseudotre-
chus). Laboulbenia bernaliana has hosts in 3 differ-

ent subtribes within Lebiini: Apenina (Apenes), 
Calleidina (Philophuga), and Dromiusina (Apris-
tus). To be complete, the North American L. casno-
niae is a parasite of Colliuris spp., which belong to 
the tribe Odacanthini of the same subfamily (Lebi-
inae).

Authors: D. Haelewaters & A. De Kesel

Ascomycota, Laboulbeniomycetes, Laboulbeniales, 

Laboulbeniaceae

Laboulbenia oioveliicola Haelew. & Gorczak, sp. 

nov. – Fig. 12
MycoBank no.: MB 821697

H o l o t y p u s . – BRAZIL. São Paulo State, Biritiba Mirim, 
Parque Estadual da Serra do Mar, Cachoeira da Pedra Furada, 
23°42’16.4”S, 46°02’42.8”W, 725 m a.s.l., on foam masses, 23 
August 2014, leg. H. Rodrigues, on Oiovelia machadoi Rodri-
gues & Moreira, 2016 (Hemiptera, Veliidae, Veliinae), D. 
Haelew. 913, deposited at MZUSP, slide D. Haelew. 913d (2 ju-
venile and 6 mature thalli from right antenna; holotype at 
INPA).

D e s c r i p t i o n . – Cell I and perithecial tip hya-
line, the rest of the thallus olivaceous, darkest at 
cell V and the perithecial venter, which are subo-

Fig. 12. Laboulbenia oioveliicola. Two mature thalli from slide 
FH00313717 (isotype), and juvenile thallus from slide D. 
Haelew. 913d (holotype). Scale bar 100 μm, del. A. De Kesel.
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paque. Thallus conspicuously curved anteriorly. 
Outer wall covered with fine, darkened punctures. 
– C e l l  I  elongated, 39–54 × 25–33 μm. – C e l l  I I 
stout, broadening upwards, 39–54 × 25–33 μm; sep-
tum II/VI very oblique. – C e l l  I I I + I V  elongated, 
81–107 × 21–27 μm, extending above perithecial 
apex, often sigmoid, its lower half connected to pos-
terior perithecial wall, posterior margin straight or 
concave. – C e l l  V  triangular and bent anteriorly, 
20–26 × 11–18 μm, in the inner-upper corner of cell 
IV. – I n n e r  a p p e n d a g e  up to 67–107 μm long; 
basal cell hyaline to brown, broadly isodiametric, 
rounded, bearing two branches bending anteriorly, 
each consisting of two darkened elongated cells, the 
first of which carries a single antheridium at the 
posterior side. – A n t h e r i d i a  pale brown, flask 
shaped, 14–19 × 4–5 μm. – O u t e r  a p p e n d a g e 
two-celled, 60–106 μm long, basal cell similar to but 
less bloated than basal cell of inner appendage, 
bearing a single, elongated branchlet, similar to the 
two-celled branches of inner appendage, also bend-
ing anteriorly, and carrying externally at the base 
another cell, which was always broken off, even in 
developing thalli. – C e l l  V I  very small, inconspic-
uous, lens-shaped, only visible in young thalli. – 
P e r i t h e c i u m  asymmetrical, with the anterior 
margin straight or slightly convex and the posterior 
margin strongly convex, 2.5× longer than wide, 78–
90 × 28–36 μm, widest below the middle; outer wall 
cells unequal, twisted spirally upwards; preostiolar 
spots reduced to conspicuous striae at the septa be-
tween the wall cells of the upper tier; perithecial tip 
symmetrical, rounded, often bearing a minute hya-
line tooth. Total length from foot to perithecial tip 
262–307 μm.

E t y m o l o g y. – Referring to the host genus, 
Oiovelia, on which the fungus was found.

H o s t s  a n d  d i s t r i b u t i o n . – Only known 
from Oiovelia machadoi in the state of São Paulo, 
Brazil.

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – Ibid., slides 
FH00313716 (2 mature thalli from right antenna; isotype), 
FH00313717 (2 mature thalli from right antenna; ISOTYPE), 
and D. Haelew. 913c (1 mature thallus from right eye; isotype 
at INPA); Ibid., on O. machadoi, D. Haelew. 942, deposited at 
MZUSP, slide D. Haelew. 942a (1 submature thallus from left 
antenna; paratype at INPA). Ex-paratype sequences: 
MF314142 (LSU, isolate D. Haelew. 942b, 3 juvenile and 5 ma-
ture thalli from antennae).

N o t e s . – True bugs are parasitized by species 
belonging to different genera of Laboulbeniales de-
pending on their lifestyle (Santamaría 2008). Twen-
ty-two species of Coreomyces Thaxt. are found on 
aquatic bugs; on terrestrial bugs four monotypic 
genera are known to occur: Corethromyces Thaxt., 

Cupulomyces R.K. Benj., Majewskia Y.B. Lee & K. 
Sugiy., and Polyandromyces Thaxt. There are many 
Laboulbeniales on semiaquatic bugs; these have 
been studied in depth by the late Dr. Richard K. 
Benjamin. The following genera are known to occur 
on semiaquatic bugs: Autophagomyces Thaxt. 
(1 species), Laboulbenia (11 species), Monandromy-
ces R.K. Benj. (11 species), Prolixandromyces R.K. 
Benj. (6 species), Rhizopodomyces Thaxt. (7 spe-
cies), Tavaresiella T. Majewski (4 species) and 
Triceromyces T. Majewski (11 species).

There are 633 species in the genus Laboulbenia, 
of which 40 have been described since 2010 alone 
(Haelewaters et al. 2017, Rossi & Leonardi 2018, 
Rossi et al. 2019, present paper). Thus far, 11 La-
boulbenia species have been found on semiaquatic 
Hemiptera, suborder Heteroptera (Thaxter 1912, 
Poisson 1954, Benjamin 1967). These are: L. drakei 
R.K. Benj. from Rhagovelia (Veliidae) in Panama, L. 
hemipteralis Thaxt. from Velia (Veliidae) in Argen-
tina, L. leechii R.K. Benj. from Microvelia (Veliidae) 
in Mexico and the USA, L. macroveliae R.K. Benj. 
from Macrovelia (Macroveliidae) in the USA, L. mi-
croveliae R.K. Benj. from Microvelia (Veliidae) in 
Mexico and the USA, L. rhagoveliae R.K. Benj. from 
Rhagovelia (Veliidae) in Mexico and Panama, L. 
titschackii Poisson, nom. inval., from Velia (Velii-
dae) in Peru, L. truxalii R.K. Benj. from Rhagovelia 
(Veliidae) in Mexico, L. uhleri R.K. Benj. from Mac-
rovelia (Macroveliidae) in the USA, L. usingeri R.K. 
Benj. from Rhagovelia (Veliidae) in Panama, and L. 
veliae Thaxt. from Velia (Veliidae) in Argentina.

With this new species, the number of Laboulbe-
nia species on Hemiptera is raised to 12. Laboulbe-
nia oioveliicola differs from the other species by the 
enlarged cells III+IV. Because of this enlargement, 
cell V, the insertion cell, and the appendages are po-
sitioned above the perithecial apex. The insertion 
cell of all 11 Laboulbenia species is disconnected 
from the perithecium. In L. hemipteralis, the an-
drostichum (cells III, IV, and V) looks “normal,” with 
cell III carrying both cells IV and V, which are 
equally high. In the other species, the distal part of 
cell V grows in between the insertion cell and the 
posterior side of the perithecium, apparently push-
ing the perithecium anteriorly. In some species (e.g., 
L. microveliae, L. truxalii) this feature is more pro-
nounced than in others (L. veliae). Also in L. oiove-
liicola, the perithecium is directed anteriorly, be-
cause of the unusual development of cell IV. Of the 
Laboulbenia species occurring on semiaquatic He-
miptera, also L. hemipteralis, L. microveliae, L. uh-
leri, and L. veliae have spiraled perithecial cell 
walls. Only in L. microveliae, cells III and IV are 
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replaced by a single cell, as is the case in L. oiovelii-
cola. However, L. microveliae is different in other 
aspects: the habitus is much more compact, cell 
III+IV is not unusually high, its perithecium is 
strongly ovoid with an asymmetrical tip, and the 
appendages are differently structured.

Most species in the genus Laboulbenia have a 
typically 5-celled receptacle (I-V), but some species 
have undivided cells III+IV or III+IV+V (especially 
species associated with Chrysomelidae and Curcu-
lionidae; Rossi et al. 2015, 2016). In Tab. 2, we listed 
all known Laboulbenia species with an undivided 
cell III+IV like in L. oioveliicola. Their hosts belong 
to three orders and seven families: Coleoptera 
(Cleridae, Chrysomelidae); Diptera (Chloropidae, 
Diopsidae, Lauxaniidae, Richardiidae); and Heter-
optera (Veliidae). Within the Chrysomelidae, repre-
sentatives of multiple tribes are known to host spe-
cies of Laboulbenia with a cell III+IV: Alticini, Lu-
perini, Metacyclini (subfamily Galerucinae), and 
Eumolpini (subfamily Eumolpinae). This diversity 
in host usage leads us to hypothesize that the devel-
opment of an undivided cell III+IV has happened 

independently on multiple occasions. This implies 
that this character is not probably suitable to define 
groups or sections of Laboulbenia. It also hints at 
developmental plasticity in the genus.

We generated a 468-bp LSU sequence from iso-
late D. Haelew. 942b. Using the BLASTn tool we 
found L. stilicicola Speg. (isolate D. Haelew. 1467a, 
GenBank accession number MN394856) to be the  
closest match with 86.08 % similarity, followed by 
L. flagellata Peyr. (D. Haelew. 1457a, MN394851) 
with 85.63 % similarity (Haelewaters et al. 2019a). 
All matches with Laboulbenia isolates were be-
tween 82 and 86 % similarity. With this evolution-
ary divergence, one might argue that L. oioveliicola  
is a representative of another, undescribed genus. 
However, more Laboulbenia species with undivided 
cells III+IV and III+IV+V should be sequenced and 
compared against L. oioveliicola before making 
such a taxonomic decision.

All studied thalli were positioned on the anten-
nae, except one that was located on the right eye 
(slide D. Haelew. 913c). The morphology of this 
specimen differs from the other thalli. Because only 

Tab. 2. Overview of Laboulbenia species with undivided cells III+IV, along with their hosts (genus level) and host classification. 

Laboulbenia species Host(s) Host classification

L. apotropinae W. Rossi & Ponziani 2008 Apotropina Diptera, Chloropidae

L. arietina Thaxt. 1914 Disonycha Chrysomelidae, Galerucinae, Alticini

L. calcarata W. Rossi et al. 2016 Metacyclini undet. Chrysomelidae, Galerucinae, Metacyclini

L. diabroticae Thaxt. 1914 Diabrotica Chrysomelidae, Galerucinae, Luperini

L. crispata Thaxt. 1917 Hippelates Diptera, Chloropidae

L. cristatella Thaxt. 1914 Altica, Asphaera, Lactica Chrysomelidae, Galerucinae, Alticini

L. drakei R.K. Benj. 1967 Rhagovelia Heteroptera, Veliidae, Rhagoveliinae

L. flabelliformis K. Sugiy. & T. Majewski 1987 Alticini sp. indet., Asphaeraa Chrysomelidae, Galerucinae, Alticini

L. funebris Thaxt. 1914 Altica Chrysomelidae, Galerucinae, Alticini

L. gratiellae W. Rossi 1987 Teleopsis Diptera, Diopsidae

L. lacticae Thaxt. 1912b Lactica Chrysomelidae, Galerucinae, Alticini

L. maecolaspidis W. Rossi & Cesari 1979 Colaspis Chrysomelidae, Eumolpinae, Eumolpini

L. muscariae Thaxt. 1917 Sapromyza Diptera, Lauxaniidae

L. oioveliicola sp. nov. Oiovelia Heteroptera, Veliidae, Veliinae

L. opima W. Rossi 2011 Chrysodinopsis Chrysomelidae, Eumolpinae, Eumolpini

L. parasyphraeae W. Rossi & Bergonzo 2008 Parasyphraea Chrysomelidae, Galerucinae, Alticini

L. percolaspidis A. Weir & W. Rossi 2001 Percolaspis Chrysomelidae, Eumolpinae, Eumolpini

L. richardiana W. Rossi & Kotrba 2004 Richardia Diptera, Richardiidae

L. sapromyzae Thaxt. 1917 Sapromyza Diptera, Lauxaniidae

L. sima W. Rossi et al. 2016 Phyllotrupes Chrysomelidae, Galerucinae, Alticini

L. tapiae W. Rossi 2011 Priocera Cleridae, Clerinae

L. truxalii R.K. Benj. 1967 Rhagovelia Heteroptera, Veliidae, Rhagoveliinae

L. yasuniensis W. Rossi et al. 2016 Percolaspis Chrysomelidae, Eumolpinae, Eumolpini

a Asphaera is the host genus as identified in Haelewaters et al. (2017): Asphaera transversofasciata in Panama, A. nobilitata in 
Trinidad. 

b This was a single report from El Salvador, presented by Weir and Beakes (1996). However, the fungus was probably incorrectly 
identified, because L. lacticae, following the original description in Thaxter (1912), has discrete cells III and IV.
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one morphologically distinct thallus was available 
for study, we could not isolate DNA from it. Consid-
ering that several species exhibit position-induced 
morphological plasticity (Santamaría & Faille 2009, 
Goldmann et al. 2013, Haelewaters & Pfister 2019), 
it is possible that L. oioveliicola is polymorphic. 
When more material can be collected for study, this 
variation might be added to the molecular data. 
What follows is the description of the single thallus 
removed from the right eye.

D e s c r i p t i o n  o f  D .  H a e l e w.  9 1 3 c . – 
Cells I and II hyaline, except from brown region 
around septum I/II, appendages hyaline, the rest of 
the thallus brown, cell VI and the perithecial ven-
ter (sub-)opaque. Cells I and II forming a slender, 
posteriorly curved stalked. – C e l l  I  elongated, 
80 × 18 μm. – C e l l  I I  similar to cell I, making a 
strong constriction at its distal end, 82 × 16 μm; 
septum II/VI very oblique. – C e l l  I I I  higher than 
broad, 18 × 15 μm. – C e l l  I V  pentagonal, broad-
er than high, 16 × 20 μm. – C e l l  V  subtrapezoidal, 
positioned on top of cell IV, its distal margin free 
in between the posterior margin of the perithecium 
and the insertion cell, 19 × 14 μm. – I n s e r t i o n 
c e l l  narrow, opaque, placed very obliquely. – I n -
n e r  a p p e n d a g e  consisting of a basal cell, 
higher than broad, widening downwards, carrying 
a single elongated antheridium. – O u t e r  a p -
p e n d a g e  consisting of a single branchlet, 110 μm 
in length; basal cell rectangular, higher than broad; 
the next two cells gradually smaller; the last cell 
elongated and curved towards anterior; septa be-
tween all cells of the outer appendage darkened. 
– C e l l  V I  broader than long, very oblique. – 
P e r i t h e c i u m  asymmetrical, the anterior mar-
gin marked with clear indentations between differ-
ent tiers, 89 × 26 μm; strongly tapering to the 
clearly delimitated apex, with its parallel walls; 
perithecial tip asymmetrical, higher at the poste-
rior side, bearing a minute hyaline tooth. Total 
length from foot to perithecial tip 239 μm.

N o t e s . – The structure of the androstichum in 
this thallus is similar to the arrangement in Laboul-
benia leechii, L. macroveliae, L. rhagoveliae, L. uh-
lerii, and L. usingerii. In these species, cells III, IV, 
and V are also placed on top of each other. Only L. 
usingerii has a slender habitus with elongated cells 
I and II, like the thallus in slide D. Haelew. 913c. 
This species, however, is different in its appendage 
structure and in its perithecial apex, which is black-
ish at the posterior side (Benjamin 1967). Interest-
ingly, the thallus in slide D. Haelew. 913c and L. 
usingerii were both found on the eyes of their hosts. 
Laboulbenia usingerii occurs on Rhagovelia sp. On 

one of the host specimens, two other species were 
removed (Benjamin 1967): L. drakei from the poste-
rior legs and L. rhagoveliae from the antennae, an-
terior legs, and sternites. It could be that these rep-
resent three morphotypes of the same phylogenetic 
species.

Authors: D. Haelewaters & A. De Kesel

Ascomycota, Laboulbeniomycetes, Laboulbeniales, 

Laboulbeniaceae

Laboulbenia termiticola De Kesel & Haelew., sp. 

nov. – Fig. 13
MycoBank no.: MB 832740

H o l o t y p u s . – DEMOCRATIC REPUBLIC OF THE 
CONGO. Katanga Province, near Kisangwe, Mikembo sanctu-
ary, 11°28’24.3”S, 27°39’51.8”E, 1082 m a.s.l., in Julbernardia–
Brachystegia miombo forest, in rotten tree trunks, 26 January 
2018, leg. A. De Kesel, on Macrotermes subhyalinus (Rambur 
1842) (Blattodea, Termitidae, Macrotermitinae), ADK 6319, 
deposited at BR, slide BR5020195003490V (1 juvenile and 6 
mature thalli from cephalon and legs; holotype).

D e s c r i p t i o n . – Lower third of cell I, perithe-
cial apex, and appendages hyaline, the rest of the 
thallus brown; darkening with age, darkest at cell II 
and the perithecium. – C e l l  I  elongated, straight 
or curved near the foot, 106–149 × 19–28 μm; some-
times conspicuously wider at its apex. – C e l l  I I 
usually in line with cell I, cylindrical, with parallel 
margins, 108–170 × 15–26 μm, up to 10× longer than 
wide. – C e l l s  I I I  a n d  V I  side by side, of similar 
size and shape, rectangular, 27–42 × 8–15 μm. – C e l l 
I V  similar to cell III but shorter, 19–27 × 7–14 μm. 
– C e l l  V  rounded, in inner-upper corner of cell IV, 
6–8 × 5–8 μm. – I n s e r t i o n  c e l l  opaque, flat-
tened, sometimes but not always marking a con-
striction on the posterior margin of the thallus; at-
tached to the lower third of the posterior margin of 
the perithecial wall, 12–16 μm wide. – I n n e r  a p -
p e n d a g e  basal cell 7–13 μm long; composed of 8 
similar branches resulting from successive dichoto-
mies starting at the basal cell; cells gradually longer 
and narrower towards the distal end, branches ex-
ceeding perithecial tip, 81–138 μm long. – 
 A n t h e r i d i a  short, flask-shaped; arising lateral-
ly from suprabasal or third cells. – O u t e r  a p -
p e n d a g e  82–133 μm long; similar to inner ap-
pendage but basal cell 9–15 μm long and lowermost 
2–3 tiers of cells tinged with yellowish-brown. – 
P e r i t h e c i u m  slightly asymmetrical, ellipsoid, 
anterior and posterior margins equally convex or 
the anterior margin more convex than the posterior 
one, 2.5–3.1× longer than wide, 55–91 × 20–34 μm, 
widest in the middle to its upper third; perithecial 
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Fig. 13. Laboulbenia termiticola. a–d. Mature thalli from legs. e–f. Mature thallus from cephalon, with detail of perithecium and 
branching pattern of appendages. All thalli from slide BR5020195003490V (holotype). Scale bars a–e 100 μm, f 50 μm, del. A. De 
Kesel.
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tip asymmetrical, with prominent and rounded pos-

terior lip; preostiolar spots black, opaque, the pos-

terior spot occupying most of the respective lips, 

both merging into a preapical ring in older individ-

uals. Total length from foot to perithecial tip 323–
446 μm. – A s c o s p o r e s  two-celled, hyaline, 45–
55(62) μm long.

E t y m o l o g y. – From Latin, referring to the 
host, a species of termite.

H o s t s  a n d  d i s t r i b u t i o n . – On Mac-
rotermes subhyalinus in the DR Congo.

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – DEMO-

CRATIC REPUBLIC OF THE CONGO. Katanga Province, 

near Kisangwe, Mikembo sanctuary, 11°29’10.2”S, 

27°39’11.7”E, in Julbernardia–Brachystegia miombo forest, 

18 January 2015, leg. A. De Kesel, on M. subhyalinus, ADK 

6246, deposited at BR, slides BR5020195001434V (2 mature 
thalli from cephalon; paratype) and BR5020195000406V 
(1 mature thallus from cephalon; paratype); Ibid., on M. sub-
hyalinus, ADK 6486, deposited at BR, slide BR5020195002462V 

(1 juvenile and 4 mature thalli from cephalon; paratype).

N o t e s . – Soldier and worker termites were col-
lected from rotting logs, not from the nests and only 

during the rainy season. Thalli of L. termiticola oc-

cur either pairwise or isolated, always in few num-

bers per host. We found L. termiticola mostly on sol-

dier’s cephalon and abdomen; workers seem very 
rarely infected. The morphology of thalli from sol-

diers is relatively stable, and independent from the 

growth position on the host. Old thalli are very 

darkened towards entirely black and tend to break 

off above septum I/II, leaving behind only blackish 

pin-like remains on the host’s integument.

Thus far, seven species of Laboulbenia are de-

scribed from termites: Laboulbenia antemnalis W. 

Rossi & M. Leonard from Macrotermes bellicosus in 

Sierra Leone, L. brignolii W. Rossi & M. Blackw. on 

Macrotermes herus in Ethiopia, L. buccalis from 

Amitermes evuncifer in Sierra Leone, L. felicis-
caprae W. Rossi on Anacanthotermes ochraceus in 

Libya, L. geminata Buchli ex W. Rossi & M. Blackw. 

on Odontotermes spp. in Ethiopia and Kenya, L. 
ghanaensis W. Rossi & M. Blackw. on A. evuncifer in 

Ghana, and L. hagenii Thaxt. on Macrotermes mi-
chaelseni [as Termes bellicosus var. mossambicus] in 

Mozambique (Thaxter 1895, 1896; Buchli 1966; 
Rossi 1974; Rossi & Blackwell 1986; Rossi & Leon-

ardi 2018). Those species are all recognized by their 

small size. For example, L. ghanaensis is among the 

smallest species in the order – measuring ~70 μm 
from foot to perithecial tip. In contrast, the habitus 

of the new species is filiform; thalli are several 100s 
of μm in length and look like blackish filiform 
structures on the integument.

Authors: D. Haelewaters & A. De Kesel

Basidiomycota, Agaricomycetes, Agaricales, 

Pluteaceae

Pluteus cutefractus Ferisin, Dovana & Justo, sp. 

nov. – Figs. 14–15 
MycoBank no.: MB 823569

D i a g n o s i s . – Basidiomata with a markedly cracked 
pileipellis, globose to broadly ellipsoid basidiospores, pre-
dominantly ovoid to broadly clavate cheilocystidia and pleu-
rocystidia, trichohymeniderm pileipellis consisting of broadly 
utriform and fusiform elements.

H o l o t y p u s . – SLOVENIA. Nova Goricâ, Panoveĉ Park, 
on buried twigs of broadleaved trees, in wet shady places, 8 
July 2017, leg. G. Ferisin & L. Pelizzari (MCVE 30110; holo-
type). Sequences ex-holotype: MN264751 (ITS).

Fig. 14. Basidiomata of Pluteus cutefractus, MCVE 30110 
(holotype).

D e s c r i p t i o n .  –  P i l e u s  20–25 mm in 
diam., plano-concave to concave, straight margin 
sometimes reflexed, not hygrophanous, very dark 
brown in center, pallescent towards margin to light 
brown, in center venulose or smooth, cuticle 
cracked, markedly so in older specimens, showing 
whitish flesh underneath. – L a m e l l a e  free, mod-
erately crowded, slightly ventricose, up to 4 mm 
broad, first whitish later pink with flocculose edge. 
– S t i p e  35–50 × 4–5 mm, cylindrical, not bulbous, 
pubescent, white all over. – Smell and taste not dis-
tinctive. – C o n t e x t  white. – B a s i d i o p o r e s 
[70, 4, 2], (4.9)4.9–6.0–7.1(7.2) × (4.2)5.0–5.4–5.8(6.3) 
μm Q= (1.00)1.04–1.12–1.20(1.33); globose to broad-
ly ellipsoid, thick-walled, non-amyloid, cyanophil-
ous. – B a s i d i a  21–26 × 8–10 μm, clavate, 4-spored. 
– P l e u r o c y s t i d i a  40–55 × 20–25 μm, scattered, 
thin-walled; shape variable from ovoid to broadly 
clavate, hyaline. – C h e i l o c y s t i d i a  26–76 × 12–
26 μm, abundant, hyaline; variable in shape from 
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ovoid, clavate to broadly clavate, so numerous as to 
make the lamellar edge sterile. – P i l e i p e l l i s  a 
trichohymeniderm made up of broadly utriform 
(45–60 × 20–30 μm) and fusiform (100–135 × 11–
15 μm) elements, pigment intracellular, vacuolar, 
light brown or brown. – S t i p i t i p e l l i s  a cutis of 
light brown hyphae, 4–10 μm wide. – C a u l o c y s t -
i d i a  present, descending to about 1/3 of length of 
stipe, 40–60 × 12–18 μm, variable in shape from 
clavate to fusiform, sometimes filled with evenly 

dissolved brownish intracellular pigment. – C l a m p 
c o n n e c t i o n s  absent in all tissues.

E t y m o l o g y.  – From Latin, ‘cutis’ = skin and 
‘fractus’ = broken.

H a b i t  a n d  d i s t r i b u t i o n . – In groups, on 
underground twigs of broadleaved trees, during 

summer. Thus far only known from Slovenia.
A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – SLOVENIA. 

Nova Goricâ, Panoveĉ Parck, on buried twigs of broadleaved 
trees, 8 July 2017, leg. G. Ferisin (MCVE 30111).

Fig. 15. Pluteus cutefractus, MCVE 30110 (holotype). A, B. Cheilocystidia. C. Pleurocystidia. D. Pileipellis. E. Caulocystidia. 
F. Basidiospores. Scale bars 10 μm. 



184 Sydowia 71 (2019)

Song et al.: FUSE 5

Fig. 16. Maximum likelihood tree obtained from an ITS dataset of Pluteus sect. Celluloderma. MLBS ≥ 70 are presented above 
clade branches. Newly sequenced collections are highlighted in boldface.
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N o t e s . – Pluteus cutefractus appears in our 
phylogenetic reconstruction (Fig. 16) within the po-
dospileus clade in Pluteus sect. Celluloderma, to-
gether with P. brunneocrinitus Menolli, Justo & 
Capelari, P. crinitus Menolli, Justo & Capelari, P. 
necopinatus Menolli, Justo & Capelari, P. podospi-
leus Sacc. & Cub, P. seticeps (G.F. Atk.) Singer, and 
several unnamed and/or undescribed taxa. Pluteus 
brunneocrinitus differs in its darker colors of the 
pileus; less cracked pileipellis; absence of pleuro-
cystidia; and pigmented cheilocystidia, which are 
narrowly clavate (Menolli et al. 2015). Pluteus crini-
tus and P. necopinatus both have similar pileus 
color to P. cutefractus, and a markedly cracked 
pileipellis, but both of them differ from the new 
species in the absence of pleurocystidia (Menolli et 
al. 2015). Aditionally, P. crinitus has a heterogene-
ous lamellar edge, with cheilocystidia intermixed 
with basidia, and P. necopinatus has broadly lagen-
iform or narrowly utriform cheilocystidia (Menolli 
et al. 2015). All three species are only known from 
Brazil. Pluteus seticeps, a North American species, 
has a smooth to minutely granulose pileus surface 
and lacks pleurocystidia (Minnis & Sundberg 2010). 
Pluteus podospileus has a smoother pileus surface, 
not so markedly cracked, and pleuro- and cheilo-
cystidia that are mostly narrowly utriform, broadly 
fusiform or narrowly clavate (Vellinga 1990, Take-
hashi & Kasuya 2009).

Authors: G. Ferisin, F. Dovana & A. Justo

Glomeromycota, Glomeromycetes, Glomerales, 

Glomeraceae

Rhizoglomus variabile Corazon-Guivin, Oehl & 
G.A. Silva, sp. nov. – Fig. 17
MycoBank no.: MB 832472

D i a g n o s i s . – Different from Rhizoglomus antarcticum 
by more variable spore sizes and thinner spore wall, especially 
of the structural laminated wall layer. 

H o l o t y p u s . – PERU. San Martín State, Lamas Prov-
ince, Palmiche, 06°20’02.40”S, 76°36’00.00”W, 462 m a.s.l., 
25 August 2016, leg. M. Anderson Corazon-Guivin, (ZT Myc 
60391; holotype). Derived from a single species culture estab-
lished on hosts plants Sorghum vulgare, alfalfa, Brachiaria sp. 
and the Inca nut in the greenhouse of the Molecular Biology 
and Genetics Laboratory, Faculty of Agricultural Sciences, 
National University of San Martin-Tarapoto, Perú. Original 
soil, from the rhizosphere of the Inca nut.

D e s c r i p t i o n . – S p o r e s  formed terminally 
on subtending hyphae (SH) either singly or, prefer-
ably, in small spore clusters, with 2–50 and possibly 
also more spores per cluster; golden yellow-brown 
to yellow brown, globose to subglobose to rarely ob-
long or irregular, (30)70–185 × (30)65–160 μm. – 

S p o r e  w a l l  three layered. Outer layer (SWL1) 

hyaline, evanescent, 0.8–1.5 μm thick. Second layer 
(SWL2) structural, persistent, laminate, golden-yel-

low to bright yellow brown, 1.6–2.6(3.2) μm thick. 
Innermost layer (SWL3) flexible, light-yellow to 
bright yellow, 1.1–2.0 μm thick, usually tightly ad-

herent to SWL3, sometimes separating or showing a 

few folds in crushed spores. In Melzer’s reagent, 

SWL2 staining pinkish purple to purple. – S u b -

t e n d i n g  h y p h a e  (SH) of spores cylindrical to 

slightly funnel-shaped, sometimes recurved, (6)9.0–
15.5(18) μm broad and 12–200 μm long, and without 
introverted wall thickening toward the spore base. 

Base generally not closed by a septum, but open. 

Such septa observable in 8–25 μm distance from the 
spore bases, these being 8–15 μm thick, golden yel-
low to bright yellow brown. SH layers continuous 

with the SW layers and in total 2.5–3.6 μm thick 
usually tapering to 0.5–1.5 μm towards the mycelia 
hyphae. Mycelia hyphae hyaline, 7–14 μm thick and 
with 1–2 hyphal wall layers. Mycelial hyphae stain-

ing pinkish to purple in Melzer’s reagent. – Ve s i c -

u l a r - a r b u s c u l a r  m y c o r r h i z a  f o r m a -

t i o n  with Sorghum sp., Brachiaria sp. and Inca 

nut as plant hosts in pot cultures. Mycorrhizal 

structures consisting of arbuscules, vesicles, and in-

tra- and extraradical hyphae and staining dark 

blue in 0.05 % trypan blue or with ink (Vierheilig et 

al. 1998).

E t y m o l o g y. – Referring to the extremely var-
iable spore sizes, which had not been recognized be-

fore in such dimensions within the genus Rhizoglo-
mus.

H a b i t a t  a n d  d i s t r i b u t i o n . – Only 
known from its type location in Lamas, San Martín 

State in Peru, from an Inca nut plantation in 

Palmiche, where Inca nut is cultured in agroforestry 

systems together with Zea mays and Phaseolus vul-
garis. 

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – PERU. San 
Martín State, Lamas Province, Palmiche, 06°20’02.40” S, 
76°36’00.00” W, 462 m a.s.l., 25 August 2016, leg. M. Anderson 
Corazon-Guivin, (ZT Myc 60392, isotype).

N o t e s . – The new AM fungus Rhizoglomus var-
iabile can be distinguished from all other Rhizoglo-
mus spp. by the combination of spore size, color, and 

spore wall structure, but most importantly especial-

ly by the highly variable spore sizes, which in such 

an extent is only known from Funneliformis mos-
seae and Glomus mortonii (Gerdemann & Trappe 

1974, Bentivenga & Hetrick 1991). It forms a triple-

layered spore wall including an innermost flexible 
layer, such as known for Rhizoglomus antarcticum, 

R. clarum, R. fasciculatum, and R. manihotis, which 
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Fig. 17. Rhizoglomus variabile. A–B. Spore clusters in PVLG with spores of very variable sizes. C. Spore cluster fragment in 
PVLG & Melzer’s reagent. Pigmented spores and subtending hyphae as well as the hyaline mycelia hyphae stain pinkish purple 
to purple. D. Spore in PVLG with three layers (SWL1, 2, 3) and a slightly funnel-shaped subtending hypha. E–G. Spores in PVLG 
& Melzer’s reagent. Hyaline outer and inner layers SWL1 and SWL3 do not stain in Melzer’s, while pigmented, structural layer 
SWL2 stains pinkish purple to purple. Subtending hypha typically cylindrical. Sometimes a septum can be recognized in some 
distance to the spore base, while the pore at the base regularly is open.
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Fig. 18. Phylogenetic tree obtained by analysis of partial SSU, ITS, and partial LSU rDNA sequences of different Rhizoglomus 
spp. Sequences labeled with GenBank accession numbers. Sequences obtained in this study shown in boldface. BI posterior prob-
abilities ≥ 0.6 and ML bootstrap support ≥ 60 shown above and below branches, respectively. Thick branches represent clades ≥ 
0.9/90 support. 
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form either larger spores (R. clarum and R. maniho-
tis), a broader spore wall (R. antarcticum), or creamy 
and generally smaller spores (R. fasciculatum). 
Rhizoglomus dunense, R. intraradices, and R. irreg-
ulare have also triple-layer spores, but their inner-
most layer is not flexible, hyaline and thin, but lam-
inate, yellow brown, and persistent (Błaszkowski et 
al. 2018, Turrini et al. 2018). Finally, R. aggregatum 
has a bi-layered spore wall and spores that are also 
less variable in size than those of R. variabile 
(Schenck & Smith 1982, Koske 1985).

Phylogenetic analysis of the newly generated 
rDNA sequences placed R. variabile in the genus 
Rhizoglomus Sieverd., G.A. Silva & Oehl, typified 
by R. intraradices (N.C. Schenck & G.S. Sm.) 
Sieverd., G.A. Silva & Oehl (Sieverding et al. 2014). 
Sequences of the new species formed a maximum 
supported clade with Rhizoglomus arabicum (Fig. 
18). BLASTn searches showed 94–95 % similarity 
with R. arabicum type sequences, considering the 
entire Kruger’s fragment (Symanczik et al. 2014; ac-
cession numbers KF154764, KF154765, KF154766, 
KF154767). Rhizoglomus arabicum can be easily 
distinguished morphologically from the new spe-
cies, as it has four layered and generally smaller 
spores (30–85 × 50–125 μm). 

Environmental sequences deposited in public 
databases indicate that R. variabile might have a 
global distribution, from humid to arid climates. 
BLASTn analysis of the entire DNA fragment se-
quenced from R. variabile revealed that an environ-
mental sequence obtained from maize roots 
(KJ701452) from China (Zeng et al. 2015) had 97 % 
similarity with our new species. Environmental 
LSU rDNA sequences related to R. variabile with 
≥ 97 % similarity were obtained from roots of Trifo-
lium pratense in Japan (AB935523), in China plant 
roots (GQ149199), spores from maize fields in the 
USA (JN937261, JN937262, JN937265, JN937266, 
JN937273, JN937275, JN937276, JN937278, 
JN937280, JN937282, JN937284, JN937286, 
JN937479, JN937482), and from roots of Acacia ger-
rardii in Kuwait (MK247225, MK247236, 
MK247237) (Li et al. 2010, Moebius-Clune et al. 
2013, Suleiman et al. 2019).

Rhizoglomus variabile is the third species of 
Rhizoglomus to be described originally from South 
America. The other two species are R. manihotis 
(Schenck et al. 1984) and R. natalense (Błaszkowski 
et al. 2014). Marinho et al. (2018) reported in total 
11 Rhizoglomus species from tropical forests world-
wide, whereas Jobim et al. (2018) listed 10 Rhizoglo-
mus species only from the Atlantic rainforest in 
Brazil, a humid forest biome, separated from the 

Amazon rainforest by the Cerrado savanna and the 
semi-arid Caatinga biome.

Authors: M. Anderson Corazon-Guivin, A. Cer-
na-Mendoza, J.C. Guerrero-Abad, A. Vallejos-Ta-
pullima, G.A. da Silva & F. Oehl

Basidiomycota, Agaricomycetes, Russulales, Russu-

laceae

Russula phloginea J. Song & J.F. Liang, sp. nov. – 
Figs. 19–20 
MycoBank no.: MB 830876

H o l o t y p u s . – CHINA. Yunnan province, Baoshan, 
Changning County, Goujie Town, Goujiecun, Make Mountains, 
on the ground in coniferous and broad-leaved mixed forest, 
1924 m a.s.l., 25°03’52.31”N, 99°81’34.27”E, 12 August 2017, 
leg. H.J. Li, CNX530524068 (LI 8811, holotype; RITF4193).

D e s c r i p t i o n .  –  B a s i d i o m a t a  (Figs. 
19A–C) medium-sized. – P i l e u s  4–10 cm in diam., 
first hemispherical to plano-concave with a de-
pressed centre, becoming sub-infundibuliform 
when mature, surface pink (#C7A7AC) to amethyst 
(#9966CC) with localized blanched-almond 
(#FFEBCD) or dark brown (#423336) zone towards 
the centre when fresh; pileipellis unpolished with 
some tiny white scabs or saddle brown (#8B4513) 
flakes, slightly viscid when moist, peelable; margin 
decurved when juvenile, acute, becoming straight, 
smooth, none to slightly striate, slightly cracked 
with age. – C o n t e x t  up to 3.5 mm thick at the 
centre, white, negative in FeSO4. – L a m e l l a e  ad-
nexed with scattered lamellulae, dense, flexible, fre-
quently forked near the stipe, 3–7 mm broad, regu-
lar, white, smooth, unchanging when bruising, edge 
entire. – S t i p e  3.5–7.5 cm, cylindrical, glabrous or 
longitudinally ridged, spongy inside, fleshy, dry, 
white. – Odour distinct. – Taste mild. – S p o r e 
p r i n t  white. – B a s i d i o s p o r e s  (Figs. 19G–I) 
(6)6.4–7.8 × 5.2–6.5 μm, Q = 1.21–1.28 [60/2/2], sub-
globose to ellipsoid, ornamented strongly amyloid, 
composed of blunt, isolated, cylindrical warts, up to 
0.5 μm; suprahilar plage distinct, non-amyloid. – 
B a s i d i a  (Figs. 19E, 20A) 29–45 × 9–11 μm, 
4-spored, clavate, thin-walled, sterigmata up to 5 × 
2 μm. – P l e u r o c y s t i d i a  (Fig. 20B) (48)60–
78.6(79.5) × 7.3–9.6(9.9) μm, thin-walled, dispersed, 
not abundant, embedded or with the tip projecting 
slightly beyond the hymenium, subfusiform, clavate 
to lanceolate with obtuse, subacute, or broken apex, 
with refractive subacerose contents, grey in SV (Fig. 
19F). – C h e i l o c y s t i d i a  few, similar to but 
smaller than pleurocystidia. – L a m e l l a e  trama 
composed with hyphae 2–6 μm wide, thin-walled, 
hyaline, scarcely divergent and with sphaerocytes 
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(Fig. 19D) 28–55 μm in diam., thin-walled, hyaline. 
– P i l e i p e l l i s  two-layered, slightly gelatinous, 
metachromatic in Cresyl blue; subpellis ca. 150–
240 μm thick, composed of hyphae 2–4 μm wide, 
thin-walled, hyaline, rarely septate, branched, sinu-

ous, forming a dense mat close to the underlying 

trama; suprapellis ca. 40–60 μm thick. – Te r m i n a l 
c e l l s  (Fig. 20C) near the pileus centre obclavate, 

measuring 10–40 × 3–5 μm, erected arranged; termi-
nal cells (Fig. 20D) near the pileus margin slender, 

apices obtuse, 23–35 × 1.5–3 μm, mostly curving. – 
P i l e o c y s t i d i a  dispersed, clavate to cylindrical 

in suprapellis (Figs. 20C, E), often with moniliform 

apex, 23–56 × 3–5 μm, one-celled; cylindrical in 
subpellis (Fig. 20F), with rounded apex, up to 105 × 
5 μm, thin-walled, grey in SV. – S t i p i t i p e l l i s 
composed of parallel thin-walled hyphae, 3–5 μm 

wide in diam. – C a u l o c y s t i d i a  abundant (Fig. 
20G), fusoid to cylindrical, with rounded or acute 
apex, up to 108 × 6 μm, grey in SV. – S t i p e  t r a m a 
composed of connective hyphae and nested sphaero-
cytes up to 32 μm in diam. – C l a m p  c o n n e c -
t i o n s  absent in all parts of basidioma.

E t y m o l o g y. – From Latin, referring to the 
amethyst color of the pileal surface similar to the 
pinkish flower of Phlox paniculata.

H a b i t a t  a n d  d i s t r i b u t i o n . – Known from 
southwestern China, solitary or scattered, in conifer-
ous and broad-leaved mixed forest at 1927 m a.s.l.

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – CHINA. 
Yunnan province, Baoshan, Changning County, Mengtong 
Town, Dazhaipo, on the ground in coniferous and broad-
leaved mixed forest, 1297 m a.s.l., 24°59’35.23”N, 
99°62’36.83”E, 2 August 2017, leg. H.J. Li, CNX530524304 (LI 
9026, RITF4194).

Fig. 19. Basidiomata and microscopic structures of Russula phloginea. a–b. Basidiomata, CNX530524068 (holotype). c. Basidio-
mata, CNX530524304. d. Sphaerocytes of lamellae trama in Congo Red reagent. e. Hymenium in Congo Red reagent. f. Hymenium 
in SV solution. g. Basidiospores in Melzer’s reagent. h–i. Basidiospores (SEM). Scale bars a, c 1 cm; b 1.5 cm; d–e, g–h 10 μm, 
f 20 μm, i 2 μm.
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Fig. 20. Microscopic structures of Russula phloginea, drawn from CNX530524068 (holotype). a. Basidia. b. Pleurocystidia. c. Ter-
minal cell and pileocystidia in suprapellis. d. Pileocystidia in suprapellis. e. Pileocystidia in subpellis. f. Caulocystidia. Scale bars 
10 μm.



Sydowia 71 (2019) 191

Song et al.: FUSE 5

N o t e s . – Yunnan province is a mountainous 
area with a generally mild climate located in the 
Hengduan-Himalayan region of China, which is a 
global biodiversity hotspot (Myers et al. 2000). Its 
topographic range combined with tropical moisture 
sustains extremely high biodiversity and high de-
grees of endemism. In our survey of Russula from 
Yunnan province, several specimens could not be 
assigned to any described species. The morphologi-
cal characters infer that these specimens represent 
a novel species in subsection Cyanoxanthinae, 
which belongs to Russula subg. Heterophyllidia Ro-
magnesi based on the latest phylogeny published 
for the genus (Buyck et al. 2018). Russula subsection 
Cyanoxanthinae Sing. is characterized by the com-
plex color of pileipellis, glabrous, sericeous or 
scurfy cuticle, acute margin of the pileus, flexible 
and not brittle lamellae with numerous lamellulae 
or furcations, metachromatic tissues in Cresyl blue, 
and negative or slightly greyish green context in 
FeSO4 (Singer 1986, Sarnari 1998). Recent studies 
on Russula in China have revealed many new spe-
cies (Zhao et al 2015, Zhang et al. 2017, Jiang et al. 
2018, Li & Deng 2018). Thus far, four species in sub-
sect. Cyanoxanthinae have been reported from Chi-
na: R. dinghuensis J.B. Zhang & L.H. Qiu, R. subpal-
lidirosea J.B. Zhang & L.H. Qiu, R. nigrovirens Q. 
Zhao, and R. lotus Fang Li (Li & Deng 2018). 

Our combined ITS–LSU–mtSSU–tef1 dataset 
included sequences from 33 isolates representing 25 

taxa. The dataset was composed of 2547 characters, 
of which 1838 were constant and 450 were parsimo-
ny-informative. The best model for the combined 
dataset was GTR with an equal frequency of nu-
cleotides. BI and ML analyses resulted in similar 
topologies with an average standard deviation of 
split frequencies = 0.008991 (BI). The resulting ML 
phylogram (-lnL = 10443.199559) is shown in Fig. 
21, revealing that R. subsect. Cyanoxanthinae 
formed a robust monophyletic clade (MLBS = 100, 
BIPP = 1.0), and relationships of most species in this 
subsection were well supported. Russula phloginea 
was found to be nested well within subsect. Cyan-
oxanthinae and represented a sister species to R. 
lotus with significant support (MLBS = 99, BIPP = 
1.0).

Morphologically, R. phloginea can be placed 
within subsect. Cyanoxanthinae based on its not to 
slightly striate pileus, pink to amethyst pileal sur-
face, acute margin, flexible lamellae, white context 
negative with FeSO4, glabrous or longitudinally 
ridged spongy stipe, white spore print, frequently 
forked lamellae, metachromatic pileipellis in Cresyl 
blue, grey pleurocystidia in SV, and isolate warts 
(Singer 1986, Sarnari 1998). Phylogenetically, ML 
and BI analyses also showed that R. phloginea is 
nested within subsect. Cyanoxanthinae. Russula 
phloginea is sister to R. lotus, closely related to R. 
pallidirosea Kropp from American Samoa and to 
two Asian species R. dinghuensis and R. subpallidi-

Fig. 21. ML phylogenetic tree of Russula subsect. Cyanoxanthinae reconstructed from the ITS–LSU–mtSSU–ef1α dataset. 
Branches are labeled with MLBS ≥ 50 and BIPP ≥ 0.95. New species shown in boldface.
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rosea. Russula lotus morphologically resembles R. 
phloginea in the pinkish white to purplish pink pi-
leus, similar size of basidiospores with isolate warts, 
white spore print, and subfusiform to clavate pleu-
rocystidia. However, R. phloginea is different from 
R. lotus by having plentiful clavate to cylindrical 
pileocystidia with moniliform apex, fusoid to cylin-
drical caulocystidia, obclavate terminal cell, fre-
quently forked lamellae, cylindrical stipe without 
tapering base, and by never producing distinct yel-
lowish white pileus centre area (Li & Deng 2018). 

Russula phloginea can be easily distinguished 
from R. dinghuensis, R. subpallidirosea, and R. pal-
lidirosea by its macro- and micro-morphological 
characters. Russula phloginea has pink to amethyst 
pileus, unpolished pileipellis with some tiny white 
scabs or saddle brown flakes, distinct suprahilar 
plage, large pleurocystidia (60–80 × 8–10 μm), abun-
dant caulocystidia (108 × 6 μm) with rounded or 
acute apex, clavate to cylindrical pileocystidia with 
moniliform apex and distinct odour; whereas R. 
dinghuensis produce olive green to dark green pi-
leus mixed with rusty tone, indistinct odour, indis-
tinct suprahilar plage shorter pleurocystidia (44–67 
× 6–10 μm), shorter caulocystidia (43–76 × 5–6.3 
μm), cylindrical to clavate pileocystidia without 
moniliform apex (Zhang et al. 2017); R. subpallidi-
rosea has a pale pink to pale grayish-pink pileus, 
indistinct odour, indistinct suprahilar plage, short-
er pleurocystidia (35–50 × 5–8 μm) and caulocyst-
idia (50–83 × 4–6 μm), and pileocystidia never gen-
erating a moniliform apex (Zhang et al. 2017); and 
R. pallidirosea produces pallid to pinkish pileus, 
indistinct suprahilar plage, shorter pleurocystidia 
(40–55 × 5–7 μm), occasionally forked lamellae with 
scarce lamellulae, and often tapering pileocystidia 
(Kropp 2016). A key to the species in R. subsect. Cy-
anoxanthinae from China is provided.

For the time being, the taxonomy of the genus 
Russula in China is far from being well studied and 
many specimens are still unidentified. Our research 
also indicates that the Russula subsect. Cyanoxan-
thinae is largely distributed in Asia. Further studies 
based on broader sampling and more molecular 
data are needed to give a deep insight into Russula 
subsect. Cyanoxanthinae. 

Authors: J. Song, B. Chen, J.F. Liang, J.K. Lu, S.K. 
Wang, X.Y. Pan & F. Yu

Key to species in Russula subsect. Cyanoxanthinae 

in China

1. Pileal surface green white, grayish green, olive 
green to dark green  ............................................2

1*. Pileal surface pale pink to amethyst  ................3

2. Occurring at high altitude, higher than 3000 m 
a.s.l., basidia up to 75 × 14 μm, terminal cell up 
to 46 × 5 μm  ..................................R. nigrovirens

2*. Occurring at altitudes less than 1500 m a.s.l., 
basidia up to 50 × 12 μm, terminal cell up to 24 × 
4 μm  ..............................................R. dinghuensis

3. Frequently forked lamellae  ...............................4
3*. Occasionally forked lamellae  .................R. lotus
4. Pileocystidia with mucronate apex or subtermi-

nally constricted, pleurocystidia up to 50 × 
8 μm, caulocystidia up to 83 × 6 μm  ...................
 ................................................. R. subpallidirosea

4*. Pileocystidia with moniliform apex, pleurocyst-
idia up to 80 ×10 μm, caulocystidia up to 108 × 
6 μm  ................................................. R. phloginea

Ascomycota, Dothideomycetes, Pleosporales, Didy-

mellaceae

Stagonosporopsis flacciduvarum M. Lorenzini & 
Zapparoli, sp. nov. – Fig. 22
MycoBank no.: MB 829182

H o l o t y p u s . –  ITALY. Provincia Autonoma di Trento, 
Valle dei Laghi, isolated from withered Nosiola grapes, No-
vember 2013, leg. M. Lorenzini and G. Zapparoli, strain UC23 
(CBS 145113; holotype specimen and culture, preserved as 
metabolically inactive culture). Sequences ex-holotype: 
KU554588 (ITS), KU554634 (LSU), MK032764 (tub2), 
MK205423 (rpb2).

D e s c r i p t i o n .  –  H y p h a e  hyaline to brown, 
smooth, septate, 2–5 μm wide. – C o n i d i o m a t a 
pycnidial, pale brown to dark brown, solitary, some-
times aggregate, covered by hyphae, subglobose to 
globose, scarcely detected on PDA [(88)107±20(150) 
× (73)91±20(135) μm, n=8] and OA [(62)92±44(170) × 
(49)78±37(146) μm, n=6], abundant on pine needles 
[(49)77±27(146) × (32)63±20(115) μm, n=20] (Figs. 
22D, J). – P y c n i d i a l  w a l l  pseudoparenchyma-
tous, composed of oblong to isodiametric cells, mel-
anized, 15–50 μm thick. – C o n i d i o g e n o u s 
c e l l s  enteroblastic/phialidic, hyaline, smooth, 
ampulliform to doliiform, 5–7.5 × 4–8 μm (n=10) 
(Fig. 22G). – C h l a m y d o s p o r e s  not abundant, 
light brown, multicellular-dictyo/phragmospores 
arranged in alternarioid chains, intercalary, occa-
sionally terminal, irregular roughened, (25)40±9(50) 
× (15)20±3(25) μm on PDA, (10)16±5(25) × (8)15±5(23) 
μm on OA (n=10) (Fig. 22F). – C o n i d i a  ovoid to 
ellipsoidal, biguttulate and eguttulate, scarcely 
produced on PDA [(2.5)3.2±0.4(4) × (1.5)1.7±0.2(2) 
μm, n=20], abundant on pine needle [(2.5)3.6±0.5(5.5) 
× (1.5)2.0±0.2(2.5) μm, n=51] (Figs. 22H, I). Hyphae 
coils detected on all media (Fig 22E).

C u l t u r e  c h a r a c t e r i s t i c s .  –  Colonies on 
MEA reaching 80 mm diam. after 7 d at 25 °C; my-
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celium plane, dense, cream to light brown, with 
concentric rings, margin regular; reverse brown to 
dark brown at center, cream to pale brown at pe-
riphery (Fig. 22A). Colonies on PDA reaching 84 mm 
diam. after 7 d at 25 °C; mycelium felted, cottony, 
brown, with concentric rings, margin regular, edge 
whitish; reverse dark at center and whitish at pe-
riphery (Fig. 22B). Colonies on OA reaching 76 mm 
diam. after 7 d at 25 °C; mycelium plane, olivaceous 
to dark at center, whitish and immersed in the me-

dium at periphery, margin regular; reverse oliva-
ceous at center and whitish at periphery (Fig. 22C). 
Colonies on all media not growing at 30 °C.

E t y m o l o g y.  –  From Latin, ‘flaccid’ = shriveled 
and ‘uvarum’ (genitive plural of the noun uva) = 
grape, referring to the withered/shriveled grapes 
where the strain was isolated. 

H a b i t a t  a n d  d i s t r i b u t i o n .  –  Saprobe 
on grape berries of Vitis vinifera var. Nosiola stored in 
fruit-drying room. Only known from northern Italy.

Fig. 22. Macro- and micro-morphology of Stagonosporopsis flacciduvarum. A. Colony morphology of UC23 isolate on MEA. 
B. Colony morphology on PDA. C. Colony morphology on OA. D. Pycnidia on PDA. E. Hyphae coil on PDA. F. Chlamydospore on 
PDA. G. Conidiogenous cells indicated by arrows on pine needle. H–I. Conidia on pine needle. J. Pycnidia on pine needle. K. Chlo-
rotic area produced on berry infected by UC23 isolate. Scale bars D–F 50 μm, G–I 10 μm.
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P a t h o g e n i c i t y  a s s a y. – Our Didymellace-
ae isolates had a very low capacity to cause disease 
on V. vinifera tissues (Fig. 23). Grape berries inocu-
lated by all strains displayed a localized chlorotic 
area with mycelium that partially enshrouded the 
berries. A clear necrotic area was detected only on 
detached young leaves inoculated by 5 isolates after 
7 d. Moreover, only old leaves infected by isolate S3 
displayed mycelial growth limited to few millime-
ters (2–5 mm) beyond the inoculation site. After 
12 d, necrotic lesion was observed on canes inocu-
lated by neither of the 5 strains. Mycelial growth 
around the inoculation site was observed only on 
cane tissues infected by isolates CG7 and S3.

N o t e s . – The Didymellaceae (Pleosporales) 
were established by de Gruyter et al. (2009) and 
represent one of the most speciose families in the 
fungal kingdom. Recently, this family was taxo-
nomically revised based on multi-locus DNA se-
quence data, redefining some genera (e.g., Epicoc-
cum, Peyronellaea, and Stagonosporopsis) and add-
ing several new ones (e.g., Heterophoma, Allopho-
ma, Paraboeremia, and Neoascochyta) (Aveskamp 
et al 2010; Chen et al. 2015, 2017; Wijayawardene et 

al. 2017). Species of this family are cosmopolitan 
and inhabit different environments. Most Didymel-
laceae are plant pathogens of a wide range of hosts; 
their potential host specificity has not yet been ad-
dressed (Chen et al. 2017).

Several species of Didymellaceae have been iso-
lated from Vitis vinifera, where they can be either 
pathogens or saprobes (Hofstetter et al. 2012, Jaya-
wardena et al. 2018). Phoma, Didymella, and Epico-
ccum are the most representative genera associated 
with grapevines, whereas others, such as Ascochyta, 
Boeremia, Leptosphaerulina, and Stagonosporop-
sis, are generally less frequent. Very little is known 
about their pathogenicity on grapevine and the ca-
pacity to cause diseases, such as necrosis, bark 
crashes, trunk, and cane spot, has been documented 
only for D. negriana and D. glomerata (Granata & 
Refatti 1981, Machowicz-Stefaniak & Król 2007).

Members of Didymellaceae have previously been 
isolated from withered grapes used for passito wine 
production (Lorenzini & Zapparoli 2015, Lorenzini 
et al. 2016). Epicoccum nigrum was the most fre-
quent and can cause berry rot. Other isolates be-
longing to Didymella and Stagonosporopsis were 

Fig. 23. Results of pathogenicity assay in grapevine. Mycelial growth on berry and necrosis on young leaves after inoculum of 
different isolates at 25 °C after 7 d. A–C. Didymella americana UC30. D–F. D. calidophila CG7. G–I. D. pomorum UC56. J–L. 
Nothophoma quercina S3. M–O. Stagonosporopsis flacciduvarum UC23.
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Fig. 24. ML phylogenetic tree of Didymella species, recon-
structed from the combined ITS–LSU–tub2–rpb2 dataset. ML 
bootstrap support values shown at the nodes. Leptosphaeria 
conoidea and L. doliolum served as outgroups. 

made, but their identification at species level has 
not been possible due to their unclear phylogeny us-
ing ITS and LSU gene sequences. The recent taxo-
nomic revision of Didymellaceae (Chen et al. 2017), 
encouraged us to identify Dydimellaceae isolates 
collected from withered grapes during a new sur-
vey. The isolates were studied by an integrative ap-
proach (multi-locus phylogeny, morphology, patho-
genic analysis). Of all isolates studied, one repre-
sented a novel Stagonosporopsis species described 
above.

The BLASTn analysis in NCBI GenBank of our 
newly generated ITS and LSU sequences of UC30, 
CG7, UC56, and S3 was not informative for species 
identification. Conversely, tub2 and rpb2 gene se-
quences showed high similarity (99–100 %) to Didy-
mella americana (UC30), D. calidophila (CG7), D. 
pomorum (UC56), and Nothophoma quercina (S3). 
Considering this information, the phylogenetic po-
sition of the three Didymella isolates was evaluated 
using taxa of this genus according to Valenzuela-
Lopez et al. (2018). In our concatenated ITS–LSU–
tub2–rpb2 phylogenetic tree, isolate UC30 was 
placed in a cluster of D. americana strains (MLBS = 
56), isolate CG7 close to D. calidophila CBS 448.83 
(MLBS = 100), and isolate UC56 in a cluster of D. 
pomorum strains (MLBS = 99) (Fig. 24). Data ob-
tained by phylogenetic analysis of the ITS, tub2, 
and rpb2 datasets separately were not totally con-
gruent for isolate UC30 with the combined dataset. 
This isolate was placed in a cluster containing dif-
ferent Didymella species comprehending D. ameri-
cana taxa (data not shown). On the other hand, the 
data obtained by phylogenetic analysis of the ITS, 
tub2, and rpb2 datasets separately were congruent 
for isolates CG7 and UC56 with the combined data-
set. The phylogenetic analysis of the LSU dataset 
placed isolates CG7, UC30, and UC56 in a cluster 
containing different Didymella taxa (data not 
shown).

The colony morphology of isolate UC30 identi-
fied as D. americana, resembled that described for 
the holotype (Morgan-Jones & White 1983, Boerema 
1993). Didymella americana causes diseases on gly-
cines, beans, and gramineae (wheat, sorghum, and 
corn) worldwide (Boerema et al. 2004, Aveskamp et 
al. 2010, Gorny et al. 2016, Chen et al. 2017). Isolate 
CG7 was identified as D. calidophila, which is a rare 
species; only two strains have been recovered more 
than 35 years ago, ex-neotype CBS 448.83 (neotype 
CBS H-20168) from desert-soil and PD 84/109 from 
Cucumis sativus. The morphology of strain CG7 
was congruent with that of D. calidophila (Boerema 
1993, Aveskamp et al. 2009). The occurrence of D. 
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americana and D. calidophila on withered grapes 
and infectivity on different V. vinifera tissues could 
be indicative of their potential pathogenicity on 
grapevine. Isolate UC56 was identified as Didymel-
la pomorum, a species previously detected on 
asymptomatic grapevines (Jayawardena et al. 2018). 
The present study reports for the first time the oc-
currence and pathogenicity of D. pomorum on grape 
berries.

The phylogenetic position of isolate S3 was eval-
uated using taxa of the genus Nothophoma accord-
ing to Valenzuela-Lopez et al. (2018). The concate-
nated phylogenetic tree (ITS–LSU–tub2–rpb2) 
placed S3 isolate among strains of N. quercina 
(MLBS = 92) (Fig. 25). Phylogenetic analysis of the 
tub2 and rpb2 datasets separately were congruent 
with the combined dataset (data not shown). How-
ever, based on the ITS dataset, isolate S3 was placed 
close to N. variabilis UTHSC:DI 16-285, whereas 
based on LSU it was placed in a cluster with strains 
of N. quercina and N. anigozanthi (data not shown).

Isolate S3 showed a colony morphology quite 
different with respect to the holotype of Nothopho-
ma quercina (Aveskamp et al. 2010). Macro-mor-
phological differences within this species have pre-
viously been described by Moral et al. (2017). This 
fungus is a worldwide plant pathogen and has been 
isolated from different diseased plant materials 

(e.g., apple, pistachio, oak, and olive trees) in the 
USA (Arizona), the Mediterranean area, Ukraine, 
and China (Moral et al. 2017, Liu et al. 2018). The 
recovery of N. quercina from withered grapes and 
pathogenicity assay suggest that grapevine could be 
a new host of this fungus. 

The ITS, LSU, tub2, and rpb2 sequences of iso-
late UC23 showed 100 % similarity to Stagonospor-
opsis sp., S. cucurbitacearum, S. dorenboschii, dif-
ferent strains of Phoma sp., and Pleosporales sp. for 
ITS; 99 % similarity to different members of Didy-
mellaceae for LSU; 99 % similarity to S. ailanthico-
la and S. bomiensis for tub2; and 98 % similarity to 
S. bomiensis and S. papillata for rpb2. As a result, 
the phylogenetic position of UC23 isolate was eval-
uated using taxa of the genus Stagonosporopsis ac-
cording to Chen et al. (2017) and Tibpromma et al. 
(2017). The combined ML tree (ITS–LSU–tub2–
rpb2) placed isolate UC23 as a sister to a clade with 
S. bomiensis and S. papillata (BS = 99) (Fig. 26). 
Phylogenetic analysis using separate datasets of 
ITS and LSU placed our isolate UC23 in a cluster 
comprehending S. bomiensis, S. papillata, S. ailan-
thicola, and S. dorenboschii (data not shown). In the 
tub2 tree, isolate UC23 was placed closely related to 
S. ailanthicola, and in the rpb2 tree it was placed 
close but separate to S. bomiensis and S. papillata 
(data not shown). The rpb2 sequence is the most in-

Fig. 25. ML phylogenetic tree of Nothophoma species, reconstructed from the combined ITS–LSU–tub2–rpb2 dataset. ML boot-
strap support values shown at the nodes. Neopyrenochaeta telephoni served as outgroup. 
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formative one to differentiate the newly described 

S. flacciduvarum from S. ailanthicola, S. bomiensis, 

S. papillata, and S. dorenboschii.

The taxonomic state of our isolate UC23 was 

previously unclear (Lorenzini et al. 2016) but is now 

shown to represent a new species, S. flacciduvarum. 
Phylogenetically, it is related to the recently de-

scribed species S. bomiensis and S. papillata (Chen 

at al. 2017). Stagonosporopsis flacciduvarum differs 

from related species in macro- and micro-morphol-

ogy. It has a colony texture and color highly differ-

ent from the holotypes of S. bomiensis and S. papil-
lata (Chen at al. 2017). Notably, S. flacciduvarum 

does not grow at 30 °C and it has low production of 

pycnidia and conidia on all tested media. Further, it 

differs from S. bomiensis and S. papillata in its 
chlamydospores, smaller pycnidia, and slightly 
smaller conidia (Chen et al. 2017).

C u l t u r e  a n d  m o r p h o l o g i c a l  c h a r a c t e r i s -
t i c s  o f  D i d y m e l l a  a n d  N o t h o p h o m a  i s o l a t e s . 
– Growth rate of D. americana isolate UC30 on MEA 84–86 
mm diam. at 25 °C and 35–41 mm diam. at 30 °C after 7 d; 
mycelium plane, felted, cream to light brown to; reverse or-
angish to dark brown. On PDA, growth rate 81–84 mm diam. 
at 25 °C and 43–46 mm diam. at 30 °C after 7 d; mycelium 
plane, felted to cottony, light brown; reverse dark. On OA, 
growth rate 76–84 mm diam. at 25 °C and 31–44 mm diam. at 
30 °C after 7 d; mycelium plane, felted, greenish to olivaceous; 
reverse whitish to greenish. Pycnidia detected only on MEA, 
subglobose, papillate, melanized. Chlamydospores unicellular, 
terminally or intercalary, solitary or in chain, smooth, mel-
anized, globose to subglobose, thick-walled. Conidia detected 
only on MEA, ellipsoidal to ovoid and biguttulate (Tab. 3).

Fig. 26. ML phylogenetic tree of Stagonosporopsis species, reconstructed from the combined ITS–LSU–tub2–rpb2 dataset. ML 
bootstrap support values shown at the nodes. Leptosphaeria conoidea served as outgroup.
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Growth rate of D. calidophila isolate CG7 on MEA 60–62 
mm diam. at 25 °C and 22–24 mm diam. at 30 °C after 7 d; 
mycelium plane, felted, brown; reverse cream to light brown. 
On PDA, growth rate 62–64 mm diam. at 25 °C and 23–31 mm 
diam. at 30 °C after 7 d; mycelium and reverse orange to 
brown. On OA, growth rate 55–59 mm diam. at 25 °C and 20–
21 mm diam. at 30 °C after 7 d; mycelium felted, olivaceous to 
dull black; reverse whitish to olivaceous. Pycnidia subglobose 
to oblong, papillate and solitary, exuding light brown conidial 
ooze only on PDA. Chlamydospores abundant and multicellu-
lar-dictyo/phragmospores, smooth or irregular roughened, 
light to dark brown. Conidia oblong, ovoid, biguttulate some-
times eguttulate (Tab. 3). 

Growth rate of D. pomorum isolate UC56 on MEA 75–77 
mm diam. at 25 °C and 31–48 mm diam. at 30 °C after 7 d; 
mycelium plane, felted, light brown; reverse orangish to 
brown. On PDA, growth rate 81–84 mm diam. at 25 °C and 
26–35 mm diam. at 30 °C after 7 d; mycelium plane, felted, 
cream to brownish; reverse light brown to brown. On OA, 
growth rate 73–79 mm diam. at 25 °C and 27–33 mm diam. at 
30 °C after 7 d; mycelium plane, light brown to olivaceous; 
reverse whitish to cream. Pycnidia globose to subglobose. 
Chlamydospores multicellular-dictyo/phragmospores, tick-
walled, irregular roughened, brown, terminal, mostly interca-
lary. Conidia oblong. Pycnidia, chlamydospores and conidia 
scarcely detected on all media (Tab. 3). Hyphae coils detected 
on all media.

Growth rate of N. quercina isolate S3 on MEA 41–44 mm 
diam. at 25 °C and 22–30 mm diam. at 30 °C after 7 d; myceli-
um plane, felted, cream to brown; reverse cream to brown. On 
PDA, growth rate 55–57 mm at 25 °C and 24–28 mm at 30 °C 
after 7 d; mycelium plane, felted, light to dark brown; reverse 
cream to pale or dark brown. On OA, growth rate 64–66 mm at 
25 °C and 26–30 mm at 30 °C after 7 d; mycelium white, abun-
dant black pycnidia scattered over the medium in concentric 
rings; reverse white. Pycnidia mostly solitary, pale to dark 
brown, globose to subglobose, peroblate to subperoblate, with 
single, conspicuous, non-papillate ostiole, exuding light (on 
MEA) and dark brown conidial ooze (on PDA and OA). Chla-
mydospores not detected. Conidia subglobose to ovoid, thin 
walled, smooth and aseptate (Tab. 3).

Authors: M. Lorenzini & G. Zapparoli

Basidiomycota, Agaricomycetales, Boletales, Bole-

taceae

Strobilomyces huangshanensis L.H. Han & T. Guo, 
sp. nov. – Figs. 27–29
MycoBank no.: MB 832764

H o l o t y p u s . – CHINA. Anhui Province, Huangshan, 
Tangkou Town, on the ground in a mixed forest of Fagaceae, 
Pinaceae, and Theaceae, 12 July 2018, leg. T. Guo, T. Guo 969 
(HKAS 102613; holotype). Sequences ex-holotype: MK329213 
(rpb1), MK329217 (rpb2), MK329219 (tef1), MK329215 (cox3).

D e s c r i p t i o n .  –  P i l e u s  1.5–4.5 cm in diam., 
initially convex, then applanate, surface dry, cov-
ered with black (5F1), thin, appressed pyramidal 
scales, 3–5 mm in diam. at base, background dirty 
white (5A1); margin appendiculate with dirty white 
(5A1) to grayish (5B1) irregularly fragmented veil 
remnants; context white (8A1) when young, stain-
ing light rusty red (7A2) then black (10E1) when 
bruised. – Tu b e s  up to 3–9 mm long, adnate with 
decurrent tooth, dirty white (6A1) then fuliginous 
(9E2) with age; pores angular, 0.5–1 mm in diame-
ter; pores and tubes concolorous, whitish (13A1) 
then fuliginous (9E2), immediately staining rusty 
red (6C7) then black (10F3) on exposure or bruising. 
– S t i p e  3.0–9.0 cm long, 0.4–1.7 cm in diam., sub-
cylindrical, curved; surface reticulate with shallow 
and elongate meshes on the upper part, entirely 
covered with clustered tomentose scales, concolor-
ous with the pileal scales; context white (8A1), 
changing into light rusty red (6B2) when bruised; 
annulus absent; basal mycelium dirty white (4B1). 
– B a s i d i a  28–40 × 13–17 μm, clavate, four-spored; 
sterigmata 4–7 μm long. – B a s i d i o s p o r e s 
[80/4/2] 8.5–10(10.5) × 7.5–8.5(9) μm (Q = 1.06–1.25, 
Qm = 1.17 ± 0.06) excluding ornamentation, subglo-

Tab. 3. Micro-morphological characteristics of four Didymellaceae strains isolated from withered grapes on different media.

Media Didymella americana 
UC30 (CBS 145105)

Didymella calidophila 
CG7 (CBS 145107)

Didymella pomorum 
UC56 (CBS 145106)

Nothophoma quercina 
S3 (CBS 145109)

Pycnidia (μm) MEA (76)89±11(102)×(66)76±8(86) (65)118±88(330)×(54)93±54(220) - (106)135±17(150)×(108)132±19(174)

PDA - (82)192±118(310)×(76)154±78(234) 150-250* (156)184±29(221)×(112)167±40(200)

OA - (68)172±128(467)×(67)122±67(261) 163-335×151-330* (127)150±18(178)×(112)147±29(200)

Chlamydospore (μm) MEA (16)21±4(26)×(15)20±5(26) (28)47±12(68)×(17)25±6(33) 20-68×12-25* -

PDA (15)25±8(39)×(18)25±5(33) (19)24±4(30)×(10)15±2(19) - -

OA (10)14±3(17)×(8)11±3(15) (18)33±9(43)×(11)15±3(23) - -

Conidia (μm) MEA (2.5)3.2±0.4(4)×(1.5)2.2±0.3(3) (3)4.8±0.7(6.5)×(2)2.9±0.4(3.5) - (4)4.8±0.7(7.5)×(2.5)2.9±0.4(4)

PDA - (3.5)4.4±0.4(5.3)×(2)2.7±0.4(3.5) (2.5)2.7±0.3(3.5)×(1.5)1.5±0.1(2) (4.5)5.8±0.5(8.5)×(2.5)3.4±0.4(4)

OA - (3)4.3±0.7(6)×(1.5)2.4±0.5(3.5) - (3.5)4.8±0.5(5.5)×(2)2.8±0.3(3.5)

* Measure detected on n<4 of structures.
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bose to broadly ellipsoid, dark brown (6D4) in 5 % 
KOH solution, reticulate with meshes 1.5–2.5 μm in 
diameter and 1–2 μm high; apiculus 0.5–1 μm long, 
with a smooth adaxial patch. – H y m e n o p h o r a l 
t r a m a  boletoid; hyphae cylindrical, 5–8 μm in di-
ameter. – C h e i l o c y s t i d i a  32–58 × 16–20 μm, 
numerous, fusiform to narrowly fusiform, hyaline or 
with brownish (5D6) plasmatic pigment, thin-
walled. – P l e u r o c y s t i d i a  32–56 × 15–22 μm, 
narrowly fusiform to broadly fusiform, thin-walled. 
– P i l e i p e l l i s  an intricate trichodermium, com-
posed of 8–14 μm wide cylindric hyphae with short 

obtuse terminal cells; cell wall dark brown (6E8), 
slightly thickened (< 1 μm). – P i l e a l  t r a m a 
composed of 5–9 μm wide interwoven hyphae. Hy-
phae of scales on stipe similar to those on pileus. – 
S t i p e  t r a m a  composed of 5–10 μm wide cylin-
dric hyphae. – C l a m p  c o n n e c t i o n s  absent 
from all hyphae.

E t y m o l o g y.  – Referring to the type location, 
Huangshan.

H a b i t a t  a n d  d i s t r i b u t i o n . – Currently 
only known from eastern China, in a mixed forest of 
Fagaceae, Pinaceae, and Theaceae.

Fig. 27. Strobilomyces huangshanensis, HKAS 102613 (holotype). A. Basidiomata. B. Hymenophore. Photos: T. Guo. Scale bars = 1 cm.

Fig. 28. Microscopic characters of Strobilomyces huangshanensis, HKAS 102613 (holotype). A. Basidia and pleurocystidia. 
B. Cheilocystidia. C. Pileipellis. Scale bars 10 μm, del. L.H. Han.
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A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – ibid., T. Guo 

957 (HKAS 102612).

N o t e s . – Strobilomyces Berk. is one of the gen-

era of the Boletaceae and appears to have a world-

wide distribution (Berkeley 1851, Singer 1986). It is 

a monophyletic lineage sister to Afroboletus (Nuhn 

et al. 2013, Wu et al. 2014, Han et al. 2018a). Stro-
bilomyces is characterized by ornamented basidio-

spores, blackish to brownish yellow basidiomata, 

and context turning reddish or blackish when cut 

(Sato et al. 2007, 2011, 2017; Wu et al. 2014; Han et 
al. 2017, 2018a, 2018b). East Asia is considered as a 

center of species diversity of Strobilomyces (Han et 

al. 2018a). Representative species of this genus from 

East Asia have been published in several studies 

(Berkeley 1851; Chiu 1948; Corner 1972; Hongo 
1982; Ying & Ma 1985; Ying 1986; Wen & Ying 2001; 
Sato & Murakami 2009; Gelardi et al. 2013; Antonín 
et al. 2015; Terashima et al. 2016; Han et al. 2018a, 
2018b). In China, a thorough investigation on Stro-
bilomyces has been carried out recently. So far, at 

least 18 known species and eight potential new spe-

cies of this genus have been reported (Han et al. 

2018a, 2018b).

Strobilomyces huangshanensis is characterized 

by its tiny to small basidiomata (1.5–4.5 cm in 
diam.); pileus with black, thin, appressed pyramidal 
scales; stipe with black tomentose scales; small 
pores (0.5–1 mm in diam.); subglobose to broad el-
lipsoid spores (8.5–10 × 7.5–8.5 μm) with medium-
sized meshes (1.5–2.5 μm in diam.); light rusty red 
discoloration of the context on exposure; and sub-

tropical distribution in eastern China. Phylogeneti-

cally, S. huangshanensis occupies a relatively iso-

lated position. Morphologically, S. huangshanensis 

is similar to S. echinocephalus, S. glabriceps, and S. 
parvirimosus. However, the scales on the pileus of S. 
echinocephalus and S. parvirimosus are thicker 

than those of S. huangshanensis (Ying 1986, Gelardi 

et al. 2013). The basidiomata of S. glabriceps possess 

blackish brown scales (Chiu 1948). The meshes of 

basidiospores of S. echinocephalus and S. glabri-
ceps (2–3.5 μm in diameter) are larger than those of 
S. huangshanensis (Chiu 1948, Gelardi et al. 2013).

Fig. 29. Basidiospores of Strobilomyces huangshanensis under scanning electron microscope.

Tab. 4. The best partition schemes and models evaluated by PartitionFinder for the combined four-locus Strobilomyces dataset.

Subsets in the best-fit partition scheme Base positions of each subset Best-fit Model

rpb1_codon1, tef1_codon1 247-500\3, 532-657\3, 1324-1500\3, 1555-1691\3, 1741-1934\3 TVM+G

rpb1_codon2 248-500\3, 533-657\3 TIMEF+I+G

rpb2_codon1 658-1323\3 TVM+G

rpb2_codon2 659-1323\3 TIM+I

rpb2_codon3 660-1323\3 F81+I

tef1_codon3, cox3_codon3 1326-1500\3, 1557-1691\3, 1743-1934\3, 1937-2512\3 K81UF+I+G

tef1_codon2 1325-1500\3, 1556-1691\3, 1742-1934\3 GTR+G

cox3_codon1 1935-2512\3 HKY+G

cox3_codon2 1936-2512\3 TIM+G

intron 1-246, 501-531, 1501-1554, 1692-1740 K81UF+I+G



Sydowia 71 (2019) 201

Song et al.: FUSE 5

In our combined rpb1–rpb2–cox3–tef1 dataset, a 
total of 2512 bp were included, of which 1030 were 
conserved, 1076 variable, and 360 parsimony-in-
formative. Eleven subsets were estimated by the 
best partition schemes and the best-fit models based 
on PartitionFinder 2.1.1 (Tab. 4). The topology of 
phylogenetic trees generated from ML and BI anal-
yses are similar, whereas statistical support differs 

slightly. Only the phylogram with branch lengths 
inferred from ML is presented (Fig. 30). The phylo-
genetic analysis revealed that the samples collected 
from China represent an independent lineage dif-
fering from all other known species with high sup-
port, described above as S. huangshanensis.

Authors: L.H. Han, T. Guo, X.L. Tian, H.L. Chu, 
R.H. Yang, W. Qian, C. Liu & L.Z. Tang

Fig. 30. ML phylogenetic tree reconstructed from a four-locus dataset (rpb1, rpb2, tef1, and cox3). ML bootstrap support ≥ 50 and 
BI posterior probabilities ≥ 0.95 shown at the nodes. Strobilomyces huangshanensis sp. nov. shown in boldface.
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Basidiomycota, Pucciniomycetes, Pucciniales, Puc-

ciniaceae

Uromyces klotzschianus Ali, sp. nov. – Figs. 31–32
MycoBank no.: MB 830188

D i a g n o s i s . – Different from other Uromyces species by 
its echinulate urediniospores, lack of papilla, short and thick 
pedicel, and the host plant (Rumex dentatus subsp. klotzschi-
anus).

H o l o t y p u s . – PAKISTAN. Punjab Province, Islamabad, 
Quaid-i-Azam University, on living leaves of Rumex dentatus, 
33°28’57.24” N, 74°02’01.95” E, 550 m a.s.l., 10 April 2015, leg. 
B. Ali, BA91,93 (ISL-45963; holotype). Sequences ex-holotype: 
MF044015 (ITS), MF044017 (LSU).

D e s c r i p t i o n .  –  U r e d i n i a  amphigenous, 
circular, pulverulent, cinnamon brown, surrounded 
by pale yellowish rings, scattered in groups with 
telia, 0.4–2.0 mm in diam. – U r e d i n i o s p o r e s 
globose, subglobose, or ovoid, 20–28 × 20–23 μm, 
light brown to pale yellowish brown, echinulate, 
germ pores obscured, wall 3–4 μm, cinnamon brown 
to yellowish brown. – Te l i a  amphigenous, circular, 
pulverulent, brown, scattered in groups and mixed 

with uredinia, 0.5–1.5 mm in diam. – Te l i o s p o r e s 
single celled, globose to ellipsoidal, chestnut brown, 
22–33 × 22–28 μm, apex and base rounded or base 
slightly narrower than apex, smooth walled, 5 μm 
thick, no papilla; pedicel cylindrical, sometimes 
wider at apex, hyaline, 7.5–12.5 μm in length, per-
sistent. Stages II and III of the life cycle occur on 
same host. – Spermogonia, pycnia, and aecia not ob-
served.

E t y m o l o g y. – Referring to the host plant, 
Rumex dentatus subsp. klotzschianus.

H a b i t a t  a n d  d i s t r i b u t i o n . – Only 
known from Pakistan (Punjab Province and Azas 
Jammu and Kashmir Region), on living leaves of 
Rumex dentatus (Polygonaceae). 

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – PAKISTAN. 
Azad Jammu and Kashmir Region, District Kotli, on living 
leaves of Rumex dentatus, 33°28’57.24” N, 74°02’01.95” E, 830 
m a.s.l., 15 July 2015, leg. B. Ali, BA92 (ISL-45965; paratype).

N o t e s . – Rust fungi (Pucciniales) constitute 
one of the largest and speciose groups of basidio-
mycota with over 8,000 species in more than 100 

Tab. 5. Morphological characters of Uromyces species on Rumex.

Uromyces 
species

Host species Life spore stages
Urediniospores 
(μm)

Wall (μm) Teliospores (μm) Wall (μm) Pedicel (μm) Reference

U. acetosae Rumex spp. Pycnia, aecia, 
uredinia, and telia

17–20 × 17–22 Verrucous 23–25 × 19–24 no papilla Long, 
deciduous

Saccardo (1888)

U. alpinus R. alpinus, secondary 
host Ranunculus

Pycnia, aecia, 
uredinia and telia 

20–26 × 18–22 Light brown, 
echinulate

28–35 × 11–15 Apex 5 high, 
very pale 
brownish, wall 
dotted or striped

No data Cohn (1876)

U. borealis R. alpestris Pycnia, aecia, 
uredinia and telia

No data Verrucous 24–30 × 12–16 With papilla Very short Tiedeseura (1861), 
Peck (1881)

U. crassipes Rumex spp. Uredinia and telia 25–33 × 18–28 Echinulate 30–40 × 20–30 Yellowish brown, 
Apex thick (4–8)

Short, about 20, 
thick

Engler (1904)

U. klotzschianus Rumex dentatus Uredinia and telia 20–28 × 20–23 3–4, cinnamon 
brown to yellowish 
brown, echinulate 

22–33 × 22–28 5, no papilla, 
chestnut brown

8–13, persistent Present study

U. polygoni-
avicularis

different genera of 
Polygonaceae 
including genus Rumex

Aecia, uredinia, 
and telia

18–24 × 20–29 1.5–3.5, golden 
brown to 
cinnamon brown, 
verrucose

18–24 × 22–31 (–35)2–3, no papilla, 
apex 4–6, golden 
brown to 
chestnut brown

Yellowish or 
brownish, 8–10 
× 90–104, 
persistent

Afshan et al. (2011), 
Farr & Rossman 
(2019)

U. rickerianus R. geyeri Aecia, ,uredinia 
and telia

17–20 × 17–22 Verrucous 20–25 × 23–35 Apex little thick, 
no papilla

Very short, 
deciduous

Saccardo (1905)

U. rumicis Rumex spp., often R. 
crispus, secondary host 
Ranunculus

Pycnia, aecia, 
uredinia, and telia

20–28 × 18–24 Hyaline to pale 
yellowish brown, 
echinulate

24–35 × 18–24 Rather thick, 
with papilla

Very short, thin, 
deciduous

Shivas (1987)

U. thellungi R. vesicarius Uredinia and telia 24–33 × 21–27 3, light brown, 
verrucous

22–28 × 20–24 2–3, with papilla, 
apex thick (up to 
7), brown.

Up to 120, 
persistent

Maire (1917)

U. tingitanus R. tingitanus Aecia, uredinia, 
and telia

17–20 × 17–22 Verrucous 20–38 × 17–22 10, with papilla 180 × 4–5, 
persistent

Saccardo (1905)
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Fig. 31. Uromyces klotzschianus, ISL-45963 (holotype). a. Abaxial view of infected Rumex dentatus leaf showing uredinial sorus 
characterized by two symptomatic rings. b. Abaxial view of leaf illustrating mixed uredinial and telial sori. c. Adaxial view 
showing mixed uredinial and telial sori. d–e. Urediniospores showing echinulate ornamentation (arrows). f. Urediniospores with 
teliospore indicating that they occur together. g–h. Teliospores with chocolate brown epispore and short hyaline pedicel. Scale 
bars d–f 40 μm, g–h 20 μm. 
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genera (Toome-Heller 2016, Aime et al. 2017, Ali et 

al. 2017a). The genus Uromyces (Link) Unger is the 

second largest group after Puccinia Pers. ex Pers. 

and contains around 600 species (Cummins & Hi-

ratsuka 2003), with over 64 species reported from 

Pakistan. Uromyces can be distinguished from Puc-
cinia by one- or seldom two-celled teliospores 

(McAlpine 1906, Cummins & Hiratsuka 2003, Van 

der Merwe et al. 2007). Recent phylogenetic studies 

clearly separated the genus Uromyces from Puc-

Fig. 32. Uromyces klotzschianus. i–j. Echinulate uredinio-
spores. k–l. Teliospores with smooth wall and short pedicel. 
Scale bars 20 μm, del. B. Ali.

Fig. 33. ML phylogenetic reconstruction of the ITS dataset. Bootstrap values for 1000 replicates shown at nodes. New sequences 
highlighted in boldface.

cinia (Aime 2006, Maier et al. 2007, Van der Merwe 
et al. 2007).

Nine species of Uromyces are described from 
Rumex L. and the type species is Uromyces rumicis 
(Schum.) Wint. (Farr & Rossman 2019). Only two 
Uromyces species are reported from Pakistan: U. ru-
micis on R. chalepensis Mill. and U. thellungi Maire. 
on R. vesicarius L. (Afshan et al. 2015). Rumex-in-
fecting Uromyces species include both autoecious 
and heteroecious species, e.g., U. rumicis and U. al-
pinus (heteroecious) vs. U. thellungi (autoecious). 
Although autoecious rust species may not occur on 
a single host, there is also a possibility that the pyc-
nial and aecial stages are overlooked or still undis-
covered.

The taxonomy of Uromyces rusts infecting 
Rumex spp. is not sufficiently resolved as there are 
no descriptions and illustrations of some species, 
while scanty and old literature hampers meaningful 
taxonomic studies of these species. For instance, U. 
appendiculatus (Pers.) Unger var. punctiformis (syn. 
U. punctiformis Syd. & P. Syd.) was only reported 
from the holotype Ramarizella strobiliformis (B. L. 
Rob.) Rose (syn. Vigna strobiliphora), whereas it is 
reported on R. hymenosepalus only in an annota-
tion statement in the USDA fungal database (Farr 
& Rossman 2019). Similarly, there is no description 
available for U. argaeus (Inman 1970). 

Uromyces polygoni-avicularis (basionym U. 
polygoni) has been reported from different genera 
of Polygonaceae, including Rumex (Farr & Rossman 
2019). This rust species is distinguished from U. 
klotzschianus by its verrucose urediniospores, yel-
lowish or brownish, and thicker pedicels (90–
104 μm) (Afshan et al. 2011) as well as its distinct 
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phylogenetic position (Fig. 33). Uromyces rumicis is 
a heteroecious macrocyclic rust fungus, infecting 
different species of Rumex as primary hosts and Ra-
nunculus as secondary host (Inman 1970, Afshan et 
al. 2015, Farr & Rossman 2019). This species has 
been reported from many countries including Paki-
stan (Farr & Rossman 2019). Uromyces klotzschi-
anus differs from U. rumicis in lacking papilla and 
by its rather thin urediniospore cell wall and the 
thick, persistent pedicel (Inman 1970). Moreover, 
both species formed well-supported clades in the 
ML analysis (Fig. 33).

Uromyces thellungi Maire. on R. vesicarius can 
be distinguished from U. klotzschianus by its ver-
rucous urediniospores, teliospores with papilla and 
thick apex (up to 7 μm), and a longer pedicel (up to 
92 μm) (Maire 1917, Afshan et al. 2015). Uromyces 
acetosae Schröt. was described from different spe-
cies of Rumex and is also morphologically different 
from the new species: it has verrucous uredinio-
spores and a long and deciduous pedicel (Saccardo 
1888). Uromyces acetosae is also a distinct species 
based on the ML tree, where it is placed sister to U. 
polygoni-avicularis. This artificial affiliation is 
probably due to the short ITS sequence of U. ace-
tosae in GenBank (207 bp, only ITS2). Uromyces al-
pinus J. Schröt. on R. alpinus is delimited from U. 
klotzschianus by its hypophyllous uredinia and tel-
ia as well as striped or dotted teliospores (Cohn 
1876).

Uromyces borealis Liro. was reported only from 
R. alpestris (= R. arifolius) and is distinct from U. 
klotzschianus due to the presence of epiphyllous 
telia, teliospores with papilla, and very short pedi-
cels (Tiedeseura 1861, Peck 1881, Inman 1970). Peck 
(1881) described U. borealis on Hedysarum boreale 
and H. mackenzii, but Inman (1970) listed this spe-
cies on R. alpestris who cited Sydow (1902–1924) for 
the description. Uromyces crassipies D. & Neg. in-
fects several Rumex species and is characterized by 
a yellowish brown teliospore wall with a thick apex 
(4–8 μm) and pedicel (about 20 μm long) (Engler 
1904, Farr & Rossman 2019). Uromyces tingitanus 
Henn. on R. tingitanus can be distinguished from U. 
klotzschianus due to aecia mixed with uredinia, 
thick teliospore wall (10 μm) with papilla, and long-
er pedicels (up to 120 μm). Uromyces rickerianus 
Arth. on R. geyeri is different from U. klotzschianus 
by verrucous urediniospores and verrucose telio-
spores with deciduous pedicel (Saccardo 1905). A 
comparison of characters is presented in tabular 
form (Tab. 5). 

The host plant of U. klotzschianus, Rumex den-
tatus L. (Caryophyllales, Polygonaceae), commonly 

known as toothed dock or Aegean dock, is a small 
annual herb native to some regions in Eurasia and 
North Africa. In Asia, R. dentatus naturally occurs 
in Afghanistan, China, India, Iran, and Pakistan. In 
Pakistan, R. dentatus is common and mainly occurs 
in Hazara, Peshawar, Quetta, Ziarat, Wazirestan, 
Parachinar, Kashmir, Rawalpindi, and Islamabad, 
where it is represented by the subspecies klotzschi-
anus (Meisn). Rech. f. (Abbasi et al. 2011). 

Authors: B. Ali, N.A. van der Merwe & A.S. 
Mumtaz

Interesting taxonomical notes, new hosts, and 

geographical records

Ascomycota, Dothideomycetes, Pleosporales, Ple-

osporaceae

Alternaria calendulae Ondřej, Čas. slezsk. Mus. 
Opavě, Ser. A 23(2): 150 (1974). – Fig. 34

M a t e r i a l  e x a m i n e d . – Towards the end of 
February 2018, severe outbreaks of Alternaria leaf 
spot were observed in six different Calendula offici-
nalis (Asterales, Asteraceae) gardens on the Bidhan 
Chandra Krishi Viswavidyalaya university campus, 
West Bengal, India. The disease began as small sized 
water-soaked light brown-purple spots, mostly sur-
rounded by yellow halos that gradually enlarged up 
to 1.5 cm in diam., changing to grey-dark brown, 
circular to irregular lesions with characteristic con-
centric rings followed by chlorosis and complete 
marginal or tip blighting (Fig. 34a). In humid envi-
ronment, black, dusty conidial masses developed 
around the spotted regions.

C u l t u r e  c h a r a c t e r i s t i c s . – One distinct 
dematiaceous fungus was consistently recovered by 
single spore isolation technique from surface-steri-
lized (1 % NaOCl) sections of symptomatic leaf tis-
sue onto 2 % (w/v) water agar containing 0.5 mg/l 
of chloramphenicol and subsequent sub-culturing 
on potato dextrose agar (PDA). For conidial produc-
tion, the fungus was grown on potato carrot agar 
(PCA) under a 12 h/12 h dark/light photoperiod at 
25 °C. Fungal colonies had a dark olive colour on 
both sides, with loose, cottony mycelium on the sur-
face of cultures. One representative culture was de-
posited at NFCCI (Agharkar Research Institute, 
Pune, India).

N o t e s . – On the host, conidiophores were sim-
ple or in groups, septate, brown, 50–150 × 5–8 μm; 
conidia ellipsoid to broadly ellipsoid, with one beak 
extension, light to tawny brown, 50–120 × 10–20 μm, 
with 8–12 transverse and 1–4 longitudinal septa, 
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the apical beaks 50–165 μm long and tape from base 
to apex. Average dimension of conidia in PCA were 

40–110 × 15–25 μm (Fig. 34b). Morphologically, the 
causal agent was determined as Alternaria sp. (Ellis 

1971). In addition, DNA was extracted from mycelia 

of the isolated fungus and the ITS region was am-

plified using primers ITS1 and ITS2 (White et al. 
1990). A representative PCR product of one isolate 

was sequenced and submitted to GenBank under 

accession number MN365720. This sequence was 

99–100 % similar to existing sequences of A. calen-
dulae. As a result, the isolates were identified as A. 
calendulae.

Pathogenicity tests were conducted to confirm 
Koch’s postulates, by spraying healthy leaves of 

three-month old C. officinalis plants with a spore 

suspension of 106 conidia/ml. Alternaria calendulae 

spores were suspended in 0.1 % Tween 80 and 

sprayed onto leaves until run-off. Control plants 

were sprayed with a sterile 0.1 % Tween 80 mixture 

until run-off. Plants were covered by polyethylene 

bags for 3 d to achieve high humidity levels, and 

incubated in a greenhouse at 25 °C. After seven d, 

spots similar to those observed in the field appeared 
on the leaves of inoculated plants (Fig. 34c), where-

as control plants remained symptomless. Isolations 

made from diseased spots consistently yielded A. 
calendulae. Host range studies including Ageratum, 

Dahlia, Helianthus, Tagetes, and Zinnia plants (all 

in the family Asteraceae) revealed that the fungus 

was pathogenic to Calendula but did not infect oth-

er genera.  

Alternaria calendulae is known as a destructive 

disease and is recorded worldwide. There are previ-

ous reports of A. calendulae on Calendula in Ger-

many (Nirenberg 1977), the Czech Republic (Ondřej 
1996), Korea (Yu 2001), and Iran (Taheriyan et al. 

2014). To our knowledge, this is the first report of A. 
calendulae on Calendula officinalis in India.

Authors: A. Banerjee & P. Sarathi

Ascomycota, Dothideomycetes, Pleosporales, Ple-

osporaceae

Alternaria tenuissima (Kunze) Wiltshire, Trans. Br. 
mycol. Soc. 18(2): 157 (1933). – Fig. 35

B a s i o n y m . – Helminthosporium tenuissimum Kunze 
[as ‘Helmisporium’], in Nees & Nees, Nova Acta Phys.-Med. 
Acad. Caes. Leop.–Carol. Nat. Cur. 9: 242 (1818).

Sy n o n y m s .  – Alternaria godetiae (Neerg.) Neerg., 
Aarsberetn. J. E. Ohlens Enkes plantepatol. Lab. 1 April 1944-
31 Juli 1945: 14 (1945). Alternaria tenuissima var. alliicola T.Y. 
Zhang, Mycotaxon 72: 450 (1999). Alternaria tenuissima var. 
godetiae Neerg., Trans. Br. mycol. Soc. 18(2): 157 (1933). Alter-
naria tenuissima var. verruculosa S. Chowdhury, Proc. natn. 
Acad. Sci. India, Sect. B, Biol. Sci. 36(3): 301 (1966). Clastero-
sporium tenuissimum (Kunze) Sacc., Syll. fung. (Abellini) 4: 
393 (1886). Macrosporium tenuissimum (Kunze) Fr., Syst. my-
col. (Lundae) 3(2): 374 (1832).

M a t e r i a l  e x a m i n e d .  – IRAN. Mazandaran Province, 
Nour City, on apple and quince fruits (Fig. 35), 15 September 
2015, leg. L. Ebrahimi (IRAN 2428 C). 

Fig. 34. Alternaria calendulae in India. a. Necrotic leaf spots followed by leaf tip and marginal blighting of Calendula officinalis 
caused by Alternaria calendulae. b. Spore morphology of A. calendulae. Scale bar = 50 μm. c. Development of leaf spot symptoms 
following artificial spray inoculation of A. calendulae on C. officinalis in greenhouse conditions.

Fig. 35. Fruits with Alternaria rot symptoms. a. Quince (Cydo-
nia oblonga) with black rot disease. b. Apple (Malus domesti-
ca, Golden delicious) with brown rot diseases.
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D e s c r i p t i o n . – Description of colony on PCA 
– M y c e l i u m  superficial, consisting of branched, 
septate, hyaline and smooth hyphae. – P r i m a r y 
c o n i d i o p h o r e s  brown, simple or branched or 
with one to several geniculations, (7)13–90 × 4 μm 
[37.12 × 4 μm], producing ovoid or ellipsoidal co-
nidia in the branched chain. – C o n i d i a  pale to 
dark brown, smooth or punctuate, arising in short 
chains (4–8 conidia), (11)17–47(50) × 8–15 μm [28.05 
× 10.57 μm], with 3–5 transverse septa and 1–2 lon-
gitudinal septa. – S e c o n d a r y  c o n i d i o p h o r e 
brown, with 0–10 septa (9)13–98 × 3–4 μm [43.56 × 
3.27 μm], with one or several geniculations (Fig. 36). 

C u l t u r e  c h a r a c t e r i s t i c s . – Colonies on 
PCA grey, with regular circular margin, and well-
defined concentric rings of growth and sporulation, 
reaching a diam. of 75 mm after 7 d under 8h fluo-
rescent light/16 h dark cycle (Fig. 36a).

P a t h o g e n i c i t y  a s s a y. – Rot symptoms on 
apple and quince fruits were observed 7 d and 4–5 d 
after inoculation, respectively. Brown rot symptom 
was spread into the fruit tissues and led to black 
centered spots with grey margins on the surface of 
quince fruit (surface mold) (Fig. 37b). On apple 
fruits, brown rot symptom was spread into the fruit 
tissues without producing the surface mold (Fig. 
37a). No symptoms were observed in control inocu-
lations. The fungal disease agent was isolated from 
the rotten tissues of the inoculated fruits, but not 
from control treatments, confirming Koch’s postu-
lates.

N o t e s . – Morphological features of our isolate 
from quince were according to the description pro-
vided by Simmons (2007) for A. tenuissima. Multi-
ple sequence alignment of 14 ITS and gpd sequenc-
es resulted in 423 and 516 characters, respectively. 
The concatenated ITS–gdp consisted of 962 charac-
ters. ML of the combined dataset revealed that A. 

tenuissima, A. alternata, A. alstroemeriae, A. destru-
ens, and A. arborescens could not be resolved based 
on these molecular data in general and these spe-
cies were grouped in a clade. Our isolate was placed 
sister to an isolate of A. tenuissima from the USA 
(isolated from Sorghum sp.) but with low support 
(Fig. 38). Based on the available morphological and 
molecular data, our isolates were identified as A. 
tenuissima.

Fig. 36. Morphology of Alternaria tenuissima. a. After 7 d on PCA at 25 °C in 8 h fluorescens light/16 h dark cycle. b. Primary 
conidiophores. c. Conidial chain. d. Secondary conidiophore. Scale bars 10 μm.

Fig. 37. Results of pathogenicity assay. Symptoms of Alter-
naria rot disease caused by inoculation with A. tenuissima 
(left fruits) and control treatments (right fruits) after 14 d at 
25 ºC with humidity above 90 %. a. Symptoms on apple. 
b. Symptoms on quince fruits.
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Alternaria Nees species are often saprophytes 
commonly found in soil or on decaying plant tissues 
(Thomma 2003), but some Alternaria species are 
opportunistic plant pathogens reportedly causing a 
range of diseases of over 380 important host species 
of cereals, oil crops, ornamentals, fruits, and vegeta-
bles (Cota et al. 2008). Different Alternaria species 
have been reported as leaf blotch and fruit rot 
agents on apple. Alternaria mali is the most com-
monly cited causal agent of Alternaria leaf blotch 
on apple in Iran (Esmailzadeh & Soleimani 2008), 
Japan (Sawamura 1962), China (Wang et al. 1997), 
Yugoslavia (Bulajic et al. 1996), and the USA (Fila-
jdic & Sutton 1991). Also, A. alternata s.l. has been 
implicated as causal agent of leaf blotch disease of 
apple (Kusaba &Tsuge 1994). Zakii & Ershad (1986) 
introduced A. alternata as a storage pathogen of 
apple fruits in Iran. Harteveld et al. (2013) surveyed 
Alternaria isolates obtained from apple leaves and 
fruits in Australia with leaf blotch and fruit spot 
symptoms. Their results revealed that A. arbores-
cens-like isolates were most prevalent (47 %), 
whereas A. alternata/A. tenuissima were intermedi-
ate in abundance (14 %) and A. tenuissima/A. mali 
isolates were least prevalent (6 %). Norin & 
Rumpunen (2003) found fruit spot on Japanese 
quince in Sweden and isolated A. tenuissima, Phyl-
ctema vagabunda, Phoma exigua, and P. glomerata 

from affected fruits. These spots were black, gradu-
ally becoming greyish in the middle, varied from 
some mm to cm in diam. 

In this study, two Alternaria isolates were recov-
ered from apple brown rot and quince black rot 
symptoms. Both isolates were identified as A. ten-
uissima based on morphological features (Simmons 
2007). Molecular species-level delimitation was not 
conclusive with the available sequence data of the 
single isolate from quince. To our knowledge, the 
present study is the first report of A. tenuissima 
causing brown rot disease on apple and black rot 
disease on quince in Iran and it is the first report of 
A. tenuissima as the causal agent of black rot on 
quince in the world.

Authors: L. Ebrahimi, K.-B. Fotouhifar & Y. 
Ghosta

Ascomycota, Candelariomycetes, Candelariales, 

Candelariaceae

Candelariella oleaginescens Rondon, in Vězda, Li-
chenes Selecti Exsiccati (Průhonice) 14: 341 (1965). 
– Fig. 39

M a t e r i a l  e x a m i n e d . – TURKEY. Tunceli Province, 
2 km to Sütlüce district, roadside, 39º07’19”N, 39º34’12”E, 
1095 m a.s.l., on limestone, 17 July 2018, leg. K. Yazıcı & D. 
Karahan (KTUB-2468); Bingöl Province, Kiğı, Topraklık vil-
lage, side of Dam, 39º22’35”N, 40º20’15”E, 1465 m a.s.l., on 

Fig. 38. ML phylogenetic tree of Alternaria isolates reconstructed from an ITS–gdp dataset. Bootstrap support values ≥ 50 indi-
cated at the nodes.
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limestone, 02 August 2018, leg. K. Yazıcı & D. Karahan (KTUB-
2469). Associated species: Acarospora cervina, Candelariella 
aurella, C. vitellina, Lathagrium cristatum, Myriolecis crenu-
lata, Pyrenodesmia variabilis. 

D e s c r i p t i o n .  –  T h a l l u s  crustose, up to 
ca. 1.5 cm in diam., mostly irregular, areolate, flat-
tened or granular to squamulose, ca. 0.2 mm thick, 
grey-green, greyish-beige or dark grey; areoles dis-
persed, to 1 mm in diam. – A p o t h e c i a  sessile, to 
0.8 (1.0) mm in diam., lecanorine; thalline margin 
yellow to dark yellow; disc smooth, citrine, yellow 
or slightly yellow brown or dirty yellow when old 
(Figs. 39a, b). – H y m e n i u m  colourless, ca. 80 μm 
high; epithecium yellow-brown and distinctly gran-
ular; hypothecium colourless (Fig. 39c). – P a r a -
p h y s e s  mostly simple and sometimes branched 
and with slightly swollen apices; asci clavate, 60–70 

× 7–9 μm, 8-spored, Candelaria-type. – A s -
c o s p o r e s  colourless, simple or 1-septate, ± cylin-
drical or oblong-ellipsoid, slightly curved and 
rounded ends, 16–19 × 3–4 μm (Fig. 39d). Detailed 
description in Rondon (1965).

H a b i t a t  a n d  d i s t r i b u t i o n . – On calcar-
eous rocks and limestones, mostly from the coast. 
Thus far known from France, Greece, Iran, Israel, 
Kazakhstan, Morocco, Spain, Turkey, and Ukraine 
(Thor & Wirth 1990, Galun & Mukhtar 1996. Cop-
pins et al. 2001, Khodosovtsev et al. 2004, Burgaz 
2006, Roux 2012, Valadbeigi 2014, present study). 

N o t e s . – Although approximately 1,650 lichen 
species have been previously reported from Turkey 
(John & Türk 2017), of which only 13 taxa were 
known from Bingöl and 89 from Tunceli (Mayrhofer 

Fig. 39. Candelariella oleaginescens. a. Thallus with young apothecia. b. Thallus with apothecia. c. Ascoma in water, with, epihy-
menium, hymenium, and hypothecium. d. Ascospore in water. Scale bars a 250 μm, b 2 mm, c 100 μm, d 20 μm.
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& Poelt 1979, Çobanoğlu & Yavuz 2007, Çobanoğlu 
& Doğan 2010, Vondrák et al. 2016). Before this pa-
per, 15 taxa of Candelariella, 28 of Verrucaria, and 
57 of Rinodina were reported from Turkey (John & 
Türk 2017). Our records of Candelariella oleagines-
cens, Rinodina sicula, and Verrucaria murina add to 
these numbers.

Candelariella oleaginescens is similar to C. 
plumbea and C. boikoi. It differs from C. plumbea in 
having a thinner areolate to squamulose thallus, 
smaller apothecia, and longer spores. Smaller apo-
thecia (up to 1 mm), a more flattened thallus, and 
dispersed areoles in C. oleaginescens help to differ-
entiate it from C. boikoi (Khodosovtsev et al. 2004).

Authors: K. Yazıcı, D. Karahan, A. Aslan & A. 
Aptroot

Ascomycota, Lecanoromycetes, Caliciales, Physci-

aceae

Rinodina sicula Mayrhofer & Poelt, Bibliotheca Li-
chenol. 12: 143 (1979). – Fig. 40

M a t e r i a l  e x a m i n e d . – TURKEY. Tunceli Province, 
Pertek, Akdemir village, 38º59’10”N, 39º10’24”E, 1205 m a.s.l., 
22 June 2018, leg. K. Yazıcı & D. Karahan (KTUB-2474). As-
sociated species: Acarospora cervina, Calogaya decipiens, C. 
saxicola, Candelariella vitellina, Diplotomma epipolium, 
Lathagrium cristatum, Lobothallia radiosa, Physcia dubia, 
Pyrenodesmia variabilis, and Verrucaria nigrescens.

D e s c r i p t i o n .  –  T h a l l u s  crustose, thin, 
sometimes partly discontinuous, 1–4 cm in diam., 
pale to dark grey, partially cracked-areolate, pro-
thallus black; soredia and isidia absent. – A p o -
t h e c i u m  lecanorine, 0.5–1.0 mm in diam., adnate 
or mostly sessile, abundant and ±aggregated; thal-
line margin ± concolorous with the thallus, grey or 
dark grey, distinctly thick, prominent; disc dark 
brown to black, plane (Figs. 40a, b); hymenium 100–
110 μm high, colourless; epihymenium red brown or 
dark-brown; hypothecium colourless, 50–60 μm 
high (Figs. 40c, d). – A s c u s  Lecanora-type, 65.25–
85.75(90) × 25–27 μm (Figs. 40d, e). – A s c o s p o r e s 
Physconia-type, thin wall, 12.25–19.6 × 8–9.8 μm 
(Figs. 40e, f). – Thallus K–, C–, P–, thalline margin 
C+ red. Detailed description in Mayrhofer & Poelt 
(1979).

H a b i t a t  a n d  d i s t r i b u t i o n . – Early colo-
nizer of compact siliceous rocks, often in nutrient-
rich crevices, also gravestones, mainly coastal. İt is 
known from Denmark, England, France, Greece, 
Ireland, Italy, Japan, Korea, Russia, Sweden, and 
Turkey (Mayrhofer & Sheard 2007, Sheard et al. 
2017, present study).

Authors: K. Yazıcı, D. Karahan, A. Aslan & A. 
Aptroot

Ascomycota, Eurotiomycetes, Verrucariales, Verru-

cariaceae

Verrucaria murina Leight., Brit. Sp. Ang. Lich.: 59 
(1851). – Fig. 41

M a t e r i a l  e x a m i n e d . – TURKEY. Bingöl province, 
Solhan, Asmakaya village, Tarhan district, 38º47’52”N, 
41º04’30”E, 1500 m a.s.l., 31 August 2018, leg. K. Yazıcı & D. 
Karahan (KTUB-2475). Associated species: Circinaria con-
torta. 

D e s c r i p t i o n .  –  T h a l l u s  crustose, 1–1.5 cm 
in diam., superficial or ±immersed, greenish to light 
brown, generally small flecks and patches with go-
niocysts. – Isidia, blastidia, and soredia absent. – 
P e r i t h e c i a  ca. 200–350 (400) μm in diam., mod-
erately dispersed and projecting, slightly domed, 
sometimes aggregated in 3–4 perithecia, mostly 
prominent, rarely collapsed (Figs. 41a, b). – I n v o -
l u c r e l l u m  present, ± appressed to the exciple 
basally poorly developed, flat, thin and pale brown 
(Figs. 41c, d). – A s c u s  clavate, 49 μm in length, fis-
situnicate, the ocular chamber inconspicuous, 
8-spored. – A s c o s p o r e s  simple, oblong or some-
times broadly ellipsoid, thin and smooth wall, ar-
ranged biseriately, 18–22 × 8.2–9.3 μm (Figs 41e, f). 
Detailed description in Smith et al. (2009).

H a b i t a t  a n d  d i s t r i b u t i o n . – On sili-
ceous rocks, limestone, chalk, small stones, and do-
lomite near streams in upland areas. Known from 
England, Denmark, France, Germany, Greece, Ire-
land, Italy, Latvia, Maltese Islands, Montenegro, Po-
land, Spain, Switzerland, Sweden, the Netherlands, 
Turkey, and Ukraine (Dietrich 2012, Fiorentina 
2002, Krzewicka 2009, present study). This species 
is new to Turkey and Asia.

N o t e s . – Verrucaria dolosa resembles V. muri-
na but has smaller ascospores and a more conical 
involucrellum (Smith et al. 2009). Our record of V. 
murina is the first one for the Asian continent.

Authors: K. Yazıcı, D. Karahan, A. Aslan & A. 
Aptroot

Ascomycota, Dothideomycetes, Botryosphaeriales, 

Botryosphaeriaceae

Lasiodiplodia theobromae (Pat.) Griffon & Maubl., 
Bull. Soc. Mycol. Fr. 25: 57 (1909). – Fig. 42

M a t e r i a l  e x a m i n e d . – INDIA. West Bengal, Agri-
Horticultural Society of India, Alipore Road, Kolkata, 22°53’N, 
88°33’E, Dianella tasmanica ‘variegata’ necrotic leaf tips 
(HCIO 52025, ITCC 7906), IARI (National Herbarium of Culti-
vated Plants, National Bureau of Plant Genetic Resources, In-
dian Agricultural Research Institute).

C u l t u r e  c h a r a c t e r i s t i c s .  –  M y c e l i -
u m  thin, whitish, fluffy from the top but dull to 
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light brown at the bottom on PDA, 90 mm diam. 
within seven d. after inoculation with abundant 
production of pycnidia at bottom of Petri dish. – 

H y p h a e  hyaline, thin, septate, 6.8–15.7 μm (av. 
10.3 μm) wide. – P y c n i d i a  460.3–582.7 μm in 
diam., numerous, ostiolate [ostiole diam. 4.62–7.23 

Fig. 40. Rinodina sicula. a–b. Thallus with apothecia. c. Apothecium in water, with hymenium, ascus, and ascospores. d. Apothe-
cium in water, with epihymenium, hymenium, ascus, ascospores. e. Ascus and ascospores in water. f. Ascospores in water. Scale 
bars a–b 2 mm, c 100 μm, d 50 μm, e–f 20 μm.



212 Sydowia 71 (2019)

Song et al.: FUSE 5

Fig. 41. Verrucaria murina. a–b. Thallus with perithecia. c. Perithecium in water, with involucrellum, ascus, ascospores. d–f. Per-
ithecium in water, with ascus and ascospores. Scale bars a–b 1 mm, c 50 μm, d–f 210 μm.

μm (av. 6.81 μm)], semi-immersed, solitary or con-
fluent, glabrous, globose, papillate, brown to black 
with pseudoparenchymatous wall. – C o n i d i a 

double-layered, hyaline and unicellular when young 
(Fig. 42F) but light to dark brown and equally 
2-celled when mature (Fig. 42G), oblong, bilamel-
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late with longitudinally arranged striations, 26.9–
33.2 × 11.9–20.1 μm (av. 29.9 × 15.9 μm) with wall 
thickness around 0.8–1.5 μm (av. 1.1 μm).

N o t e s . – In the recent past, Dianella tasmani-
ca ‘variegata’ was found to be heavily attacked by 
the tip blight disease in West Bengal, India. This 
disease causes gradual and severe blighting of 
leaves followed by leaf drying and complete death 
of foliage (Banerjee 2016). The disease appears first 
as round to spindle-shaped lesions with ashy center, 
surrounded by a dark brown margin and distribut-
ed irregularly on one or both margins of leaves to-
wards the leaf tip. Lesions coalesce to form a broad 
patch, progressing basipetally and becoming brown 
to grey or straw-colored (Fig. 42A). Numerous black 
dots like erumpent pycnidia, measuring 224.6–255.1 
μm (av. 238.2 μm), are formed subepidermally on the 
straw-colored dead tissues of the leaf tips (Figs. 
42B, C). In severe condition, total leaves dry up and 
detach easily from the tip portion. Severity and 
sporulation of the pathogen were noticed from 
April to May.

The ITS sequence was 100 % similar to Lasi-
odiplodia theobromae (isolate ADB7, GenBank ac-
cession number MF671945). Also our SSU sequence 
was 100 % similar to L. theobromae (A1, KC442314). 
Dianella spp. are attacked by five fungal diseases. 
These are Cladosporium leaf spot by Cladosporium 
dianellicola (He & Zhang 2001), rust disease by 
Puccinia dianellae (McKenzie 1998), anthracnose 
by Colletotrichum gloeosporioides (Takeuchi et al. 
2008), sheath blight by Rhizoctonia solani (Ono & 
Hoshi 2009), and Mycosphaerella leaf spots by My-

cosphaerella queenslandica (Sivanesan & Shivas 
2002)]. Chaudhuri et al. (2017) described the cul-
tural and morphological aspects of L. theobromae 
of Dianella in various carbon and nitrogen contain-
ing media, but this was not a disease report. To the 
best of our knowledge, this is the first molecular 
evidence of L. theobromae causing tip blight of Di-
anella tasmanica ‘variegata’ (variegated flax lily) 
from India.

Authors: A. Banerjee, B. Panja, J. Saha, A. 
Mookherjee & M.K. Maiti

Basidiomycota, Agaricomyces, Agaricales, Ompha-

lotaceae

Marasmiellus subpruinosus (Murrill) J.S. Oliveira, 
Mycol. Progress 18: 735 (2019). – Figs. 43–44

B a s i o n y m . – Marasmius subpruinosus Murrill, N. Amer. 
Fl. 9(4): 266 (1915).

S y n o n y m s . – Collybia subpruinosa (Murrill) Dennis, 
Trans. Br. mycol. Soc. 34(4): 449 (1951). Gymnopus subpruino-
sus (Murrill) Desjardin, Halling & Hemmes, Mycologia 91(1): 
171 (1999). 

M a t e r i a l  e x a m i n e d . – Marasmiellus subpruino-
sus: PORTUGAL. Madeira, Ribeiro Frio to Portella, Levada do 
Furado, 32°43’53” N, 16°52’58” E, decaying wood and broad-
leaved twigs, 23 September 2015, leg. V. Antonín, H. Ševčíková 
& J. Borovička (BRNM 781138); Ibid., decaying wood and lit-
ter of broadleaved trees, 23 September 2015, leg. J. Borovička 
(BRNM 781141). – Marasmiellus luxurians (Peck) J.S. Oliveira: 
AUSTRIA. Graz, Botanical garden, 30 April 1998, leg. H. 
Pidlich-Aigner (BRNM 652791). – BENIN. Borgou province, 
Wari-Maro, 22 August 1997, leg. V. Antonín (BRNM 648405). – 
CZECH REPUBLIC. České Budějovice, park, 3 August 1998, 
leg. V. Bícha (BRNM 695300); Prague, Botanical garden, green-
house, February 1976, leg. M. Svrček 623/76 (PRM 820173, as 

Fig. 42. Lasiodiplodia theobromae on Dianella tasmanica ‘variegata’. A. Tip blight disease symptoms. B, C. Pycnidia on leaf sur-
face. D. culture isolated from Dianella tasmanica ‘variegata’ on peptone salt agar (PSA). E. Pycnidium and conidia produced on 
PSA. F. Conidia after discharge from pycnidia. G. conidia after four weeks. Scale bars B 10 μm; C, E 100 μm; F–G 50 μm.
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Collybia dryophila forma pileo pallide); Ibid., 13 April 1983, 

leg. A. Vágner (PRM); Liberec, Stráž n. Nisou, greenhouse, 13 
April 1983, leg. Z. Pelda (PRM); Ibid., 13 & 20 April and 3 May 

1983, leg. Z. Pelda (PRM); Olomouc, University campus, 30 
August 2013, leg. M. Kříž (BRNM 761876); Přerov, city park, 8 
July 2012, leg. J. Polčák (BRNM 766613); Janovice near 
Frýdek-Místek, garden, 14 June 2018, leg. E.M. Caklirpaloglu 

(BRNM 807659); Valašské Meziříčí, city park, 24 July 2018, leg. 
H. Ševčíková (BRNM 808899). – GERMANY. Speyer, north of 
Hanhofen, 21 July 1997, leg. W. Winterhoff 9765 (BRNM 

695313). – NETHERLANDS. Limburg province, Venlo, 20 Au-

gust 1991, leg. G.M. Gatzen (L 99341); Noord Brabant prov-

ince, Eindhoven, P. de Jong Park, 20 & 28 September 1989, leg. 
H. Huijser (L 99338); Overijssel province, Nijverdal, 1 August 
1994, leg. W. Ligterink (L 99335); Overijssel province, Rijssen, 
1 August 1994, leg. W. Ligterink (L 99336). – REPUBLIC OF 
KOREA. Hongcheon County, Nae-myong, Jaun-ri, 26 July 

2007, leg. V. Antonín & H.D. Shin (BRNM 714992). – USA. New 
York, Bronx County, Bronx, N.Y. Botanical Garden, 26 Sep-

tember 1989, leg. R.E. Halling 6317 (L 99340); Massachussetts, 
Hamshire County, Amherst, Village park, 27 July 1979, leg. 
R.E. Halling 2876 (L 99339). – Gymnopus moseri Antonín & 

Noordel.: SWEDEN. Småland, Femsjö, Erstaviken, Södra Fär-

gen, 25 September 1976, leg. M. Moser 76/355 (IB, holotype); 
Västergötland, Trollhättan, near Hästvägen, 18 October 1983, 

leg. L. & A. Stridvall 83.166 (L, Herb. Stridvall).

D e s c r i p t i o n .  –  P i l e u s  10–40 mm broad, 
convex to low-convex or applanate, obtuse or with 
low umbo at centre, involute, then straight at mar-
gin, hygrophanous, up to center translucently stri-
ate, distinctly striate-sulcate, especially when old, ± 
glabrous, watery brown when moist, pallescent to 
(dirty) ochraceous from centre towards margin 
when drying-out. – L a m e l l a e  distant, L = 14–18, 
l = 2–3, emarginate and with small tooth, interve-
nose when old, (greyish) brownish, with concolor-
ous edge. – S t i p e  15–50 × 1.5–2.5 mm, cylindrical 
or laterally compressed, tomentose-pubescent, es-
pecially at apex, dirty whitish to brownish above, 
brown (± concolorous with pileus centre or darker) 
towards base, basal tomentum whitish. C o n t e x t 
without any special smell. – B a s i d i o s p o r e s 
8.0–9.5(10) × 4.25–5.0 μm, average 8.83 × 4.67 μm, E 
= 1.78–2.11, Q = 1.87–1.90, fusoid, fusoid-ellipsoid, 
rarely subovoid, thin-walled, non-dextrinoid. B a -
s i d i a  22–29(35) × 6.5–8.0 μm, 4-spored, clavate. – 
C h e i l o c y s t i d i a  23–45 (60) × 5.0–15 μm, varia-
ble in shape, clavate, (sub)cylindrical, (sub)fusoid, 

Fig. 43. Marasmiellus subpruinosus BRNM 781138. Photo V. Antonín.
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Fig. 44. Marasmiellus subpruinosus BRNM 781138. a. Basidiospores. b. Basidia. c. Pileipellis elements. d. Cheilocystidia. e. Cau-
locystidia. Scale bar 10 μm, del. H. Ševčíková.
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utriform, mostly irregular or branched, often with 
projection(s) or rostrate, thin-walled. – P l e u r o -
c y s t i d i a  absent. – P i l e i p e l l i s  a cutis, com-
posed of ± cylindrical, thin- to slightly thick-walled, 
often incrusted (zebroid), 3.0–10 μm wide hyphae 
with rare diverticula and digitate, lateral or termi-
nal, often branched, 12–80 × 5.0–9.0 μm long projec-
tions. – S t i p i t i p e l l i s  a cutis of cylindrical, 
slightly thick-walled, smooth or minutely incrusted, 
non-dextrinoid, 2.0–6.0 μm wide hyphae. – C a u l o -
c y s t i d i a  24–75 × 5.5–10 μm, variable in shape, 
cylindrical, fusoid, narrowly clavate, (sub)utriform, 
irregular, (sub)moniliform, rarely with projection(s), 
subcapitate or subrostrate, thin- to slightly thick-
walled. – C l a m p  c o n n e c t i o n s  present in all 
tissues.

E c o l o g y.  – In Madeira, this species was found 
on decaying wood, twigs, and litter of broadleaved 
trees in an evergreen humid laurel forest. This forest 
is unique by ancient relict endemics with a great 
affinity with Tertiary flora and fauna (Condé et al. 
2002). The island of Madeira belongs to the Macaro-
nesian Biogeographic Region, which is a part of the 
Holarctic with mostly Mediterranean climate heavi-
ly influenced by the ocean. This island is one of the 
hotspots for biodiversity, especially for plants (Con-
dé et al. 2002), but the expanding agricultural in-
dustry and tourism had a major impact on original 
biodiversity. In other continents, M. subpruinosus 
has been collected scattered to clustered on humus-
rich soils, woody debris, and logs, on partially bur-
ied wood debris, on wood debris and twigs, scat-
tered on wood debris and mulch (Desjardin et al. 
1999, Mata & Ovrebo 2009), and on Cyathea, 
Nothofagus truncata, Pinus pinaster, Pinus sp., and 
Podocarpus totara in forests and parks (Anonymous 
2012–2018); fruiting occurs in late summer in wa-
tered areas and after fall rains (http://www.
mykoweb.com/CAF/species/Gymnopus_subpruino-
sus.html). 

D i s t r i b u t i o n . – Marasmiellus subpruinosus 
is known from the western part of the USA (includ-
ing Puerto Rico and Hawaii; Baroni 1998, Desjardin 
et al. 1999, Barron 2012), Central America (Costa 
Rica, Jamaica, Panama; Pennington 1915, Ovrebo 
1996, Mata & Ovrebo 2009), South America (Brazil, 
Ecuador; Rosa & Capelari 2009, Anonymous 2017), 
and New Zealand (Anonymous 2012–2018).

N o t e s . – Marasmiellus subpruinosus is charac-
terized by a hygrophanous, up to center translu-
cently striate, distinctly striate-sulcate, watery 
brown pileus, pallescent to (dirty) ochraceous from 
center; (greyish) brownish lamellae; a tomentose-
pubescent stipe, dirty whitish to brownish above, 

brown towards base, basal tomentum whitish; mod-
erately large [8.0–9.5(10) × 4.25–5.0 μm], fusoid, fu-
soid-ellipsoid, rarely subovoid basidiospores; vari-
able, clavate, (sub)cylindrical, (sub)fusoid, utriform 
cheilocystidia, mostly irregular to branched, with 
projection(s) or rostrate; the absence of pleurocyst-
idia; and mostly cylindrical, fusoid, narrowly 
clavate, (sub)utriform, irregular, (sub)moniliform 
caulocystidia. Desjardin et al. (1999) mentioned this 
species from the Hawaiian Islands; their descrip-
tion differs from the Madeira basidiomata by larger 
cheilocystidia (25–80 × 5–16 μm) and caulocystidia 
(60–120 × 2.5–10 μm). However, the shapes of all 
above-mentioned structures agree with the Madei-
ra collections; Desjardin et al. (1999) called pileipel-
lis terminal cells as pileocystidia. The sequence of 
the Marasmiellus subpruinosus BRNM 781138 (as 
Gymnopus subpruinosus) is well supported phylo-
genetically (Fig. 45). According these characters, 
this species belongs to sect. Vestipedes (Fr.) Antonín, 
Halling & Noordel. (Antonín & Noordeloos 2010). 
Oliveira et al. (2019) published a detailed paper 
dealing with the phylogeny of Omphalotaceae and 
transferred studied taxa of sect. Vestipedes to the 
genus Marasmiellus.

Gymnopus rodhallii Desjardin & B.A. Perry, de-
scribed from São Tomé, Africa, has a paler pileus, 
pale brownish grey to cream centre, or beige to 
cream overall, close lamellae, smaller basidiospores 
(6.4–7.0 × 3.0–3.5 μm), and a pileipellis with undif-
ferentiated terminal cells (Desjardin & Perry 2017). 

The phylogenetically similar Marasmiellus poly-
grammus (Mont.) J.S. Oliveira is known from South 
America (e.g., Costa Rica, Guyana, Puerto Rico; 
Baroni 1998, Mata & Petersen 2003, Mata & Ovrebo 
2009), the Republic of Korea (Lee et al. 2014, Jang et 
al. 2016), and India (Dutta et al. 2015). This species 
macroscopically differs from M. subpruinosus by 
close to subdistant lamellae and a dark brown to 
black stipe (Mata & Petersen 2003); however, con-
cerning microscopic characters, these authors ob-
served only basidiospores due to the poor condition 
of the type specimen. In comparison with M. sub-
pruinosus, Dutta et al. (2015) mentioned a distinctly 
larger pileus (5–11.5 (14) cm), a larger stipe, 40–68 x 
3–5 mm, with an upper part creamy white to light 
brownish cream, lower part creamy brown to creamy 
vinaceous brown, smaller basidiospores, (7.2)7.5–
7.9(8.6) × (3.5)3.9–4.3(5.4) μm, and narrower cheilo-
cystidia, 35–54(72) × 5–7.5 μm, in the Indian collec-
tion. Moreover, the authors have not mentioned the 
presence of distinct and long pileipellis terminal 
cells. The Korean authors (Jang et al. 2016) also de-
scribed a smaller pileus (1.5–2 cm) and smaller ba-
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sidiospores, (5)5.2–7.4 × 2.6–3.5 μm, however, they 
mentioned the absence of cheilocystidia. Moreover, 
the sequence of their single Korean collection forms 
a small sister clade to the other M. polygrammus 
sequences. Therefore, the identity of this collection 
is not fully certain. 

Macroscopically similar to M. subpruinosus is 
the Korean collection named Gymnopus iocephalus 
(Berk. & M.A. Curtis) Halling, but it differs by the 
absence of cheilocystidia (Jang et al. 2016); the au-
thors of this paper described the pileus colour as 
yellowish brown to very pale brown when fresh, be-
coming very pale brown when dry. However, Berke-
ley & Curtis (1853) mentioned the pileus as viola-
ceous in his original description. Halling (1983, 
2013) in concordance with the original description 
mentioned its pileus as coloured in shades of purple 
at first, soon fading to purplish lilac as is typical for 

G. iocephalus. Moreover, the sequence of this single 
Korean collection forms a small sister clade to the 
American ones and the identity of Korean G. io-
cephalus is not fully proven now. Halling (1983), in 
his description of G. iocephalus, also measured 
smaller basidiospores 6.5–8.6 × 3.2–4.4 μm in com-
parison with M. subpruinosus. Further, G. iocepha-
lus has a pungent and unpleasant smell, and phylo-
genetically belongs to Gymnopus sect. Impudicae 
(Antonín & Noordel.) Antonín & Noordel. (Ryoo et 
al. 2016).

Gymnopus moseri Antonín & Noordel., known 
from Europa and North America, differs by larger 
basidiospores, 8.5–11 × 4.0–5.0 μm (Antonín & 
Noordeloos 2010, our studies), and also phylogenet-
ically.

The other phylogenetically closely related spe-
cies Marasmiellus luxurians (Peck) Murrill, differs 

Fig. 45. Phylogenetic placement of Marasmiellus subpruinosus among closely related species inferred from ITS rDNA sequences. 
Support values are given above the branches (≥ 0.90 for BI, ≥ 70 for ML).
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from M. subpruinosus by larger basidiomata (pileus 
30–110 mm broad, stipe 50–100 × 5–10 mm), a fre-
quently radially fibrillose pileus, very close (L > 200), 
white to sordid pink lamellae, a strongly fibrillose-
striate stipe, longer basidiospores, 7.0–11.5 (13) × 
3.5–6.0 μm, slightly shorter cheilocystidia, shorter 
pileipellis terminal cells, and it grows mostly on 
places influenced by men (compost heaps, mulch, 
ruderal places) (Antonín & Herink 1999, Antonín & 
Noordeloos 2010, our studies). Moreover, Antonín & 
Herink (1999) described a unique character of G. 
luxurians, which has never been observed in other 
Gymnopus species: lamellae are divided in two edg-
es and connected to each other when young, later 
the connection line cracks and both lamella edges 
start to diverge (lamellae with double edge), finally 
both edges of the lamellae are attached to each oth-
er and may be coalesced (lamellae with one edge).

The collections from Madeira given here repre-
sent the first records not only for Madeira and Ma-
caronesia, but for Africa. Madeiran collections were 
found far away from other distribution localities of 
Marasmiellus subpruinosus with distance from the 
Hawaiian Islands approx. 12,600 km, from the USA 
ca. 5,300 km, Brazil ca. 5,000 km, and New Zealand 
ca. 18,000 km. Marasmiellus subpruinosus grows in 
the laurisilva forest containing endemic tree species 
as e.g., Oxydendrum arboretum (Condé et al. 2002), 
therefore, it may by native there. On the other hand, 
agricultural industry and tourism have an impact 
on a large part of the island, and this species may be 
introduced. During our field research, e.g., Austral-
ian species Clathrus archeri was found. Our studies 
(unpublished) show a mix of European, North 
American, Australian, and some unique species of 
macromycetes.

Authors: H. Ševčíková & V. Antonín

Basidiomycota, Agaricomycetes, Agaricales, My-

cenaceae

Mycena albidolilacea Kühner & Maire, Encyclop. 
Mycol. 10: 419 (1938). – Figs. 46, 49f–g

M a t e r i a l  e x a m i n e d . – RUSSIA. Novgorod Oblast, 
near village Krasnofarfornyi, an oak forest of the flood-plain, 
on decaying leaves of Populus tremula, 22 July 2017, leg. L. 
Kalinina, det. A. Aronsen (LE 321756); Novgorodskaya Oblast, 
near village Savino, protected area “Savinskie dubravy”, on 
decaying leaves of Quercus robur, 16 August 2018, leg. L. Ka-
linina, det. A. Aronsen (LE 321757).

D e s c r i p t i o n .  –  B a s i d i o m a t a  solitary 
or two together. – P i l e u s  convex, 5–10 mm in 
diam., very pale pink with slightly darker centre, 
glabrous, somewhat sulcate. – S t i p e  cylindrical, 

hollow, 30–40 × 1 mm, white with pale pink tinge, 
slightly pubescent (lens!), covered with white fibrils 
near the base. – L a m e l l a e  ventricose, L < 20, ad-
nexed, white, with very slightly pinkish edge visible 
only under lens after drying. – O d o r  indistinctive, 
possibly somewhat farinaceous. – B a s i d i o -
s p o r e s  (7.0)7.6–10.5 × 3.8–5.2 μm, Q = 1.6–2.4, Qav 
= ~1.9 (n=29 from two specimens), amyloid, pip-
shaped, smooth. – B a s i d i a  17.6–30.1 × 6.6–7.9 μm. 
– C h e i l o c y s t i d i a  24.2–33.2 × 8.9–10.4 × 2.8–
3.1 μm, forming sterile band, clavate, obpyriform, 
smooth, furcate or with 1–3 irregular curved excres-
cences 7.1–14.7 × 2.5–3.1 μm long. – P l e u r o c y s t -
i d i a  absent. – P i l e i p e l l i s  hyphae up to 3 μm 
wide, diverticulate with numerous excrescences 
2.0–11.4 × 1.0–1.8 μm. – S t i p i t i p e l l i s  hyphae 
3–4 μm wide, with numerous excrescences 1.0–4.0 × 
1–2 μm, terminal cells up to 7.5 μm wide, covered 
with short excrescences. – C l a m p  c o n n e c -
t i o n s  present.

H a b i t a t  a n d  d i s t r i b u t i o n . – On decay-
ing leaves of Quercus robur and Populus tremula in 
Austria, Denmark, France, Germany, Hungary, Italy, 
the Netherlands, Sweden, UK, and Russia.

N o t e s . – The genus Mycena (Pers.) Roussel was 
shown to be polyphyletic by Moncalvo et al. (2002) 
and Matheny et al. (2006). Since then, several pa-
pers on European species have been published in-
troducing new taxa (e.g., Robich et al. 2005, Arons-
en & Gulden 2007, Robich & Hausknecht 2008, 
Aronsen & Perry 2012), presenting rare and inter-
esting records (e.g., Ronikier et al. 2006, Ludwig & 
Ryberg 2009, Holec & Kolařík 2017, Ševčíková 
2017), and considering the phylogeny of section 
Calodontes (Harder et al. 2010, 2013). Three thor-
ough monographs on European species were pub-
lished in recent years (Robich 2003, 2016; Aronsen 
& Læssøe 2016), which follow the traditional ap-
proach treating Mycena in wide sense. These mono-
graphs are very valuable for species identification 
because of their high-quality photographs, descrip-
tions, and drawings of microstructures.

According to Maas Geesteranus (1992a), whose 
description closely follows the protologue, basidio-
mata are described as “scattered to gregarious,” but 
our specimens are represented by a single basidio-
ma found on a fallen aspen leaf (LE 321756) and 
two basidiomata found on fallen oak leaves (LE 
321757). Basidiospore sizes match wide ranges giv-
en in Robich (2016) and Aronsen (2019); they are 
shorter compared to Maas Geesteranus (1992a) and 
Kühner (1938) but their width matches the one giv-
en in the latter reference. Cheilocystidia are some-
what narrower, excrescences shorter and wider 
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Fig. 46. Microstructures of Mycena albidolilacea. a. Caulocystidia. b. Basidiospores. c. Pileipellis hypha. d. Basidia. e. Cheilocys-
tidia.

than those described earlier (Tab. 6). A French col-
lection studied by Aronsen (2019) had a basidio-
spore size matching those described by Kühner 
(1938), and excrescences of cheilocystidia also were 
much shorter than in the description given by Maas 

Geesteranus (1992a). So these differences should be 
considered within the variability of the species.

This species is similar to M. mitis, another slight-
ly pinkish Mycena growing on fallen oak leaves. 
Mycena mitis is distinguished by lamellae decur-
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rent with a tooth, and stipitipellis and pileipellis 
with rather long (up to 25 μm) excrescences embed-
ded in gelatinous matter (Maas Geesteranus 1992b, 
Ludwig & Ryberg 2009, Aronsen & Læssøe 2016).

Author: L.B. Kalinina

Basidiomycota, Agaricomycetes, Agaricales, My-

cenaceae

Mycena tenuispinosa J. Favre, Bull. Soc. Neuchat. 
Sci. Nat. 80: 96 (1957). – Figs. 47, 49a–e

M a t e r i a l  e x a m i n e d . – RUSSIA. Leningrad Oblast, 
near village Orzhitsy, old abandoned park, on bark of decidu-
ous trees (cf. Ulmus), 23 June 2018, leg. & det. L. Kalinina (LE 
321754); Leningrad Oblast, near village Orzhitsy, old aban-
doned park, on bark of deciduous trees (cf. Ulmus), 30 June 
2018, leg. & det. L. Kalinina (LE 321755).

D e s c r i p t i o n .  –  B a s i d i o m a t a  tiny, soli-
tary or scattered, young basidiomata have distinct 
bluish tinge both on stipe and pileus and nitrous 
smell. – P i l e u s  ovoid when young, then convex, up 
to 3 mm in diam., greyish white with somewhat 
darker centre, with separable gelatinous pellicle 
and thin white hairs (“spinules”) visible under hand 
lens (×10). – S t i p e  cylindrical, 10–30 × 0.2–0.5 mm, 
greyish-white, darker towards the base, finely pu-
bescent, with basal disc. – L a m e l l a e  9–13 reach-
ing the stipe, white, forming a pseudocollarium. – 
B a s i d i o s p o r e s  7.8–10.5 × 4.2–5.2 μm, Q = 1.6 
–2.1, Qav = ~ 1.9 (n=30), amyloid, broadly pip-
shaped. – B a s i d i a  15.5–18.2 × 8.2–10.0 μm, 
4-spored, broadly clavate to obpyriform, hardly 
seen, with sterigmata up to 2–3 μm long. – C h e i l o -
c y s t i d i a  10.6–22.5 × 6.0–11.0 μm, clavate with 

cylindrical excrescences 2.0–4.4 × 0.8–1.1 μm, form-
ing a sterile band. – P l e u r o c y s t i d i a  absent. – 
P i l e i p e l l i s  hyphae 2.6–9.1 μm wide, hairs (“spi-
nules”) up to 50 μm long, consisting of diverticulate 
hyphae covered with numerous excrescences up to 
3.5 μm. – S t i p i t i p e l l i s  hyphae smooth, 3.5–
4.8 μm wide, with hair-like caulocystidia with 
clamp connections. – C l a m p  c o n n e c t i o n s 
present.

H a b i t a t  a n d  d i s t r i b u t i o n . – On bark of 
deciduous trees. Described from Switzerland, also 
present in Denmark, Germany, Italy, Slovakia, the 
Netherlands, Poland and Russia.

N o t e s . – Mycena tenuispinosa was described 
in 1957 by Favre and until 1985 it was known only 
from type locality. Maas Geesteranus (1983) com-
piled a description that closely followed the origi-
nal one, there was only one addition concerning the 
absence of clamp connections revealed by O.H. 
Monthoux in the type material. In 1985, two very 
similar collections were reported from Germany, 
but those possessed clamp connections. After re-
examination of the type material, clamp connec-
tions were found (Maas Geesteranus 1991). This 
species is characterized by the presence of basal 
disc and pileal hairs (“spinules”) consisting of ag-
glutinated diverticulate hyphae. All our specimens 
have been found in an abandoned park with 
Quercus, Ulmus, Tilia, Corylus, and a lot of dead 
wood. Specimen LE 321755 was collected on a fall-
en trunk covered with moss. It consisted of two very 
young basidiomata that in the field seemed to be 
different due to a bluish tinge, in addition to six 

Tab. 6. Comparison of micromorphological characters in Mycena albidolilacea basidiomata according to existing descriptions.

Character Kühner (1938) Maas Geesteranus (1992) Robich (2016) Aronsen (2019) Present study

Basidia 30–38 × 6.5–8 25–30 × 7 24–26(33) × 7–7.5 21–40 × 7–9 17.6–25.9 × 7.3–7.9

Basidiospores 9.2–12.2 × 4.5–5.2 9.2–11.6 × 5.6–6.7 8–10 × 5–6 7.8–12 × 4.2–6 (7.0)7.6 –10.5 × 3.8 – 5.2

Cheilocystidia 11–12 in diam. 22.5–60 × 5.5–14.5 × 1.8–7 13–50 × 6–16 17–45 × 5–17 24.2–33.2 × 8.9–10.4 × 2.8–3.1

Excrescences No data 22.5 × 1.8–2.7 22 × 1.5–2.5 20 × 2 7.1–14.7 × 2.5 –3.1

Tab. 7. Comparison of micromorphological characters in Mycena tenuispinosa basidiomata according to existing descriptions.

Character Robich (2003) Roniker et al. (2006) Aronsen (2019) Present study

Basidia 22–28 × 8.5–11 17–21x 7–8 17–27 × 7–8 15.5–18.2 × 8.2–10.0

Basidiospores 8–9.5(12) × 5–6(6.5) 8.5–9 × 4.5–5.5 8–10 × 4–6 7.8–10.5 × 4.2–5.2

Q No data No data Q 1.6–2.4, Qav~2, 0 Q 1.6–2.1, Qav~1.9

Cheilocystidia 18 –24 × 9–16 12–19 × 6–10 10–23 × 6–15 10.6 –22.5 × 6–11

Excrescences 1–7(9) × 0.1–1 4–8 × 1 2–8 × 0.5–1 2.0–4.4 × 0.8–1.1
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mature basidiomata that were white. All of them 
have a clearly visible basal disc, lamellae attached 
to a pseudocollarium, and pileal hairs seen under 
the hand lens. Microscopy revealed that spinules 
are built up of diverticulate hyphae in both sam-
ples. Caulocystidia are better seen in young basidi-

omata. Basidia size and form slightly differ from 
those of the previously described specimens and the 
observed spores are somewhat narrower; cheilocys-
tidia match better with Polish (Ronikier et al. 2006) 
and Danish (Aronsen 2019) specimens (Tab. 7). 
Specimen LE 321755 was found on the same fallen 

Fig. 47. Microstructures of Mycena tenuispinosa. a. Pileipellis hyphae. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Caulocys-
tidia. f. Apex of pileal “spinula”.
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trunk one week later and consisted of three imma-
ture basidiomata; neither basidiospores nor mature 
basidia were observed, but cheilocystidia, caulocys-
tidia, and pileal spinules match the original de-
scription.

The bluish tinge that we observed in young ba-
sidiomata was not mentioned in previous descrip-
tions. This was observed only once under wet 
weather conditions (collection LE 321755). Another 
small bluish species, M. occulta Harmaja, is de-
scribed from Finland. It differs from M. tenuispi-
nosa by the absence of pileal spinules; ascending, 
narrowly adnate lamellae not forming a pseudocol-
larium; cheilocystidia with shorter excrescences (up 
to 1–1.5 μm long); heterogeneous lamellar edge; glo-
bose, clavate or subcylindrical terminal cells of 
pileipellis hyphae; and absence of clamp connec-
tions (Maas Geesteranus 1991).

There are two tropical species with similar pileal 
structures reported from Thailand: M. pseudoseta 
Desjardin, Boonprat. & Hywel-Jones and M. mimi-
coseta Desjardin, Boonprat. & Hywel-Jones (Desjar-
din et al. 2003). Mycena pseudoseta has ascending, 
narrowly to adnexed to subfree lamellae not form-
ing a pseudocollarium, it lacks a separable gelati-
nous pellicle and caulocystidia, its cheilocystidia 
excrescenses are longer (up to 7 μm long), and it 
grows on leaves of an undetermined dicotyledonous 
tree. Mycena mimicoseta has smaller basidiomata 
(pileus up to 1 mm in diam.), lacks cheilocystidia 
and caulocystidia, and has a pileipellis with acan-
thocysts forming the hymeniform layer. 

Author: L.B. Kalinina

Basidiomycota, Agaricomycetes, Agaricales, My-

cenaceae

Mycena xantholeuca Kühner, Encyclop. Mycol. 10: 
314 (1938). – Figs. 48, 49h–i

M a t e r i a l  e x a m i n e d . – RUSSIA. Leningrad Oblast, 
near village Vil’povitsy, on decaying leaves, 23 September 
2018, leg. & det. L. Kalinina (LE 321752, LE 321753, LE 
321758).

D e s c r i p t i o n .  –  B a s i d i o m a t a  in small 
fascicules (up to 6) or solitary. – P i l e u s  campanu-
late, 8–16 mm in diam., 10–12 mm in height, very 
pale yellowish with darker papilla and somewhat 
greenish tinge, dry. – S t i p e  cylindrical, 35–100 × 
1–3 mm, pale whitish-yellowish darkening towards 
the base to pale grey with a somewhat brownish-
olivaceous tinge, glabrous, hollow, covered with 
dense white fibrils near the base. – L a m e l l a e 
segmentiform, pale yellowish, adnate. – O d o r  in-
distinct, somewhat farinaceous. – B a s i d i o -

s p o r e s  6.4–9.7 × 3.5–5.0(5.5) μm, Q = 1.2–2.7, Qav 
= ~1.8 (n=85 from three specimens), amyloid, pip-
shaped, ellipsoid. – B a s i d i a  21.5–27.4 × 6.1–
8.7 μm. – C h e i l o c y s t i d i a  13.3–24.8 × 5.9–
15.9 μm, clavate, obpyriform, sessile or stipitate, 
with few thick excrescences (1.2)1.7–2.1(4.4) × 
(1.1)1.4–2.1(2.4) μm, often distinctly capitate. – 
P l e u r o c y s t i d i a  absent. – P i l e i p e l l i s  hy-
phae 1.2–2.3 μm wide, diverticulate, forming coral-
like mass. – S t i p i t i p e l l i s  hyphae 1.1–2.9 μm 
wide, diverticulate, with numerous simple up to 
4 μm long excrescences. – C l a m p  c o n n e c t i o n s 
present.

H a b i t a t  a n d  d i s t r i b u t i o n . – On decay-
ing wood and leaves of deciduous trees. Described 
from France, also known from Austria, Belgium, 
Germany, the Netherlands, Norway, Poland, and 
Russia.

N o t e s . – According to the protologue, the stipe 
is “hyaline blanc” and cheilocystidia are “clavi-
formes ou piriformes, a partie superieure arrondie 
(9–12.5 μm diam., en brosse)” (Kühner 1938), and 
excrescences were not described. Later, Maas 
Geesteranus (1992a) compiled a new description 
based on the original one and noted apically swol-
len excrescences of cheilocystidia, as shown in the 
original table. Robich (2003) provided a description 
of this species based on examination of 30 speci-
mens and noted not only swollen excrescences of 
cheilocystidia, but also a variable colour of the stipe 
from white to brown. According to Aronsen (2019) 
the stipe is watery white to grey, darker towards the 
base and emphasis is made on swollen excrescences 
as on one of the diagnostic features. The odor of the 
species was reported as iodoform when drying 
(Kühner 1938, Maas Geesteranus 1992a), as iodo-
form in mature basidiomata and when drying (Ro-
bich 2003), or without iodoform smell in both fresh 
and dried specimens (Aronsen 2019). 

Our specimens were found on wood and fallen 
leaves in one locality – a limestone slope with Ul-
mus, Acer, Corylus, and Fraxinus (area of Baltic-
Ladoga Klint near village Vil’povitsy). The basidio-
mata were quite similar and only pileus colour of 
LE 321753 was slightly paler than in other collec-
tions. The odor was faint and indistinct, at least 
more farinaceous than iodoform. Microscopical 
study revealed that all specimens lacked pleurocys-
tidia and had sessile or stipitate cheilocystidia with 
apically swollen excrescences. Size of spores and 
cheilocystidia is somewhat smaller than in existing 
descriptions (see Tab. 8).

The p-distance between our ITS sequences of M. 
xantholeuca is 0.33 %. According to existing papers 
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(Petersen et al. 2008, Hughes et al. 2009), pairwise 
distances less than 3 % allow to consider that spec-
imens belong to the same species. BLASTn searches 
revealed that our specimens are closer to M. cicog-

nanii (GenBank accession number JF908486, 97 % 
similarity) and M. rhamnicola (JF908372, 97 %) 
than to M. xantholeuca (JF908446, 93 %). Our spec-
imens show morphological (yellowish white bell-

Fig. 48. Microstructures of Mycena xantholeuca. a. Cheilocystidia. b. Pileipellis hyphae. c. Basidiospores. d. Basidia. e. Stipitipel-
lis hyphae.

Tab. 8. Comparison of micromorphological characters in Mycena xantholeuca according to existing descriptions.

Character Kühner (1938) Robich (2003) Aronsen (2019) Present study

Basidia 27–28 × 6.5 26–33 × 7.5–9 25–29 × 6–8 21.5–27.4 × 6.1–8.7

Basidiospores 8–9 × 4.2–5 7.5–9.5 × 5–6 8–10(11) × 4.5–6(7) 6.4–9.7 × 3.5–5(5.5)

Cheilocystidia 9–12.5 in diam. 15–45 × 10–25 15–35(45) × 7–19.5 13.3–24.8 × 5.9–15.9

Excrescences size No data 2–8 1–6(18) × 1–1.5 1.2–4.4 × 1.1–2.4



224 Sydowia 71 (2019)

Song et al.: FUSE 5

Fig. 49. Basidiomata of studied Mycena species. a–d. Mycena tenuispinosa (LE 321754). e. Pileal “hair” of M. tenuispinosa at 400× 
(LE 321754). f–g. Mycena albidoloacea (f: LE 321756, g: LE 321757). h–i. Mycena xantholeuca (h: LE 321753, i: LE 321752).



Sydowia 71 (2019) 225

Song et al.: FUSE 5

shaped cap, cheilocystidia with often distinctly 
capitate excrescences, absence of pleurocystidia) 
and ecological (decaying wood and leaves of decid-
uous trees) features that are typical for M. xantho-
leuca; pointing to misidentifications in submitted 
sequence data. 

Author: L.B. Kalinina

Ascomycota, Sordariomycetes, Hypocreales, Neo-

nectriaceae

Neonectria neomacrospora (C. Booth & Samuels) 
Mantiri & Samuels, in Mantiri et al., Can. J. Bot. 
79(3): 339 (2001). – Fig. 50

M a t e r i a l  e x a m i n e d . – Madhuca longifolia (Sapota-
ceae), commonly known as mahua, is an Indian tropical tree 
found largely in central and north Indian plains and forests. It 
is cultivated for its oleaginous seeds, flowers, and wood. It has 
been used in traditional medicine since long and is also used 
to prepare food products, alcohol, cosmetics, and oil-cake as 
bio-fertilizer. In September 2018, severe outbreaks of leaf spot 
occurred in M. longifolia plantations at the Kalyani District 
Seed Farm, 22°35’31.9200”N, 88°15’13.6800”E (Bidhan Chan-
dra Krishi Viswavidyalaya, West Bengal State, India). The dis-
ease began as small brown spots (Fig. 50A), surrounded by ir-
regular dark margins with characteristic yellow halos and 
reddish pigments that gradually increased from 0.5 to 0.8 cm 
in diam. (Figs. 50D, E), changing from circular to irregular le-
sions mostly confined on the upper surface of leaves (Fig. 50B). 
In severe cases, marginal necroses of leaves were noticed 
(Fig. 50C).

C u l t u r e  c h a r a c t e r i s t i c s . – In the labo-
ratory, the margin of necrotic tissues and spotted 
areas of leaves were used for fungal isolation. The 
samples were surface sterilized for three minutes in 
a 4 % sodium hypochlorite solution for 30 s after 
which they were dipped in ddH2O and air-dried for 
ten minutes. Samples were placed on potato dex-
trose agar (PDA) and incubated at 22 °C in 12 h 
dark/12 h light cycle. Within a few days, white my-
celium emerged from the samples and rapidly colo-
nized the agar surface (Fig. 50F). One culture was 
deposited at NFCCI (Agharkar Research Institute, 
Pune, India).

N o t e s . – Ovoid to ellipsoid microconidia with 
an average size of 4–12 × 2–5 μm and straight one to 
three-septate round-ended macroconidia (12–60 × 
4–6 μm) were observed in culture (Fig. 50G). DNA 
was extracted from mycelium and ITS amplifica-
tion was done with primers ITS1 and ITS4 (White et 
al. 1990). The generated sequence was submitted to 
GenBank under accession number MK193872. 
Based on morphology (Ouellette 1972, Booth 1979) 
and the ITS sequence, the fungus was identified as 
Neonectria neomacrospora. Pathogenicity tests 
were conducted by spraying conidial suspension on 

attached healthy surface-sterilized green leaves 
with 20 μl of a suspension of 105 conidiospores/ml, 
prepared from 15 d-old PDA culture. Control leaves 
were sprayed only sterile water. After seven d, spots 
with extended necroses had developed on all inocu-
lated leaves whereas control leaves remained 
healthy. The pathogen was re-isolated from infected 
leaves showing typical symptoms, thus fulfilling 
Koch postulates.

Neonectria neomacrospora is mentioned on the 
EPPO Alert List. Recent incidence of this pathogen 
has been reported in several European countries 
from Abies species and other conifer hosts (Petters-
son et al. 2016, Schmitz et al. 2017). Review of the 
literature revealed that our Indian report is the first 
one of leaf spot and necrosis on Madhuca longifolia 
caused by N. neomacrospora in the world.

Authors: A. Banerjee, S. Chatterjee, B. Panja & 
P. S. Nath

Ascomycota, Sordariomycetes, Magnaporthales, 

Magnaporthaceae

Plagiosphaera immersa (Trail) Petr., Sydowia 14(1–
6): 351 (1960). – Fig. 51

B a s i o n y m . – Ophiobolus immersus Trail, Trans. Bot. 
Soc. Edinb. 17: 492 (1889).

Sy n o n y m s . – Ophiobolus brachysporus Fautrey & 
Roum., Revue Mycol. Toulouse 14(55): 109 (1892). Ophiobolus 
moravicus Petr., Ann. Mycol. 19(1/2): 80 (1921). Plagiosphaera 
moravica (Petr.) Petr., Ann. Mycol. 39(4/6): 289 (1941).

M a t e r i a l  e x a m i n e d . – AUSTRIA. Niederösterreich, 
Sierndorf, Marchauen near Hufeisen, on dead stems of Urtica 
dioica, 22 August 2015, leg. H. Voglmayr (WU 40035, culture 
D98); Niederösterreich, Ebenfurth, Haschendorf, Fischa-Ur-
sprung, on dead stems of U. dioica, 2 September 2017, leg. H. 
Voglmayr (WU 40036, culture D266); Oberösterreich, St. Wil-
libald, Aichet, on dead stems of U. dioica, 15 August 2015, leg. 
H. Voglmayr (WU 40037, culture D148); Ibid., 16 September 
2017, leg. H. Voglmayr (WU 40038, culture D270); Wien, Ot-
takring, Wilhelminenberg, between Kreuzeichenwiese and 
Schottenhof, on dead stems of Sambucus ebulus, 24 July 2016, 
leg. H. Voglmayr (specimen lost).

D e s c r i p t i o n .  –  A s c o m a t a  perithecial, 
immersed in and translucent through the dead host 
tissue, 200–350 μm diam., 100–180 μm high, black, 
scattered singly to gregarious, distinctly flattened, 
commonly horizontally oriented in parallel to the 
host tissue fibres with an apparently lateral (but in 
fact apical), upwardly bent ostiolar papilla; occa-
sionally vertically oriented with a more or less cen-
trally emerging ostiolar papilla. – O s t i o l a r  p a -
p i l l a  slightly excentric to distinctly lateral, cylin-
drical, ca. 100–150 μm long, 50–100 μm wide, black, 
not to slightly protruding above the substrate. – 
P e r i d i u m  continuous, dark brown, 10–20 μm 
thick, of a textura angularis composed of thin-
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Fig. 50. Neonectria neomacrospora. A. Initial small brown leaf spots on Madhuca longifolia. B. Characteristic yellow halos and 
reddish-brown zonation surrounding leaf spots. C. Marginal necroses of leaves. D. Surface view of leaf spots on M. longifolia leaf. 
E. Bottom view of leaf spots. F. Colony on PDA. G. Micro- and macroconidia. Scale bars D, E 1 cm; G 50 μm.
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Fig. 51. Plagiosphaera immersa (WU 40035). a, b. Translucent perithecia with laterally emerging ostioles immersed in dead stems 
of Urtica dioica. c, d. Vertical section of immersed perithecia showing the horizontally oriented perithecia with asci emerging 
from the lower half of the perithecial wall (d) and the apparently lateral (but in fact apical) ostioles bent upwards in more or less 
a right angle. e, f. Perithecial wall in section (e) and in face view (f). g. Hymenium with vital asci and paraphyses. h–i. Asci in 
vital state, detached from hymenium. j. Asci in dead state. k, l. Ascus apices with refractive apical ring. m–s. Vital (m–o) and dead 
(p–s) ascospores with 3 septa (indicated by arrows). All in water, except j, l, p–s in 3% KOH. Scale bars a 500 μm; b, c 100 μm; 
d 50 μm; e, f, h–j, m–s 10 μm; g 20 μm; k, l 5 μm.
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walled, isodiametric to elongated cells 3.5–12 μm 
diam with dark brown walls. – H a m a t h e c i u m 
composed of hyaline, smooth, thin-walled, septate 
paraphyses (100)120–163(180) μm long, 5–9 μm 
wide at the base, apically gradually tapering to 1.5–
3.5 μm (n=17); periphyses not observed. – A s c i  nu-
merous, arising from the lower half of the perithe-
cial wall, (fresh) in water (90)94–114(138) × (8.5)9–
11(12.8) μm (n=51); from herbarium specimens in 
3 % KOH (65)73–86(93) × (9.5)10.0–11.5(12.7) μm, 
pars sporifer (56)61–75(85) μm, stipe (6)8.7–
14.0(15.5) μm long (n=32), unitunicate, fusoid to cy-
lindrical, curved to slightly sinuous, thin-walled, 
containing 8 ascospores arranged in a single con-
torted fascicle, with a distinct, refractive, inamyloid 
apical ring 1.5–2 μm wide, at maturity becoming 
detached from the perithecial wall and free-float-
ing. – A s c o s p o r e s  (51)59–71(78) × (1.8)2.3–2.8(3) 
μm, l/w = (21)23–29(34) (n=40), substraight, slightly 
curved to sinuous, indistinctly 0–5 septate (only vis-
ible in 3 % KOH or after staining), hyaline, thin-
walled, smooth, with rounded ends, densely multi-
guttulate when vital. – A s e x u a l  m o r p h  not 
observed.

H a b i t a t  a n d  d i s t r i b u t i o n . – Common 
on dead overwintered stems of Urtica dioica; also 
reported from dead stems of other herbaceous hosts, 
e.g., Aconitum napellus, Campanula latifolia (type 
host), Sambucus ebulus. Widely distributed in Eu-
rope, known from Austria, Bulgaria, Czech Repub-
lic, France, Germany, Netherlands, Norway, Poland, 
Spain, UK.

N o t e s . – The genus Plagiosphaera was estab-
lished by Petrak (1941) based on Plagiosphaera 
moravica, which he initially described as Ophiobo-
lus moravicus (Petrak 1921) from dead stems of Ur-
tica dioica collected in Mährisch-Weißkirchen (now 
Hranice na Moravě, Czech Republic). Later, he con-
sidered P. moravica to be synonymous with the ear-
lier Ophiobolus immersus, which was described 
from Norway on dead stems of Campanula latifolia 
(type host) but also recorded from U. dioica (Trail 
1889), and he proposed the new combination Pla-
giosphaera immersa (Petrak 1960). Petrak (1941) 
provided a detailed German description of the type 
species, in which he correctly interpreted the peri-
thecia as horizontally oriented in parallel to the 
stem axis, due to which the apical, upwardly bent 
ostiolar papilla appears to be laterally inserted (see 
Fig. 51d). However, perithecia may also be vertically 
immersed, then having a more or less centrally 
emerging ostiolar papilla (Dennis 1975, Walker 
1980, personal observations). After investigating 
the type, Dennis (1975) added another synonym, 

Ophiobolus brachysporus, described from France 
on U. dioica.

Since the establishment of the genus, Plagio-
sphaera has commonly been considered to be close-
ly related to genera now classified within Dia-
porthales. Petrak (1941) proposed close affinities to 
Ophiognomonia, and it has subsequently been clas-
sified within Diaporthaceae (e.g., Kobayashi 1970, 
Dennis 1975) or Gnomoniaceae (e.g., Barr 1978, 
Monod 1983). When establishing the genus Gaeu-
mannomyces, Arx & Olivier (1952) supposed a close 
relationship to Linospora, Ophiognomonia, and 
Plagiosphaera, and Walker (1980) also hypothesized 
that Gaeumannomyces and Plagiosphaera were 
closely related. However, at that time, Gaeumanno-
myces was also classified within Gnomoniaceae. In 
light of variability of distinguishing features like 
lateral orientation of the ostioles, Walker (1980) 
considered the parasitic (Gaeumannomyces) versus 
saprobic (Plagiosphaera) habit as main diagnostic 
character for separating both genera. On the other 
hand, Barr (1990) did not agree with a close rela-
tionship between Gaeumannomyces and Plagio-
sphaera, retaining the former within Gnomoniaceae 
while classifying the latter within Lasiosphaeriace-
ae. Huhndorf et al. (2004) removed Plagiosphaera 
from Lasiosphaeriaceae and classified it as Sordari-
omycetes incertae sedis, which was also followed in 
the last Dictionary of the Fungi (Kirk et al. 2008) 
and in Index Fungorum (2019).

Our phylogenetic analyses of the concatenated 
ITS–LSU–rpb1–tef1 matrix (Fig. 52) revealed a well 
to highly supported placement of P. immersa as the 
most basal lineage of the Magnaporthaceae family 
(Magnaporthales). Therefore, close phylogenetic af-
finities with the morphologically similar genus 
Gaeumannomyces are confirmed (see also Walker et 
al. 2012), while disproving affinities with Gnomoni-
aceae (Diaporthales). Interestingly, our sequence 
data also revealed problems within Plagiosphaera 
immersa that currently cannot be satisfactorily re-
solved. Although all four accessions sequenced 
originated from the same host (U. dioica), and two 
(D148, D270) even from the same locality (but dif-
ferent years), a remarkable sequence variation was 
observed between the four accessions in all markers 
sequenced (sequence similarities ranging in the ITS 
from 89–99 % (4–57 substitutions, including gaps), 
in the LSU from 99–100 % (0–7 substitutions), in 
tef1 from 91–99 % (3–119 substitutions, including 
gaps), and 95 % (72 substitutions, including gaps) in 
the rpb1; only two accessions sequenced in the lat-
ter). Although these marked differences indicate the 
presence of three genetically distinct lineages (D98, 
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Fig. 52. ML phylogeny (-lnL = 28226.205) of selected Magnaporthales, reconstructed from the concatenated ITS–LSU–rpb1–tef1 
dataset, showing the phylogenetic position of Plagiosphaera immersa (in bold). ML/MP bootstrap support ≥ 70 are presented 
above or below the branches. Superscript T following taxon names indicates ex- epi-, holo-, or neotype isolates.
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D148, D266+D270; see Fig. 52), no morphological 
differences were observed – pointing at another 
case of cryptic diversity. Additional extensive col-
lecting, sequencing, and morphological investiga-
tions are required before these genetic differences 
can be evaluated; meanwhile it seems appropriate 
to classify them within a single genetically variable 
species, Plagiosphaera immersa.

Like in Diaporthales, the asci of P. immersa be-
come free-floating when mature. In fresh vital ma-
terial, asci mounted in water are distinctly longer 
than in herbarium specimens mounted in KOH; 
measurements are therefore given separately in the 
descriptions. The small, apical ascus ring is more 
obvious in material mounted in KOH, where it be-
comes slightly larger and distinctly refractive 
(Figs. 51k, l). Ascospore septation is indistinct and 
invisible in fresh material due to the numerous gut-
tules and can only be seen in dead spores mounted 
in KOH or after staining; this may be the reason 
why e.g. Dennis (1975) described the spores as asep-
tate.

According to personal observations, P. immersa 
is common on old overwintered stems of U. dioica in 
moist habitats such as riverine and swamp forests. 
It was found in all investigated larger populations 
of its host. However, it can be easily overlooked and 
requires specific thorough searches. For these rea-
sons, it has only rarely been recorded. Illustrations 
of a fresh Spanish collection from U. dioica are 
available at https://www.asturnatura.com/fotografia/ 
setas-hongos/plagiosphaera-immersa-trail-petr-/ 
29364.html.

Author: H. Voglmayr

Ascomycota, Pezizomycetes, Pezizales, Pyrone-

mataceae

Sphaerosporium lignatile Schwein., Trans. Am. Phil. 
Soc., New Series 4(2): 303 (1832) [1834]. – Fig. 53

Sy n o n y m :  Coccospora lignatilis (Schwein.) Höhn., 
Sber. Akad. Wiss. Wien, Math.–naturw. Kl., Abt. 1 120: 404 
(1911). 

M a t e r i a l  e x a m i n e d .  USA. Wisconsin, Sauk County, 
334 m a.s.l., 43°25’10.56” N, 89°38’29.76” W, 10 November 2017, 
leg. A.C. Dirks, det. D.S. Newman, confirm. A.C. Dirks, 
ACD0062, D. Haelew. F-1614 (MICH 254984), https://mushro-
omobserver.org/299262. Sequences: MN756649 (SSU), 
MN749372–MN749373 (ITS), MN749494–MN749495 (LSU).

D e s c r i p t i o n .  –  Fr u i t i n g  b o d y  pulver-
ulent masses of conidia, orbicular to effused, ochre-
ous to honey-colored, up to 2 mm in diam. when 
discrete, extending for 1 cm or more when effused. 
– H y p h a l  s y s t e m  hyaline, branched, septate, 
smooth, swollen in the midsection and pinched at 

the septa resulting in a torulose appearance, length 
(20.3)21.3–32.7(35.0) × (10.7)12.6–16.0(17.1) μm 
(n=10). – C o n i d i o p h o r e s  densely packed with 
basipetal, blastic conidiogenesis and schizolytic se-
cession. – C o n i d i a  chlamydospore-like, unicellu-
lar, globose to ellipsoid, often with prominent lipid 
bodies; when globose to subglobose, (28.0)34.0–
45.7(48.8) × (27.0)31.7–42.7(47.0) μm, Q (1.0)1.0–
1.1(1.2) (n=44); when ellipsoid, (24.6)32.5–52.9(64.8) 
× (19.5)24.0–34.5(36.8) μm, Q (1.1)1.2–1.7(1.9) 
(n=16); pale yellow when mature with a hyaline, re-
fractive spore wall up to 6 μm thick, truncate at 
points of secession.

H a b i t a t  a n d  d i s t r i b u t i o n . – On well-de-
cayed hardwood logs of Carya, Fraxinus, Quercus, and 
possibly other tree species in eastern North America,
extending into Central America (Panama) and north-
ern South America (Colombia and Venezuela).

N o t e s . – Sphaerosporium lignatile, the type 
species of Sphaerosporium Schwein., was described 
in 1832 based on collections from Pennsylvania, 
USA. Since then, S. lignatile has been documented 
across eastern North America – from Ontario to 
Florida – and its range may extend as far south as 
Venezuela (Shear 1939, Sumstine 1949, Emmons et 
al. 1960, Martin 1960, Dennis 1965, Cooke 1975, 
Partridge & Morgan-Jones 2002). Sphaerosporium 
lignatile grows on dead, typically well-rotted hard-
wood logs, often in low lying wet areas, indicating a 
saprotrophic lifestyle. However, this fungus is diffi-
cult to grow on media (R. Healy, personal communi-
cation). We observed close association between S. 
lignatile and moss. Together, these observations hint 
at a symbiotic relationship between S. lignatile and 
bryophytes, challenging axenic culturing.

The phylogenetic placement of the genus 
Sphaerosporium has eluded mycologists for almost 
two centuries. First dumped into Hyphomycetes 
within the Fungi Imperfecti, throughout the years 
researchers have conjectured a phylogenetic affinity 
with Coccospora spp. in Myxomycota, Chaetomium 
piluliferum J. Daniels in Ascomycota (Sordariomy-
cetes), and Haplotrichum spp. in Basidiomycota 
(Agaricomycetes) (Partridge & Morgan-Jones 2002). 
Most recently, Partridge and Morgan-Jones (2002) 
studied S. lignatile for its similarity to Acladium 
Link [as Haplotrichum Link], the anamorph of cor-
ticioid Botryobasidiaceae (Basidiomycota, Agarico-
mycetes, Cantharellales). The authors noted, how-
ever, that “basidiomyceteous affinity remains a 
matter for speculation.” 

Sphaerosporium equinum (Desm.) J.L. Crane & 
Schokn., one of only two other species in the genus 
(Index Fungorum 2019), was recently the subject of 
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a study on filamentous fungi inhabiting cheese (Ro-
pars et al. 2012). Five S. equinum cultures isolated 
from French cheese were sequenced and resolved in 
Eurotiomycetes (Ascomycota, Pezizomycotina). 
Considering that S. equinum was originally de-
scribed from old, humid horse hooves (hence the 
specific epithet), we believe the cultures from the 
above study were misidentified (Partridge & Mor-
gan-Jones 2002). This is not surprising given the 
centuries-long debates surrounding Sphaerospori-
um and other simple anamorphic genera like Coc-
cospora, Oospora, and Torula, which evade easy 
taxonomic classification (Damon & Downing 1954).

Based on initial BLAST searches, it was clear 
that S. lignatile was ascomycetous; all three loci 
(SSU, ITS, LSU) pointed at a relationship within 
Pezizomycetes. Our multi-locus molecular phyloge-
netic analysis including newly generated SSU and 
LSU sequence data (Fig. 54) placed Sphaerospori-
um among members of Pyronemataceae (Pezizomy-

cotina, Pezizomycetes, Pezizales) with maximum 
support. The closest relative in the analysis was 
Scutellinia scutellata (L.) Lambotte (MLBS = 100). 
Pyronemataceae is the largest, most heterogenous, 
and least studied family in Pezizales. In their LSU-
based phylogenetic study of the family, Perry et al. 
(2007) found that morphological characters tradi-
tionally used for subfamilial classification were not 
phylogenetically informative above the genus level. 
Given that Pyronemataceae is characterized by a 
lack of unifying morphological characteristics, it is 
fitting that S. lignatile with its enigmatic morphol-
ogy would belong to this group. 

Nonetheless, one commonality stands out: de-
spite their diverse morphologies, species in the 
Scutellinia subclade are characterized by brightly 
pigmented taxa, which is true for S. lignatile as 
well. Whereas some genera in Pyronemataceae have 
been shown to be parasites of bryophytes – lending 
some credibility to our hypothesis of a non-sapro-

Fig. 53. Macroscopic and microscopic morphology of Sphaerosporium lignatile (MICH 254984). A. Fruiting bodies are small, 
cushion-shaped masses of ochreous to honey-colored spores. B–D. Squash mounts in deionized water. B. We observed close as-
sociations between S. lignatile and bryophyte rhizoids. C. Hyphae are torulose, branched, and generate monoblastic conidia. 
D. Chlamydospore-like conidia, surrounded by a thick, hyaline, refractive cell wall. Scale bars A 1 mm, B–D 50 μm.
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Fig. 54. Ascomycota-wide phylogeny reconstructed from a six-locus data matrix (SSU, LSU, rpb1, rpb2, tef1, mitSSU). The topol-
ogy is the result of ML inference performed with RAxML with all lineages collapsed to class level except for Pezizomycetes. For 
each node, MLBS ≥ 65 is presented above or below the branch leading to that node. Class Pezizomycetes and family Pyronemata-
ceae highlighted by gray shading.
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trophic habit for S. lignatile – these bryophilous 
taxa are restricted to a single, well-resolved lineage 
distantly related to the Scutellinia subclade. More 
studies are needed to understand both the ecology 
of S. lignatile and the taxonomy of related species, 
the generic status of which remains to be proven. 
Our positioning of S. lignatile among Pyronemata-
ceae adds greater intrigue to an already diverse and 
fascinating group of fungi. 
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