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Abstract (Uﬂﬁ'ﬂzia)

Sooty moulds are plant pathogens that have ecology complex with host and insect, they
are produce black mycelium which covers plants and interfere with the photosynthetic capability,
causes plant stunting and yield and thereby reduce the marketability of post-harvest products. In
view of high diversity, complex ecology of growing, mixing together on the host and lack of proper
taxonomic records, the relationships of sooty moulds are poorly known also the sexual-asexual
connections. In this study we emphasis on the taxonomy and molecular studies to resolve their life
cycle complex, established xerophlic property and bioactive compound. We obtain 80 strains of
sooty mould species from difference geographical regions and difference hosts; Mangifera sp.,
Chrysophyllum cainito, Psidium sp. and Cofea sp., from Chiang Rai, Chiang Mai, Payao and
Songkla Province. Eighth genera were identified based on morphological characters including of
Phragmocapnias, Phaeosaccardinula, Capnodium, Leptoxyphium, Polychaeton, and species in
Trichomeriaceae and Chaetothyriaceae respectively. Six insect types have been found together
with sooty moulds habitat included of soft scale insect, whitefilies, mealybugs, acarid, aleyrodid and
aphid. Totally 30 morphological characters were prepared in photo plates with descriptions. Three
sooty mould fungi; Leptoxyphium cacuminum (MFLUCC 14-0276), Capnodium coffeae (MFLUCC
14-0182), Phragmocapnias siamensis (MFLUCC 14-0277) were selected to present a test for verify
sooty moulds are xerophilic and will be analysesed by ANOVA and linear growth rate. Thus, the
sooty moulds are Xerophilic fungi and such knowledge will contribute to the future work of
secondary metabolism and may have biotechnological potential in enzyme production or
bioremediation. The holotypes were deposited at the herbarium of Mae Fah Luang University
(MFLU). Fungi isolated by single spore technique were used for molecular work, and deposited in
in Mae Fah Luang university Culture collection (MFLUCC) and BRIP culture collection. Genomic

DNA was extracted from fungal mycelium using Biospin Fungus Genomic DNA Extraction Kit

(BioFqu®) according to the manufacturer’'s protocol for maximum yield and amplified by using
PCR technique. Five primers including ITS, LSU, SSU TEF and RPB2 genes were used in this

process. The RAXML phylogenetic tree was contributed and sequences data were deposited in
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GenBank. Three poster presentations were presented in IMC 2014 and three SCI papers were
published.
Keywords: Biodiversity, Capnodiaceae phylogeny, sooty moulds, Taxonomy
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Executive Summary

Over 24 months period we carried on the taxonomy of sooty moulds research based on
morphology and molecular technique to identified sooty moulds from various host and identification
of the species (Table 1). 38 sooty moulds DNA have been extracted from fresh fungal mycelium
using the Biospin Fungus Genomic DNA Extraction Kit-BSC14S1 (BioFlux®, P.R. China) following
the instructions of the manufacturer (Hangzhou, P.R. China). and phylogenetic analyses were
based on partial sequences of five loci, internal transcribed spacers (ITS), small subunit rDNA
(SSU), large subunit (LSU), translation elongation factor 1-alpha gene (TEF 1) and second
largest subunit of RNA polymerase Il (RPB2). Fresh samples of sap feeding insects associated
with sooty moulds are mostly found in the family Capnodiaceae which is largest family,
Chaetothryiaceae and Trichomeriaceae were also found on the surface of various host in Northern
Thailand and Southern China. Three sooty mould fungi; Leptoxyphium cacuminum (MFLUCC 14-
0276), Capnodium coffeae (MFLUCC 14-0182), Phragmocapnias siamensis (MFLUCC 14-0277)
were selected to present a test for verify sooty moulds are xerophilic and will be analyzed by
ANOVA and linear growth rate. Thus, the sooty moulds are Xerophilic fungi and such knowledge
will contribute to the future work of secondary metabolism and may have biotechnological potential
in enzyme production or bioremediation. Sooty moulds are a morphologically diverse group,
associated with various host and insect, and a study on evolution based on molecular data is
essential to infer phylogenetic relationships between main groups of fungi and to recognize taxa
towards a natural classification. The relationship among plant, insect and fungi is playing an
important role in plant disease control. During this time, specimens were observed under
microscope and isolated by single spore isolation. Cultures were observed the principle possibility
to secret enzymes or basic chemical on agar by agar changed color. Cultured were deposited in
MFLUCC and BRIP culture collection, and the herbarium in MFLU herbarium for future study on
taxonomy and secondary metabolite. The sequences which have been identified were contributed
to GenBank. During 24 months the results of sooty mould were published in three SCI journal and
three poster presentation in international conferences “The 10th International Mycological
Congress’(see index Over the previous 6 months, we have completed the characterization of two

new species of sooty moulds, leading to the peer-reviewed publication “Hongsanan S, Tian Q,
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Hyde KD, Chomnunti P (2015) Two new species of sooty moulds, Capnodium coffeicola and
Conidiocarpus plumeriae in  Capnodiaceae. Mycosphere. Vol. 6(6), 814-824. Doi
10.5943/mycosphere/6/6/14. This paper contributes to our continual understanding of the natural
diversity of sooty moulds fungi. Moreover  we contributed the network and have collaborated with
Chinese Academy of Sciences, Beijing on the study of molecular clock and phylogeny of sooty
moulds. We have collaborated with Dr. Narit Thaochan; entomologist at Department of Pest
Management, Faculty of Natural Resources, Prince of Songkla University to identified insect.
Furthermore, discussions have taken place with Prof Craig Faulds, Director of the INRA-Aix
Marseille University "Biodiversity and Biotechnology of Fungi" laboratory in Marseille, France, on
future joint research on exploiting the bioactivity properties of sooty mould fungi and their

metabolites.

Objectives
1. To classify various sooty moulds from fruit tree by morphology and molecular analysis.
2. To studies the relationship of asexual and sexual statesof sooty moulds growing in complex
colonies on host surface
3. To establish xerophilic property of sooty moulds
4. To establish the antagonistic of sooty moulds and the fungi can then be screened for novel
metabolites in a future study.
5. To establish the specific relationship of sooty moulds with insects and/or plant hosts
Methodology

1. Collecting and isolation of sooty moulds

Random collections of the sooty moulds from orchards of fruit trees in Northern Thailand
will be made. Collected material will be placed in Zip-locked plastic bags and processed quickly in
the laboratory. Sections of ascomata will be made free hand and mounted in lactophenol, and
morphology characteristics and measurements were made in water under a microscope.

Isolation, using singles spores, will be made to obtain the pure cultures. First, spore
masses are transferred with a sterilized wire loop or fine forceps and suspended in sterilized water.
The spore suspension is diluted to a reasonable concentration and spread onto the surface of PDA
agar, followed by incubation overnight at room temperature (25°C). Single germinated spores are
picked up with a sterilized needle and transferred onto new PDA plate for morphological or
molecular study (Chomnunti et al., 2011). Isolates will be grown on 2% difco potato-dextrose agar
(PDA) at 28°C for 12 hr. of light/12 hr. of dark for routine maintenance. Colony colour and

characteristics will be assessed after 2 weeks. Cultures are incubated at 20, 25 and 30°C under
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constant fluorescent light. Three replicate cultures of each isolate will be maintained. After 7 days,
conidial size and shape from >25 conidia will be measured and recorded, while colony characters
be recorded and photographed (Than et al., 2008). Observation and measurements (e.g. conidial
size, appressoria size and conidiogenous cells) will be made in water mounts. The holotype will be
deposited at the herbarium of Mae Fah Luang University (MFLU), Chiang Rai, Thailand. Fungi
isolated in our study will be deposited at Mae Fah Luang University (MFLUCC) and BIOTEC
culture collection (BCC).
2. Identification of host plants

The host plants are easy to identify in the field as they are fruit tress. Dried voucher
specimens will be deposited in the Mae Fah Luang University herbarium. The insects will also be
collected and identified with help from entomologists; Dr.Narit Thaochan at Department of Pest

Management, Faculty of Natural Resources, Prince of Songkla University.

3. DNA isolation, amplification and sequencing for fungi

DNA extraction : Selected fungal isolates will be grown on PDA for 21 d at 28 °C in the dark.
Genomic DNA will be extracted from the fresh mycelium using Biospin Fungus Genomic DNA
Extraction Kit (BioFlux®) according to the manufacturer’s protocol at molecular laboratory, Mae Fah
Luang University.

PCR ampilification and sequencing: The methods for PCR amplification and sequencing will
follow those used in previous studies (Jeewon et al. 2002; Pang et al 2010). DNA amplification will
be performed by polymerase chain reaction (PCR). Primer pairs NS1 and NS4 will be used to
amplify a region spanning the small subunit rDNA. LROR and LR5 primer pairs will be used to
amplify a segment of the large subunit rDNA. Primer pairs ITS5 and ITS4 will be used to amplify
the internal transcribed spacers. Other primers for gene regions will be used as needed. The
amplifications will be performed in a 50 MI reaction volume as follows: 1X PCR buffer, 0.2 mM
d'NTP, 0.3 M of each primer; 1.5 mM MgCI2, 0.8 units Taq Polymerase and 5-10 ng DNA (Cai
et al. 2009). The amplification conditions will be as follows: initial denaturation of 5 min at 95 °C,
followed by 35 cycles of 45 s at 94 °C, 45 s at 48 °C and 90 s at 72 °C, and a final extension
period of 10 min at 72 °C. The PCR products will be checked on 1 % agarose electrophoresis gels
stained with ethidium bromide.

PCR products will then be purified using minicolumns, purification resin and buffer
according to the manufacturer's protocols (Amersham product code: 27-9602-01). DNA
sequencing of PCR products will be carried out by a reliable company or BIOTEC.

4. Phylogenetic analysis:The methods for phylogenetic analysis will follow those used in

previous studies (Jeewon et al. 2002; Pang et al 2010). Sequences generated from different
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primers will be analyzed with other sequences obtained from GenBank. A Blast search will be
performed to reveal the closest matches with taxa in the various fungal groups. In addition, fungal
members from different families and related orders will be included in the analyses. Sequences will
be aligned using Bioedit and ClustalX v. 1.83. The alignments will be visually checked and
improved manually where necessary. Phylogenetic analyses will be performed by using PAUP v.
4.0b10 for Maximum-parsimony (MP) and Neighbour-joining (NJ) analyses, MrBayes v. 3.0b4 for
Bayesian analyses and MEGA 5 or RAMxL where needed. Trees will be rooted to appropriate
outgroup taxa. Maximum-parsimony analyses will be performed using the heuristic search option
with 1000 random taxa addition and tree bisection and reconnection (TBR) as the branch-swapping
algorithm. All characters will be unordered and of equal weight and gaps will be treated as missing
data. Maxtrees will be unlimited, branches of zero length will be collapsed and all multiple, equally
parsimonious trees will be saved. Clade stability will be assessed using bootstrap (BT) analysis
with 1000 replicates, each with 10 replicates of random stepwise addition of taxa. The model of
evolution will be estimated by using MrModeltest 2.2. Posterior probabilities (PP) will be determined
by Markov Chain Monte Carlo sampling (BMCMC) in MrBayes v. 3.0b4. Six simultaneous Markov
chains will be run for 1000000 generations and trees will be sampled every 100th generation
(resulting in 10000 total trees). The first 2000 trees, representing the burn-in phase of the analyses,
will be discarded and the remaining 8000 trees will be used for calculating posterior probabilities
(PP) in the majority rule consensus tree. Phylogenetic trees will be viewed using Treeview.
Sequences derived in this study will be deposited in GenBank, and the alignments in TreeBASE
(www.treebase.org)

5. Testing whether sooty moulds are xerophilic

The linear growth rates of sooty mould strains will be assessed at 20, 25, 30 and 37°C on solid
agar media containing a mixture of glucose and fructose to reduce aw to 0.94, 0.88, 0.84, 0.80,

0.76 and 0.66 (Leong et al. 2011) to establish if sooty moulds are xerophilic.

Results
Morphology of Sooty moulds

Basically sooty moulds will be occurring on various hosts and they are often present
asexual and sexual morph on the same host, moreover more than in some case there are three
species occur together. The relationship of plant and insect hosts and fungi are very important for
this study (Fig.1). Asexual morph belong to Coelomycetes and Hyphotmycetes and sexual morph
belong to Ascomycetes group especially in Capnodiaceaeae which is the large group of sooty
moulds and Chaetothyriaceae or some of them belong to Trichomeriaceae. The morphology results

of sooty moulds are presented in photoplate with descriptions.
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Fig 1. Various of host plant with insects

Leptoxyphium sp.

Saprobic on sugary exudates from insects growing on the surface of living leaves Thallus,
brown to dark brown, septate, branched, irregular, superficial mycelium, constricted at the septa.
Pycnidia 250-303 Um high (X = 275 JUm, n=10), and 43-60 JUm at base (X = 52 mm, n=10),
superficial, gregarious, arising from aggregated hyphae on the surface of host, bulbous base,
comprising straight to flexuous hyphae, deeply pigment at the base. Stalked pycnidia comprising
cylindrical hyphae, expanding at the end into a funnel-shape, resembling a cupula, 70-95 Um high
x 48-68 |Um wide (X = 84 x 55 Um, n=10). Conidiogenous cells arising from the inner cell wall of
the cupulate apex. Conidia 4.5-11 Jdm high x 3-5.5 Um wide (X = 6.5 x 3.5 Um, n=10), hyaline,
broadly ellipsoidal to ovoid, aseptate, guttulate.

Material examined: THAILAND, Chiang Rai Province, on living leaf of Kaffir ime, 14 December

2013, Qing Tian, MFLUCC 14-0189 (TS05, Fig. 2).
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Fig 2. Leptoxyphium sp. é. Sooty moulds on the surface of host. b, c. Gregarious pycnidia on host
surface. d, g-i. Stalked pycnidia with wider base. e-f. Brown stalked funnel cupulate apex, note
conidiogenous boundary with hyaline hyphae surrounding the ostiole. j. Conidia. k. Germinating
conidia. I. Colony on MEA from above. Scale Bars: b, ¢ = 100 Um , d = 50 Um, e-i = 20 Um, j-k
=10 Um.

Trichomerium sp.

Saprobic on sugary exudates from insects growing on the upper surface of living leaves.
Ascomata 360450 [Um diam (X= 410 Hm, n=10), scattered, superfacial, subglobose to globose,
cupulate when dry, dull black, lacking setae, with a central ostiole. Peridium 40-52 ,Um wide
(¥ =45 Um, n=10), 2-layered with the spine on the surface, glabrous, comprising of brown to dark
brown cells of textura globulosa at the outside, and flattened inwardly hyaline cells of textura
angularis. Pseudoparaphyses lacking. Asci 130-210 Um high x 37-39 Um diam (¥ =175 x 38.5
Hm, n=10), 8-spored, bitunicate, pyriform to clavate or oboviod to ellipsoid, sessile or short
pedicellate, early evanescent, lacking an ocular chamber. Ascospores 40-52 |Um high x 10-13 Um
diam (X = 48 x 11 HMm, n=10), overlapping 1-2- seriate, hyaline, 2-3-sepate, constricted at the

septum oblong-ellipsoid, tapering at apex, wall- smoothed.
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Material examined: THAILAND, Chiang Rai Province: Mae Fah Luang University, on living leaf of

C 14-0176 (MFUO1/1, Fig 3).

Mangifera sp., 31 January 2014, Chonticha Singtripop, MFLUC
: '

aa

Fig 3. Trichomerium sp. a. Sooty moulds on the surface pf host. b, c. Ascomata on the surface of
host, easily removed. d. Vertical hand section of ascoma. e, f. Vertical hand section through
peridium. g-j. Asci with ascospores. k-m. Ascospores. n Germinating spore. 0. Colony on PDA from

above. Scale bars: b = 200 um, ¢ = 100 um, d = 50 um, e = 20 um, f-j = 10 um, k-m =5 ym.

Trichomerium sp.

Saprobic on upper surface of living guava leaves. Thallus thin, dark brown, composed of
reticulately branched, dense, cylindrical to somewhat constricted, radiating, septate hyphae.
Ascomata 115-164 [Um high x 102-158 [Um diam (X =136 x 133 Um, n=5), superficial, globose to
broadly subglobose, dark brown to black, shiny, with several setae surrounded 106—176 x 5-8 Um
(X¥=6 x 139 Hm, n=10), dark brown, septate, tapering with rounded ends. Peridium thin,
comprising cells arranged in a textura angularis. Asci 53-75 x 13-14 Um (X = 65 x 13 Um, n=10),
8-spored, bitunicate, ellipsoid to broadly fusiform, with ocular chamber. Ascospores 14-21 x 6-7

Mm (¥ =20 x 6 [dm, n=20), 2—4 overlapping seriate, broadly ellipsoid to obovoid, middle cell mostly
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larger, straight to curved apically rounded end, surrounded by a mucilaginous sheath, hyaline and
3-septate observed in mature stage.

Material examined: THAILAND, Chiang Rai Province, Tar Sud district, on living leaf of Psidium
sp., 3 February 2014, Chonticha Singtripop, (MRF 01, Fig. 4)

Fig 4. Trichomerium sp. a Disease symptom on leave. b Appearance of ascomata on host. c—d
Vertical section through ascomata. e Peridium. f Setae. g Setae base. h—i Asci. j-I Ascospores
surrounded by a mucilaginous sheath. Scale bars: ¢ = 500 um, d = 200 um, e, f = 200 um, g = 50
um, h,i=20um,j, k=10 um.

Phragmocapnias sp

Habit on living leaves of host plant, covering the upper leaf surface with dark mycelium
without penetrating host tissues. Mycelial mat subiculum-like, comprising hyphae that are mostly
narrow, brown or brownish, dense, radiating outward, anastomosing at their tips with cells of the
hyphal network. Ascomata superficial, solitary or scattered, pale brown to greenish brown, with
setae, globose to subglobose, somewhat flattened when dry, covered by a subiculum or layer,
composed of a few hyaline to subhyaline, septate hyphae. Peridium hyaline, cells brown to dark
brown at the base of textura angularis. Hamathecium of cellular, hyaline, pseudoparaphyses. Asci
eight-spored, bitunicate, clavate or pyriform, short pedicellate, mostly evanescent. Asco- spores
overlapping 3-5-seriate, hyaline, cylindro- clavate, with 3-5 transverse septa, constricted at the
septa, smooth-walled.
Material examined: THAILAND: Chiang Rai Province, on living leaf of Unidentified plant,
Chayanard Phukhamsakda (STC 003).
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Fig 5 Phragmocapnias sp. a. Black mycelium covering the leaf surface. b, ¢, d. Appearance of
ascomata on host. f, g. Stalked pycnidia. i-l. Ascospores surrounded by a mucilaginous sheath. m-
g. Ascospores. r. Germinating ascospore. Scale bar: b = 200 ym, ¢ = 100 ym, d = 50 ym, e~ =

20 ym, m-r = 10 ym

Habit forming a soot-like coating on the upper surface of leaves. Thallus superficial,
consisting of a network of cylindrical and septate, thick, hyphae, constricted at the septum, pale
brown. Pycnidia thick at base, arising from capnodiaceous type hyphae, black at the base. Stalk
long, the conspicuous oval swelling which produce conidia, brown, comprising of cylindrical septate
cells. Conidiogenous cells formed in the inner cells of the oval part. Conidia oblong to ellipsoid, 1-
celled, hyaline, rounded ends
Material examined: THAILAND: Chiang Rai Province, on living leaf of Unidentified plant |,
Chayanard Phukhamsakda (STC 004).
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Fig 6 Phragmocapnias sp. a. Black mycelium covering the leaf surface. b, c. Pycnidia on the
surface of host. e-f. Conical pycnidia and pycnidia wall. d-e. Stalked pycnidia with wider base. h.
stalked funnel shaped at apex. f-g. stalked funnel shaped at apex. j. Conidia. Scale bar: c-e =

100 ym, f-g = 50 pm, h-j = 10 ym

Polychaeton sp.

Saprobic on sugary exudates from insects growing on host. Thallus comprising 3.8-5.5 Um
wide (X= 4.7 mm, n = 10) wide, black, dense, septate mycelium. Sexual state: Ascomata 36-59
Mm diam, 89-132 [Um high (X =52 x 110 mm, n=10), covering the surface of thallus, gregarious,
dark brown to black, shiny, subglobose to broadly ellipsoidal, with a rounded apex. Peridium
composed of cells of textura angularis. Asci 28.5-33.2 x 6.8— 12.5 JUm (X = 30.5. x 9.7 Hm,
n=10), 8-spored, bitunicate, oblong, apedicellate, apex with a long ocular chamber. Ascospores
13.5-17.2 x 42-5.8 Hm (XY= 16.5 x5.2 Mm, n=10), hyaline, fusiform, 1-2 transverse septate,
upper cells slightly wider than the lower cells. Asexual state: Pycnidia 136—294 x 20-37 (X = 250 x
32 Jm, n=10), long stalked, tapering to the apex, frequency with immature ascomata, dark brown

to black at the base, brown to pale brown towards the tapering apex. Conidia 3.1-4.2 x 1.6-2.4

(X¥=3.7x2 Mm, n=10), ellipsoidal, unicellular, hyaline, ends rounded.
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Material examined: THAILAND, Doi wawee, Chiang Rai Province, Tar Sud district, on living leaf of

coffee sp., 12 May 2014, Qing Tian (TQ14015).

Fig. 7. Polychaeton sp. a, b. Sooty mould on the surface of leaves and seeds. c. Ascomata and

pycnidia on surface of host. d, i. Matured ascomata. e-h, Pycnidia. j. V Mycelial network. k. Asci
with ascospores. I. Conidia. m-n. Ascospores. 0. Colony on MEA from above. Scale bars: ¢ = 100

pm, d = 50 um, e-f, i = 25 ym, g-h, k = 10um, j, I-m = 5um

Polychaeton sp.

Saprobic sugary exudates from insects growing on coffee leaves. Thallus of dark brown
mycelium growing on the surface with abundant pycnidia, produced on 3-5 Um wide (¥=4 Mm, n
= 10), irregularly branched, pale brown to brown, septate, cylindrical , constricted at the septum.
Pycnidia 332-401 x 34-56 Jm (X= 366 x 45 [m, n = 10), superficial, scattered or
gregarious,dark brown, ovoid to flask—shaped, elongate, with slightly swollen or flattened base,

ostiole surrounded by hyaline hyphae. Conidia 4.2-4.6 x 1.9-2.4 Um (X¥=4.4x%x2A1 Mm, n = 10),
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produced within the swollen base, gathering in a terminal droplet, ellipsoidal, smooth, round ends,
hyaline .
Material examined: THAILAND, Doi pui, Chiang Rai Province, on living leaf of coffee sp., 17 June

2014, Qing Tian (MFLUCC14-0610).

e

a

- -
‘L-

—

Fig. 8. Polychaeton sp. a. Black mycelium covering the leaf surface. b, c. Pycnidia on the surface

of host. g-h. Conical pycnidia and pycnidia wall. i Mycelial network. d-f. Stalked pycnidia with wider
base. j-k. stalked funnel shaped at apex. I. Germinating conidia. m. Conidia. n. Colony on MEA
from above. o. Colony on MEA from blow. Scale Bars: b, ¢ = 100 |Jm, d-h = 20 Hm, i, k,i=20
Mm, I-m =5 m.

Phragmocapnias sp.

Saprobic on sugary exudates from insects growing on the surface of living leaves. Thallus
light brown, superficial, septate, broadly cylindrical to oval, branched, irregular, constricted at the
septa and pale brown. Pycnidia 420-530 [Um high (X = 495 [Um, n=10), and 95-125 m at base
(x= 112 dm, n=10), brown, superficial, gregarious, arising from aggregated hyphae on the surface
of host, comprised of cylindrical septate cells of flexuous hyphae, deeply pigment at the base. Stalk

comprising cylindrical hyphae, expanding at the end into oval part produces conidia, 65-96 |Um
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high x 45-52 Um wide (X= 87 x 47 Mm, n=10). Conidiogenous cells arising from the inner cell
wall of the oval part. Conidia 4.5-5.2 hIm x 2.5-3.2 hm (X = 4.9 x 3.9 dm, n=10), ellipsoidal to
ovoid, hyaline, aseptate, smooth walled, ends rounded.

Material examined: THAILAND, Doi Pui, Chiang Rai Province, on living leaf of coffee sp., 17 June

2014, Qing Tian (MFLUCC14-0611).

A Ry |

Fig. 9. Phragmocapnias sp. a, b. Black mycelium covering the leaf surface ¢, d. Pycnidia on the

surface of host. e-f. Conical pycnidia and pycnidia wall. h-j. Stalked pycnidia with wider base. j-k.

stalked funnel shaped at apex. k-l. stalked funnel shaped at apex. m. Germinating conidia. n.

Conidia. 0. Colony on MEA from above. p. Colony on MEA from blow. Scale Bars: ¢, d = 100 Um,
=50 hm, e-g =20 Um, k-l = 10 Mm, m-n =5 Um
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Molecular and phylogeny results of sooty moulds.
PCR amplification and DNA sequencing analysis on 5 loci; LSU, SSU, ITS, TEF1 and RPB2

regions and DNA sequences are showed in Table 1.

Table 1. Molecular results of 38 sooty mould strains

Regions
No. MFLUCC Host
LSU SSuU ITS TEF1 RPB2
1 15-0230 Mangifera sp. X X X X /
2 15-0204 Plumeria sp. X X X X /
3 15-0205 Plumeria sp. X X X X /
4 15-0206 Coffae sp. X X X X /
5 15-0218 Coffae sp. X X X X /
6 15-0228 Ficus sp. X X X X /
7 15-1084 Syzygium sp. / / X X X
8 15-1085 Citrus maxima / / X X X
9 15-1087 Coffae sp. / / X X X
Lansium
10 15-1088 / / X X X
domesticum
Lansium
11 15-1089 / / X X X
domesticum
Syzygium
12 15-1091 / / X X X
aqueum
13 15-1093 Mangifera sp. / / X X X
Artocarpus
14 15-1095 / / X X X
heterophyllus
Artocarpus
15 15-1096 / / X X X
heterophyllus
Syzygium
16 15-1090 / / X X X
aqueum
Artocarpus
17 15-1094 / / X X X
heterophyllus
18 14-0175 Mangifera sp. X X X X X
19 14-0176 Mangifera sp. X X X X X
20 14-0282 Unknown X X X X X

21 14-0280 Psidium sp. X X X X X



22
23
24
25
26
27
28
29
30
31
32
33
34

35

36

37

38

14-0608
14-0609
14-0610
14-0611
14-0569
14-0570
14-0571
14-0572
14-0801
14-0874
14-0875
14-0876
14-0877
14-0800

S-041

S-050

MTK 062

Unknown
Coffae sp.
Unknown
Coffae sp.
Coffae sp.
Coffae sp.
Coffae sp.
Coffae sp.
Unknow
Coffae sp.
Coffae sp.
Coffae sp.
Coffae sp.
Chrysophyllum
cainito

On decaying
wood

On decaying
wood

Tectona grandis
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X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X / /
X / /
X X X

Thirty two strains are included in the combined ITS, LSU and SSU rDNA analises with

Dothidea insculpta (CBS 189.58) as the outgroup taxon. The best scoring RAXML tree with a

likelihood value is shown in Figure 7. The phylogenetic hypothesis strongly supports three

monophyletic groups, the six samples described here cluster within the Phragmocapnias clade,

three specimens cluster within Capnodium and five samples formed a high supported group

Leptoxyphium.
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~ Phragmocapnias asiticus MFLUCC10-0062
Phragmocapnias asiticus MFLUCC14-0178
Phragmocapnias sp, MFLUCC14.0179
100 L— Phragmocapnias sp. MFLUCC14.0190
Phragmocapnias siamensis MFLUCC10.0063
— Phragmocapnias siamensis MFLUCC10-0065

Phvagmocapnias stamensis MFLUCC10-0074
’«[ Phragmocapnias siamensis MFLUCC14-0281

Phragr pnias sl 1sis 14021
Capnodiumsp. MFLUCC14-0282
¢ Capnodiumsp. MFLUCC1-0177
52 ' Capnodiwn coartatum MFLUCC 10-006%
52 ' Capnodium coartatum 14020
Capnod¥umn coavtatum MELUCC10-0069
Phragmocapnias betle MFLUCC10-0052
ME Phragmocapnias befle MFLUCC10-0050
Phragmocapnias sp MFLUCC14.0176
Phragmocapnias siamensis MFLUCC10.0064
Leploxyphium kurandae IFRDCC 2650
— Leptoxyphium cacuminum MFLUCC10-0086
L Laplaxyphium cacuminum MFLUCC10-0059
||L— Leptoxyphium cacurminum MFLUCC10-0048

100

Leptoxyphiwn fumago CBS 123 26

28 | Laptoxyphium glochidion IFRDCC 2651
Leptoxyphium sp. MFLUCC14-0276

—— Leptoxyphium sp. MFLUCC14-0178
54 Leptoxyphium sp. MFLUCC14-0188

l Leptoxyphium sp. MFLUCC14-0181

{ - Loptoxyphium sp. MFLUCC14-0184
+ Capnodiwn coffeae CBS 147 52
~ Capviodiwn coarfatien MFLUCC 10-0068

55
67

Dothidea insculpta CBS 189.58

}

0,06
Fig. 10 Phylogram generated from Maximum likelihood (RAXML) analysis of combined LSU, SSU
and ITS genes. Bootstrap support values for maximum likelihood equal or greater than 50 % are
given above the nodes. Newly generated sequences are in bold. The tree is rooted with Dothidae

insculpta CBS 189.58.

Phragmocapnias plumeriae Hongsanan & K.D. Hyde, sp. nov.

Saprobic on sugary exudates from Mealy bug growing on the upper surface of Plumeria sp.
Thallus thin, black, composed of cylindrical hyphae. Superficial hyphae 5 Um wide, branched,
septate, slightly constricted and dark at the septum, pale brown to brown. Sexual morph Ascomata
90-95 Um diam. (X=94 JUm, n=10), superficial on surface of the plant, solitary, subglobose,
narrowly rounded above, black and constricted at the base, ostiole present at mature, thin-walled,
brown to dark brown, with 3—4 ascomatal setae at the upper part of ascomata. Ascomatal setae 5
Hm diam., aseptate, brown to reddish brown, pale brown to hyaline at the apex. Peridium 10-13
Hm (X=11 Um, n=10), comprising of textura angularis cells, inner layer hyaline, outer layer dark

brown or reddish brown. Hamathecium lacking pseudoparaphyses. Asci 37-42 x 13-16 Um (X=39
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x 14 Um, n=10), 8-spored, bitunicate, fissitunicate, subcylindrical to obovoid, short pedicellate or
sometimes apedicellate, an ocular chamber not observed. Ascospores 19-25 x 4—-6 [Um (X=22 x5
Hm, n=10), bi to tri-seriate, cylindrical to clavate, 5-septate, slightly constricted at the septum,
narrow ends, sometimes tapering toward the base, hyaline, smooth-walled. Asexual morph
Undetermined.

Culture characters: Ascospores germinating on PDA at 28°C for 12 h of dark, hyphae germinated
at each cells of the ascospores, septate, constricted at the septum, hyaline to brown at the
beginning, and become brown to black or greenish, with darker at the margin. Colonies slow
growing reaching 2 cm diam. after 7 days on PDA, colony superficial to erumpent, verrucose
surface, velvety.

Material examined: THAILAND, Chiang Rai, Tasud, Mae Fah Luang University, AD2, on leaves of
Plumeria sp. (Apocynaceae), 10 January 2015, C. Singhapop PST1-2, ex-type living culture =
MFLUCC 15-0205.

Notes: Phragmocapnias plumeriae is most typical of P. imperspicua (Sacc.) Cif. & Bat., but
differs in having long, hyaline ascospores, with 5-septate at maturity, while short, brownish
ascospores, with 4-septate at maturity in P. imperspicua. Phragmocapnias plumeriae is also similar
to P. betle (Syd., P. Syd. & E.J. Butler) Theiss. & Syd., it however differs in having subcylindrical to
obovoid asci, 5-septate ascospores, without hyaline sheath, while boradly clavate asci, 4-septate
ascospores, surrounded by hyaline sheath in P. betle. Phylogenetic analyses based on LSU and
ITS regions indicate that P. plumeriae is closely related to P. betle (Syd., P. Syd. & E.J. Butler)

Theiss. & Syd. but should be illustrated as a distinct species.



wnasdnde daksunidauldsvayga

Fig 11. Phragmocapnias plumeriae (holotype). a Substrates. b Mealy bug on the lower surface of
leaves. ¢ Ascomata solitary on surface of leaves. d Hyphal networks. e Section through ascomata.
f, g Ascomata when viewed in squash mounts. h Upper wall when viewed in squash mounts. i Asci
with 8-spored. j Ascospores. k Ascospores in Melzer's reagent. Scale bars: e, f, g=50 um, d, h,

i=20 um, k, j=10 um.

Capnodium coffeanum Hongsanan & K.D. Hyde, sp. nov.

Saprobic on sugary exudates from Coccidae insects growing on the surface of leaves,
branches, and stems of Coffea sp. Thallus of dark brown hyphae growing over plant surface.
Superficial hyphae 3-5 Um wide (X=4 [Um, n=20), septate, branched, brown to dark brown,
subcylindrical hyphal cells, constricted at the septum. Asexual morph Pycnidia 165-178 Um long
(X=170 Um, n=10), superficial, scattered or gregarious, blackish brown, cylindrical, with swollen at
the central part, 14-16 Um diam. (X=34 [Um, n=10), comprising mostly cylindrical cells, stalk
black, 19-24 long x 18-23 JUm diam. (X=23 x 21 Um, n=20), the swollen part produces conidia.
Ostiole 14-16 JUm diam. (X=15 JUm, n=10), surrounded by hyaline hyphae, 23-26 x 2-3 Um
(X=25 x 2.5 Um, n=20). Conidiogenous cells formed on the inner cell walls of the swollen part.

Conidia 5-7 x 1-3 Um (X=6 x 2 [Um, n=20) cylindrical to oblong, smooth, round ends, hyaline.
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Asexual morph Undetermined.

Culture characters: Conidia germinating on PDA at 30°C for 12 h of dark, hyphae germinated
from conidia, septate, constricted at the septum, hyaline to grayish at the beginning, and become
black to greenish later. Colonies slow growing reaching 2 cm diam. after 5 days on PDA, colony
superficial to erumpent, sometimes hyphae growing down and immersed in media, verrucose
surface, velvety, branched at the margin, asexual structures was produced in PDA after 5 days
incubation.

Material examined: THAILAND, Chiang Rai, Tasud, Mae Fah Luang University, AD2, on leaves of
Coffea sp. (Rubiaceae), 10 January 2015, S. Hongsanan PST2-1, ex-type living culture = MFLUCC
15-0207.

Notes: Capnodium coffeanum is most typical of C. coartatum Chomnunti & K.D. Hyde, but it
has black, short stalk at the base, swollen at the central part of pycnidia, cylindrical to oblong
conidia, while C. coartatum has brown pycnidia, swollen part at the base, and ellipsoidal conidia. In
addition, C. coffeanum is also similar to species in the genus Phragmocapnias based on its swollen
at the central part of pycnidia and black stalk lower the swollen part. However, there is very short
stalk in C. coffeanum, and phylogenetic analyses demonstrat that C. coffeanum belongs in

Capnodium, within the family Capnodiaceae.

Fig 12. Capnodium coffecola (holotype). a Substrate. b Pycnidia on surface of leave. ¢ Pycnidia
when viewed in squash mounts. d, e Upper wall of swollen part when viewed in squash mounts. f
Septate hyphae with constricted at the septum. g Ostiole surrounded by hyaline hyphae. k

Unicellular conidia. Scale bars: ¢=100 um, d, e=20 um, f~h j=10 um.
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Ceramothyrium ficus Hongsanan, Q. Tian, A.H. Bahkali & K.D. Hyde, sp. nov.
GenBank: KT588601 (ITS), KT588599 (LSU).

Epiphytic on the upper surface of living leaves, appearing as small black dots, leaves
remaining healthy. Superficial hyphae branched, septate, slightly constricted at the septa, brown to
dark brown, radiating outwardly, and covering the ascomata as a subiculum, without penetrating
host tissues. Sexual morph: Ascomata 475-550 high x 120-130 Um diam. (X= 530 x 124 Um, n
= b), solitary or scattered, superficial on the surface of leaves, globose to subglobose, flattened
when dry, brown to dark brown, easily removed, covered by a subiculum or hyphal layer. Peridium
5-10 Um wide, comprising two strata, the outer stratum comprising brown to dark brown cells of
textura angularis, the inner stratum comprising pale brown to hyaline flattened cells. Hamathecium
comprising pseudoparaphyses embedded in mucilage. Asci 95-110 x 30-39 Um (X= 104 x 33 Um,
n = 10), 8-spored, bitunicate, clavate, with long pedicellate, ocular chamber not seen, evanescent.
Ascospores 36-39 x 7-8 ,le (X=38 x 75 [Jm, n = 10), 3-5-seriate, hyaline, subcylindrical,
muriform, with 7-8 transverse septa and 1 longitudinal septa, sometimes with 2 longitudinal septa in
the end cells, slightly constricted at the septa, narrowly rounded at both ends, verrucose or
smooth-walled, surrounded by a mucilaginous sheath. Asexual morph: undetermined.

Culture on PDA: Ascospores germinating on PDA at 25-28 °Cin 12 h of light/12 h of dark, germ
tubes appearing from most cells of the ascospores, hyaline to brown, and becoming brown to
grayish. Colonies reaching 1 cm diam. after 7 days on PDA at 25-28 oC, colonies erumpent on the
surface of media, surface smooth, velvety, slightly wavy at the margin, no asexual morph was
produced in PDA after 60 days incubation.

Material examined: THAILAND, Chiang Rai Province, Mae Fah Luang University, on living leaves
of Ficus sp. (Moraceae), 23 January 2015, S. Hongsanan AD01 (MFU 152252, holotype), (isotype
MFU 15-2253; in KUN), ex-type living culture, MFLUCC 150228, MFLUCC 15-0229, and in BCC.

Notes: The genus Ceramothyrium was introduced by Batista and Maia (1957), with the type
species Ceramothyrium paiveae Bat. & H. Maia in the family Phaeosaccardinulaceae. Species of
Ceramothyrium are referred to as sooty molds because of their morphological and ecological
similarity with other sooty mold species in Capnodiaceae (Chomnunti et al., 2012a, 2014).
Phylogenetic analyses place Ceramothyrium in the family Chaetothyriaceae (Chaetothyriales,
Eurotiomycetes) with strong support (Winka et al., 1998; Lutzoni et al., 2004; Miadlikowska &
Lutzoni, 2004; Reeb et al., 2004; Chomnunti et al., 2012a, 2012b). Thirty epithets are listed in
Ceramothyrium in Index Fungorum (2015). Ceramothyrium ficus and C. longisolcano differ, as C.
ficus was found on living leaves, and has small ascomata, which are pale brown to yellowish at the

center when viewed in squash mounts, and smaller ascospores with 7-8 transverse septa and 1-2
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longitudinal septa, C. longisolcano was found on dead leaves, produces larger ascomata which are
dark brown to reddish in the center when viewed in squash mounts, and larger ascospores with 7
transverse septa and 1 longitudinal septum. Ceramothyrium ficus is also distinct from C.
thailandicum Chomnunti & K.D. Hyde which has ascomata darkened at the center when viewed in
squash mounts, and clavate ascospores with 7-9 transverse septa and lacking longitudinal septa.
Molecular analyses using ITS and LSU sequence data demonstrate a close relationship between
C. ficus and C. longisolcano (90% ML and 1.0 PP support), but support C. ficus as a distinct
species with high bootstrap support (100% ML and 1.0 PP).

Fig. 13. Ceramothyrium ficus (holotype). A. Specimen. B, C. Ascomata developing on surface of
leaves. D. Squash mount of ascomata covered by a subiculum. E. Section through ascoma. F.
Margin of ascoma. G. Peridium of ascoma. H. Bitunicate asci. . Ascospores with mucilaginous
sheath. J, K. Ascospores with mucilaginous sheath in India lk. L. Germinating ascospore. Scale

bars: D, E = 100 [dm, G = 20 [m, F, H-L = 20 Um.
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Exophiala placitae CPC 13707
o o 1 Knufia endospora DAOM 241166
| Knufia cryptophialidica DAOM 218555
Trichomenum dioscoreae CBS 138870
Trichomerium follicola MFLUCC10-0054
1057101, Trichomesium folicola MF LUCC10-0073
| Trichomenum foliicala MFLUCC10-0078
10, Cheetothyrniales sp. CN-Cre-Bot14
100 ‘Choerommoks $p. CN-Cre-Bo3-2
Chaetothyriales sp. CN-Phet-t
Chaetothyriam agathis MFLUCC 120113
| Ceramothynium camiolicum AFTOL-1D 1083

Trichomenaceae

100 | Ceramothynium camiolicum CBS 17585
Ceramothyrium podocarpl CPC 19828
L Coramothyrium longisolcano NFLU13.08320 Chaetothyriaceae
001 0| | Coramothy fi MFLUCC15-0226
oo MFLUCC150220
0 0 Ceramothynum sp. XYZ 2015a
Ceramothyrium thailandicum MFLUCC10.0008
Cypheliophora sessilis strain CBS 238 83

Fig. 14. The phylogenetic tree was obtained by RAXML maximum likelihood methods using ITS
and LSU regions. The first set of numbers above the nodes are RAXML bootstrap value expressed
values above 70% shown. The second set of numbers above the nodes are Bayesian posterior
probabilities, with values above 0.95 shown. Strain numbers are indicated after species names.
New sequence data are in blue bold, and other types are in black bold. The analysis included 10
strains from Trichomeriaceae, 8 strains from Chaetothyriaceae, and is rooted with Cyphellophora
sessilis (Cyphellophoraceae) for the out-group; the alignment comprises 1,435 characters. The
newly generated nucleotide sequences were compared against the GenBank database using the
Mega BLAST program. Sequences that relate to Ceramothyrium were obtained from GenBank and
were aligned using the multiple sequence alignment program, MAFFT (Katoh & Standley, 2013),
checked manually using BioEdit software (Hall, 2014). Maximum-likelihood (ML) analysis was
performed using raxmIGUIv.0.9b2 (Silvestro & Michalak, 2012), with 1,000 replicates. The model of
evolution was estimated by using MrModeltest 2.2 (Nylander et al., 2008). Posterior probabilities
were determined by Markov Chain Monte Carlo sampling (MCMC) in MrBayes v3.1.2 (Huelsenbeck
& Ronquist, 2001). Six simultaneous Markov chains were run for 1,000,000 generations and trees
were sampled every 100th generation, and 10,000 trees were obtained. The first 2,000 trees,
representing the burn-in phase were discarded (Cai et al., 2006, 2008). Phylogenetic trees were

drawn by using Treeview v. 1.6.6 (Page, 2001).
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Scorias mangiferae Hongsanan, P. Chomnunti, J.C. XU & K.D. Hyde, sp. nov.
GenBank: KT588604 (ITS), KT588603 (LSU).

Epiphytic, saprobic on sugary exudates from insects growing on the surface of branches
and living leaves. Superficial hyphae 4-6 |dm wide (X=5 Um, n = 10), branched, septate, slightly
constricted at the septa, brown to dark brown dark brown towards the edge, forming as thallus
cover the surface of plants. Asexual morph: Pycnidia 295-385 high x 4655 JUm diam. (X= 370 x

53 Um, n = 5), gregarious, arising from the hyphae, long stalked, flask-shaped, brown to pale
brown at the base, brown to dark brown towards the tapering apex. Ostiole surrounded by septate,
hyaline hyphae, with rounded tips. Pycnidial wall helical twisting, synnemata-like. Conidiogenous
cells formed in the inner cells of the oval part. Conidia 6-7 x 2-3 Um (X= 6.7 x 2.5 dm, n = 10),
ellipsoidal, unicellular, hyaline to greenish, with rounded ends.

Sexual morph: Undetermined.

Culture on PDA: Conidia germinating on PDA at 27 °C for 12 h of light/12 h of dark, germ tubes
appearing from conidia, hyaline, and becoming darkened after 10 days. Colonies reaching 1 cm
diam. after 5 days on PDA at 25-28 0C, colonies superficial to erumpent, velvety, thin at the
margin, water droplets forming on the surface of colonies, white to ivory, darkened and greenish at
the margin after 14 days incubation, produce abundant pycnidia and red pigment on PDA after 5
days incubation.

Material examined: THAILAND, Chiang Rai Province, Bandu, on branch of Mangifera sp.
(Anacardiaceae), 4 February 2015, S. Hongsanan BJ01 (MFLU 15-2254, holotype), (isotype in
KUN), ex-type living culture, MFLUCC 15-0230, in BCC.

Notes: The genus Scorias was established by Fries (1832), with the type species Scorias
spongiosa (Schwein.) Fr. Species of Scorias grow on insect honeydew or sugary plant exudates
(Hughes, 1976; Reynolds, 1978; Schoch et al., 2006; Chomnunti et al.,, 2011, 2014), and is
characterized by subglobose to broadly ellipsoidal ascomata, bitunicate asci, and 3-4-trans-septate,
hyaline to pale brown ascospores. The asexual morph Scorias is characterized by superficial
hyphae covering the surface of hosts, long or short-stalked, flask shaped pycnidia, arising from
hyphae, and hyaline, unicellular conidia tapering towards the apex (Chomnunti et al., 2011, 2014).
Phylogenetic analyses indicated that the genus Scorias belongs in Capnodiaceae (Schoch et al.,
2006, 2009; Crous et al., 2009; Chomnunti et al., 2011, 2014; Hyde et al., 2013). There are ten
known species in this genus, but only two species have molecular data. Scorias mangiferae is
most typical of S. spongiosa (Schwein.) Fr. in having hyphal networks covering the surface of
hosts, and flask-shaped pycnidia arising from the hyphae, producing unicellular, hyaline conidia.
However, our species differs from all other known species in the genus in its conidiomata having

short stalks, which are brown to yellowish when immature, becoming brown at the base and
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darkened in the upper part when mature, and in producing larger, hyaline conidia. Molecular
analyses using combined LSU and ITS sequence data indicate S. mangiferae is a distinct species,

which is related to S. spongiosa (90% ML and 0.95 PP support).
' 2 a N /e

Fig. 15. Scorias mangiferae (holotype). A. Appearance of sooty mould on host. B. Insects (Mealy
bugs) associated with Scorias mangiferae. C. Pycnidium. D. Pycnidia wall. E. Ostiole. F. Hyphal
network. G. Conidia. H. Germinating conidium. I-L. Pycnidia developing on media. M. Colonies
producing red pigmentation on PDA. Scale bars: D, |, J, L =50 Jm, K =100 Jm, E-H =5 Um, M

=3 cm.
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Fig. 16. The phylogenetic tree was obtained by RAXML maximum likelihood methods using
sequences of ITS and LSU regions. The first set of numbers above the nodes are RAxML
bootstrap value expressed expressed with values above 70% shown. The second set of numbers
above the nodes are Bayesian posterior probabilities, with values above 0.95 shown. Strain
numbers are indicated after species names. New sequence data are in blue bold, and other types
are in black bold. The analyses included 5 strains from Scorias, 15 strains from others species in
Capnodiaceae, and is rooted with Mycosphaerella punctiformis (Mycosphaerellaceae) for the out-
group; the alignment comprises 1,325 characters. The newly generated nucleotide sequences were
compared against the GenBank database using the Mega BLAST program. Sequences that relate
to the Scorias were obtained from GenBank and were aligned using the multiple sequence
alignment program, MAFFT (Katoh & Standley, 2013), checked manually using BioEdit software
(Hall, 2014). Maximumlikelihood (ML) analysis was performed using raxmIGUIv.0.9b2 (Silvestro &
Michalak, 2012), with 1,000 replicates. The model of evolution was estimated by using MrModeltest
2.2 (Nylander et al., 2008). Posterior probabilities were determined by Markov Chain Monte Carlo
sampling (MCMC) in MrBayes v3.1.2 (Huelsenbeck & Ronquist, 2001). Six simultaneous Markov
chains were run for 1,000,000 generations and trees were sampled every 100th generation, and
10,000 trees were obtained. The first 2,000 trees, representing the burn-in phase were discarded

(Cai et al., 2006, 2008). Phylogenetic trees were drawn by using Treeview v. 1.6.6 (Page, 2001).
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Minimelanolocus R.F. Castafeda & Heredia, Cryptog. Mycol. 22(1): 7 (2001)

Notes: Minimelanolocus was introduced by Castafieda-Ruiz et al. (2001) and typified by
Minimelanolocus navicularis (R.F. Castafieda) R.F. Castafieda based on the segregation of the
genus Pseudospiropes. It is characterized by conspicuous, mononematous, solitary or fasciculate,
septate, erect, straight or flexuous, smooth or verrucose, cylindrical, sinuate or geniculate, and
brown to dark brown conidiophores with the melanised base and hyaline to brown, oblong,
cylindrical, clavate to fusiform, euseptate, acropleurogenous conidia (Castafieda-Ruiz et al. 2001;
Hern_andez-Restrepo et al. 2013; Xia et al. 2014). Minimelanolocus is morphologically well-studied
genus which has been described from a wide range of hosts (Zhang et al. 2010; Ma et al. 20114,
b; Hernandez-Restrepo et al. 2013; Xia et al. 2014), however, the phylogenetic analyses are
lacking due to the absent of living cultures of the type species. Presently, there are 24 species
listed in Minimelanolocus (Index Fungorum 2015). Liu et al. (2015) provided a backbone tree of
Chaetothyriales and described four new species in Minimelanolocus which revealed LSU and SSU
was not adequate to distinguish species within Minimelanolocus while the comparison of ITS region
determined in accordance within the species. And thus, the species limits of Minimelanolocus was

determined based on morphology and variability of ITS sequences.
Minimelanolocus sp. Q. Tian & K.D. Hyde, sp. nov. Holotype: HKAS 84023.

Saprobic on decaying woody plant in aquatic habitats. Asexual morph: Colonies superficial,
effuse, scattered, hairy, dark brown to black. Mycelium immersed, comprising septate, pale brown
hyphae. Conidiophores mononematous, macronematous, unbranched, erect, straight or flexuous,
smooth, dark brown, melanized at base, gradually paler and rounded towards the apex, septate.
Conidiogenous cells holoblastic, integrated, sympodially proliferating, terminal and intercalary, pale
brown or subhyaline. Conidia acrogenous, hyaline, cylindro-clavate, rounded at base and apex,

solitary, 1-3-septate, smooth-walled. Sexual morph: undetermined.

Material examined: China, Yunnan Province, Canshang Mountain, on decaying wood, S-041

WHXM 24-1 (holotype, HKAS 84023), ex-type living culture MFLUCC.

Notes: Minimelanolocus sp. is morphologically similar to the superficial appearance of
Minimelanolocus melanicus. It differs from M. melanicus in having hyaline, cylindro-clavate conidia
and rounded at base and apex. Based on the molecular phylogeny and comparison of each ITS

sequences, the new speices is defined here.
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Fig 17. Minimelanolocus sp. (Holotype) Scale bars: a, b. Conidiophore. c-f. Conidia. g.

Germinating conidium. h-i. colonies developing on media. Scale bars: a, b =20 JUm, c-g =5 Um.
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Cladophialophora chaetospira CBS 514.63 LSU
o6 | Cladophialophora chaetospira CBS 491.70 LSU
Cladophialophora chaetospira CBS 115468 LSU
Cladophialophora chaetospira CBS 114747 LSU
S050 LSU
Cladophialophora carrionii CBS 160.54 LSU
— Phialophora verrucosa AFTOL ID 670 LSU

100

76 Capronia semiimmersa MUCL 15537 LSU

Phialophora americana MUCL 40613 LSU

Cladophialophora australiensis CBS 112793 LSU

Cladophialophora potulentorum CBS 114772

100 ! Cladophialophora potulentorum CBS 112222 LSU

Fonsecaea monophora CBS 102243 LSU
Cladophialophora dewriesii CBS 147.84 LSU

| 8 Cladophialophora emmonsii 640.96 LSU
58— Cladophialophora minourae CBS 556.83 LSU

—— Capronia pilosella DAOM 216387 LSU

Capronia munkii AFTOL ID 656 LSU

Capronia mansonii CBS 101.67 LSU

Capronia munkii DAOM 216390 LSU

Capronia fungicola CBS 614.96 LSU

Exophiala xenobiotica CBS 115831 LSU

Exophiala salmonis AFTOL ID 671 LSU
Minimelanolocus obscurus MFLUCC 15 0416 LSU
Minimelanolocus asiaticus MFLUCC 15 0237 LSU
S041 LSU

98 t Minimelanolocus aquaticus MFLUCC 15 0414 LSU

Minimelanolocus melanicus MFLUCC 15 0415 LSU
Exophiala eucalyptorum CBS 121638 LSU

; —— Cladophialophora proteae CBS 111667 LSU

98

70

100 Cladosporium adianticola CBS 735.87 LSU

100 Metulocladosporiella musae CBS 113863 LSU
{Metulocladosporiella musicola CBS 113873 LSU
100 | Cladophialophora sylvestris CBS 350.83 LSU
L Cladophialophora hachijoensis BBA 65570 LSU
64 r Cladophialophora scillae CBS 116461 LSU
100 ¢ Cladophialophora hostae CPC 10737 LSU

Cyphellophora laciniata CBS 190.61 LSU

0.05

Fig. 18 Phylogram generated from Maximum likelihood (RAxXML) analysis of combined LSU,
SSU genes. Bootstrap support values for maximum likelihood equal or greater than 50 % are

given above the nodes. The tree is rooted with Cyphellophora laciniata CBS 190.61.
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Results of testing whether sooty moulds are xerophilic

Xerophilic is a term meaning “dry loving”. Xerophilic fungi were defined by Pitt (1975) as
those capable of growth under at least one set of environmental conditions at a water activity (aw)
less than 0.85. Many mould and yeast species are xerophilic. They may cause economic losses
which spoil intermediate moisture and low water activity baked goods (Pitt and Hocking 1997).
However, xerophilic organisms may have biotechnological potential in enzyme production or
bioremediation, while any novel antibiotics will have huge medical potential (Pickard et al. 1991;
Faull et al. 2002; Herath et al. 2012). Sooty moulds, genera in Chaetothyriaceae and species in
Trichomerium occupy a unique habitat which is intermittently dry and wet, but they do not penetrate
the host to obtain nutrients or moisture. In some cases, Cladophialophora and Exophiala also can
endure extremotolerance conditions which evolved in high temperature and dryness (Sterflinger
1998; Ruibal 2004). Thus, it is essential to test whether the species in Chaetothyriales, especially
in moulds group, are Xerophilic fungi and such knowledge will contribute to the future work of
secondary metabolism. Sooty moulds appear to grow in extreme environments and it should be
tested if they are xerophilic. The first simply test presented that sooty moulds should be xerophilic.
Potentially, xerophilic organisms may have biotechnological potential in enzyme production or

bioremediation.

In this study three sooty mould fungi; Leptoxyphium cacuminum (TS09), Capnodium coffeae
(MFUQ7) and Phragmocapnias siamensis (S4) were chosen as a first group of experimental to test
whether sooty mouolds are xerophilic. The basal medium comprised 0.3% malt extract, 0.3% yeast
extract and 2.0% agar, we used NaOH and HCI to adjust pH, The final pH values of the media
were 4.5, 5.5, 6.5 and 7.5. After transfering the culture onto the new plate we deposit the plates
respectively in 15 °C, 25°C, 30°C incubator. Radial growth rates, expressed in mm/ day were
calculated. Fig. 9 shows growth rates of L. cacuminum (TS09), C. coffeae (MFUQ7) and P.
siamensis at 15, 25 and 30°C with pH = 6.5 at the aw = 0.90. For all selected fungi, pH=6.5 is
best condition for growing and the influence of water activity on growth is ongoing. We added a
mixture of glucose and fructose to reduce aw to 0.94, 0.88, 0.84, 0.80, 0.76 and 0.66. Fig. 9
indicates C. coffeae and P. siamensis are growing slowly under 15 and 30°C than under 25°C.For

P. siamensis, under 30°C, it was stopped for growing. L. cacuminum is growing faster under 15°C
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than under 25°C. All results will be completed and analyzed within next 6 months, axis table to

present the interaction between pH, a, and temperature will be completed as well.
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Fig. 19 Effect of water activity on radial growth rates of (a) Leptoxyphium cacuminum (b) Capnodium

coffeae (c) Phragmocapnias siamensis at temperatures 15, 25 and 30°C, pH= 6.5, Aw=0.90.
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Abstract

Capnodiaceae is believed to be the largest family containing sooty mould species, the taxa
of which can cause chlorosis, plant stunting disease, and marketability problems, due to black
mycelium coating the surface of host. Presently, little molecular data are available for species of
Capnodiaceae in GenBank, thus more collections and sequence data are needed to improve the
understanding of genera and species boundaries in this family. “Sooty mould”-like taxa, appearing
as black colonies on the surface of leaves, were collected in Chiang Rai Province, Thailand. Taxa
were studied based on morphological characters and molecular analyses. A phylogenetic tree using
combined LSU and ITS sequence data generated by Maximum likelihood analyses (LSU and ITS)
indicated that the new species, Capnodium coffeicola and Conidiocarpus plumeriae, belong in
Capnodiaceae. We introduce the two new species base on morphological characterization and
phylogenetic analyses.

Key words — Capnodiales — Dothideomycetes — Phylogeny — Sooty moulds — Taxonomy

Introduction

Sooty moulds belong in seven families, which are Antennulariellaceae Woron.,
Capnodiaceae HOhn. ex Theiss., Chaetothyriaceae Hansf. ex M.E. Barr, Coccodiniaceae Hohn. ex
O.E. Erikss., Euantennariaceae S. Hughes & Corlett ex S. Hughes, Metacapnodiaceae S. Hughes
& Corlett and Trichomeriaceae Chomnunti & K.D. Hyde (Reynolds 1998, Winka et al. 1998,
Hughes & Seifert 2012, Hyde et al. 2013, Chomnunti et al. 2014). They occur on various hosts,
mainly forming a thin, superficial, network of dark mycelium on the surface of branches, flowers,
fruits, leaves, and stems (Hughes 1976, Faull et al. 2002, Hyde et al. 2013, Chomnunti et al. 2014),
and should not be confused with Asterinales M.E. Barr ex D. Hawksw. & O.E. Erikss. and
Meliolales Gaum. ex D. Hawksw. & O.E. Erikss, which cause web-like, black colonies on leaves
and cause minor damage to host plants by penetrating host cells for the uptake of nutrients
(Ariyawansa et al. 2015, Hongsanan et al. 2014a, 2015a). Typically, sooty moulds reduce
photosynthesis ability of plants through the mycelium coating; they can cause chlorosis under the
mycelia, plant-stunting disease, low-yield, and marketability problems (Chomnunti et al. 2014).
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Sooty moulds have a wide distribution, and are most common in tropical and subtropical regions
(Chomnunti et al. 2014).

Capnodiaceae is the most common family of sooty moulds, which is placed in the order
Capnodiales, class Dothideomycetes (Batista & Ciferri 1963, Hughes 1972, Crous et al. 20093, b,
Schoch et al. 2009, Chomnunti et al. 2011, 2014, Hyde et al. 2013, Wijayawardene et al. 2014, Liu
et al. 2015). This family was introduced by Hohnel (1910), and later validated by Theissen (1916)
and the generic type is Capnodium Mont. The family is characterized by superficial, septate, dark
brown hyphae, forming a thin mycelial network on the surface of hosts, bitunicate asci, the sexual
and asexual morphs can be found in the same or different hosts, however, for some the sexual
morph is unknown (Chomnunti et al. 2011, 2014, Hyde et al. 2013). The asexual morphs form
elongated pycnidia, with short or long narrow necks, have a conspicuous oval swelling near the
base, middle or apex of the pycnidia, and produce hyaline conidia inside the swollen part
(Chomnunti et al. 2011). Crous et al. (2009a, b) placed three genera in Capnodiaceae based on their
phylogenetic analyses. They also noted that Capnodiales probably contains diverse lineages, and
some of these might need to be established as new families. There are presently not enough
sequence data to define a new family, thus more collections and sequence data are needed.
Chomnunti et al. (2011) used LSU and SSU rRNA sequence data to classify genera and species in
Capnodiaceae, and concluded, based on morphology and phylogeny, that this family contains four
genera; Capnodium, Leptoxyphium Speg., Phragmocapnias Theiss. & Syd. and Scorias Fr. Liu et
al. (2015) introduced a new genus in Capnodiaceae (Chaetocapnodium Hongsanan & K.D. Hyde),
and a new species of Phragmocapnias (Phragmocapnias philippinensis Hongsanan & K.D. Hyde).

Conidiocarpus is the asexual morph of Phragmocapnias which was introduced by
Woronichin in Jaczewski (1917); the type species is Conidiocarpus caucasicus Woron. However,
Batista & Ciferri (1963) cited C. penzigii Woron. which was introduced in 1926, as the type species
(Hughes 1976). There are several publications noting that the genus Conidiocarpus was introduced
in 1926 based on the type species C. penzigii, thus it was synonymized under Phragmocapnias
(sexual morph) in many publications. Bose et al. (2014) followed the discussion in Hughes (1976),
and they transferred species in Phragmocapnias to Conidiocarpus based on the rules of
nomenclatural priority. There are 11 species of, and 386 hits for Phragmocapnias in Index
Fungorum (2016) and Google respectively and 10 species of, and 106 hits for Conidiocarpus. We
therefore agree with Bose et al. (2014), that Conidiocarpus should be used over Phragmocapnias,
for these linked genera. With the exception of Phragmocapnias philippinensis, all species in
Phragmocapnias were transferred to Conidiocarpus by Bose et al. (2014). Thus herein we
synonymize Phragmocapnias philippinensis under Conidiocarpus philippinensis (Hongsanan &
K.D. Hyde) Hongsanan & K.D. Hyde.

In this study, we introduce two new species, Capnodium coffeicola and Conidiocarpus
plumeriae in Capnodiaceae. The new taxa are compared morphologically with other species in
Capnodiales. The introductions of Capnodium coffeicola and Conidiocarpus plumeriae are also
supported by phylogenetic analyses of the LSU and ITS sequence data.

Materials & Methods

Collections, isolation and morphology

Specimens with “Sooty mould”-like taxa were collected in Chiang Rai Province, Thailand,
and observed under a stereomicroscope. Ascomata were studied by free-hand section, and their
morphology studied under a compound microscope (Nikon 80i), slides were preserved in
lactoglycerol after photographing. Measurements were determined using Tarosoft (R) Image Frame
Work v. 0.9.7. Single spore isolation was carried out using the methods in Chomnunti et al. (2014).
Type specimens of the new species are deposited in the Mae Fah Luang University Herbarium
(MFLU), Chiang Rai, Thailand, and ex-type cultures are deposited in Mae Fah Luang University
Culture Collection (MFLUCC), and in Kunming Institute of Botany (KIB). Faces of fungi numbers
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and Index Fungorum numbers are provided as explained in Jayasiri et al. (2015) and Index
Fungorum (2016).

DNA isolation, amplification and sequencing

DNA was extracted from mycelium using the Biospin Fungus Genomic DNA Extraction
Kit-BSC14S1 (BioFlux®, P.R. China); following the instructions. The conditions for the
polymerase chain reaction (PCR) were determined using the primer pairs LROR/LR5 to amplify
the large subunit region (LSU), and ITS1/ITS4 to amplify the internal transcribed spacer region
(ITS). The amplification was carried with setting times and temperatures for the initial denaturation
and the final extension period following Hongsanan et al. (2014b, 2015b). PCR products were
checked on 1% agarose electrophoresis gels, and sequenced by Majorbio Co., China. Sequences
generated for the new species are deposited in GenBank.

Phylogenetic analysis

Thirty-six sequences were downloaded from GenBank to supplement the dataset. Davidiella
tassiana was selected as outgroup taxon (Table 1). The data set, including the new species,
Capnodium coffeicola and Conidiocarpus plumeriae, were aligned by using MAFFT (Katoh et al.
2009), and checked manually using Bioedit (Hall 1999). Maximum likelihood analysis was carried
out in raxmIGUIv.0.9b2 (Silvestro & Michalak 2012). The search strategy was set to bootstrapping
and the analysis performed using the GTRGAMMAI model. The number of replicates was inferred
using the stopping criterion (Pattengale et al. 2009). The bootstrap values expressed from 1,000
repetitions by RAXML analysis which are equal or greater than 50% are given to the left of each
node (Fig. 1). The model of evolution was performed in MrModeltest 2.2 (Nylander 2008).
Posterior probabilities (PP) were set by MCMC sampling in MrBayes v3.1.2 (Huelsenbeck &
Ronquist 2001, Zhaxybayeva & Gogarten 2002), following the details in Cai et al. (2006, 2008) and
Hongsanan et al. (2014a, b). Posterior probabilities values (PP) from Bayesian analysis which are
equal or greater than 0.90 are given the right of each node (Fig. 1). Phylogenetic trees were viewed
using MEGA v5.2.1 (Tamura et al. 2011).

Results

Phylogenetic analyses

The large subunit ribosomal (LSU) and Internal transcribed spacer (ITS) sequences from 38
isolates of Capnodiaceae, Dissoconiaceae, Euantennariaceae and Mycosphaerellaceae, were
included in the phylogenetic analysis; Davidiella tassiana is used as the outgroup taxon (Fig. 1). In
the tree, the family Capnodiaceae is placed within Capnodiales under Dothideomycetes. The
Capnodiaceae clade comprised 29 strains which belong in Antennariella Bat. & Cif., Capnodium
Mont., Conidioxyphium Bat. & Cif., Leptoxyphium Speg., Microxiphium (Harv. ex Berk. & Desm.)
Thim., Phragmocapnias, Polychaeton (Pers.) Lév., and Scorias Fr. (98% ML, 1.0 PP). The
Leptoxyphium clade comprised three strains of Leptoxyphium including Microxiphium citri (100%
ML, 1.0 PP), this result is similar to previous studies (Chomnunti et al. 2014, Liu et al. 2015). Four
Capnodium strains clustered with species of Conidioxyphium and Microxiphium (97% ML and 1.0
PP), furthermore five strains of Scorias are basal. Capnodium coffeicola clustered in a moderately
supported clade within the genus Capnodium, and is separated from the other species. The new
taxon Conidiocarpus plumeriae is closely related to C. betle (Syd. et al.) T. Bose, with high
bootstrap support, but is a distinct species (100% ML, 1.0 PP). Two representative strains of
Dissoconiaceae clustered together with high bootstrap support (100% ML, 1.0 PP) and are related
to Capnodiaceae (78% ML). Six strains of Mycosphaerellaceae grouped with high bootstrap
support (100% ML, 1.0 PP) and are closely related to the two strains of Euantennariaceae (91%
ML, 0.99 PP). These three families form a sister group to Capnodiaceae within the order
Capnodiales.
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Table 1 Taxa used in the phylogenetic analysis with GenBank accession numbers (LSU and ITS)
and species voucher/culture numbers.

Voucher/culture Accession numbers

Species numbers LSU ITS
Antennariella placitae CBS 124785 GQ303299 GQ303268
Capnodium coartatum MFLUCC10-0069 JNB832614 -
Capnodium coartatum MFLUCC10-0070 JNB832615 -
Capnodium coffeae CBS 147.52 GU214400 AJ244239
Capnodium coffeicola MFLUCC15-0206 KU358920 KU358921
Chaetocapnodium siamensis MFLUCC13-0778 KP744479 -
Conidioxyphium gardeniorum CPC 14327 GU301807 -
Davidiella tassiana CBS 399.80 - AJ244227
Dissoconium aciculare CBS 204.89 GU214419 AY725520
Leptoxyphium cacuminum MFLUCC10-0049 JN832602 have
Leptoxyphium kurandae CPC:17274 JF951170 JF951150
Leptoxyphium madagascariense CBS 124766 GQ303308 GQ303277
Microxyphium aciculiforme CBS 892.73 GU301847 -
Microxyphium citri CBS 451.66 GU301848 -
Microxyphium theae CBS 202.30 GU301849 GU296178
Mycosphaerella ellipsoidea CBS:110843 GQ852602 AY725545
Mycosphaerella endophytica CBS:114662 GQ852603 DQ302953
Mycosphaerella punctiformis CBS 113265 NG027571 KF442502
Pallidocercospora irregulariramosa CBS 111211 KF902053 KF901706
Conidiocarpus philippinensis MFLUCC12-0110 KP744503 -
Conidiocarpus plumeriae MFLUCC15-0205 KU358918 KU358919
Conidiocarpus siamensis MFLUCC10-0053 JN832606 KU358922
Conidiocarpus siamensis MFLUCC10-0061 JN832607 KU358923
Conidiocarpus siamensis MFLUCC10-0062 JNB832612 KU358924
Conidiocarpus siamensis MFLUCC10-0063 JN832608 KU358925
Conidiocarpus siamensis MFLUCC10-0064 JNB832609 KU358926
Conidiocarpus siamensis MFLUCC10-0065 JNB832610 KU358927
Conidiocarpus siamensis MFLUCC10-0074 JN832611 KU358928
Polychaeton citri CBS 116435 GU214469 GU214649
Ramichloridium apiculatum CBS 156.59 EU041848 EU041791
Rasutoria pseudotsugae rapssd EF114704 EF114687
Rasutoria tsugae ratstk EF114705 EF114688
Scorias leucadendri CBS 131318 JQ044456 JQ044437
Scorias spongiosa AFTOL-ID 1594 DQ678075 -
Scorias spongiosa CBS 325.33 - GU214696
Scorias mangiferae MFLUCC15-0230 KT588603 KT588604

Conidiocarpus philippinensis (Hongsanan & K.D. Hyde) Hongsanan & K.D. Hyde, comb. nov.
Index Fungorum: 1F551807
Facesoffungi number: FoF01771

= Phragmocapnias philippinensis Hongsanan & K.D. Hyde, in Liu et al., Fungal Diversity:
172:69 (2015)

Notes — This species was introduced in Liu et al. (2015) as Phragmocapnias philippinensis.
Phylogenetic analyses indicated that it was placed in Capnodiaceae, however it did not cluster with
others species in Phragmocapnias sensu stricto (Liu et al. 2015); the result is similar to our study.
Based on morphology, Liu et al. (2015) stated that P. philippinensis is most similar to other species
in Phragmocapnias, but differs in having 5-septate ascospores without a hyaline sheath, thus they
introduced it as a new species. Bose et al. (2014) synonymized Phragmocapnias under
Conidiocarpus, which was the oldest name of these linked genera. They transferred species of
Phragmocapnias to Conidiocarpus, thus, herein we synonymize P. philippinensis under C.
philippinensis. This may require new genus when more related species are found, but for the
present we place it in Conidiocarpus sensu lato.
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Leptoxyphium madagascariense CBS 124766
651062 ﬂg‘qwcmxyphium citriCBS 451.66
Leptoxyphium kurandae CPC:17274
ANLD Leptoxyphium cacuminum MFLUCC10-0049
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Fig. 1 — RAXML maximum likelihood phylogenetic tree generated from analysis of combined LSU
and ITS sequence data. The first set of numbers above the nodes are RAXML bootstrap values
equal or greater than 50%. The second set of numbers above the nodes are Bayesian posterior
probabilities, with values above 0.9 shown. Strain numbers are indicated after species names. Ex-
types strains are in black bold, new sequence data are in blue bold.

Capnodium coffeicola Hongsanan & K.D. Hyde, sp. nov. Fig. 2
Index Fungorum number: IF551802
Facesoffungi number: FoF01765

Etymology — coffeicola referring to the host on which the taxon was found.

Saprobic on sugary exudates from Coccus sp. (Coccidae, Insecta) growing on the surface of
leaves, branches, and stems of Coffea sp. Thallus thin, dark brown, easily removed from the host
surface, composed of cylindrical hyphae. Superficial hyphae 3-5 um wide (X=4 pm, n=20),
septate, constricted at the septum, branched, brown to dark brown, with subcylindrical hyphal cells.
Sexual morph: Undetermined. Asexual morph: Pycnidia 165-178 um long (X=170 um, n=10),
superficial, scattered or gregarious, blackish brown, cylindrical, swollen at the central part, 14-16
um diam. (X=34 um, n=10), stalk black, 19-24 long x 18-23 pum diam. (X=23 x 21 um, n=20),
wall comprising mostly cylindrical cells, the swollen part producing conidia inside. Ostiole 14-16
um diam. (X=15 um, n=10), surrounded by hyaline hyphae, 23-26 x 2-3 pum (X=25 x 2.5 um,
n=20). Conidiogenous cells formed on the inner cell walls of the swollen part. Conidia 5-7 x 1-3
um (X=6 x 2 um, n=20), cylindrical to oblong, ends round, hyaline, smooth-walled.

Culture characters — Conidia germinating on PDA at 25-28°C for 12 h with dark, hyphae
germinating from the conidia, septate, constricted at the septum, hyaline to grayish at the
beginning, and become black to greenish later. Colonies slow growing, reaching 2 cm diam. after 5
days on PDA, colony superficial to erumpent, sometimes hyphae growing downwards and
immersed into media, surface verrucose, velvety, branched at the margin, asexual structures
produced in PDA after 3 days.

818



Fig. 2 — Capnodium coffeicola (holotype). a Substrate. b Pycnidia on surface of leaves. ¢ Pycnidia
when viewed in squash mount. d, e Cells wall of swollen part when viewed in squash mounts. f
Septate hyphae constricted at the septum. g Ostiole surrounded by hyaline hyphae. k Unicellular
conidia. — Bars ¢=100 um, d, e=20 um, f~h j=10 pm.

Material examined — Thailand, Chiang Rai, Tasud, Mae Fah Luang University, AD2
building on leaves of Coffea sp., 4 January 2015, S. Hongsanan, PST2-1 (MFLU 15-3565,
holotype); ibid. (isotype in KIB) — ex-type living culture in MFLUCC 15-0206.

Notes — Capnodium coffeicola is most typical of C. coartatum Chomnunti & K.D. Hyde,
but it has pycnidia with short and black stalks at the base, and is swollen at the central part, and
cylindrical to oblong conidia, while C. coartatum has long and brown pycnidia, which are swollen
at the base, lacks black and short stalks, and has ellipsoidal conidia. In addition, C. coffeicola is
also similar to some species in the genus Conidiocarpus, based on its pycnidia being swollen at the
central part of the pycnidium and a stalk in the lower swollen part. However, Capnodium coffeicola
has a very short stalk and darkened lower swollen part. Phylogenetic analyses demonstrates that C.
coffeicola belongs in Capnodium, within the family Capnodiaceae.
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Fig. 3 — Conidiocarpus plumeriae (holotype). a Substrate. b Mealy bug on the lower surface of
leaves. ¢ Solitary ascomata on the surface of leaves. d Hyphal networks of C. plumeriae. e Section
through ascoma. f, g Ascomata when viewed in squash mounts. h Upper wall when viewed in
squash mounts. i Asci with 8-spores. j Ascospores. k Ascospores in Melzer’s reagent. — Bars e-
g=50 um, d, h, i=20 um, k, j=10 pum.

Conidiocarpus plumeriae Hongsanan & K.D. Hyde, sp. nov. Fig. 3
Index Fungorum IF551805
Facesoffungi number FoF01766

Etymology — plumeriae referring to the host on which the taxon was found.

Saprobic on sugary exudates from Pseudococcus sp. (Pseudococcidae, Insecta), growing on
the upper surface of Plumeria sp. Thallus thin, dark brown, easily removed from the host surface,
composed of cylindrical hyphae. Superficial hyphae 5 um wide, branched, septate, slightly
constricted and dark at the septum, pale brown to brown Sexual morph: Ascomata 90-95 um diam.
(X=94 um, n=10), superficial, solitary, subglobose, narrowly rounded above, constricted at the
base, dark brown to black, ostiole present at maturity, thin-walled, with 3—-4 ascomatal setae at the
upper part of ascomata. Ascomatal setae 87-91 x 46 um (X=89 x 5 um, n=10), aseptate, dark
brown to reddish brown, but pale brown to hyaline at the apex. Peridium 10-13 um (X=11 pum,
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n=10), comprising cells of textura angularis, inner layer hyaline, outer layer dark brown to reddish
brown. Hamathecium lacking pseudoparaphyses. Asci 37-42 x 13-16 um (X=39 x 14 um, n=10),
8-spored, bitunicate, fissitunicate, subcylindrical to obovoid, short pedicellate or sometimes
apedicellate, ocular chamber not observed. Ascospores 19-25 x 4—6 um (X=22 x 5 um, n=10), bi
to tri-seriate, cylindrical to clavate, 5-septate, slightly constricted at the septum, with narrow ends,
somewhat tapering towards the base, hyaline, smooth-walled. Asexual morph: Undetermined.

Culture characters — Ascospores germinating on PDA at 25-28°C for 12 h with dark,
hyphae germinating at each cells of the ascospores, septate, constricted at the septum, hyaline to
brown at the beginning, and become black to greenish, darker at the margin. Colonies slow growing
reaching 2 cm diam. after 7 days on PDA, colony superficial to erumpent, surface verrucose,
velvety.

Material examined — Thailand, Chiang Rai, Tasud, Mae Fah Luang University, AD2
building, on leaves of Plumeria sp., 10 January 2015, C. Singhapop, PST1-2 (MFLU 15-3564,
holotype); ibid. (isotype in KIB) — ex-type culture in MFLUCC 15-0205.

Notes — Conidiocarpus plumeriae is most typical of C. imperspicua (Sacc.) Cif. & Bat., but
differs in having long and hyaline ascospores, which are 5-septate at maturity, while C.
imperspicua has short and brownish ascospores, with 4 septa at maturity. Conidiocarpus plumeriae
is also similar to C. betle. It however differs in having subcylindrical to obovoid asci, and 5-septate
ascospores, while C. betle has broadly clavate asci, and 4-septate ascospores, surrounded by a
hyaline sheath. Phylogenetic analyses based on LSU and ITS sequence data indicate that C.
plumeriae is closely related to C. betle, but is morphologically distinct.
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Abstract The order Meliolales comprises the families
Armatellaceae and Meliolaceae. These are black mildews that
grow on the surface of host plants, often regarded as minor
plant pathogens. In this study, types or specimens of 17 genera
of Armatellaceae and Meliolaceae were borrowed from
herbaria and re-examined. Armatella is accepted in
Armatellaceae and Amazonia, Appendiculella, Asteridiella,
Cryptomeliola, Endomeliola, Irenopsis and Meliola are ac-
cepted in the family Meliolaceae. Laeviomeliola is synony-
mized under Meliola. Ceratospermopsis, Ectendomeliola,
Haraea, Hypasteridium, Leptascospora, Metasteridium,
Ophiociliomyces, Ophioirenina, Ophiomeliola,
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Parasteridium, Pauahia, Pleomeliola, Pleomerium,
Prataprajella, Ticomyces, Urupe and Xenostigme are exclud-
ed from Meliolaceae, and are treated as doubtful genera or
placed in ascomycetes genera incertae sedis. The type species
of each genus is re-described and illustrated with photomicro-
graphs. Notes are provided and comparisons made. Two new
species of Meliola and one new species of lrenopsis are also
introduced with molecular data and we provide the most pop-
ulated phylogenetic tree of Meliolomycetidae to date. Meliola
thailandicum was found on Dimocarpus longan (Sapindales)
and Acacia auriculiformis (Fabales) and confirmed to be the
same species in the molecular analyses. This has important
implications as the several hundred Meliola species are recog-
nized based on host associations. Thus the same species being
recorded from two unrelated hosts sheds doubt on Meliola
species being host-specific.

Keywords Armatella - Armatellaceae - Ascomycota - Black
mildews - Meliola - Meliolaceae - Meliolomycetidae -
Sordariomycetes - Morphology - Type - Species - Taxonomy

Introduction

Species of Meliolales are obligate, biotrophic, foliar patho-
gens, which occur as epiphytes on leaves, stems, branches,
and sometimes on petioles of vascular plants (Hansford
1961; Hosagoudar 1994, 1996, 2008, 2013; Mibey and
Hawksworth 1997; Old et al. 2003). They are commonly
known as the “black mildews” or “dark mildews” based on
their black colonies up to one cm diameter, produced on the
surface of hosts, and are widely distributed especially in sub-
tropical and tropical regions (Goos and Andersons 1974;
Ainsworth 1963; Hosagoudar 1994, 1996, 2003a, 2008;
Saenz and Taylor 1999; Mibey and Hawksworth 1997; Old
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et al. 2003; Justavino et al. 2015; Maharachchikumbura et al.
2015). They are believed to show a high degree of host spec-
ificity, and therefore it is necessary to identify the host before
determining the mildew (Hansford 1961; Hirata 1971;
Hosagoudar and Goos 1989). The extent of host association,
however, has not yet been determined, and molecular studies
are needed to establish that species are host-specific. Species
of Meliolales are not pathogens in a strict sense and do not
cause extensive damage to host plants (Sabulal et al. 2006;
Hosagoudar et al. 1997), however, they may increase the tem-
perature and respiration in areas covered by the fungus, and
also reduce photosynthesis as in the family Asterinaceae
(Hongsanan et al. 2014). Taxa of the order obtain nutrients
by producing haustoria in host cells, and heavy infections
result in a dirty appearance on plants and economic products
(Fig. 1) and may reduce their value (Hosagoudar et al. 1997,
2012). Wellman (1972) noted that this group produces signif-
icant affects on crops, but has never been seriously studied
(Hosagoudar and Riju 2013).

Species of Meliolales are often confused with sooty moulds
because they coat fruits and leaves superficially with black
colonies. Sooty moulds are saprobes which develop on leaf
surfaces feeding on honeydew (Chomnunti et al. 2011, 2014).
Species of Meliolales produce a variety of structures which
can penetrate host cells for the uptake nutrients (Mibey and
Hawksworth 1997; Saenz and Taylor 1999). This order is
different from powdery mildews in morphology, but can de-
velop in the same ecological habitats (Saenz and Taylor 1999).

The order Meliolales comprises the families Armatellaceae
and Meliolaceae. The family Meliolaceae was proposed by
Martin (1941) based on the generic type Meliola (Martin
1941; Hosagoudar 1994, 1996, 2008; Mibey and
Hawksworth 1997; Old et al. 2003; Justavino et al. 2015;
Maharachchikumbura et al. 2015). Members of the family
are characterized by a biotrophic habitat, superficial dark hy-
phae, although sometimes the hyphae may be immersed in
plant cells, with lateral hyphopodia and/or phialides.
Superficial ascomata develop in the black, web-like colonies
and are flattened or globose to subglobose, and have a dark
peridium. Setae or appendages cover the ascomata and/or
black mycelia in some genera. Asci are unitunicate, usually
3—4-spored, with brown, 3—4-septate ascospores (Mibey and
Hawksworth 1997; Hosagoudar and Riju 2013). The asexual
states of Meliolaceae species have been reported as phialides
on hyphae, however, they are morphologically relatively
poorly studied. Many characters of the family, such as types
of hyphopodia, nature of phialides and structure of asci, are
unclear, because various studies have provided different inter-
pretations. The family Armatellaceae was established by
Hosagoudar (2003b), with generic type Armatella Theiss. &
Syd. Members of the family are characterized by superficial
hyphae with hyphopodia, lacking phialides, ascomata which
develop in the black colonies, cylindrical to subcylindrical
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asci, with 4-8-spores, and ascospores hyaline to brown at
maturity, and 1-septate (Hosagoudar 2003b). The asexual
morph is undetermined.

Because of their biotrophic lifestyles, species of Meliolales
have yet to be grown in culture. Molecular data for species of
Meliolales have therefore been obtained by directly extracting
DNA from ascomata. Thite (1975) and Goos (1978)
succeeded in germinating the ascospores, but growth follow-
ing germination was limited and later ceased. We therefore
focused on obtaining DNA and sequence data directly from
the ascomata.

Taxonomic review

Superficial hyphae of Meliolales species are characterized by
web-like colony formation on the host surface, usually
branched, septate, and brown. Hyphopodia and setae are pres-
ent in the genera Cryptomeliola, Irenopsis, and Meliola
(Hansford 1961; Hosagoudar 1994, 1996, 2008, 2013;
Mibey and Hawksworth 1997; Old et al. 2003).
Endomeliola have intercellular hyphae which extend into the
mesophyll (Hughes and Pirozynski 1994).

The nature of the hyphopodia is thought to be extremely
important in identifying species in Meliolales (Hansford
1961), but this has never been proven by molecular evidence.
The term hyphopodia was used by Gaillard (1891). Goos and
Gessner (1975) noted that the hyphopodia is one kind of ap-
pressoria. Both terms hyphopodia and appressoria have been
used in the literature, so Goos and Gessner (1975) suggested
retaining usage of either. However, hyphopodia and appresso-
ria are different because appressoria are produced on germ
tubes, while hyphopodia are produced on hyphae (Emmett
and Parbery 1975). These terms have been used interchange-
ably in many studies. As hyphopodia are produced on hyphae
we recommend use of the term “hyphopodia” for the struc-
tures in Meliolales species. The hyphopodia are characterized
by two cells, a short basal stalk cell bearing a single capitate
hyphopodium. Hyphopodia may be alternate, opposite, or
mixed alternate and opposite on hyphae depending on the
species. Two kinds of hyphopodia are recognized in
Meliolales, capitate and mucronate (Gaillard 1891). Capitate
hyphopodia comprise a short stalk cell, bearing a single
hyphopodia, which is the attachment and absorption organ.
This later produces a single haustorium in the epidermal layer
of host plants (Hansford 1961). Different species have differ-
ently shaped hyphopodia ranging from ovate, oblong, or an-
gular to lobate. The capitate hyphopodia on the lower surface
of leaves are mostly irregular in shape, while species found on
the upper surface of leaves are globose to subglobose
(Hansford 1961).

Mucronate hyphopodia were illustrated by Hughes (1981)
and Mueller et al. (1991). Mucronate hyphopodia were
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Fig. 1 Meliolaceae on various
hosts. a, b Dimocarpus longan. ¢,
d Citrus maxima. e Litchi
chinensis. £ Mangifera indica. g
Citrus reticulata

interpreted as phialides and are conoid or ampuliform on
hyphae, however they vary in shape in the same colony
(Hansford 1961). Phialides produce conidia or phialoconidia
(Hughes 1981, Mueller et al. 1991). There is however, no
report to confirm that phialoconidia can develop into robust
hyphae (Hughes 1981). Most species of Meliolaceae pro-
duce opposite phialides, or occasionally they are alternate
or mixed with capitate hyphopodia on the hyphae. Some
species in Meliolaceae lack phialides, but the apparent lack
is probably due to the difficulty of observing such struc-
tures. Phialides appear to lack penetration or function
(Hansford 1961; Goos 1974; Goos and Gessner 1975;

Mueller et al. 1991). Species in Armatellaceae are charac-
terized by hyphae without phialides, and the asexual morph
is undetermined (Hosagoudar 2003b).

Ascomata are solitary or scattered on colonies of superficial
hyphae and mostly develop at the centre of the colony. The
ascomata is first flat, cells are radially arranged, and then be-
come globose to subglobose, however a few genera (e.g.,
Amazonia), have flattened ascomata even at maturity. The
wall of the ascomata comprises two strata, the outer strata
having dark brown walls, and inner strata hyaline walls. A
rounded pore is present at the apex of ascomata and is filled
with hyaline periphyses and is covered by hyphal layers, and
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is thus hard to observe. The surface of ascomata is mostly
verrucose. In Asteridiella, the surface has raised conoid cells,
while conical appendages are present in Appendiculella spe-
cies. The genus lrenopsis has setae on the surface of ascomata
which are dark, smooth or rough, septate or aseptate, straight
to coiled, with acute, rounded or hooked ends, and narrower
than appendages in Appendiculella.

The asci of Meliolales have been reported differently in
many studies. Miiller and von Arx (1973) considered the asci
of Meliolales species to be unitunicate. Eriksson (1981) intro-
duced the term “Pseudoprototunicate” to describe the asci in
Meliolales. A pseudoprototunicate ascus is characterized by
thin walls, and is thought to have evolved from bitunicate asci,
in which the endotunica is reduced. There is no opening mech-
anism, and they are evanescent at maturity (Eriksson 1981;
Barr and Huhndorf 2001; Hofmann 2009). Hawksworth and
Eriksson (1986) emended the description provided by
Géaumann (1964) and concluded that Meliolales had bitunicate
asci. However, Hosagoudar et al. (1997, 2012) used
unitunicate to describe the asci of Meliolales species. We sug-
gest using the term unitunicate asci to define the asci in
Meliolales based on phylogeny, which place the species of
Meliolaceae in Sordariomycetes (Maharachchikumbura et al.
2015).

The ascospores are very uniform in shape and septation
in the family Meliolaceae. They are thick-walled, cylin-
drical to oblong, fusiform or obovoid, and slightly curved
in some species. Some species have 3-septate ascospores,
but in most they are 4-septate. In most species the central
cells are widest and longest. The ascospores are more or
less constricted at the septa, with smooth walls. The end
cells are mostly rounded, but can rarely be conoid or
apiculate (Hansford 1961; Mibey and Hawksworth
1997). All species in the family are hyaline when imma-
ture, and dark brown and thick-walled at maturity.
However, some genera with two to multiseptate hyaline
ascospores were included in Meliolaceae (Lumbsch and
Huhndorf 2010). In this study, we only accept genera with
3—4-septate and brown ascospores in Meliolaceae.
Ascospores in Armatellaceae are aseptate or 1-septate,
hyaline to brown, and smooth or slightly rough-walled.

History of Armatellaceae and Meliolaceae

The family Meliolaceae was established by Martin (1941)
without a Latin diagnosis but validated by Hansford
(1946). Roger (1953) placed the Meliolaceae with nine
other families in the order Hypocreales. This family has
also been placed in the orders Dothideales, Erysiphales,
Meliolales, Myriangiales and Hypocreales at various
times (Martin 1941; Luttrell 1951, 1989; Roger 1953;
Ainsworth et al. 1971; Miiller and von Arx 1973;
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Yarwood 1973; Barr 1976; Eriksson 1981; Hawksworth
et al. 1983). Monographs of the Meliolaceae were provid-
ed by Hansford (1961, 1963), with keys to the genera of
the family based on morphology and host association
(Hansford 1961). Ainsworth et al. (1971) and Eriksson
and Hawksworth (1993) listed 50 genera in the family.
This was reduced to 25 genera (Hawksworth et al. 1995)
and later 22 genera (Kirk et al. 2008). A biogeographical
distribution of Meliolaceae in India was provided by
Hosagoudar (2006) and he included a key to the genera
in the family. Lumbsch and Huhndorf (2010) placed
Meliolaceae in the class Sordariomycetes with 26 genera.
This was followed by Hyde et al. (2013) and
Wijayawardene et al. (2014), who excluded Meliolaceae
from Dothideomycetes. The family Armatellaceae was in-
troduced by Hosagoudar (2003b). Armatellaceae contains
a single monotypic genus (Table 1). Although
Basavamyces Hosag. was included in Armatellaceae by
Hosagoudar (2008), Hosagoudar et al. (2012) concluded
that Basavamyces is not the member of Armatellaceae
because of its 2-septate ascospores.

Saenz and Taylor (1999) directly sequenced DNA from
ascomata and their phylogenetic tree indicated that
Meliolales was a member of Pyrenomycetes, which are close
to Sordariales. Pinho et al. (2012a) reported that the phyloge-
netic placement of members of Meliolales was uncertain be-
cause the phylogenetic analyses (28S rDNA) were not strong-
ly supported, but this order is monophyletic within
Sordariomycetes. Kirk et al. (2001) introduced a new sub-
class, Meliolomycetidae (Sordariomycetes) for members of
Meliolaceae, but without a description or diagnosis. The
placement of Meliolomycetidae in Sordariomycetes was con-
firmed by Justavino et al. (2015) based on their phylogenetic
tree and Maharachchikumbura et al. (2015) validated the sub-
class. Meliolales species are biotrophic and cannot be cul-
tured, thus there are few sequences for species in GenBank.

Ecology

The Meliolales are biotrophs, or pathogens of living leaves
or occasionally dead leaves, and are common on scrubs in
open park-lands and on inaccessible canopies of rainforest
trees (Hansford 1961; Hosagoudar 2003b, 2008). Species of
Meliolales are associated with a variety of plant substrates
including living leaves, and occasionally petioles, twigs, and
branches (Hansford 1961; Hosagoudar 1994, 1996, 2008;
Hosagoudar and Riju 2013; Mibey and Hawksworth 1997;
Old et al. 2003). Species of Armatellaceae and Meliolaceae
have a worldwide distribution (Kirk et al. 2008). They are
especially common in the tropics and have an extended dis-
tribution to sub-temperate to temperate regions, and are gen-
erally lacking in arid regions (Hansford 1961; Hosagoudar
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Table 1  Genera included in Armatellaceae and Meliolaceae by different researchers
Hosagoudar (2003b)  Hosagoudar (2008)  Hosagoudar et al. (2012)  This study
Armatellaceae  Armatella Armatella Armatella Armatella
Basavamyces
Stevens 1925 Hansford 1946 Hansford (1961) Boedijin (1961)  Lumbsch and This study
(Meliolineae) (Meliolineae) Huhndorf (2010)
Actinodothis Actinodothis Amazonia Amazonia Amazonia Amazonia
Amazonia Amazonia Appendiculella Appendiculella  Appendiculella Appendiculella
Meliolaceae Irene Appendiculella Asteridiella Armatella Asteridiella Asteridiella
Meliola Irene Irenopsis Asteridiella Basavamyces Cryptomeliola
Meliolina Irenina Meliola Irenopsis Ceratospermopsis Endomeliola
Meliolinopsis Irenopsis Meliola Cryptomeliola Irenopsis
Meliola Ectendomeliola Meliola
Endomeliola
Haraea
Hypasteridium
Irenopsis

Laeviomeliola
Leptascospora
Meliola
Metasteridium
Ophiociliomyces
Ophioirenina
Ophiomeliola
Parasteridium
Pauahia
Pleomeliola
Pleomerium
Prataprajella
Ticomyces
Urupe
Xenostigme

1994, 1996, 2008, 2013; Saenz and Taylor 1999; Mibey and
Hawksworth 1997; Old et al. 2003; Justavino and
Piepenbring 2007; Kirk et al. 2008; Piepenbring et al.
2011; Pinho et al. 2012b, 2013; Justavino et al. 2015).
Studies on the dispersal of ascospores in Meliolales are lack-
ing (Hansford 1961; Hosagoudar 1996; Nayar et al. 1998).
Dispersal of species of Meliolaceae probably occurs by rain
splash, insects, or air (Nayar et al. 1998). Meliolaceae spe-
cies can survive after the leaves have been shed. When new
leaves grow during the next season they are colonized by
Meliolaceae with spores from leaves on the ground (Nayar
et al. 1998). Meliolaceae in forests are more abundant
during the cool season in tropical to subtropical regions.
Even though forests are burnt leaving only the perennial
root stocks; this group of fungi still occurs during the next
season (Nayar et al. 1998). There is no report concerning
the dispersal of ascospores in species of Armatellaceae.

Life cycle of Armatellaceae and Meliolaceae

Species of Meliolales have different infection mechanisms
and the life cycle is illustrated in Fig. 2. Thimmaiah et al.
(2013) stated that colonization starts when a mature ascospore
attaches to the host substrate (Fig. 2a). A primitive stalk-cell
bearing a single capitate, angular or lobate hyphopodium is
mostly produced from the terminal cell of the ascospore; this
is likely to be an intermediate step before mature hyphopodia
development (Fig. 2b) (Tucker et al. 2010, Hongsanan et al.
2014). The hyphopodium then forms an apoplastic complex
which is called an interaction apparatus, based on a study of
Asteridiella callista (Justavino et al. 2014). At the contact
zone between epidermal cells and hyphopodia, the apoplastic
interaction apparatus forms a penetration pore so that the haus-
torium can develop into the cytoplasmic membrane and epi-
dermal cells, and rarely in deeper tissues. Nutrient uptake
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Sextual morph

Fig. 2 Life cycle of Meliola sp. and its mucronate hyphopodia. a
Ascospore. b Mature germinating ascospore. ¢ Haustorium developing
in epidermal cell. d Lateral hyphae forming superficially. e Colony

begins (Fig. 2c) and the other cells of the ascospores produce
superficial hyphae with frequent branches, and then alternate
or opposite lateral hyphopodia are formed on short stalks
(Fig. 2d). Initial infection and web-like colony formation on
the leaf surface follows (Fig. 2e, f). In Meliola species, super-
ficial hyphae produce strong, dark setae. Ascomata are formed
laterally on the hyphae, at first being flat, cells are radially
arranged, and then becoming globose to subglobose at matu-
rity (Fig. 2g). The genus Amazonia is the only genus with
flattened ascomata. The ascomata are filled with sterile tissue
and asci which are evanescent at maturity (Fig. 2h).
Ascospores are produced within the 2—4-spored asci in
Meliolaceae and 4—8-spored asci in Armatellaceae. The asex-
ual morph of Meliolaceae develops from the hyphae, and
form ampuliform hyphopodia which are called “phialides”
(Fig. 2i). These structures developed on the same hyphae as
the capitate hyphopodia or sometimes are found on separate
hyphae, but lack penetration or apparent function (Mueller
et al. 1991). Conidia, which are 1-celled, thin-walled and hy-
aline, are produced within the neck of phialides (Fig. 2j). The
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Mucronate
hyphopodia

No proof
Conidia germinate to
complete life cycle

o

formation. f Black spot of hyphae forming on the host surface. g
Ascoma with hyphal setaec. h Mature ascus. i Hyphopodia with
phialides. j Phialoconidia

conidiogenous cells are probably present at the base of the
phialides (Hughes 1981). It is unlikely that these small
phialoconidia can develop into robust hyphae (Hughes
1981) and their function is unclear. There has been a lack of
research to establish the asexual morph cycle. There is no
reported asexual morph in Armatellaceae, and phialides are
lacking.

Host specificity

Species in Meliolales are considered to have a high degree of
host specificity because they are biotrophic on living leaves.
Numerous studies have introduced new species based only on
host association, even though taxa are morphologically iden-
tical (Hosagoudar 1987). Some species on different hosts are
distinct in morphology and in penetration mechanisms (Fig. 3)
(Hosagoudar 2003a; Justavino and Piepenbring 2007). Hence,
most species of Meliolales species have been justified based
on host association, and it is essential to establish the host
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Fig. 3 Host penetration by
Meliolales species (a—c redrawn
and modified from Yamamoto
1954, d redrawn from Hughes
and Pirozynski 1994). a
Hyphopodium of Meliolina
octospora. penetrating epidermis
cells. b Hyphopodium of Irenina
rhaphiolepis Yam. penetrating
epidermis and mesophyll cells. ¢
Hyphopodium of Irenopsis
coronata var. triumfettae Stev.
penetrating epidermis cell. d
Hyphae with hyphopodia of
Endomeliola dingleyae
developing in epidermis and
mesophyll cells

genus or family before identifying the fungal species. Whether
Meliolales species are host specific needs verifying using mo-
lecular techniques.

Molecular phylogeny of Meliolales

The morphology of Meliolales species indicate that they be-
long to the class Sordariomycetes (Zhang et al. 2006). Pinho
et al. (2012a) used sequence data of species in Meliolaceae
and their phylogenetic tree confirmed the placement within
Sordariomycetes. Justavino et al. (2015) mentioned a new
subclass Meliolomycetidae based on their phylogenetic tree
which was represented by a basal clade of Meliolaceae in
Sordariomycetes. However, the phylogenetic placement of
Meliolaceae members was uncertain within the clade because
the phylogenetic analyses (28S rDNA) were not strongly sup-
ported, but monophyletic within Sordariomycetes (Pinho et al.
2012a). Maharachchikumbura et al. (2015) provided a back-
bone tree for Sordariomycetes based on LSU, SSU, TEF and
RPB2 sequence data analysis, and their phylogenetic tree in-
dicated that Meliolomycetidae is most closely related to
Sordariomycetidae in Sordariomycetes as also found by

Justavino et al. (2015). There are few sequences for the spe-
cies of Meliolaceae as they are biotrophic and cannot be cul-
tured (Maharachchikumbura et al. 2015). Most genera
discussed here lack molecular data, however, the placements
are based on morphological similarities and where possible
phylogeny. No sequence data is available for any species of
Armatellaceae.

Material and methods
Morphology

Type or other specimens of Appendiculella, Asteridiella,
Cryptomeliola, Endomeliola, Haraea, Irenopsis,
Laeviomeliola, Leptascospora, Meliola, Ophiociliomyces,
Ophioirenina, Ophiomeliola, Pauahia, Pleomeliola, and
Pleomerium were obtained from B, BPI, ILL, IMI, K(M),
PDD, S, URM and ZT. Their morphology was observed under
a stereomicroscope. Sections of ascomata were made free-
hand. Morphological characters were observed and
photographed under a compound microscope (Nikon 80i).
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Measurements were made using the Tarosoft (R) Image Frame
Work v. 0.9.7.

Fresh specimens of Meliolaceae were collected in
Thailand. Morphological characters were observed and
photographed in the same way as herbarium specimens.
Single spore isolation was performed following the method
of Chomnunti et al. (2014) on PDA (potato dextrose agar) and
MEA (malt extract agar), but was generally unsuccessful.
Sequences were therefore obtained directly using dry fungal
fruiting bodies.

Type specimens of the Meliolaceae are deposited in the
Mae Fah Luang University Herbarium (MFLU), Chiang Rai,
Thailand. Faces of fungi numbers and Index fungorum
numbers were obtained as in Jayasiri et al. (2015) and Index
fungorum (2015).

DNA isolation, amplification and sequencing

DNA extraction was made directly from dry fungal fruiting
bodies to obtain sequence data. Extraction was started by
placing individual ascomata in 1.5m/ sterilized tubes and leav-
ing overnight at —20 °C. DNA extraction was performed by
E.Z.N.A® Forensic Genomic DNA Extraction Kit (OMEGA
Bio-tek Norcross GA 2013), GoTaq® Hot start-Promega,
Lysis Buffer for Microorganism to Direct PCR (TaKaRa);
following the manufacturer‘s instructions.

For GoTaq® Hot start-Promega, amplification conditions
were set up for initial denaturation of 3 min at 95 °C, followed
by 35 cycles of 27 s at 94 °C, 60 s at 56 °C and 90 s at 72 °C,
and a final extension period of 7 min at 72 °C. PCR-products
were cleaned from excessive nucleotides and primers by
adding 2 u/ of 1:5 diluted ExoSAP-IT® (Affymetrix,
ExoSAP-IT® For PCR Product Cleanup) to 5 z+/ of PCR-prod-
uct. The mix was incubated in the thermocycler for 30 min at
37 °C, followed by 15 min at 80 °C, and sequencing was
performed on a ABI 3130xI sequencer in the sequencing ser-
vice in the faculty of biochemistry at the Ruhr-Universitit
Bochum. For the specimens which were performed by using
Lysis Buffer for Microorganism to Direct PCR (TaKaRa) Kit
and E.Z.N.A® Forensic Genomic DNA Extraction Kit, ampli-
fication conditions were set up for initial denaturation of 5 min
at 95 °C, followed by 35 cycles of 45 s at 94 °C, 45 s at 52 °C
and 90 s at 72 °C, and a final extension period of 10 min at
72 °C. PCR-products were checked on 1 % agarose electro-
phoresis gels stained with ethidium bromide. The purification
and sequencing of PCR products were done by Majorbio Co.,
China.

Phylogenetic analysis
Sequences data were downloaded from GenBank to supple-

ment the dataset (Supplementary Table 1). Dothidea sambuci
was selected as outgroup taxon. The representative sequences
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included taxa from Amplistromatales, Annulatascales,
Boliniales, Chaetosphaeriales, Coniochaetales, Meliolales
and Sordariales, as well as some from tentatively placed lin-
eages downloaded from GenBank (Supplementary Table 1),
and aligned by using Bioedit v.7.0.1 (Hall 2004) and Clustal X
2.0.11 (Thompson et al. 1997).

RAxXxML (Maximum likelihood) analysis was per-
formed by using raxmlGUIv.0.9b2 (Silvestro and
Michalak 2012). The search strategy was set to rapid
bootstrapping and the analysis using the GTRGAMMALI
model. The number of replicates was inferred using the
stopping criterion (Pattengale et al. 2009). Maximum like-
lihood bootstrap values equal or greater than 50 % are
given as the first set of numbers above the nodes
(Figs. 4 and 5). The model of evolution was performed
by MrModeltest 2.2 (Nylander et al. 2008). Posterior
probabilities (PP) were determined by Markov Chain
Monte Carlo sampling (BMCMC) (Rannala and Yang
1996; Zhaxybayeva and Gogarten 2002) in MrBayes
v3.1.2 (Huelsenbeck and Ronquist 2001). Six simulta-
neous Markov chains were run for 1,000,000 generations
and trees were sampled every 100th generation and 10,
000 trees were obtained. The first 2000 trees, representing
the burn-in phase were discarded, the remaining 8000
trees were used for calculating posterior probabilities
(Cai et al. 2006, 2008). Bayesian posterior probabilities
(BYPP) equal or greater than 0.80 are given as second set
of numbers above the nodes (Figs. 4 and 5).

Results and discussion
Molecular phylogeny

Phylogenetic analyses used LSU (Fig. 4) and ITS sequence
data (Fig. 5) and indicate that the Meliolales clade clusters in
the class Sordariomycetes, subclass Meliolomycetidae. The
Meliolaceae clade includes species of the family
Meliolaceae with 100 % ML support and 1.0 PP support,
and is sister to Rimaconus coronatus and R. jamaicensis;
this is similar to the results of Maharachchikumbura et al.
(2015). However, we are unable to clarify the placement of
Armatellaceae because there is no sequence data from this
family. Irenopsis walsurae clustered in the Meliolaceae
clade and was closely related to other species of lrenopsis
with relatively high bootstrap support (99 % ML, 1.0 PP
support). Meliola mucunicola is placed within the genus
Meliola in the clade of Meliolaceae and closely related to
M. centellae (55 % ML support). Five strains of Meliola
thailandicum clustered in the clade of Meliolaceae within
the genus Meliola and are sister to M. variaseta (84 %
ML, 0.9 PP support). Four strains of Meliola thailandicum
which were found on Dimocarpus longan (MFLU15-0377,
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Annulatascus velatisporus HKUCC 3701

80/0.95

Pseudoproboscispora caudae A336-2D

84/0.99  Ascitendus austriacus MR 2936

52/ Cryptadelphia groenendalensis SMH 3767

$1/0.96 Cryptadelphia groenendalensis SH12
Thyridium vestitum AFTOL-ID 172
100/1.0 Lecythophora luteoviridis CBS 206.38
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Achaetomium strumarium IMI 082624
Bombardia bombarda AFTOL-ID 967
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99/1.0 Gelasinospora tetrasperma CBS 178.33

Neurospora crassa MUCL 19026
Apiorhynchostoma curreyi UAMH 11088
Cornipulvina ellipsoides SMH1378
Camaropella pugillus SMH3846
Camarops ustulinoides AFTOL-ID 72

Annulatascaceae Annulatascales

:l Trichosphaeriaceae

] Thyridiaceae

:| Coniochaetaceae Coniochaetales

Albertiniella polyporicola CBS 457.88
Cephalotheca foveolata UAMH11631

Cephalothecaceae

] Chaetomiaceae
:| Lasiosphaeriaceae Sordariales

:| Sordariaceae

Boliniaceae Boliniales

Irenopsis walsurae MFLU13-0621

99/1.0
100/1.0

56/0.85

Irenopsis vincensii VIC31752
Irenopsis vincensii VIC:31751

Irenopsis

Irenopsis cornuta VIC32058
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Asteridiella obesa VIC 31239
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69/0.94
97/1.0
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00/1.0

Asteridiella nitidae ppMP 796

Meliola mucunicola MFLU15-0386
Meliola centellae VIC:31244
Meliola variaseta
Meliola vernaliae VC:31240
Meliola thailandicum MFLU15-0379
1Meliola thailandicum MFLU15-0378

Meliola

Meliolales
(Subclass Meliolomycetidae)

Meliola thailandicum MFLU15-0377
Meliola thailandicum MFLU15-0044
Meliola thailandicum MFLU15-0047

1 Asteridiella
Appendiculella lozanellae MP3432 :] Appendiculella
1 Asteridiella
Endomeliola dingleyae PDD:98304 ]  Endomeliola
Meliola clerodendricola MFLU13-0620
Rimaconus coronatus SMH 5212

; LR . Incertae sedis
Rimaconus Jjamaicensis SMH 4782

Melanochaeta hemipsila SMH2125
Chaetosphaeria innumera SMH2748

Chaetosphaeriaceae Chaetosphaeriales

Umbrinosphaeria caesariata CBS 102664

971.0  Exserticlava vasiformis TAMA 450

100/1.0
Ruzenia spermoides SMH4655

53/ 100/1.0

89/0.97 f
Catabotrys deciduum SMH3436

Dothidea sambuci DAOM 231303

0.05

Fig. 4 RAXML maximum likelihood phylogenetic tree (LSU). The first
set of numbers above the nodes are RAXML value expressed from 1000
repetitions with values above 50 % shown. The second set of numbers
above the nodes are Bayesian posterior probabilities, with values above

MFLU15-0379, MFLU 15-0044, MFLU 15-0047) and one
from Acacia auriculiformis (MFLU15-0378), are the same
species in the LSU tree (100 % ML, 0.1 PP support), and in
the ITS tree (100 % ML, 0.1 PP support). Polymorphic
nucleotides from sequence data of the ITS show a few base
pair differences between the four strains of Meliola

Synaptospora plumbea SMH3962

j| Helminthosphaeriaceae

Wallrothiella congregata SMH1760
Amplistroma erinaceum AH 43902
100/1.0. Amplistroma caroliniana BEO9923

Amplistromataceae Amplistromatales

0.8 shown. Strain numbers are indicated after species names. New
sequence data are in red, types of the new species are in red bold, and
other types are in black bold

thailandicum from Dimocarpus longan and one strain from
Acacia auriculiformis, and are not significant to separate
them (Table 2). Hence, we conclude that this species is not
host-specific. Appendiculella was not closely related to
Asteridiella contradicting the phylogenetic tree of Justavino
et al. (2015), however, these authors noted that the two
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Fig. 5 RAXML maximum Asteridiella obesa VIC 31239 ] Asteridiella
likelihood phylogenetic tree

(ITS). The first set of numbers Meliola centellae VIC:31244

above the nodes are RAXML

values expressed from 1000 Meliola thailandicum MFLU15-0378

repetitions with values above 90/0.9

50 % shown. The second set of Meliola thailandicum MFLU15-0379

numbers above the nodes are Meliola
Bayesian posterior probabilities, Meliola thailandicum MFLU15-0377

with values above 0.8 shown. 100/1.0

Strain numbers are indicated after Meliola thailandicum MFLU15-0047

species names. New sequence

data of Meliolaceae are in red, Vi Meliola thailandicum MFLU15-0044

types of the new species are in red

bold, and other types are in black Meliola mucunicola MFLU15-0386

bold

Irenopsis vincensii VIC31752 .
100/1.0 IrenopSIs

Irenopsis walsurae MFLU13-0621
81/0.94

Meliola clerodendricola MFLU13-0620
100/1.0
Endomeliola dingleyae PDD:98304

Va Chaetosphaeria innumera SMH2748

0.1

species might be closely related as the conical appendages of  more sequence data for Appendiculella and Asteridiella are
Appendiculella could be homologous to the projecting con-  needed to clarify their relationships. Meliola clerodendricola
ical cells on the ascoma wall in Asteridiella. Justavino et al.  is sister to Endomeliola dingleyae (97 % ML, 1.0 PP sup-
(2015), used LSU rDNA with 417 positions, and this may  port), however, these two stains are different in morphology.
have resulted in a distinct separation of Appendiculella from  We suspect this may be wrong and needs to be verified in
Asteridiella. In the present study, the backbone tree used  future, although host plants of Endomeliola dingleyae and
LSU sequence data with 635 positions and indicated that  Meliola clerodendricola belong to closely related orders in
Appendiculella lozanellae is related to Asteridiella nitidae  the euasterids (Jansen et al. 2007; Justavino et al. 2015).
with 60 % ML and 0.9 PP support. Asteridiella obese, how-  Some species have an uncertain placement, therefore, more
ever, formed a distinct clade with Meliola species, and clus-  gene and sequence data are needed to clarity the placement
tered in different subclades with Asteridiella nitidae, thus, of the genera and species.

Table 2  Polymorphic nucleotides from sequence data of the ITS show a few base pair differences between the five strains of Meliola thailandicum.
Polymorphisms unique to Meliola thailandicum are highlighted

Codes Hosts ITS

15 215 266 273 299 348 349 350 392 430 504 607

MFLU Dimocarpus longan T T C A G A G G T T G T
15-0377
MFLU Acacia auriculiformis G G C A G A G G T T G T
15-0378
MFLU Dimocarpus longan G G C A G A G G T T G T
15-0379
MFLU Dimocarpus longan G G C A G A G G T T G A
15-0044
MFLU Dimocarpus longan G G C A G A G G T T G A
15-0047
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Taxonomy

Key to genera of Meliolales

—_

Armatella
(Armatellaceae)

2 (Meliolaceae)

. Hyphae with capitate hyphopodia, but
without phialides

1. Hyphae with capitate hyphopodia and

phialides

2. Hyphae intercellular Endomeliola
2. Hyphae superficial 3

3. Ascomata flattened Amazonia

3. Ascomata globose to subglobose 4

4. Hyphae with dark brown to black setae 5

4. Hyphae without setae (setaec may be 6

present on ascomata)
5. Hyphal setae with bulbous tips, apical part curved, Cryptomeliola
covering ascomata

5. Hyphal setae simple, straight or sometimes Meliola
slightly curved

6. Ascomata with appendages or setae 7

6. Ascomata without appendages and setae, Asteridiella
with raised conical cells on the ascoma wall

7. Ascomata with larviform to cylindrical Appendiculella
appendages

7. Ascomata with long setae, mostly curved Irenopsis
at the apex

Armatellaceae Hosag., Sydowia 55(2): 165 (2003)

Facesoffunginumber: FoF00723

Epiphytes on the surface of leaves. Superficial hyphae
dense, septate, brown, with hyphopodia, hyphal setae lacking.
Hyphopodia capitate, alternate or opposite on hyphae, 2-
celled, brown. Sexual morph: Ascomata superficial on the
surface of hosts, globose to subglobose, flattened when imma-
ture, developing on hyphae, the surface verrucose, covered
with tuberculate projections, ascomatal setae and appendages
lacking. Peridium thick, comprising two strata, outer stratum
amorphous and black, inner stratum thick, comprising reddish
to brown, scleroparenchymatous cells of textura angularis to
globulosa. Hamathecium with evanescent paraphyses. Asci 4—
8-spored, unitunicate, subcylindrical to ovoid, or clavate, ev-
anescent. Ascospores hyaline to brown, ellipsoidal to oblong,
aseptate when immature, 1-septate at maturity, constricted at
the septum, with rounded ends. Asexual morph: Phialides
absent (Hansford 1946; Hosagoudar 2003b).

Notes: The family Armatellaceae differs from Meliolaceae
by having aseptate to 1-septate, hyaline ascospores and a dif-
ferent peridial wall type. Phialides are lacking on the hyphae
in Armatellaceae, but are found in Meliolaceae.

Type: Armatella Theiss. & Syd., Annls mycol. 13(3/4): 235
(1915)

= Artallendea Bat. & H. Maia, Atas Inst. Micol. Univ.
Recife 1: 221 (1960)

Facesoffunginumber: FoF00722

Epiphytes on the surface of leaves. Superficial hyphae
dense, septate, brown, with hyphopodia, hyphal setae lacking.
Hyphopodia irregularly capitate, alternate or opposite on hy-
phae, 2-celled, brown. Sexual morph: Ascomata superficial
on the surface of hosts, globose to subglobose, flattened when
immature, developing on hyphae, surface verrucose, covered
with tuberculate projections, ascomatal setae and appendages
lacking. Peridium thick, comprising two strata, outer stratum
amorphous and black, inner stratum thick, comprising reddish
to brown, scleroparenchymatous cells of fextura angularis to
globulosa. Hamathecium with evanescent paraphyses. Asci 4—
8-spored, unitunicate, subcylindrical to ovoid, or clavate, ev-
anescent. Ascospores hyaline to brown, ellipsoidal to oblong,
aseptate when immature, 1-septate at maturity, constricted at
the septum, with rounded ends. Asexual morph: Phialides
absent (Hansford 1946; Hosagoudar 2003b).

Notes: There is no sequence data for any species of this
genus. Direct sequencing from fresh specimens is needed to
clarify the phylogenetic placement.

Type species: Armatella litseae (Henn.) Theiss. & Syd.,
Annls mycol. 13(3/4): 235 (1915)

Facesoffunginumber: FoF00721

Epiphytes on the surface of leaves. Superficial hyphae 5—
7pum diam., (x = 7 um, n=10), dense, branched, septate,
brown to reddish, with hyphopodia, hyphal setae lacking.
Hyphopodia 15-17 um diam. (x = 16 um , n=10), single stel-
late to sublobate on stalk cells, alternate on hyphae, 2-celled,
brown to reddish. Sexual morph: Ascomata 210-235x174—
192 um (x = 226 x 180 pm, n=10), superficial on surface
of hosts, scattered, initially flattened, and becoming globose to
subglobose, flattened when immature, developing on hyphae,
surface verrucose, covered with tuberculate projections,
ascomatal setae and appendages lacking. Peridium 43-59
um, thick, comprising two strata, outer stratum amorphous
and black, inner stratum 29-37 um, thick, comprising reddish
to brown, scleroparenchymatous cells of textura angularis to
globulosa. Hamathecium with evanescent paraphyses. Asci
51-61%x26-29 um (x = 54 x 27 um, n=10), 4-8-spored,
unitunicate, ovoid to clavate. Ascospores 33-35x10-11 um
(* =34 x 10 wm, n=10), 2-3-seriate, hyaline to light
brown, ellipsoidal to oblong, aseptate when immature, 1-
septate at maturity, constricted at the septum, rounded ends.
Asexual morph: Undetermined.

Material examined JAPAN, Province Awa, Tokushima,
Kigasumi, on Litsea glauca (Thunb.) Siebold (Lauraceae),
25 December 1897, S. Kusano (SF70331, holotype).

Notes: We re-examined the type specimen of Armatella
litseae, and accept this as a separate family from
Meliolaceae characterized by aggregated colonies on the sur-
face of host, stellate hyphopodia, and ascomata covered with
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tuberculate projections which are amorphous and black in
section, and a thick inner stratum, comprising reddish to
brown scleroparenchymatous cells of textura angularis to
globulosa, aseptate to 1-septate ascospores, and lacking
phialides. However, the phylogenetic placement needs clarifi-
cation (Fig. 0).

Meliolaceae W. Martin ex Hansf., Mycol. Pap. 15: 23
(1946)

Facesoffunginumber: FoF00741

Epiphytes or pathogens on leaves, occasionally on stems or
branches, often forming web-like colonies. Superficial hyphae
branched, septate, brown to dark brown, hyphal setae present

Tapusad von Armetella. T «S.

vt mn G T ok crar.

Ao \RAL. LGSE - Vom Arx

: =,
DI, rro iy fporeirron T Fricxe [

rpﬁf%,ﬁ e //»v/yz = 2=

Fig. 6 Armatella litseae (holotype). a Herbarium packet. b—d Colonies
on leaves. e Section through ascoma. f Upper cell walls of ascomata when
viewed in squash mounts. g, h Hyphopodia on hyphae. i Immature ascus

@ Springer

or lacking, with hyphopodia. Hyphal setae developing from
hyphae in Cryptomeliola and Meliola, septate, branched or
unbranched at apex, or with bulbous apices or apical part in
Cryptomeliola, brown to dark brown. Hyphopodia capitate on
hyphae, variously shaped. Sexual morph: Ascomata superfi-
cial on surface of black, web-like colonies on host, mostly
globose to subglobose, or flattened in the genus Amazonia.
Peridium comprising dark brown cells of fextura angularis
when viewed in squash mounts, with two strata, outer stratum
of brown to dark brown cells, or with raised conoid cells,
appendages or setae, inner stratum of hyaline to pale brown
cells. Hamathecium with evanescent paraphyses. Asci 2—4-

k

in Melzers’ reagent. j, k Mature 1-septate ascospores in Melzer’s reagent.
Scale bars: e=100 um, i-k=20pm, g, h=10pum
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spored, unitunicate, subglobose to broadly clavate, lacking an
opening mechanism. Ascospores 2—3-seriate, hyaline when
immature, brown to dark brown at maturity, ellipsoid or cy-
lindrical to ovoid, 3—4-septate. Asexual morph: Phialides,
ampuliform or flask-shaped on hyphae. Conidiogenous cells
formed directly from vegetative hyphae. Conidia unicellular,
small and hyaline (from Cannon and Kirk 2007).

Type species: Meliola Fr., Syst. orb. veg. (Lundae) 1: 111
(1825)

Notes: Phylogenetic analyses place Meliolaceae species in
the class Sordariomycetes, and they were therefore accommo-
dated in a new subclass Meliolomycetidae (Liu et al. 2015;
Justavino et al. 2015; Maharachchikumbura et al. 2015). In
our phylogenies (Fig. 4), the subclass Meliolomycetidae is
clearly supported.

Genera included in Meliolaceae are Amazonia,
Appendiculella, Asteridiella, Cryptomeliola, Endomeliola,
Irenopsis and Meliola. These genera are characterized by su-
perficial hyphae with hyphopodia or intracellular hyphae with
hyphopodia in Endomeliola, and forming lateral haustoria that
may penetrate the epidermis or mesophyll cells. Hyphal setae
are found in Cryptomeliola and Meliola. Ascomata are glo-
bose to subglobose except in Amazonia where they are flat-
tened. Ascomatal setae are found in Irenopsis and ascomatal
appendages are found in Appendiculella. Asci are unitunicate
and ascospores brown to dark brown at maturity with 3—4
septa. Basavamyces was transferred to Armatellaceae based
on having superficial hyphae without phialides, cylindri-
cal to subcylindrical asci and 1-2-septa ascospores
(Hosagoudar et al. 2012), but we treat the genus in
Sordariomycetes genera, incertae sedis base on its mor-
phology. Ceratospermopsis, Ectendomeliola,
Hypasteridium, Leptascospora, Metasteridium,
Ophiociliomyces, Ophioirenina, Ophiomeliola,
Prataprajella, Parasteridium, Pauahia, Pleomeliola,
Pleomerium, Ticomyces, Urupe and Xenostigme are ex-
cluded from Meliolaceae. This is based on morphology
or because taxa are doubtful due to lack of good type
specimens. Hypasteridium, Metasteridium and
Parasteridium were introduced without species name
and their application is uncertain (Eriksson and
Hawksworth 1988). Laeviomeliola is synonymized under
Meliola based on morphology.

Amazonia Theiss., Annls mycol. 11(6): 499 (1913)

Facesoffunginumber: FOF00718

Epiphytes on the surface of leaves. Superficial hyphae
branched, septate, darker at the septa, brown, with
hyphopodia, hyphal setae lacking. Hyphopodia capitate,
alternate on hyphae, near to hyphal septa, 2-celled, brown
to dark brown. Sexual morph: Ascomata superficial on
surface of host, mostly gregarious, rarely solitary, circular,
flattened, borne under radiating hyphae, branching at the
rim, producing lateral hyphopodia, ascomatal setaec and

appendages absent. Peridium arranged radially when
viewed in squash mounts, poorly developed at the base,
with three strata, outer stratum comprising a dark brown
to black amorphous layer, central stratum comprising flat-
tened, thick-walled, brown cells of fextura angularis and
inner stratum of hyaline to reddish brown flattened cells.
Hamathecium with evanescent paraphyses. Asci 2-spored,
unitunicate, ellipsoid to obovoid, lacking an opening
mechanism, short pedicellate or apedicellate, evanescent.
Ascospores 2-seriate, hyaline to brown, ellipsoid to
subcylindrical, 4-septate, constricted and darker at the
septa, smooth-walled. Asexual morph: Phialides
ampuliform, sometimes curved, alternate or opposite on
hyphae, mixed with capitate hyphopodia, pale brown to
brown. Phialoconidia rarely observed, hyaline.

Notes: The genus Amazonia was introduced by
Theissen (1913), with the type species Amazonia
psychotriae (Henn.) Theiss. Amazonia is typical of other
members of Meliolaceae based on its unitunicate asci, and
brown to dark brown, 4-septate ascospores. Hohnel
(1918) noted this genus as transitional between Meliola
and Microthyriaceae based on its flattened ascomata typ-
ical of species in Microthyriaceae (Wu et al. 2011), while
asci and ascospores are typical of species in
Meliolaceae. Molecular analyses place Meliolaceae in
the class Sordariomycetes, while the family
Microthyriaceae is placed in Dothideomycetes (Hyde
et al. 2013; Maharachchikumbura et al. 2015).

Type species: Amazonia psychotriae (Henn.) Theiss.,
Annls mycol. 11(6): 499 (1913)

= Meliola asterinoides var. psychotriae Henn., Hedwigia
43: 361 (1904)

= Amazonia psychotriae (Henn.) Theiss., Annls mycol.
11(6): 499 (1913) var. psychotriae

= Amazonia psychotriae var. major Hansf., Reinwardtia 3:
102 (1954)

Facesoffunginumber: FoF00716

Epiphytes on the surface of leaves. Superficial hyphae 4—
5 um diam., branched, septate, darker at the septa, brown, with
hyphopodia, hyphal setae lacking. Hyphopodia 10-11pum
diam. (x = 10um, n=10), capitate, alternate on hyphae, near
to hyphal septa, 2-celled, brown to dark brown. Sexual
morph: Ascomata 440-495 um diam. (x = 455 um, n=5),
superficial on surface of host, mostly gregarious, rarely soli-
tary, circular, flattened, borne under radiating hyphae,
branching at the rim, producing lateral hyphopodia, ascomatal
setae and appendages absent. Peridium 20-26 um thick, ar-
ranged radially when viewed in squash mounts, poorly devel-
oped at the base, with three strata, outer stratum comprising a
dark brown to black amorphous layer, central stratum com-
prising flattened, thick-walled, brown cells of textura
angularis and inner stratum of hyaline to reddish brown flat-
tened cells. Hamathecium with evanescent paraphyses. Asci

@ Springer



Fungal Diversity

45-50%x23-28 um (x =47 x 26 um, n=10), 2-spored,
unitunicate, ellipsoid to obovoid, lacking an opening mecha-
nism, short pedicellate or apedicellate, evanescent.
Ascospores 37-40x15-20um (x =39 x 19 um, n=10), 2-
seriate, hyaline to brown, ellipsoid to subcylindrical, 4-sep-
tate, constricted and darker at the septa, smooth-walled, with
an evanescent sheath. Asexual morph: Phialides 7-8 um
(x = 8 um, n=5), ampuliform, sometimes curved, alternate
or opposite on hyphae, mixed with capitate hyphopodia,
sometimes occurring on separate hyphae, pale brown to
brown. Phialoconidia rarely observed, hyaline.

Material examined BRAZIL, Amazonas, Rio Negro, Manaus,
on leaves of Phychotria sp. (Rubiaceae), March 1901, E. Ule
No. 3152 (B700014752, syntype); BRAZIL, Amazonas, Rio
Negro, Manaus, on leave of Phychotria sp. (Rubiaceae), 1901,
E. Ule (B70001475).

Notes: Amazonia was introduced based on its flattened
ascomata, with the type species as 4. psychotriae. Meliola
asterinoides var. psychotriae Henn. is a synonym of
A. psychotriae Theissen (1913). We examined and illustrated
the syntype of 4. psychotriae from B (Figs. 7 and 8).
Molecular data is lacking for this genus.

Appendiculella Hohn., Sber. Akad. Wiss. Wien, Math.-
naturw. KIL., Abt. 1 128: 556 (1919)

Possibly synonyms (from Index Fungorum 2015):

= Irenina F. Stevens, Annls mycol. 25(5/6): 411 (1927)

= Meliola subgen. Irenina (F. Stevens) Cif., Annls mycol.
36(2/3): 203 (1938)

Facesoffunginumber: FoF00720

Epiphytes on the surface of leaves or stems. Superficial
hyphae branched, septate, darker at the septa, with hyphopodia,
hyphal setae lacking. Hyphopodia capitate, angular or lobate,
alternate or opposite on hyphae, 2-celled, brown. Sexual
morph: Ascomata superficial on surface of host, mostly gregar-
ious on superficial hyphae, subglobose to globose, thick-walled,
lacking ascomatal setae, but with raised conoid cells, which may
extend to form larviform to cylindrical appendages. Peridium
comprising dark brown cells of fextura angularis when viewed
in squash mounts, with two strata, outer stratum of brown to
dark brown cells of textura angularis, inner stratum of hyaline to
pale brown flattened cells. Hamathecium with evanescent pa-
raphyses. Asci 2—4-spored, unitunicate, oblong to obovoid, lack-
ing an opening mechanism, short pedicellate or apedicellate,
evanescent at maturity. Ascospores 2—3-seriate, hyaline to
brown, fusiform to ellipsoid, 3—4-septate, slightly constricted
and darker at the septa, smooth-walled. Asexual morph:
Phialides ampuliform, alternate or opposite, mixed with capitate
hyphopodia on hyphae, sometimes curved, brown.
Phialoconidia not seen (Justavino and Piepenbring 2007).

Notes: The genus Appendiculella was introduced by
Hohnel (1919) with the type species A. calostroma (Desm.)
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Hohn. and is characterized by conical appendages with trans-
versely striate walls developing on the surface of the
ascomata. This feature is similar to the conical ascomatal cells
of Asteridiella (Justavino et al. 2015). Appendiculella species
are distributed widely in the tropics (Kirk et al. 2008), with an
87 species epithets listed in Index Fungorum (2015). Most
species were described based on host association. Justavino
et al. (2015) provided the first sequence data for
Appendiculella lozanellae (DQ508302), which grouped in
the Meliolaceae clade in their phylogenetic tree. However, this
relationship was weakly supported in the phylogenetic tree of
Justavino et al. (2015). In this study, the phylogenies indicate a
close relationship between Appendiculella lozanellae and
Asteridiella nitidae (60 % ML support). However, the mor-
phology of these two genera differs, and therefore we maintain
these genera as distinct.

TBype species: Appendiculella calostroma (Desm.) Hohn.,
Sber. Akad. Wiss. Wien, Math.-naturw. Kl., Abt. 1 128: 556
(1919)

= Sphaeria calostroma Desm., Bull. Soc. bot. Fr. 4: 22
(1857)

= Chaetosphaeria calostroma (Desm.) Sacc., Syll. fung.
(Abellini) 2: 95 (1883)

= Meliola calostroma (Desm.) Hohn., Annls mycol. 15(5):
363 (1917)

Facesoffunginumber: FOF00719

Epiphytes on the surface of leaves. Superficial hyphae 5—
6 um diam. (x = 5 pum, n=10), branched, septate, darker at the
septa, with hyphopodia, hyphal setae lacking. Hyphopodia
13-15pum diam. (X = 14 pum, n=10), capitate, angular or lo-
bate, alternate or opposite on hyphae, 2-celled, brown. Sexual
morph: Ascomata 125-140 highx140-150 um diam.
(x =125 x 149 pm, n=5), superficial on surface of host,
mostly gregarious on superficial hyphae, subglobose to glo-
bose, thick-walled, lacking ascomatal setae, but with raised
conoid cells, which may extend to form larviform to cylindri-
cal appendages. Peridium 28-34 um (x = 30um, n=5), com-
prising dark brown cells of textura angularis when viewed in
squash mounts, with two strata, outer stratum of brown to dark
brown cells of textura angularis, inner stratum of hyaline to
pale brown flattened cells. Hamathecium with evanescent pa-
raphyses. Asci 42—-57%24-33 ym (x = 45 x 28um, n=10), 2—
4-spored, unitunicate, oblong to obovoid, lacking an opening
mechanism, with short pedicellate or apedicellate, evanescent.
Ascospores 35-37x12-13 uym (x = 36 x 12 um, n=10), 2—
3-seriate, hyaline to brown, fusiform to ellipsoid, 3-septate,
slightly constricted and darker at the septa, smooth-walled.
Asexual morph: Undetermined.

Material examined CHILE, Bio-Bio, Concepcion, on surface
of leaves of Geum chilense Balb. (Rosaceae), 5 June 1895,
F.W. Neger (SF5748).
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MUSEUM BOTANICUM BEROLINENSE

Fig. 7 Amazonia psychotriae (syntype). a, b Herbarium packet and
specimens. ¢ Colony on substrate. d Ascoma viewed in squash mount.
e, f Hyphopodia at rim of ascoma. g Section through ascoma. h Peridium.

Notes: Appendiculella calostroma was established by
Hohnel (1919) and infects plant species in Rosaceae
(Hansford 1961; Justavino et al 2015) (Figs. 9 and 10).

Asteridiella McAlpine, Proc. Linn. Soc. N.S.W. 22(1): 38
(1897)

o P

i Phialides. j Ascus in cotton blue reagent. k, 1 Immature asci. m, n
Mature asci. o, p Ascospores with 4 septa. Note the thin sheath in p.
Scale bars: d, g=100um, e, f, i=10um, h, j, Fp=20um, k=50 pm

Possible synonymy (from Index Fungorum 2015):

= [Irene Theiss et al., Annls mycol. 15(3/4): 194
(1917)

= Meliola subgen. Irene (Theiss et al.) Cif., Annls mycol.
36(2/3): 203 (1938)
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E. Ule. Mycotheca brasiliensis.

55. Meliola asterinoides Wint.
Hedw. 1094, p 362. var. Psychotriicola P. Henn.

Amazonas, Mandos: In Psychotriae sp. 1901

leg. E. Ule.

(2043 -3
Mus. Bot. Berol.

L

Mus. bot. Bexol.

Fig. 8 Amazonia psychotriae (B70001475). a, b Herbarium packet and
specimen. ¢ Colony on substrate. d Ascoma borne under radiating hyphae
viewed in squash mounts. e Wall comprising radiating cells. f Hyphae

= Parasteridiella H. Maia, Publica¢des Inst. Micol. Recife
267: 25 (1960)

Facesoffunginumber: FoF00724

Epiphytes on the surface of leaves and stems. Superficial
hyphae branched, septate, darker at the septa, brown, with
hyphopodia, hyphal setae lacking. Hyphopodia capitate, alter-
nate or opposite on hyphae, near to hyphal septa, 2-celled,
brown. Sexual morph: 4Ascomata superficial on surface of
host, mostly gregarious, rarely solitary on superficial hyphae,
subglobose to globose, thick-walled, ascomatal setae and ap-
pendages absent. Peridium comprising dark brown cells of
textura angularis when viewed in squash mounts, with two
strata, outer stratum of dark brown cells of fextura angularis,
with raised conical cells, acute or rounded at the apex, and
inner stratum of hyaline cells of textura porrecta.
Hamathecium with evanescent paraphyses. Asci 2—4-spored,
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with capitate hyphopodia. g Hyphopodia at rim of ascoma. h, i Immature
asci. j Mature ascus. k—m Mature ascospores. Scale bars: d=100 um, e=
50pm, £, g=10 pm, h—-m=20pm

unitunicate, oblong to cylindrical. Ascospores 2—4-seriate, hy-
aline to brown, subcylindrical to oblong, 4-septate, slightly
constricted and darker at the septa, not constricted in some
species, smooth-walled (description modified from Hansford
1961, 1963; Mibey and Hawksworth 1997 and own observa-
tions). Asexual morph: Phialides rarely observed on hy-
phae, ampuliform, alternate or opposite, sometimes
curved, pale brown to brown. Conidia hyaline
(Hansford 1961; Hosagoudar 2013).

Notes: Asteridiella was introduced by McAlpine (1897)
and differs from Meliola species in lacking hyphal setae.
Most of the genera in Meliolaceae have been separated previ-
ously by setae and appendages. These characters seem hardly
sufficient to separate Asteridiella from other genera, molecular
data however, show Asteridiella as a distinct clade in
Meliolaceae, sister to Appendiculella. Asteridiella may well
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MUS. BOT. STOCKH.
EX HERB. SYDOW.

Fig.9 Appendiculella calostroma (S-F5748). a, b Herbarium packet and
specimen. ¢ Ascomata on surface of leaves. d Transverse section through
ascoma. e Ascoma viewed in squash mount. f Peridium comprising cells
of textura angularis. g Conical appendage on ascomata. h Hyphae with

be a distinct genus in having conical cells raised from the
ascomata and in lacking ascomatal setae or appendages
(Justavino et al. 2015). Species in Asteridiella are differenti-
ated based on host as they are thought to be host-specific
(Hansford 1961; Hosagoudar 2013). Less significant differ-
ences can be seen in the size of ascomata, hyphopodia shape
and arrangement, however this needs testing at the molecular
level (Hansford 1961; Hosagoudar 2013). Asteridiella species
are commonly found in the tropics (Mibey and Hawksworth
1997; Kirk et al. 2008), with around 300 species estimated in
Kirk et al. (2008), and almost 450 species epithets listed in
Index Fungorum (2015). Molecular evidence placed
Asteridiella nitidae Rodr. Just. (EF094839) and 4. obesa

hyphopodia. i Immature ascus in Melzer’s reagent. j Mature ascus. k, 1
Mature ascospores with 3 septa. Scale bars: d, e=50pm, f, g, i-1=20m,
h=10um

(Speg.) Hansf. (DQ508302) in Meliolaceae as a distinct clade,
however, the two species clustered in different subclades
(Justavino et al. 2015). Therefore, molecular data is needed
to clarify the distinctiveness of this and other genera.

Type species: Asteridiella solani McAlpine, Proc. Linn.
Soc. N.S.W. 22(1): 38 (1897)

= Asteridiella solani var. kodaikanalensis Hosagoudar
et al., in Nithyatharani et al., Scientific Transactions in
Environment and Technovation 4(4): 165 (2011)

Facesoffunginumber: FoF00725

Epiphytes on the surface of leaves and stems. Superficial
hyphae branched, septate, darker at the septa, brown, with
hyphopodia, hyphal setae lacking. Hyphopodia 10—14 um

@ Springer
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Fig. 10 Appendiculella
lozanellae (redrawn from
Justavino and Piepenbring 2007).
a Transverse section through
ascoma showing appendages on
ascoma. b Ascus. ¢ Ascospores
with 4 septa

diam. (x = 13 pm, n=10), capitate, alternate or opposite on
hyphae, near to hyphal septa, 2-celled, brown. Sexual morph:
Ascomata 120-207 um diam. (X = 198 um, n=3), superficial
on surface of host, mostly gregarious, rarely solitary on super-
ficial hyphae, subglobose to globose, thick-walled, ascomatal
setae and appendages absent. Peridium 35-46 um thick, com-
prising dark brown cells of textura angularis when viewed in
squash mounts, with two strata, outer stratum of dark brown
cells of textura angularis, with raised conical cells 35-70 um
long, acute or rounded at the apex, and inner stratum of hya-
line cells of textura porrecta. Hamathecium with evanescent
paraphyses. Asci 45-50x21-26um (x = 46 x 23 pm,n=3),
2—4-spored, unitunicate, oblong to cylindrical. Ascospores
37-42x15-19pum (¥ = 38 x 18 um, n=3), 2—4-seriate, hy-
aline to brown, oblong, 4-septate, slightly constricted and
darker at the septa, sometimes not constricted, smooth-walled.
Asexual morph: Phialides rarely observed on hyphae,
ampuliform, alternate or opposite, sometimes curved, pale
brown to brown. Conidia not seen (Hansford 1961;
Hosagoudar 2013).

Material examined AUSTRALIA, on Solanum viride G.
Forst. ex Spreng. (Solanaceae), 1896, V.H. Maiden (IMI
73840, glass slide from ex-holotype); PHILIPPINES,
Benguet Province, Luzon, Mt. Santo Tomas, on leaf of
Solanum inaequilaterale Merrill (Solanaceae), February
1925, Mary Strong Clemens 6410 (BPI 697764)

Notes: Part of the holotype specimen of this species is pre-

served as a glass slide at K (as IMI 73840), but we could not
observe many characters (Fig. 11). However, a specimen (BPI
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697764), and a redrawing of Asteridiella solani var.
kodaikanalensis Hosag. et al. published by Hosagoudar
(2013), and a redrawing from Hansford (1963) are provided
here (Figs. 12, 13 and 14). Molecular data is lacking for
A. solani.

Cryptomeliola S. Hughes & Piroz., Mycol. Pap. 174: 14
(1997)

Facesoffunginumber: FoF00727

Epiphytes on the surface of leaves, twigs, or petioles.
Superficial hyphae branched, brown or dark-brown, with or
without hyphopodia, hyphal setae present. Hyphopodia capi-
tate, alternate or opposite on hyphae, near to hyphal septa, 2-
celled, brown. Hyphal setae arising from hyphae, dense, sep-
tate, dark brown, curved, rounded or hooked at the apex.
Sexual morph: Ascomata superficial on surface of host, sol-
itary or gregarious, sometimes hidden amongst setae,
subglobose to globose, carbonaceous, verrucose, ascomatal
setae and appendages absent. Peridium comprising dark
brown cells of textura angularis when viewed in squash
mounts, with two strata, outer stratum with dark brown to
reddish cells of textura globulosa to angularis, and inner stra-
tum with hyaline, flattened cells. Hamathecium with evanes-
cent paraphyses. Asci 2—4-spored, unitunicate, ellipsoid to
oval, evanescent. Ascospores 2-seriate, hyaline when imma-
ture and brown to dark brown at maturity, cylindrical to ob-
long, 4-septate, constricted and dark at septa, smooth-walled.
Asexual morph: Phialides rarely seen, ampliform, inter-
spersed between hyphal setaec on hyphae (Mibey and
Hawksworth 1997). Conidia unicellular, hyaline.

Notes: Cryptomeliola was raised to genus by Hughes &
Pirozynski in Mibey and Hawksworth (1997). The genus
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Fig. 11 Asteridiella solani (holotype). a, b Herbarium packet and extype slide. ¢ Ascomata viewed in squash mount. d Hyphae with capitate
hyphopodia. e Immature ascomata viewed in squash mount. f-g Ascospores with 4 septa. Scale bars: ¢=100 pm, e=50pum, f, g =20 um, d=5 pum

contains three species (Index Fungorum 2015). There is no
sequence data for any species in Cryptomeliola.

Type species: Cryptomeliola orbicularis (Berk. & M.A.
Curtis) S. Hughes & Piroz., in Mibey & Hawksworth,
Mycol. Pap. 174: 15 (1997)

= Meliola orbicularis Berk. & M.A. Curtis, in Berkeley, J.
Linn. Soc., Bot. 10(no. 46): 392 (1868) [1869]

= Englerulaster orbicularis (Berk. & M.A. Curtis) Hohn.,
Sber. Akad. Wiss. Wien, Math.-naturw. KI., Abt. 1 119: 454
[62 repr.] (1910)

= Meliolina orbicularis (Berk. & M.A. Curtis) F. Stevens,
Annls mycol. 25(5/6): 417 (1927)

Facesoffunginumber: FoF00726

Epiphytes on the surface of host. Superficial hyphae
branched, brown or dark brown, with or without hyphopodia,
hyphal setae present. Hyphopodia not seen. Hyphal setae 92—
320 long*x4-5pum wide (x =265 x 5, n=10), dense, sep-
tate, dark brown, curved and rounded, or hooked at the apex.
Sexual morph: Ascomata 280-295 um diam. (x = 288 um,
n=5), superficial on upper surface of host, solitary or gregar-
ious, hidden amongst hyphae, subglobose to globose, carbo-
naceous, verrucose, ascomatal setae and appendages absent.

Peridium 51-65pum (X = 56um, n=5), comprising dark
brown cells of textura angularis when viewed in squash
mounts, with two strata, outer stratum with thick-walled, dark
brown to reddish cells of textura globulosa to angularis, and
inner stratum with hyaline, flattened cells. Hamathecium with
evanescent paraphyses. Asci 60-71%x37-49 um
(x = 6743 um, n=10), 2—4-spored, unitunicate, ellipsoid to
oval, evanescent. Ascospores 57—63x17-20um
(x =58 x 19 um ,n=10), 2-seriate, hyaline when immature
and brown to dark brown at maturity, cylindrical to oblong, 4-
septate, constricted and dark at the septa, rounded ends,
smooth-walled. Asexual morph: Undetermined.

Notes: Cryptomeliola orbicularis, the type species of
Cryptomeliola, was introduced based on Meliola orbicularis
Berk. & Curtis (Mibey and Hawksworth 1997). Cryptomeliola
orbicularis differs from Meliola species as the hyphae are im-
mersed in the outer layers of host tissue or sometimes superfi-
cial, and hyphal setae are crowded, curly, and apically rounded.
We re-examined the holotype specimen and could not find
ascomatal setae, although the original description illustrat-
ed the species with ascomatal setae (Fig. 15). However,
other species in the genus Cryptomeliola do not have an
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’etrak Pillzherbarium

Fig. 12 Asteridiella solani (BP1 697764). a, b Herbarium packet and
specimen. ¢, d Ascomata on host surface. e Section through ascomata.
f, g Raised conical projections on ascomata. h Upper walled of ascoma

ascomatal setae, thus we illustrate Cryptomeliola
orbicularis as lacking ascomatal setae base on the holo-
type specimen.

Material examined On bark of indet. host, C. Wright 557
comm, Curtis; ex herb. Berkeley (IMI 193125, holotype).
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viewed in squash mount. i Hyphae with capitate hyphopodia. j Hyphae
with phialides. k Ascus when immature. 1, m Ascospores with 4 septa.
Scale bars: e=100 um, £h=50pm, i, j =10 um, k—-m=20 um

m

Endomeliola S. Hughes & Piroz., N.Z. J1 Bot. 32(1): 53
(1994)

Facesoffunginumber: FoF00729

Epiphytes or pathogens on surface of leaves, developing
on reddish-brown necrotic areas. Intercellular hyphae
branched, septate, cylindrical, smooth, brown to pale
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Fig. 13 Asteridiella solani
(redrawn from Hansford 1963). a
Ascospores. b Capitate
hyphopodia on hyphae. ¢ Raised
conical projections on ascomata

brown, irregular, extending into the mesophyll, also pene-
trating between cells of the 2-layered palisade, with a
single terminal hyphopodium. Hyphopodia irregular,
mostly ellipsoidal to subglobose to ovoid to obovoid, oc-
casionally angular or lobed in the mesophyll, generally
with a short stalk cell, with hyaline pore at the centre of
the head cell. Sexual morph: Stromata superficial on sur-
face of host, solitary or gregarious, often discrete and then

Fig. 14 Asteridiella solani var.
kodaikanalensis (redrawn from
Hosagoudar 2013). a Capitate
hyphopodia on hyphae. b
Phialides on hyphae. ¢ Raised
conical projections on ascoma. d
Ascospore. Scale Bar: a=8 um

subglobose, somewhat flattened with a constricted base
seated on the stromatic crust, black, comprising dark
brown cells of textura angularis in transverse section,
surface verrucose, with raised conical protuberant or
ampuliform cells. Peridium comprising dark brown cells
of textura angularis in transverse section, two strata, outer
stratum of thick-walled, dark brown to reddish cells of
textura angularis, and inner stratum of hyaline flattened
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| K(M): 193125 HERB. HORT. BOT. REG.KEW
Cuba : |
Meliola orbicularis Berk. & M.A. Curtis |

sine loc.
on bark

|
‘ Alt(m): Date:

| Cotl. C. Wrigth 557 (comm. Curtis; ;
| x herb, Berkeley) G e

—g

Fig. 15 Cryptomeliola orbicularis (holotype). a, b Herbarium packet,
specimen and drawing. ¢ Colony on host surface. d Ascomata on
substrate. e Section through ascoma. f Projecting cells on outside of

cells. Ascomatal locules 1-4-locules in a pulvinate stro-
ma, with central ostioles lined with periphyses.
Hamathecium comprising cylindrical, hyaline, aseptate
paraphyses. Asci 4-spored, unitunicate, ellipsoidal to cla-
vate. Ascospores 2—3-seriate, hyaline when immature and
brown to dark brown at maturity, broadly ellipsoidal to
subcylindrical, 4-septate, slightly constricted and darker at
the septa, the central cell sometimes longer than the others,
smooth-walled. Asexual morph: Phialides solitary or gregar-
ious on superficial ascostromata, occasionally on ascomatal
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peridium. g, i Setae arising on hyphae. h Upper wall of ascoma in
squash mount. j Immature ascus. k, 1 Mature ascospores. Scale bars: e,
f=50pm, h, k, 1=20pm, g, i, j=10 um

walls, ampuliform or flask-shaped, brown to dark brown.
Conidia ellipsoidal, hyaline (asexual morph redescribed from
Hughes and Pirozynski 1994).

Notes: Endomeliola was introduced by Hughes and
Pirozynski (1994), with type species E. dingleyae. The genus
is distinguished by intercellular hyphae formed in the meso-
phyll layer of the plant. Endomeliola is a monotypic genus,
lacking molecular data. However, the morphology is distinct
from other genera in Meliolaceae (Fig. 16) and thus, we accept
the genus in Meliolaceae.
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PDD 24806 Herbarium PDD Isotype
Landcare Research, Auckland, New Zealand

Endomeliola dingleyae S. Hughes & Piroz. 1994

Type for: Endomeliola dingleyae (Isotype)

Association: Coprosma robusta

Country: New Zealand NZ Area: Coromandel
Locality: Thames, Kauaeranga Valley
Collector: J.M. Dingley Date: 1965/11/16

Determiner:  S. Hughes

21,806 HERBARIUM OF THE PLANT DISEASES DIVISION,
2/7/2/18 NEW ZEALAND

Asteridiella coprosmae Hansford
on
Coprosma robusta

Districe: ~ Auckland  Dater  16.11.195
Thames County
Locality: ~Kauaeranga Valley.

Collector: J.i.Dingley Det.by J-l- Dingley

S..R. 94 4,000/9/70—84705 b
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 Fig. 16 Endomeliola dingleyae (isotype). a—c Herbarium packet and

specimen. d—e Ascostromata on substrate. f Section through
ascostromata. g Peridium between locules. h Periphyses. i Wall cells. j
Paraphyses. k Phialides on surface of ascomata. 1, m Intercellular hyphae.
n Hyphopodia. o, p Asci. q Immature ascospore. r, s Mature ascospores.
Scale bars: e, f=50um, h, -s=20um, g, i, j=10um

TBype species: Endomeliola dingleyae S. Hughes & Piroz.,
N.Z. J1 Bot. 32(1): 54 (1994)

Facesoffunginumber: FoF00728

Epiphytes, or pathogens on surface of leaves, developing
on reddish brown necrotic areas. Intercellular hyphae 5—6 um
diam. (x = 5 um, n=10), branched, septate, cylindrical,
smooth, brown to pale brown, irregular, extending into the
mesophyll, also penetrating between cells of the 2-layered
palisade, with a single terminal hyphopodium. Hyphopodia
68 um diam. (x = 7 pum, n=10), irregular, mostly ellipsoidal,
subglobose, ovoid or obovoid, occasionally angular or lobed
in the mesophyll, generally with a short stalk cell, with hyaline
pore around the centre of the head cell. Sexual morph:
Stromata 490-785 diam. x 255-575pum high
(x =552 x 345 pum, n=10), superficial on surface of host,
solitary or gregarious, often discrete and then subglobose,
somewhat flattened with a constricted base seated on the
stromatic crust, black, surface verrucose, with raised conical
protuberant or ampuliform cells. Peridium 45-63 um
(x = 48 pum, n=5), comprising dark brown cells of fextura
angularis in transverse section, with two strata, outer stratum
of thick-walled, dark brown to reddish cells of textura
angularis, and inner stratum of hyaline flattened cells.
Ascomatal locules 1-4-locules in a pulvinate stroma, with
central ostioles lined with periphyses. Hamathecium compris-
ing cylindrical, hyaline, aseptate paraphyses. Asci 74—94 x 38—
44um (X =92 x 41 um,n=10), 4-spored, unitunicate, ellip-
soidal to clavate. Ascospores 65—-67x29-32 um
(x =66 x 30 um, n=10), 2-3-seriate, hyaline when imma-
ture and brown to dark brown at maturity, broadly ellipsoidal
to subcylindrical, 4-septate, slightly constricted and darker at
the septa, the central cell sometimes longer than the others,
smooth-walled. Asexual morph: Undetermined.

Notes: Molecular data indicate that Endomeliola dingleyae
is a member of family Meliolaceae. The species is closely
related to Asteridiella intidae with high bootstrap support
(Justavino et al. 2015), but differs considerably in morphology
and it is possible that the data is incorrect. Therefore, further
gene and sequence data are needed to clarity the placement of
the genus and species.

Material examined NEW ZEALAND, Auckland Province,
Thames County, Kauaeranga Valley, on living leaves of
Coprosma robusta Raoul. (Rubiaceae), 16 November 1965,
J.M. Dingley (PDD 24806, isotype).
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Irenopsis F. Stevens, Annls mycol. 25(5/6): 411 (1927)

= Meliola subgen. Irenopsis (F. Stevens) Cif., Annls mycol.
36(2/3): 203 (1938)

Facesoffunginumber: FoF00734

Epiphytes on the surface of leaves and stems.
Superficial hyphae branched, septate, darker at the septa,
brown, with hyphopodia, hyphal setae lacking.
Hyphopodia capitate, angular or lobate, alternate or oppo-
site on hyphae, near to hyphal septa, 2-celled, brown.
Sexual morph: Ascomata superficial on the surface of
hosts, solitary or gregarious on superficial hyphae, globose
to subglobose, thick-walled, with raised long setae on the
surface. Ascomatal setae curved or hooked at the apex,
developing on the ascomata. Peridium comprising dark
brown cells of textura angularis when viewed in squash
mounts, with two strata, outer stratum thick-walled, dark
brown cells of irregular textura angularis, and inner stra-
tum of flattened, hyaline cells. Hamathecium with evanes-
cent paraphyses. Asci 2—4-spored, unitunicate, obovoid to
ovoid, evanescent. Ascospores 2-seriate, hyaline to brown,
oblong to ovoid, 4-septate, constricted and darker at the
septa, rounded ends, smooth-walled. Asexual morph:
Phialides ampuliform, mixed with capitate hyphopodia,
opposite or alternate, pale brown to brown. Conidia rarely
observed, hyaline.

Notes: The genus Irenopsis was established by Stevens
(1927). This genus is distinguished by having true setac on
ascomata and lacking hyphal setae. /renopsis comprises 180
species epithets in Index Fungorum (2015). Species were
mainly introduced based on host association. Sequence data
for 1. vincensii places Irenopsis in Meliolaceae (Justavino
et al. 2015).

Type species: Irenopsis tortuosa (G. Winter) F. Stevens,
Annls mycol. 25(5/6): 439 (1927)

= Meliola tortuosa G. Winter, in Gaillard, Le Genre
Meliola: 67 (1892)

= [renopsis tortuosa (G. Winter) F. Stevens, Annls mycol.
25(5/6): 439 (1927) var. tortuosa

Possible synonym (from Index Fungorum 2015)

= Meliola tonkinensis var. potomorphes Cif., Annls mycol.
31(3): 149 (1933)

Facesoffunginumber: FoF00732

Epiphytes on the surface of leaves and stems. Superficial
hyphae branched, septate, darker at the septa, brown, with
hyphopodia, hyphal setae lacking. Hyphopodia capitate,
curved, alternate or opposite on hyphae, near to hyphal septa,
2-celled, brown. Sexual morph: Ascomata 175-215pum
diam. x 95-120 pm high (x = 208 x 113 um, n=>5), super-
ficial on surface of hosts, solitary or gregarious on superficial
hyphae, globose to subglobose, thick-walled, with raised long
setae on the surface. Ascomatal setae 8—10%92-107 um
x=9 x 102 pum, n=5), curved or hooked at the apices, de-
veloping on the ascomata. Peridium 20-26 um (X = 24 um,
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n=5), comprising dark brown cells of textura angularis when
viewed in squash mounts, with two strata, outer stratum thick-
walled, dark brown cells of irregular textura angularis, and
inner stratum of flattened, hyaline cells. Hamathecium with
evanescent paraphyses. Asci 54-58%x22-25um
(x =55 x 23 um, n=5), 2—4-spored, unitunicate, obovoid
to ovoid, evanescent. Ascospores 37-40x14—15pum
(x =37 x 15 um, n=10), 2-seriate, hyaline to brown, ob-
long to ovoid, 4-septate, or with 4 transverse septa and 2
longitudinal septa, constricted and darker at the septa, rounded
ends, smooth-walled. Asexual morph: Phialides 16-17%7—
8um (x =16 x 7 um, n=10), ampliform, mixed with capi-
tate hyphopodia, opposite or alternate, pale brown to brown.
Conidia not seen.

Material examined DOMINICAN REPUBLIC, on leaves of
Potomorpha umbellata Mich. (Piperaceae), August 1929, R.
Ciferri 2426 (SF5890, holotype); VENEZUELA, El Limon
bei Puerto La Cruz, on leaves of Piperis marginati Jacq.
(Piperaceae), 16 January 1928, H. Sydow (SF77640).

Notes: The type specimen was collected in Brazil (Stevens
1927), but we could not locate and examine the type.
Therefore a collection of Meliola tonkinensis var.
potomorphes from S was studied (Figs. 17 and 18). One as-
cospore was found with 4 transverse septa and 2 longitudinal
septa in frenopsis tortuosa (S-F5890).

Irenopsis walsurae X.Z. Zeng & K.D. Hyde, sp. nov.

Facesoffunginumber: FoF00733

Index Fungorum: IF551220

Etymology— walsurae referring to the host on which the
taxon was found.

Holotype: MFLU13-0621

Epiphytes on the surface of living leaves. Superficial
hyphae 7pm diam., radiating outwardly, branched, septate,
darker at the septa, brown, with hyphopodia, hyphal setae
absent. Hyphopodia 14—-19%9-13um (x =16 x 11 um,
n=20), capitate, alternate on hyphae, near to hyphal septa, 2-
celled, brown. Sexual morph: Ascomata up to 160 pim, super-
ficial on surface of hosts, scattered, globose to subglobose,
thick-walled, with long ascomatal setae. Ascomatal setae
up to 170 um long, raised on ascomata, and rounded at
the apex. Peridium comprising dark brown cells of
textura angularis when viewed in squash mounts, with
two strata, outer stratum a single layer of large, thick-
walled, dark brown cells of irregular fextura angularis,
and inner stratum of flattened, hyaline cells.
Hamathecium with evanescent paraphyses. Asci 2-3-
spored, unitunicate, obovoid to ovoid, with short pedicel
or apedicel, evanescent. Ascospores 33-39x12—-18 um
(x =36 x 14 um, n=20), 2—3-seriate, hyaline to brown,
oblong to ovoid, 3—4-septate, slightly constricted and
darker at the septa, rounded ends, apical cell sometimes

slightly longer, smooth-walled. Asexual morph:
Phialides 16-21x8—10um (x =18 x 9 um, n=10),
ampuliform, alternate to opposite, formed on separate
hyphae, rarely mixed with capitate hyphopodia.
Conidia undetermined.

Material examined THAILAND, Chiang Mai, Mae Taeng,
Pa Pae, Bahn Pa Dheng, 128 Moo 3, Mushroom Research
Centre, on the living leaves of Walsura tubulata Hiern.
(Meliaceae), 22 November 2013, Xiangyu Zeng (MFLU 13-
0621, holotype; isotype, KUN).

Notes: Irenopsis walsurae was found on living leaves of
Walsura tubulata (Meliaceae). Irenopsis species known from
this host family are /. trichiliae Hosag. & Riju, I. chukrasiae
Hosag., I dysoxyli Jana et al. and . indica (Anahosur) Hosag.
Irenopsis walsurae is most similar to 1. dysoxyli, but differs in
having longer ascospores and ascomatal setae, with smaller
ascomata in Irenopsis walsurae. The new species is also
similar to . trichiliae, but differs in having opposite to
unilateral phialides, separated from the hyphopodia in
Irenopsis walsurae, while alternate to unilateral phialides,
mixed with hyphopodia in /. trichiliae. There are no pre-
vious records of Irenopsis species reported on Walsura.
Other genera in Meliolaceae known from Walsura are
Ectendomeliola walsurae Hosag. & D.K. Agarwal,
Meliola walsurae Hansf. and M. walsuricola Bagool &
H. Biju, however, ascomatal setae are absent in these
three species, while ascomatal setac are present in
Irenopsis walsurae. Ectendomeliola is excluded from
Meliolaceae in this study (Fig. 19).

Meliola Fr., Syst. orb. veg. (Lundae) 1: 111 (1825)

Possible synonyms (from Index Fungorum 2015):

Myxothecium Kunze, Syst. mycol. (Lundae) 3(1): 231
(1829)

Asterina subgen. Asteridium Sacc., Syll. fung. (Abellini) 1:
49 (1882)

Asteridium (Sacc.) Speg. ex Sacc., Syll. fung. (Abellini) 9:
435 (1891)

Facesoffunginumber: FoF00740

Epiphytes on the surface of leaves, stems or branches.
Superficial hyphae branched, septate, darker at the septa,
brown, with hyphopodia, hyphal setae present.
Hyphopodia capitate, alternate or opposite on hyphae,
near to hyphal septa, 2-celled, brown. Hyphal setae aris-
ing from hyphae, forming around the base of the
ascomata in some species, straight or curly, rounded or
acute at the apex, or branches, septate or aseptate, brown
to dark brown, smooth-walled. Sexual morph: Ascomata
superficial on the surface of hosts, solitary to gregarious
on superficial hyphae, globose to subglobose, thick-
walled, ascomatal setaec and appendages absent, surface
of ascomata verrucose. Peridium comprising dark brown

@ Springer
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Fig. 17 Irenopsis tortuosa (holotype). a—¢ Herbarium packet and
specimen. d Ascomata on substrate. e, f Ascomata when viewed in
squash mounts. g Section through ascoma. h Upper wall of ascomata. i
Hyphae with phialides. j Hyphae with capitate hyphopodia. k Seta on

cells of textura angularis when viewed in squash
mounts, with two strata, outer stratum thick-walled, dark
brown cells of irregular textura angularis, and inner stra-
tum of flattened, hyaline cells. Hamathecium with eva-
nescent paraphyses. Asci 2—4-spored, unitunicate, broadly
clavate to oblong, evanescent. Ascospores 2—4-seriate,
hyaline to brown, oblong to broadly cylindrical, 3—4-
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Herbarium typorum (S)

Meliola tonkinensis
var. potomorphes Cif.

n <5

ascoma. | Hamathecium. m, n Immature asci. o, p Ascospores with 4
septa. q Ascospore with 4 transverse septa and 2 longitudinal septa. Scale
bars: e=200pum, f, g=100 pm, h, m—q=20pm, i, j=5 pum, k, 1=10 um

septate, constricted and darker at the septa, rounded
ends, smooth-walled, verrucose when immature.
Asexual morph: Phialides ampuliform, alternate or op-
posite on hyphae, sometimes curved, pale brown to
brown. Conidia hyaline.

Notes: The genus Meliola was introduced by Fries (1825),
and is the largest genus in the family Meliolaceae. Meliola
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Sydow, Fungi exofici exsiccati.
799. Meliola tortuosa Wint.
apud Gaillard, Le genre Meliola, p. 67 (1892).

Venezuela: El Lim6n pr. Puerto La Cruz.
marginati.

In foliis Piperis

Fig. 18 Irenopsis tortuosa (S- F77640). a, b Herbarium packet and
specimen. ¢ Ascomata on host surface. d Ascoma when viewed in
squash mounts. e Section through ascoma. f Peridium. g Upper wall of

contains over 1200 species (Kirk et al. 2008). Most species
were introduced based on host association. Molecular analysis
of Meliola members were provided by Gregory and John
(1999), Justavino et al. (2015) and Pinho et al. (2012a,
2014) and show their placement in Meliolaceae.

Type species: Meliola nidulans (Schwein.) Cooke,
Grevillea 11(no. 57): 37 (1882)

n (o]

ascoma. h Phialides on hyphae. i Hyphae with capitate hyphopodia. j
Young ascoma. k Seta on ascoma. I, m Immature asci. n—p Ascospores
with 4 septa. Scale bars: d, e=50um, f, g, j-p=20pum, h, i=10pum

= Sphaeria nidulans Schwein., Schr. naturf. Ges. Leipzig
1: 45 (1822)

= Chaetosphaeria nidulans (Schwein.) Rehm,
Ascomyceten, fasc.: no. 287 (1875)

= Meliola nidulans (Schwein.) Cooke, Grevillea 11(no.
57): 37 (1882) var. nidulans

Facesoffunginumber: FoF00738

@ Springer
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Fig. 19 Irenopsis walsuri (holotype). a Leaf specimen. b Colony on
surface of leaves. ¢ Ascoma on host substrate. d Hyphae with capitate
hyphopodia. e Phialides on hyphae. f Section through ascoma. g Long

Epiphytes on the surface of leaves, stems or branches.
Superficial hyphae branched, septate, darker at the septa,
brown, with hyphopodia, hyphal setac present. Hyphopodia
not seen. Hyphal setae up to 350 um, forming around the
base of the ascomata in some species, straight or curly,
rounded or acute at the apex or branches, septate or aseptate,
brown to dark brown, smooth-walled. Sexual morph:
Ascomata 235-345 pm diam. (X = 312 um, n=5), superficial
on the surface of hosts, solitary to gregarious on superficial
hyphae, globose to subglobose, thick-walled, ascomatal
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setae forming on ascoma. h Immature ascus. i—j Mature asci. k-m
Ascospores with 4 septa. Scale bars: b=500 um, ¢=100pum, f=50 pum,
d, e, g=20pm, h-m=10pum

m

setae and appendages absent, surface of ascomata verrucose.
Peridium 53—62pum diam. (x = 56 um, n=5), comprising
dark brown cells of fextura angularis when viewed in
squash mounts, with two strata, outer stratum a single layer
or multi-layered when immature, of large, thick-walled, dark
brown cells of irregular fextura angularis, and inner stratum
of flattened, hyaline cells. Hamathecium with evanescent
paraphyses. Asci 58—63x%32-36um (Xx =60 x 31 um, n=
5), 2—4-spored, unitunicate, broadly clavate to oblong, eva-
nescent. Ascospores 45-54x15-19um (x =51 x 18 um,
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n=5), 2—4-seriate, hyaline to brown, oblong to broadly cy-
lindrical, 3—4-septate, constricted and darker at the septa,
rounded ends, smooth-walled, verrucose when immature.
Asexual morph: Undetermined.

Notes: The species Meliola nidulans was established by
Cooke (1882), and was based on Sphaeria nidulans Schwein.
We examined the type specimen of M. nidulans and could not
obtain good photographs of the superficial hyphae, hyphopodia,
and phialides because the specimen is not in good
condition (Fig. 20).

Material examined USA, Pennsylvania, New Garden, on
branches of Cornus sp. (Cornaceae), Michener Collection
711 (BPI 800359, holotype of Sphaeria nidulans).

Meliola clerodendricola Henn., Hedwigia 37: 288 (1898)

Facesoffunginumber: FoF00736

Epiphytes on surface of living leaves. Superficial hyphae
7 pm diam. radiating outwardly, straight to substraight, branched,
septate, darker at the septa, brown, with hyphopodia, hyphal
setae present. Hyphopodia 13-17%x9-13 um
(x =15 x 11 um, n=20), capitate, unilateral on hyphae, near
to hyphal septa, 2-celled, brown. Hyphal setae long, straight,
acute at the apex, septate, brown, and smooth-walled. Sexual
morph: Ascomata up to 160 um diam., superficial on surface
of host, dense, globose to subglobose, thick-walled, ascomatal
setae and appendages absent. Peridium comprising dark brown
cells of textura angularis when viewed in squash mounts, with
two strata, outer stratum a single layer of large, thick-walled, dark
brown cells of irregular fextura angularis, and inner stratum of
flattened, hyaline cells. Hamathecium with evanescent paraphy-
ses. Asci 2—4-spored, unitunicate, obovoid to ovoid, with short
pedicel, evanescent. Ascospores 31-35x10-13 um,
(* =33 x 12 um, n=20), 2—4-seriate, hyaline to light brown,
oblong to ellipsoid, 3—4-septate, constricted and darker at the
septa, rounded ends, apical cell sometimes slightly larger,
smooth-walled. Asexual morph: Undetermined.

Material examined THAILAND, Chiang Mai, Mushroom
Research Centre, Mae Taeng, Pa Pae, Bahn Pa Dheng, 128
Moo 3, on the living leaves of Clerodendrum sp. (Lamiaceae),
22 November 2013, Xiangyu Zeng (MFLU 13-0620; KIB,
reference specimen designated here).

Notes: Meliola clerodendricola (MFLU 13-0620) was found
on living leaves of Clerodendrum sp. (Lamiaceae). The mor-
phology of MFLU13-0620 is most typical of Meliola
clerodendricola based on host association and size of hyphal
setae, ascomata, and ascospores. We were unable to locate the
holotype material of Meliola clerodendricola, but an isotype is
preserved in S (F8150) (Fig. 21). However, DNA cannot be
extracted from the type specimen, consequently, we designate
this as a reference specimen (Ariyawansa et al. 2014).

Meliolaceae species known from Clerodendrum sp. are
Asteridiella clerodendricola Hosag. and A. vivekananthanii
Hosag., however, hyphal setae are absent in these species, but
are found in M. clerodendricola. In addition, Asteridiella
clerodendricola can produce a pathogenic effect on the host,
while there is no pathogenic effect with Meliola
clerodendricola. Molecular analyses place M. clerodendricola
in the Meliolaceae clade, with a putatively named specimen of
Endomeliola dingleyae (97 % ML support and 1.0 PP support).
This result is strange as Meliola clerodendricola has superficial
hyphae and hyphal setae, while Endomeliola dingleyae has
intercellular hyphae without hyphal setae. Meliola
clerodendricola was found on a host in the order Lamiales
and Endomeliola dingleyae was found on host in the order
Gentianales; their hosts belong in closely related orders in the
euasterids (Jansen et al. 2007; Justavino et al. 2015). The iden-
tification of Endomeliola dingleyae may be incorrect and al-
though the sequence has been placed in GenBank it does not
appear to be linked to a voucher specimen.

Meliola thailandicum Hongsanan & K.D. Hyde, sp. nov.

Facesoffunginumber: FoF00739

Index Fungorum: IF551218

Etymology—from Latin thailandicum meaning Thailand,
referring to the location where the fungus was found.

Holotype: MFLU15-0044

Epiphytes on the surface of living leaves. Superficial hyphae
6 um diam., radiating outwardly, branched, septate, darker at
the septa, brown to dark brown, with hyphopodia. Hyphal setae
up to 300 um long, septate, darker at the septa, 1-3 forked at the
apex. Hyphopodia 7pum diam., capitate, mostly alternate or
sometimes opposite on hyphae, near to hyphal septum, 2-
celled, brown. Sexual morph: Ascomata 185-200um diam.
x 120-180m high (x = 190 x 134 um, n=10), superficial
on surface of host, mostly scattered or solitary, globose to
subglobose, thick-walled, ascomatal setae and appendages ab-
sent. Peridium 1820 pum (x = 20 pm, n=10), comprising dark
brown cells of fextura angularis when viewed in squash
mounts, with two strata, outer stratum a single layer of large,
thick-walled, dark brown cells of irregular textura angularis,
and inner stratum of flattened, hyaline cells. Hamathecium with
evanescent paraphyses. Asci 59-60%x26-28 um
(x =060 x 27 um, n=10), 2—4-spored, unitunicate, obovoid
to ovoid, or broadly clavate, with short pedicel, sessile at ma-
turity, evanescent. Ascospores 39—-41x14—-16 um
(x =40 x 15 um, n=20), 2—4-seriate, hyaline to brown, ob-
long to cylindrical, 4-septate, constricted and darker at the sep-
ta, rounded ends, with thin sheath when immature, smooth-
walled. Asexual morph: Phialides 7-8um (X = 7 um, n=
10), ampuliform, alternate to opposite, formed on separate hy-
phae, mixed with capitate hyphopodia. Conidia undetermined.

Material examined THAILAND, Chiang Rai, Amphoe
Thoeng, on the living leaves of Dimocarpus longan

@ Springer
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Fig. 20 Meliola nidulans (holotype) a, b Ascomata on host substrate ¢
Long setae developed from hyphae. d Section through ascoma. e
Peridium. f Paraphyses. g, h Immature asci in cotton blue reagent. i
Immature ascus in Melzer’s reagent. j Mature ascospore with 4 septa

Lour. (Sapindaceae), 18 January 2015, S. Hongsanan
(MFLU15-0044 holotype; KIB, isotype); Chiang Rai,
Mueang, Rai Chun Tawan Meditation Centre, on the liv-
ing leaves of Dimocarpus longan (Sapindaceae), 3
January 2015, S. Hongsanan (MFLU15-0047); Chiang
Rai, Mueang, Tasud, on the living leaves of Dimocarpus
longan (Sapindaceae), 11 February 2015, S. Hongsanan

@ Springer

and rounded ends. k Immature ascospores in Melzer’s reagent with
verrucose surface. Scale bars: a=1000pum, b=200pum, e=50pum, ¢, f—
k=20pm, d=100 um

(MFLU15-0377); Chiang Rai, Mueang, Agricultural re-
search center, on living leaves of Acacia auriculiformis
A.Cunn. ex Benth. (Fabaceae), 23 January 2015, S.
Hongsanan (MFLU15-0378); Chiang Rai, Mueang, Mae
Fah Luang University, on the living leaves of
Dimocarpus longan (Sapindaceae), 12 February 2015, S.
Hongsanan (MFLU15-0379).



Fungal Diversity

Fig. 21 Meliola clerodendricola (MFLU13-0620). a Leaf specimen. b Colony on surface of leaves. ¢ Ascomata on host substrate. d, e Section through
ascomata. f Hyphae with capitate hyphopodia. g, h Immature asci. i, j Ascospores with 4 septa. Scale bars: b, ¢=100 um, d, e=50pum, t-1=10um

Notes: Meliola thailandicum is common on living leaves of
Dimocarpus longan in northern Thailand. Meliola capensis
(Kalchbr. & Cooke) Theiss. and M. dimocapi Hosag. & T.K.
Abraham are also known from Dimocarpus longan, however,
they differ in having apically acute hyphal setae, and asco-
spores without a thin-sheath, while M. thailandicum has longer
hyphal setae with 1 to many branches at the apex, and asco-
spores with thin-sheath when immature and that may be present
at maturity (Figs. 22 and 23). Meliola thailandicum was also
collected on Acacia auriculiformis. Meliola species known
from this host genus are M. acaciarum Speg., M. acaciae-
binervatae Hansf., M. acaciae-confusae Sawada,
M. acaciicola Hansf. and M. acaciorum Speg., however, all
species differ from M. thailandicum in having shorter hyphal
setae, acute or rounded at the apex, and ascospores lacking a
sheath. In M. thailandicum hyphal setae are longer and
branched at the apex, and ascospores have thin sheaths when
immature and sometimes when mature. Molecular analyses
indicate that M. thailandicum from D. longan and
A. auriculiformis are the same species which belong in
Meliolaceae within the genus Meliola (100 % ML support

and 1.0 PP support). Hence, we conclude that the species is
not host-specific. This may have important implications on the
numbers of Meliolaceae species, as most taxa were introduced
based on host occurrence.

Meliola mucunicola Hongsanan & K.D. Hyde, sp. nov.

Facesoffunginumber: FoF00737

Index Fungorum: IF551219

Etymology:— mucunicola referring to the host on which
the taxon was found.

Holotype: MFLU15-0386

Epiphytes on the surface of Mucuna living leaves.
Superficial hyphae 5-8 um (X = 6 um, n=10), radiating out-
wardly, branched, septate, darker at the septa, brown to dark
brown, with hyphopodia. Hyphal setae 167-195x8-10um
(x =185 x 9 um, n=10), rounded to acute at the apex.
Hyphopodia 10-13 um (x = 12 um, n=10), capitate, mostly al-
ternate or sometimes opposite on hyphae, near to hyphal septa,
2-celled, brown. Sexual morph: Ascomata 120-145 pum diam.
% 90-105 um high (x = 122 x 96 um, n=10), superficial on
surface of hosts, mostly scattered or solitary, globose to
subglobose, thick-walled, ascomatal hyphae or appendages
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q

Fig. 22 Meliola thailandicum (holotype). a Leaf specimens. b Ascomata ascospore in Melzer’s reagent. 1, m Mature ascospores. n, 0, q
on host substrate. ¢ Section through ascoma. d Hyphal seta. e Hyphal Immature asci. p Immature ascus in Melzer’s reagent. Scale bars: ¢, d=
setae with forked apices. f Peridium. g Hyphae with capitate hyphopodia. 100 pum, e, £=20um, g—j=10 um, k—q=20pm

h Terminal hyphae. i Upper wall of ascoma. j Phialides. k Immature
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Fig. 23 Meliola thailandicum (from Acacia auriculiformis, MFLU 15-
0378). a Leaf specimens. b Ascoma on host substrate. ¢ Section through
ascoma. d Hyphal seta. e Young ascoma. f Phialides on hyphae. g

lacking. Peridium 15-19pum (x = 17 pum, n=10), comprising
dark brown cells of textura angularis when viewed in squash
mounts, with two strata, outer stratum a single layer of large,
thick-walled, dark brown cells of irregular textura angularis,
and inner stratum of flattened, hyaline cells. Hamathecium with
evanescent paraphyses. Asci 44-53%x22-23 um
(* =48 x 23 pm, n=10), 2-spored, unitunicate, oblong to cy-
lindrical, with short pedicel, sessile at maturity, evanescent.
Ascospores 37-41x12-15um (x = 39 x 13 um, n=20), 2-se-
riate, hyaline to brown, oblong to cylindrical, 4-septate, constrict-
ed and darker at the septa, rounded ends, with thin sheath when
immature, smooth-walled. Asexual morph: Phialides 7-9 um
(x = 8 um, n=10), ampuliform, alternate to opposite on hyphae,
mixed with capitate hyphopodia. Conidia undetermined.

Material examined THAILAND, Chiang Rai, Mueang,
Agricultural Research Center, on the living leaves of
Mucuna pruriens (L.) DC. (Fabaceae), 23 March 2015, S.
Hongsanan (MFLU15-0386, holotype; KIB, isotype).

Capitate hyphopodia on hyphae. h Germinated ascospore. i, j Hyphal
setae with branches at apex. k Mature ascospore with 4 septa. Scale
bars: ¢=100pum d=200um e=50um, £k=20pum

Notes: Meliola mucunicola was found on living leaves of
Mucuna pruriens. Meliola species known from this host genus
are M. mucunae Hansf. and M. mucunae-acuminatae Hansf.
The new species is most typical of M. mucunae-acuminatae in
terms of morphology and host association, as M. mucunae-
acuminatae can be found on the same host species. Meliola
mucunicola differs from M. mucunae-acuminatae in having
ascomata surrounded by many short setae (Fig. 24), while in
M. mucunae-acuminatae ascomata are surrounded by a few
long setae. Moreover, phialides of Meliola mucunicola are
larger than those of M. mucunae-acuminatae. Molecular
analyses place Meliola mucunicola in the Meliolaceae
clade close to Meliola centellae Pinho & O.L. Pereira
with 55 % ML support and 0.8 PP support.

Genera / species synonymized under Meliola

Laeviomeliola Bat., Atas Inst. Micol. Univ. Recife 1: 224
(1960)
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Fig. 24 Meliola mucunicola (holotype). a Leaf specimen. b Ascomata
and hyphal setac on host substrate. ¢ Section through ascoma. d Hyphal
setae. e Peridium. f Phialides on hyphae. g Hyphae with capitate
hyphopodia. h Rounded apex of hyphal seta. i Upper wall of young

= Laeviomeliola psidii Bat., Atas Inst. Micol. Univ. Recife
1: 225 (1960)

Meliola psidicola Hongsanan & K.D. Hyde, nom. nov.

Facesoffunginumber: FoF00847

Index Fungorum: IF551222

Epiphytes on the surface of leaves. Superficial hyphae 6—
7 pm diam. (x = 6 pum, n=10), branched, septate, darker at the
septa, brown, with hyphopodia. Hyphal setae 260-284 x 5—
Tum (x =277 x 7 um, n=10), rounded to acute at the apex.
Hyphopodia 8-10um diam. (x = 9 um, n=10), capitate, cy-
lindrical to subcylindrical, alternate on hyphae, near to hyphal
septa, brown, 2-celled. Sexual morph: Ascomata 158—
182 um diam. (x = 163, n=5), superficial on upper surface

@ Springer

ascoma. j Immature ascus. k Immature ascus in Melzer’s reagent. 1 Upper
wall of ascoma when viewed in squash mounts. m, n Mature ascospores
with 4 septa. Scale bars: ¢, d=50pm, e, i-k, m, n=20 pm, t-h, 1=10 um

of leaves, solitary or gregarious on superficial hyphae, globose
to subglobose, thick-walled, lacking ascomata setae and ap-
pendages. Peridium 22-25 um (x = 23 pm, n=5), comprising
dark brown cells of textura angularis when viewed in squash
mounts, with two strata, outer stratum a single layer of large,
thick-walled, dark brown cells of irregular textura angularis,
and inner stratum of flattened, hyaline cells. Hamathecium
with evanescent paraphyses (Batista and da Silva 1960).
Asci 37-43%x1622um (x =41 x 19 um, n=3), 2-spored,
unitunicate, clavate to obovoid, evanescent. Ascospores 44—
52x15-16pum (X =46 x 15 um, n=10), 2-seriate, hyaline
when immature, brown at maturity, ellipsoid to fusiform, 4-
septate, not constricted when immature, slightly constricted
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and darker at the septa at maturity, acute ends, smooth-walled.
Asexual morph: Undetermined.

Material examined BRAZIL, Pernambuco, Caruaru, on leaves
of Psidium guajavae Linnaeus (Myrtaceae), 9 March 1958, Dr.
Epaminondas de Barros Correia (URM 12749, holotype).

Notes: The genus Laeviomeliola is monotypic and was in-
troduced by Batista and da Silva (1960), with the type species
L. psidii. We re-examined the type specimen and concluded
that the morphology of Laeviomeliola is quite similar to
Meliola based on its hyphal setae. Laeviomeliola psidii differs
in having fusiform ascospores with tapering ends, while in
Meliola the ends are rounded (Fig. 25). Thus, Laeviomeliola
should be synonymized under Meliola. As Meliola psidii is
already in use, we provide a new name Meliola psidiicola.
Fresh collection and molecular data are needed to confirm
the position of the genus.

Fig. 25 Meliola psidiicola (holotype). a Ascoma on substrate. b
Section through ascoma. ¢ Section through peridium. d Hyphal seta. e
Wall of ascoma in a squash mount. f Hyphae with capitate hyphopodia. g

Doubtful genera within Meliolales

Ceratospermopsis Bat., Mycopath. Mycol. appl. 5: 165
(1951)

Notes: Ceratospermopsis was established by Batista
(1951), and comprises two species, C. cupaniae Bat. and
C. xylopiae Bat. The type species was not mentioned
(Batista 1951; Index Fungorum 2015). We were unable to
examine either species which are kept in URM, Brazil despite
several requests. Ceratospermopsis is characterized by hyphal
setae, lack of hyphopodia on the hyphae, globose to
subglobose, membranous ascomata, 8-spored, subglobose as-
ci, and muriform, slightly olivaceous, cylindrical to fusoid
ascospores, with hyaline appendages (Batista 1951). We sug-
gest that C. xylopiae should be the type species of the genus
Ceratospermopsis based on its morphology. There is no se-
quence data to clarify the placement of the genus, which is
poorly known and appears to lack herbarium material, thus we
treat it as doubtful.

k I

Hyphal setae on superficial hyphae. h Ascus when immature. i-1
Ascospores with 4 septa. Scale bars: b, d, e, g1=20um, ¢, f=10um
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Type species: Ceratospermopsis xylopiae Bat., Mycopath.
Mycol. appl. 5: 166 (1951)

Ectendomeliola Hosag. & D.K. Agarwal, Indian
Phytopath. 59(1): 99 (2006)

= Ectendomeliola walsurae Hosag. & D.K. Agarwal,
Indian Phytopath. 59(1): 99 (2006)

Notes: Ectendomeliola was established by Hosagoudar and
Agarwal (2006) with the type species E. walsurae. This genus
is characterized by 2-celled, ovate to subcylindrical hyphopodia
on the hyphae, straight to curly hyphal setae, acute or rounded
at the apex, and oblong to cylindrical ascospores, with 4 septa,
and constricted at the septa (Figs. 26 and 27). Ectendomeliola is
most typical of Meliola based on its hyphal setae, but differs in
having hyphopodia immersed in host epidermal cells. This ge-
nus is also similar to Endomeliola, however the hyphopodia
form in the epidermal layer, while hyphopodia extend into the
mesophyll layer in Endomeliola. There are two species placed
in the genus, E. walsurae from Walsura trifolia (A. Juss. )
Harms. and E. otonephelii from Otonephelium stipulaceum
(Bedd.) Radlk. (the latter species has longer hyphal setae than
E. walsurae).

Haraea Sacc. & P. Syd., in Saccardo, Annls mycol. 11(3):
312 (1913)

Facesoffunginumber: FoF00731

Epiphytes on the surface of leaves, stems, and straw.
Superficial hyphae branched, septate, aggregated, hyphopodia
and hyphal setae lacking. Sexual morph: Ascomata superfi-
cial on surface of hosts, gregarious or solitary, globose to
subglobose, flattened when immature, membranous to
subcarbonaceous, brown to dark brown, and with aggregated
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Fig. 26 Ectendomeliola walsurae (holotype, redrawn from Hosagoudar
and Agarwal 2006). a Ascoma on the surface of host (notes: not sectioned
and only showing ascoma shape and asci arrangement). b Septate hyphae.
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hyphae at the margin, ascomatal setae and appendages absent.
Peridium comprising dark brown of radially arranged cells
when immature, with two strata, outer stratum of dark brown
cells of textura angularis, and inner stratum of hyaline, flat-
tened cells. Hamathecium with paraphyses. Asci 4—8-spored,
rounded at the apex, with thick pedicel (Saccardo 1913).
Ascospores 2—4-seriate, pale brown to brown, or reddish, ob-
long to fusoid, 3-septate, slightly constricted at the septa,
smooth-walled. Asexual morph: Undetermined.

Notes: The genus Haraea was established by Saccardo
(1913) with type species H. japonica Sacc. & P. Syd. It is a
good genus but its placement is doubtful because hyphopodia
are lacking, and asci were not illustrated. Hence, Haraea
should be place as a doubtful genus until molecular data are
available to verify the placement of this genus. Five species
are listed in Index Fungorum (2015).

Type species: Haraea japonica Sacc. & P. Syd., Annls
mycol. 11(3): 312 (1913)

Faces of fungi number: FoF00730

Epiphytes on the surface of leaves, stems, and straw.
Superficial hyphae branched, septate, aggregate, hyphopodia
and hyphal setae lacking. Sexual morph: Ascomata 100—
140 um diam. x 85-100um high (x = 135 x 95 pm, n=5),
superficial on surface of hosts, gregarious or solitary, globose
to subglobose, flattened when immature, membranous to
subcarbonaceous, brown to dark brown, and aggregated hyphae
at the margin, ascomatal setae and appendages absent. Peridium
25-34um diam. (x = 31 pm, n=>5), comprising dark brown
radially arranged cells when immature, with two strata, outer
stratum of thick-walled, dark brown cells of textura angularis,

¢ Capitate hyphopodia on hyphae. d Phialides on hyphae. e Apex of the
hyphal setae. f Ascospores with 4 septa
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Fig.27 Ectendomeliola otonephelii (holotype, redrawn from Hosagoudar and Archana 2013). a Capitate hyphopodia on hyphae. b Phialides on hyphae.
¢ Ascospores with 4 septa. d Hyphopodia immersed in host epidermal cells. e Apex of the hyphal setae

and inner stratum of hyaline, flattened cells. Hamathecium with
paraphyses. Asci 4-8-spored, rounded at the apex, with thick
pedicel (Saccardo 1913). Ascospores 39-40x12—14 um
(x =139 x 14 um, n=5), 2—4-seriate, pale brown to brown,
somewhat reddish, oblong to fusoid, 3-septate, slightly constrict-
ed at the septa, smooth-walled. Asexual morph: Undetermined.

Material examined JAPAN, Prov. Mino, Kawauye-mura, on
straw of Sasa paniculata (Poaceae), January 1913, K. Hara 97
(F10662, holotype).

Note: The holotype specimen of Haraea japonica is
not in good condition. In this study, we could not find
the characters to illustrate the asci and
hamathecium (Fig. 28). This genus is also typical of
lodosphaeria Samuels et al. based on dark brown
ascomatal setae, arising from cells at the ascomata sur-
face with a stellate arrangement (Senanayake et al.
2015). Thus, H. japonica may be an over mature col-
lection of lodosphaeria, however, many characters were
not seen in the type specimen. Hence, a new collection
with sequence data are needed to illustrate its morphol-
ogy and to clarify its placement in phylogenetic tree.

Hypasteridium Speg., Boln Acad. nac. Cienc. Coérdoba
26(2-4): 349 (1921)

Notes: The genus was introduced with Metasteridium
Speg. and Parasteridium Speg by Spegazzini (1921).
However, no species name was mentioned, and the

publication was noted as uncertain by Eriksson and
Hawksworth (1988). Thus, we treat the three genera as doubt-
ful until the original publication or herbarium specimens can
be examined and emended.

Leptascospora Speg., Physis, Rev. Soc. Arg. Cienc. Nat.
4(no. 17): 284 (1918)

Facesoffunginumber: FoF00735

Epiphytes on the surface of leaves. Superficial hyphae
branched at the base of ascomata. Sexual morph:
Ascomata superficial, globose to subglobose, flattened
above, with colorless appendages. Hamathecium with pa-
raphyses. 4sci 8-spored, cylindrical, rounded at the apex,
narrowed at the base. Ascospores linear, multiseptate,
rounded ends, hyaline, smooth-walled (Raciborski 1909).
Asexual morph: Undetermined.

Notes: The monotypic genus Leptascospora was intro-
duced by Spegazzini (1918), with the type species L. uredinis.

Type species: Leptascospora uredinis (Racib.) Speg.,
Physis, Rev. Soc. Arg. Cienc. Nat. 4(no. 17): 284 (1918)

Material examined INDONESIA, Java Bogor, on the lower
surface of leaves of Mucuna sp. (Fabaceae), M. Raciborski
(ZT Myc 24176, holotype).

Notes: Leptascospora uredinis was predated as

Hyaloderma uredinis Racib. We re-examined the holotype
material and it is in poor condition, thus, we treat

@ Springer



Fungal Diversity

MUS. GOT. 8TOCKH.
EX HERB. SYDOW..

&
Fig.28 Haraea japonica (holotype). a, b Herbarium packet and specimen. ¢ Ascomata on host substrate. d, e Section through ascomata. f Hyphae at the
base of ascomata. g Upper wall of ascoma. h Hyphae with septa. i—k Conidia. Scale bars: e=500 pum, fg=100pm, h-m=10pum

Leptascospora as doubtful until it can be recollected and
sequenced.

Metasteridium Speg.

Notes: see under Hypasteridium Speg.

Ophiociliomyces Bat. & 1.H. Lima, Anais Soc. Biol.
Pernambuco 13(2): 29 (1955)

Facesoffunginumber: FoF00743

Epiphytes or saprobes on leaves of Bauhinia.
Superficial hyphae and hyphopodia lacking. Sexual
morph: Ascomata superficial on the surface of leaves,
solitary, globose, collapsing when dry. Peridium dark
brown, comprising interwoven cells when viewed in
squash mounts, darker at rim, with two strata, outer
stratum of thick-walled, dark brown cells, and inner
stratum of hyaline to pale brown cells. Asci 8-spored,
bitunicate, clavate to ovoid, or subglobose, apedicellate,
apically rounded, without ocular chamber. Ascospores
fasciculate, hyaline to greyish, fusiform-clavate, 10-13-
septate, not constricted at septa, straight to slightly
curved, smooth-walled. Asexual morph: Undetermined.

@ Springer

Notes: Ophiociliomyces bauhiniae is the type species of
Ophiociliomyces and has different morphology from the
members of Meliolaceae. Thus, this genus is placed as
doubtful. Four species are listed in Index Fungorum.

Type species: Ophiociliomyces bauhiniae Bat. & 1.H.
Lima, Anais Soc. Biol. Pernambuco 13(2): 30 (1955)

Facesoffunginumber: FoF00742

Epiphytes or saprobic on leaves of Bauhinia raddiana.
Superficial hyphae and hyphopodia lacking. Sexual morph:
Ascomata 185-240 um diam. (X = 211 um, n=5), superficial
on the surface of leaves, solitary, globose, collapsing when
dry. Peridium 18-27 um, dark brown, comprising interwoven
cells when viewed in squash mounts, darker at rim, with two
strata, outer stratum of thick-walled, dark brown cells, and
inner stratum of hyaline to pale brown cells. Hamathecium
lacking pseudoparaphyses. Asci 46—67.5x13-32 um
(x =55.5 x 21 um n=10), 8-spored, bitunicate, clavate to
ovoid, or subglobose, apedicellate, apically rounded, without
ocular chamber. Ascospores 52-77x5-9.5um
(x =63.5 x 7 um, n=20), fasciculate, hyaline to greyish,
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fusiform-clavate, 10—13-septate, not constricted at septa,
straight to slightly curved, smooth-walled. Asexual morph:
Undetermined.

Material examined BRAZIL, Pernambuco; Recife, Dois
Irmaos., on leaves of Bauhinia raddiana Bong. (Fabaceae),
5 February 1955, Osvaldo Soares da Silva, (URM 1235,

holotype).

Notes: The type specimen was re-examined and lacked
superficial hyphae, had bitunicate asci and multi-septate, hy-
aline ascospores (Fig. 29). We therefore treat this genus as
doubtful within Meliolales.

Ophioirenina Sawada & W. Yamam., in Imazeki et al.,
Special Publication College of Agriculture, National Taiwan
University 8: 35 (1959)

Facesoffunginumber: FoF00745

Epiphytes on the surface of leaves. Superficial hyphae
branched, septate, with 1-celled hyphopodia. Sexual morph:
Ascomata superficial on surface of leaves, solitary or gregar-
ious, globose to subglobose, glabrous, dark brown to black,
central ostiole at maturity. Peridium thick, comprising two
strata, outer stratum of thick-walled, brown to dark brown
cells of textura angularis to globulosa, inner stratum of hya-
line to pale brown, scleroparenchymatous cells of textura
angularis to globulosa. Hamathecium aparaphysate. Asci 8-
spored, unitunicate, clavate, short pedicellate or sometimes
apedicellate, ocular chamber absent. Ascospores fasciculate,
hyaline to brown, clavate to narrowly fusiform, 4—6-septate,
not constricted at septa, slightly darker at septa at maturity,
smooth-walled. Asexual morph: Undetermined.

Notes: Ophioirenina was introduced and placed in
Meliolaceae by Sawada and Yamamoto (in Sawada 1959)
based on its superficial hyphae with hyphopodia, and globose
ascomata developing in black colonies (Lumbsch and
Huhndorf 2010; Patil and Mahamulkar 1999). Ophioirenina
differs from Meliolales species in having 1-celled hyphopodia
on the hyphae, papilla with a narrow pore or opening via a
rupture, a peridial wall comprising two strata of
scleroparenchymatous cells of textura angularis and hyaline
ascospores. The genus is most typical of Leptosphaeriaceae
species because of its scleroplectenchyma cells. We treat
Ophioirenina as Dothideomycetes genera, incertae sedis until
molecular data available.

Type species: Ophioirenina theae Sawada & W. Yamam.,
Special Publication College of Agriculture, National Taiwan
University 8: 36 (1959)

Facesoffunginumber: FoF00744

Epiphytes on the surface of leaves. Superficial hyphae
branched, septate, with 1-celled hyphopodia. Sexual morph:
Ascomata 170220 um diam. (x = 197 um, n=>5), superficial
on surface of leaves, solitary or gregarious, globose to
subglobose, glabrous, dark brown to black, central ostiole at

maturity. Peridium 43-52um (x = 46 um, n=5), thick, com-
prising two strata, outer stratum of thick-walled, brown to dark
brown cells of fextura angularis to globulosa, inner stratum of
hyaline to pale brown, scleroparenchymatous cells of textura
angularis to globulosa. Asci 78—81x18-20um
(x =80 x 18 um, n=10), 8-spored, unitunicate, clavate, short
pedicellate or sometimes apedicellate, ocular chamber absent.
Ascospores 50-62x5-6pm (X = 58 x 5 um, n=10), fascicu-
late, hyaline to brown, clavate to narrowly fusiform, 4-6-septate,
not constricted at the septa, slightly darker at each septum at
maturity, smooth-walled. Asexual morph: Undetermined.

Material examined TAIWAN, Shin-Chu, Formosa, on leave
of Camellia sinensis (L.) Kuntze (Theaceae), 11 November
1925, K. Sawada (BPI 698821)

Notes: We found ascomata developing in the black colonies
which are quite similar to Meliolales species, but differ based
on their 1-celled hyphopodia, ascoma wall, and ascospore
septation (Fig. 30).

Ophiomeliola Starback, Bih. K. svenska VetenskAkad.
Handl., Afd. 3 25(no. 1): 22 (1899)

Facesoffunginumber: FoF00747

Epiphytes or pathogens on surface of living leaves.
Superficial hyphae septate, dark brown, without hyphopodia.
Sexual morph: Ascomata superficial on surface of leaves,
solitary, subglobose to ovoid, covered with aerial hyphae, with
apical, papillate ostiole. Peridium comprising two strata, outer
stratum of thick-walled, dark brown to black cells of textura
globulosa, and inner stratum of hyaline to pale brown cells,
scleroparenchymatous cells of textura globulosa to angularis.
Hamathecium comprising filiform paraphyses embedded in a
gelatinous matrix. Asci 8-spored, unitunicate, clavate to cylin-
drical, with long pedicel. Ascospores fasciculate, hyaline, cy-
lindrical to narrowly fusiform, 7-septate, not constricted at
septa, slightly curved, tapering toward the ends, smooth-
walled. Asexual morph: Undetermined.

Notes: Ophiomeliola was introduced by Starbéck (1899),
with the type species Ophiomeliola lindmanii. Four species
are listed for this genus in Index Fungorum and all lack mo-
lecular data. This genus cannot be placed in Meliolaceae
based on its fusiform, 7-septate, hyaline ascospores, but it
may belong to Lasiosphaeriaceae based on its ascomata wall.
However, we treat this as Sordariomycetes genus incertae
sedis until molecular data becomes available.

TBype species: Ophiomeliola lindmanii Starbéack, Bih. K.
svenska VetenskAkad. Handl., Afd. 3 25(no. 1): 22 (1899)

Facesoffunginumber: FoF00746

Epiphytes or pathogens on surface of living leaves.
Superficial hyphae septate, dark brown, without hyphopodia.
Sexual morph: Ascomata 310-345 um high=x270-345 pum
diam. (x = 334 x 295 um, n=3), superficial on surface of
leaves, solitary, subglobose to ovoid, covered with aerial
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Fig. 29 Ophiociliomyces bauhiniae (holotype). a Herbarium material

and specimen. b Ascoma on substrate. ¢ Squash mount of ascoma. d, e
Peridium and ascoma wall. f, g Asci at young and mature stages (g

hyphae, with apical, papillate ostiole. Peridium 3540 pum,
comprising two strata, outer stratum of dark brown to black
cells of textura globulosa, and inner stratum of hyaline to pale
brown, scleroparenchymatous cells of textura globulosa to

@ Springer

mounted in cotton blue reagent). h, i Ascospores. Scale bars: b, ¢
=100 pm, d=20 pm, e=10pum, £=i=40pum

angularis. Hamathecium comprising filiform paraphyses em-
bedded in a gelatinous matrix. Asci 121-141x17.5-20 um
(x =135 x 19 um, n=15), 8-spored, unitunicate, clavate to
cylindrical, with long pedicel. Ascospores 88—125%3—6 um
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Fig. 30 Ophioirenina theae (holotype). a, b Herbarium packet and specimen. ¢, d Ascomata on substrate. e Section through ascomata. f Peridium and
ascoma wall. g¢ Ascoma when immature. h Hyphae with 1-celled appressoria. i, j Asci with 8-spores. k, 1 Ascospores. Scale bars: e=50 pum, £1=20 pim

(x =109 x 5 um, n=20), fasciculate, hyaline, cylindricalto =~ Material examined BRAZIL, Rio Grande do Sul,
narrowly fusiform, 7-septate, not constricted at septa, slightly =~ Hamburgerberg pr Porto Alegre, on leaves of Myrtacea
curved, tapering toward the ends, smooth-walled. Asexual  cujusdam (Myrtaceae), September 1892, C.A.M. Lindman
morph: Undetermined. No. 37 (SF10033, holotype).
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Notes: Ophiomeliola lindmanii is typical of species in
Lasiosphaeriaceae in having aerial hyphae, a peridium com-
prising two strata, with the outer strata of dark brown to black
cells of ftextura globulosa to angularis, unitunicate asci, and
hyaline, multi-septate ascospores (Fig. 31). Molecular data is
needed to clarify the placement.

Parasteridium Speg., Boln Acad. nac. Cienc. Cérdoba
26(2-4): 349 (1921)

Notes: see under Hypasteridium Speg.

Pauahia F. Stevens, Bulletin of the Bernice P. Bishop
Museum, Honolulu, Hawaii 19: 17 (1925)

Facesoffunginumber: FoF00749

Epiphytes on the surface of Sideroxylon. Superficial
hyphae and hyphopodia absent. Sexual morph:
Ascostromata superficial or erumpent at the base,
pseudostromata, solitary, subglobose or irregular, thick-
walled. Locules immersed in ascostromata, 1-multi-loculate.
Peridium of locules comprising two strata, outer stratum of
dark brown cells of textura angularis, and inner stratum of
hyaline to pale brown, flattened cells. Hamathecium with pa-
raphyses. Asci 2-spored, bitunicate, broadly clavate to oval,
with short pedicel, evanescent. Ascospores 2-seriate, hyaline
to brown, oblong to cylindrical, 3-septate, constricted and
darker at the septa, terminal cells markedly smaller and slight-
ly lighter than the others, thin sheath present at maturity,
smooth-walled. Asexual morph: Undetermined.

Notes: The genus Pauahia was established within the fam-
ily Dothideaceae in the section Leveillelleae by Stevens
(1925). Pauahia is monotypic with Pauahia sideroxyli as its
type species. We re-examined the type specimen of
P sideroxyli and found that the species differs from other
genera in Meliolaceae in having pseudostromata, and lacking
superficial hyphae.

Type species: Pauahia sideroxyli F. Stevens, Bulletin of the
Bernice P. Bishop Museum, Honolulu, Hawaii 19: 17 (1925)

Facesoffunginumber: FoF00748

Epiphytes on the surface of Sideroxylon. Superficial
hyphae and hyphopodia absent. Sexual morph:
Ascostromata 700-1200 um diam. % 353-410pum high
(x=1000 x 365 um, n=2), superficial or erumpent at
the base, solitary, pseudostromata, subglobose or irregu-
lar, thick-walled. Locules 200-235x165-219 um
(* =208 x 179 ym, n=5), immersed in ascostromata,
I—-multi-loculate. Peridium of locules comprising two
strata, outer stratum of dark brown cells of textura
angularis, and inner stratum of hyaline to pale brown,
flattened cells. Hamathecium with paraphyses. Asci 46—
82x25-45um (x=70 x 36 um, n=5), 2-spored,
bitunicate, broadly clavate to oval, with short pedicel,
evanescent. Ascospores 20-23x62-T77 um
(x =22 x 65 um, n=5), 2-seriate, hyaline to brown, ob-
long to cylindrical, 3-septate, constricted and darker at the
septa, terminal cells markedly smaller and slightly lighter
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than the others, thin sheath present at maturity, smooth-
walled. Asexual morph: Undetermined.

Notes: Pauahia sideroxyli is a single species in the genus
Pauahia. We re-examined the type specimen which is very
small and in poor condition, and found that Pauahia sideroxyli
differs from Meliolales species in having a large
pseudostromata, erumpent in host epidermal cells, and
bitunicate asci (Fig. 32). Molecular data is lacking, so we
cannot clarify the placement of this genus. Therefore,
Pauahia sideroxyli is placed as Dothideomycetes genera,
incertae sedis until it can be recollected and sequenced.

Material examined USA, Hawaii, Maui, Nahiku, on
Planchonella sandwicensis (A.Gray) Pierre (Sapotaceae),
January 1909, Lyon H. L. no. 61 (ILL00011484, holotype;
BISH 499038, isotype).

Pleomeliola (Sacc.) Sacc., Syll. fung. (Abellini) 14(1): 17
(1899)

= Meliola subgen. Pleomeliola Sacc., Syll. fung. (Abellini)
1: 70 (1882)

Notes: Pleomeliola contains three species which are listed
in Index Fungorum (2015) with the type species as
Pleomeliola fenestrata (Cooke & Ellis) Sacc. The genus is
characterized by subglobose, membranacous, reddish brown
ascomata, 8-spored, ovoid asci, and cylindrical or clavate,
muriform, 4-5-septate, hyaline to brown ascospores. We
could not found any ascomata or hyphae on the holotype
specimen. Hansford examined this specimen in 1952, and
noted on the packet “This specimen is not
Meliola” (Fig. 33) . We also exclude this genus from
Meliolales. There is no molecular data available for this genus.

Type species: Pleomeliola fenestrata (Cooke & Ellis)
Sacc., Syll. fung. (Abellini) 14(1): 17 (1899)

Material examined USA, New Jersey, on scales of pine
cones (Pinaceae), MC. Cooke 2465 ex herb. (K(M) 193124,

holotype).

Pleomerium Speg., Physis, Rev. Soc. Arg. Cienc. Nat.
4(no. 17): 284 (1918)

Facesoffunginumber: FoF00751

Epiphytes on the lower surface of leaves. Superficial
hyphae branched, septate, darker at each septum, brown, lack-
ing hyphopodia and hyphal setae. Sexual morph: Ascomata
superficial, solitary on superficial hyphae, easily removed,
subglobose to globose, surrounded and covered by hyphae,

Fig. 31 Ophiomeliola lindmanii (holotype). a Herbarium packet and P>
material. b. Ascomata on substrate. ¢ Aerial hyphae. d Vertical section
of ascoma. e Peridium. f Paraphyses. g—k Unitunicate asci. i-—n
Ascospores. Scale bars: b=1 mm, ¢, d, gn=50um, e=40 um, f=20pum
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h

Fig. 32 Pauahia sideroxyli (holotype). a Specimen. b Ascostromata on
substrate. ¢ Section through ascostromata showing locule. d, e Peridium
of ascostromata. f Hamathecium. g, h Asci with 2-spores in cotton blue

thin-walled. Peridium thin, membranous, comprising brown-
ish to dark brown, interwoven cells when viewed in squash
mounts. Hamathecium lacking pseudoparaphyses. Asci 8-
spored, bitunicate, obovoid to subglobose, short pedicel or
absent, ocular chamber not well developed. Ascospores 3—4-
seriate, hyaline to brown, oblong to fusiform, muriform, 4-8
transverse septa, 1-2 longitudinal septa, not constricted but
darker at septa, surrounded and covered by mucilage,
smooth-walled. Asexual morph: Conidia oblong, 1-celled
(Rehm 1901).
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j , k

reagent. i, j Ascospores with 3 septa and lighter end cells. k Ascospores in
congo red reagent. Scale bars: ¢=100 um, d, e, g-k=20pum, f=10pum

Notes: The monotypic genus Pleomerium was established
within the family Englerulaceae by Spegazzini (1918). This
genus differs from Meliolales species in having superficial
hyphae without hyphopodia, bitunicate asci, and muriform
ascospores. Molecular data is not available in GenBank.
Hence, we suggest that the genus should be placed as
Dothideomycetes genera, incertae sedis, until sequence data
can clarify its placement.

Type species: Pleomerium fuscoviridescens (Rehm) Speg.,
Physis, Rev. Soc. Arg. Cienc. Nat. 4(no. 17): 284 (1918)
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= Limacinia fuscoviridescens Rehm, Hedwigia 40: 168
(1901)

= Naetrocymbe fuscoviridescens (Rehm) Bat. & Cif.,
Saccardoa 2: 159 (1963)

Facesoffunginumber: FoF00750

Epiphytes on the lower surface of leaves. Superficial
hyphae branched, septate, darker at septa, brown, lacking
hyphopodia and hyphal setae. Sexual morph: Ascomata
280-350um diam. (x = 312 um, n=5), superficial, solitary
on superficial hyphae, easily removed, subglobose to globose,
surrounded and covered by hyphae, thin-walled. Peridium
thin, membranous, comprising brownish to dark brown, inter-
woven cells when viewed in squash mounts. Hamathecium
lacking pseudoparaphyses. Asci 84-96x58-63 um
(x =87 x 60 um, n=5), 8-spored, bitunicate, obovoid to
subglobose, short pedicel or absent, ocular chamber not
well-developed. Ascospores 44-47x16—17 um
(x =45 x 16 um, n=10), 3—4-seriate, hyaline to brown, ob-
long to fusiform, muriform, 4-8 transverse septa, 1-2 longi-
tudinal septa, not constricted but darker at septa, surrounded

i Haheliey
Fig. 33 Pleomeliola fenestrata (holotype). a—d Herbarium packet and specimen

and covered by mucilage, smooth-walled. Asexual morph:
Undetermined.

Notes: Pleomeliola fuscoviridescens was introduced as
Limacinia fuscoviridescens by Rehm (1901). We re-
examined the holotype specimen of P. fuscoviridescens and
found that it differs from other species in Meliolales (Fig. 34)
This genus may belong in Englerulaceae because of its mem-
branous ascomata, containing few asci, lack of ostiole, and
dissolving at centre to release bitunicate asci. However, mo-
lecular data is needed to clarify its placement.

Material examined BRAZIL, Santa Catarina, Blumenau,
on leaves of undetermined host, November 1887, E. Ule
941 b (SF7084, holotype of Limacinia fuscoviridescens
Rehm).

Prataprajella Hosag., Nova Hedwigia 55(1-2): 224 (1992)
Notes: Prataprajella was introduced by Hosagoudar
(1992). The type species was found on leaves of Turpinia
malabarica, and was deposited in HCIO, which will not loan
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o Fig. 34 Pleomerium fuscoviridescens (holotype). a, b Herbarium packet

and specimen. ¢ Ascoma on substrate. d Ascoma viewed in squash
mount. e Section through ascoma. f Upper wall cells of young ascoma.
g Mycelium. h Ascus with 8-spores. i Ascus in 70 % lactic acid. j Ascus
in Melzer’s reagent. k Ascus in cotton blue reagent. -m Ascospores at
maturity. Scale bars: d, e=100pum, f, h-k=50pum, g, 1=20 um

specimens outside India. Therefore, a re-drawing from
Hosagoudar (2006) is provided here (Fig. 35). Prataprajella
is characterized by superficial hyphae with globose to stellate
hyphopodia, hyphal setae lacking, globose to subglobose
ascomata, with raised ascomatal setae, and conical append-
ages, brown, 3-septate ascospores (Hosagoudar 2006). We
treat Prataprajella as a doubtful genus until the type specimen
can be re-examined, or fresh collection can be collected and
sequenced.

Type species : Prataprajella turpiniicola (Hosag.) Hosag.,
Nova Hedwigia 55(1-2): 225(1992)

Ticomyces Toro, J. Agric. Univ. Puerto Rico 36: 48 (1952)

Possible synonyms

= Tonduzia F. Stevens, Illinois Biol. Monogr. (Urbana)
11(2): 16 (1927)

= Dontuzia L.D. Gémez, Brenesia 2: 21 (1973)

Notes: Ticomyces was predated as Tonduzia Stevens in the
family Perisporiaceae (Stevens 1927), with the type species

Fig. 35 Prataprajella sp. (a redrawn from Hosagoudar 20006),
Prataprajella turpiniicola (b—e redrawn from Hosagoudar and Riju 2013).
a Ascoma with appendages and setae surrounded by septate hyphae with

T. psychotriae Stevens. Toro (1952) introduced Ticomyces in
Meliolaceae (Kirk et al. 2008). However, the genus differs
from other species in Meliolales in having superficial aseptate
hyphae without hyphopodia. Ascospores are hyaline with sev-
eral septa (Batista 1951). There is no molecular data available
for this genus, thus we treat Ticomyces in Sordariomycetes
genera, incertae sedis.

Type species: Ticomyces psychotriae (F. Stevens) Toro, J.
Agric. Univ. P. Rico 36: 49 (1952)

Tonduzia psychotriae F. Stevens, Illinois Biol. Monogr.
(Urbana) 11(2): 168 (1927)

Dontuzia psychotriae (F. Stevens) L.D. Goémez, Brenesia
2:21(1973)

Material examined COSTA RICA, Columbiana, on
Psychotria brachiate Sw. (Rubiaceae), 19 July 1923, F.L.
Stevens 570 (ILL0O0011485, glass slide from holotype).

Notes: We re-examined the type specimen of Ticomyces
psychotriae but could not see asci and ascospores (Fig. 36).
Therefore, new fresh collection and sequence data are needed
to clarify placement of the genus.

Urupe Viégas, Bragantia 4(1-6): 125 (1944)

capitate hyphopodia and phialides. b Stellate hyphopodia on hyphae. ¢
Stellate hyphopodia mixed with phialides on hyphae. d Setae with
rounded ends. e Ascospores with 3 septa and germinated ascospore
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000 e
mMYCoLogica colECT
Tonduzla psychotriae .| Stevens.

Host or substrate:  On Psychotria
Collection site: Columbiana.
Costa Rica

Collector: F.L. Stevens 570

Date: 19 JUL 1923 A«

Notes: Urupe was introduced by Viégas (1944) and is a
monotypic genus. The genus is characterized by intercellular
hyphae, reddish ascomata, clavate asci with 8-spores, and hy-
aline, 3-septate ascospores (Viégas 1944). We were unable to
borrow the type species, therefore, we treat Urupe as
Sordariomycetes genera, incertae sedis based on morphology
as illustrated in Viégas (1944).

TBype species: Urupe guaduae Viégas, Bragantia 4(1-6):
125 (1944)

Xenostigme Syd., Annls mycol. 28(5/6): 434 (1930)

Notes: Xenostigma was established by Sydow (1930) with
the type species X. trichophila Syd. The genus is monotypic
and differs from Meliolales species in having slimy ascomata
at maturity, with light grey cells, asci with 8-spores, and dark
brown to black, 1-septate ascospores (Sydow 1930). We were
unable to locate type material of Xenostigme trichophila.
Thus, we place Xenostigme as Sordariomycetes genera,
incertae sedis until molecular data is available.

Type species: Xenostigme trichophila Syd., Annls mycol.
28(5/6): 434 (1930)
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Sooty moulds in Thailand
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Sooty molds are hyper-diverse and we have discovered many new species in Thailand. Presently sooty moulds are found in seven
~ families and several orphaned genera of Ascomycota, many of them lack connections between the asexual and sexual morphs, and numerous

species remain In uncertain taxonomic placements. Sooty moulds have been reported In Capnodiaceae, Euantennariaceae and
Metacapnodiaceae of Class Dothideomycetes, and Chaetothyriaceae, Coccodiniaceae and Trichomeriaceae of Class Eurotiomycetes. Various
sooty moulds In Thailand are complex and recently three families in two classes of fungi have been clarified. We have studied the systematics of
sooty moulds In Thailand, based on morphological characters using the type species as references and molecular analysis of DNA sequence
data and found tropical sooty moulds to belong in Capnodiaceae, Chaetothyriaceae and Trichomeriaceae. However, this was the first serious
study of this group of fungi in any tropical country and further studies are needed. By Investigating a specific habitat where we know all plant
species, we can establish whether sooty moulds are diverse, or if we are already aware of most species. By carrying molecular analysis of sooty
mould collections we can establish if these poorly studied fungi are presently well-identified. We are finding new species and families of sooty
moulds. There Is a three-way relationship between the plant host, the insect sap feeder and the sooty moulds that grow on the excreted sugary
sap. By analyzing the fungal species, plant hosts and insect species In a restricted habitat, it will be possible to establish whether there are any
relationships and the result will be applied to control the sooty moulds in economic plants using bio-control.

Keywords: Capnodiaceae, Chaetothyriaceae, Dothideomycetes, Trichomeriaceae, Sooty moulds
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Trichopeltinaceae (Dothideomycetes), an earlier

for Brefeldiellaceae
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AUISLIACE
The family Trichopeltinaceae Is poorly known. This Is due to an unclear history, few modern morphological studies and lack of sequence data in GenBank. Trichopeltinaceae

Introduced in 1914 as Trichopeltaceae to accommodate the subfamilies Trichopeltinae and Brefeldiineae. In 1958 the spelling of the family was corrected to Trichopeltinaceae, as It was

presumably based on the genus Trichopeltina. Both Brefeldiellaceae and Trichopeltinaceae contain morphologically similar epiphytic foliar taxa, the only difference being that the
thallus is linear in Trichopeltinaceae and rounded In Brefeldiellaceae. Trichopeltinaceae is the earliest name for these taxa which discussed here.

Trichopeltina Theiss., Beih. bot. Zbl., Abt. 2 32: 3 (1914), Index fungorum: 5566

Foliar epiphytes, particularly on leaves, mainly characters having thallus “root”-like
darkened, very thin, superficial, comprising neatly or irregularly arranged, angular or
cylindrical cells, dark brown, thyriothecia developing under thallus tissue, with central
ostiole. Asci 8-spored, bitunicate, fissitunicate, clavate, usually with a small ocular chamber.

Ascospores long clavate, 1-3-septate, constricted at each septa, upper cells wider and shorter
than lower cells, hyaline, sometimes pale brown, smooth-walled.

Fig 3. Trichopeltina |

xesulrg ainel Discussions

The earliest family name for the fungal foliar epiphytes In this study Is
Trichopeltinaceae, based on the type Trichopeltina labecula (Batista et al. 1958) .
This i1s similar to Brefeldiella brasiliensis (Spegazzini 1889), which Is the type
species of Brefeldiellaceae, a family introduced by Muller & von Arx (1962). We
treat Brefeldiellaceae as a synonym of Trichopeltinaceae. The family differs from
Trichothyriaceae In having thyiothecium under thallus, while thyriothecium on
thallus in Trichothyriaceae. The holotype material of Trichopeltina labecula is
Illustrated in this study, although in most previous studies it had been reported
that it could not be found. Further study iIs needs to clarify the concept and
relationships.
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Fig 2. Trichopeltina labecula (lectotype).

Referrences

Hyde, K.D., Jones, E.B.G., Liu, J.K., Ariyawansa, H., Boehm, E., Boonmee, S. (2013) Families of Dothideomycetes. Fungal Barr, M.E. (1987) Prodromus to class Loculoascomycetes. Published by the au
Diversity 63: 1-313. Batista, A.C., Costa, A.A. & Ciferri, R. (1958) Organogénese e sistematica dos

Stevens, F.L. (1925) Trichopeltaceae in Hawaiian Fungi. Bernice P. Bishop Museum Bulletin No. 19: 78-86. dell'lstituto Botanico dell'Universita di Pavia Ser. 5, 15: 35-56.

Theissen, F. (1914) Trichopeltaceae n. fam. Hemisphaerialium. Zentralblatt flr Bakteriologie und Parasitenkunde Abteilung 2, 39:
625-640.



Saudi Journal of Biological Sciences (2015) XXX, XXX—XXX

ags2sdlloldl

King Saud University

King Saud University

Saudi Journal of Biological Sciences

www.ksu.edu.sa
h ! alyall pglel Agage il Agegall
www.sciencedirect.com 1all pglal Ay 1203

SAUDI BIOLOGICAL SOCIETY

ORIGINAL ARTICLE

Towards a natural classification of
Dothideomycetes: Clarification of Aldona,
Aldonata and Viegasella (Parmulariaceae)

Qing Tian b Sinang Hongsanan b Dongqin Dai b Siti A. Alias ©,
Kevin D. Hyde *", Putarak Chomnunti *"*

& Institute of Excellence in Fungal Research, Mae Fah Luang University, Chiang Rai 57100, Thailand
® School of Science, Mae Fah Luang University, 333 M 1 Thasud, Muang, Chiang Rai 57100, Thailand
¢ Institute of Biological Sciences, Faculty of Science, University of Malaya, Kuala Lumpur 50603, Malaysia

Received 3 October 2014; revised 25 December 2014; accepted 19 January 2015

KEYWORDS
Foliar epiphytes;

Parmulariaceae;
Types

1. Introduction

Abstract Foliar epiphytes in Parmulariaceae (Dothideomycetes) are groups of relatively poorly
known taxa. Species of Parmulariaceae are biotrophic, plant-parasitic microfungi that develop on
the surface of living plants. We collected Aldona stella-nigra during a survey of foliar epiphytes
in the Philippines and thus we restudied this poorly known species and re-examined some similar
taxa. In this paper we re-describe and illustrate the type species of some similar genera; Aldona,
Aldonata and Viegasella in Parmulariaceae which are parasitic on the surface leaf spots and also
provide details of the asexual state of these unusual fungi. By illustrating the genera we anticipate
fresh collections of these genera to be obtained for further studies so that they can be epitypified and
molecular data can be analyzed to obtain a natural classification.

© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. Thisis
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Sordariomycetes and Eurotiomycetes, mostly occurring in
tropical regions (Batista and Ciferri, 1962, 1963; Chomnunti

We are studying foliar epiphytes, which are groups of et al., 2011, 2012a,b, 2014; Hosagoudar, 2012; Hyde, 1996,
relatively poorly known fungi in Dothideomycetes, 2001; Reynolds and Gilbert, 2005; von Arx and Miiller,
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E-mail address: putarak.cho@mfu.ac.th (P. Chomnunti).
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1975; Wu et al., 2011; Hyde et al., 2013). They can be grouped
into four or more distinct types based on their appearance on
the host and their biology. Their occurrence may become more
common place on fruit with global warming and the
movement towards organic products (Stover, 1975).

The sooty moulds (e.g. Antennulariaceae, Capnodiaceae,

Chaetothyriaceae, Euantennariaceae, Meliolinaceae, Trichome-
riaceae, Triposporiopsidaceae) form thick blackened mycelial

LSEVIER Production and hosting by Elsevier layers on the surface of healthy green leaves and branches of

http://dx.doi.org/10.1016/j.sjbs.2015.01.019
1319-562X © 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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trees, or even grasses, soil and rocks beneath trees, often with
several species coexisting together (Chomnunti et al., 2011,
2012a,b, 2014; Hyde et al., 2013). They grow on the sugary
exudates excreted on to the leaves by plant sap sucking insects
and although they do not directly damage the host they can
reduce yields by reducing photosynthesis (Chomnunti et al.,
2011, 2014). They may also cause dirty black blemishes on
fruits, thus reducing marketability.

The black moulds (Asterinaceae, Microthyriaceae and
Meliolaceae) are generally biotrophic and produce sparse,
superficial, web-like arrangements of blackened mycelium
on the leaf surface, usually producing hyphopodia, while
ascomata or pycnidia develop in the centre of the “webs”
beneath or above the mycelia (Wu et al., 2011; Hosagoudar
and Riji, 2011; Hongsanan et al., 2014a). The hyphopodia
penetrate the host tissues and produce haustoria, which
absorb nutrients from the host (Dean, 1997, Gregory and
John, 1999; Hansford, 1946; Hughes, 1993; Mibey and
Hawksworth, 1995; Yi and Valent, 2013; Hongsanan et al.,
2014a). These fungi, however rarely cause significant damage
to the host, although they may reduce marketability of fruits
or leaves (Hofmann, 2010). Again it is likely their occurrence
on fruit will become more commonplace with the occurrence
as global warming and the movement towards organic
products.

A third group named fly speck fungi, often cause blemishes
on fruits which are mostly caused by genera of
Schizothyriaceae. They form clusters as ascomata on fruits
linked by superficial mycelia (Batzer et al., 2008; Gleason
et al., 2011; Ivanovi¢ et al., 2010). Again these fungi, rarely
cause primary damage to the host, however they may cause
the economic losses. The fourth group, which is perhaps a sub-
group of group 3, are inconspicuous and often only visible as
single or groups of fruiting bodies, often on the lower surface
of leaves of tropical trees. These secretive fungi appear to pro-
duce structures under the fruiting bodies that penetrate host
cells and obtain nutrients, although in some cases they may
cause leaf necrosis and probably feed on dead plant
cells. The genera of Aulographaceae, Micropeltidaceae,
Microthyriaceae and Parmulariaceae make up this group
(Inacio and Cannon, 2008; Wu et al, 2011, 2014a,b;
Hongsanan et al., 2014a,b).

Most of these foliar epiphytes are relatively poorly known
and have rarely been subjected to sequence analysis (Wu
et al., 2011; Hongsanan et al., 2014a,b; Wijayawardene et al.,
2014). This is because it is impossible to isolate these biotrophs
into culture or in case of sooty moulds because they comprise
several species intermingled in a sooty mould colony
(Chomnunti et al., 2014).

We are studying the foliar epiphytes in order to understand
their role, as well as their phylogenetic relationships with other
fungi (Chomnunti et al., 2011, 2012a,b, 2014; Hongsanan
et al., 2014a; Wu et al., 2011, 2014b). Most species are
Ascomycota, but it may be possible that some are
Basidiomycota. These fungi may also be important as it is
likely they produce unique novel chemicals as they occupy
unusual niches, belong to chemically poorly studied genera
and are members of poorly known families (Aly et al., 2011;
Bills, 1996; Debbab et al., 2011, 2012, 2013). We collected a
species of Aldona during a survey of foliar epiphytes in the
Philippines which matches A. stella-nigra Racib. and thus have

restudied this poorly known species and some similar taxa. In
this paper we revisit there morphologically similar genera;
Aldona, Aldonata and Viegasella in Parmulariaceae. We also
provided details of the asexual state of these unusual fungi.

2. Materials and methods

2.1. Morphological study

Fresh specimens were collected from the Philippines, while
type specimens were obtained from M, K and S (for full names
of herbaria see http://sweetgum.nybg.org/ih/index.php). One
or two fruiting bodies were rehydrated in 3-5% KOH and
transferred by fine forceps to a drop of water on a slide.
Microscope slide mount were prepared with water and lac-
tophenol with cotton blue reagent. Sections of ascomata were
made by free hand and mounted in lactic acid. Observations
and hand sections were examined under a stereoscope
(Nikon ECLIPSE 80i) and photographed by a Canon 550D
digital camera fitted to the microscope. Measurements were
made with Tarosoft (R) Image Frame Work and photographic
plates processed and improved using Adobe Photoshop CS3
(Adobe Systems Inc., The United States).

2.2. Isolation and culture

Isolations were made via single ascospores in order to obtain
pure culture following the methodology described in
Chomnunti et al. (2011). Ascomata were removed from the
substrate surface by a sterilized fine forceps or needle and were
transferred to a drop of sterile water in a small glass container.
The drop of water was examined under a stereoscope to estab-
lish that enough and the correct spores had been transferred.
The drops of spore suspension were then placed on malt
extract agar (MEA) or potato dextrose agar (PDA) in the cen-
tre of pre-marked squares in a grid on the Petri dish by a
Pasteur pipette. The plates were incubated overnight in an
incubator (25°C) and then examined for single germinated
spores under a microscope at high power after 12-24 h and
any germinating spores were transferred singly to at least three
new plates. Colonies were transferred to new Petri dishes with
the appropriate media at 25-28 °C for 12 h of light/12 h of
dark and then observed under a microscope and all characters
were photographed after one month.

3. Results

Although we obtained a culture of our fresh collection of
Aldona stella-nigra from single ascospores and sequenced this
(ITS, SSU), a blast search showed it to be close to Meira argo-
vae strain AS006 (GenBank No. AY15867). Meira argovae is
accommodated in Exobasidiomycetes which causes leaf and
flower gall disease (Basidiomycota, Incertae sedis order and
family level). The two taxa cannot be confused as Aldona
stella-nigra is an ascomycete with asci and ascospores, while
Meira argovae belongs in Exobasidiomycetes with sori in
leaves which produce basidiospores. We suspect that a
basidiomycetous yeast was growing in association with the
ascomycete and outgrew our fungus in culture.

Please cite this article in press as: Tian, Q. et al., Towards a natural classification of Dothideomycetes: Clarification of Aldona, Aldonata and Viegasella (Parmulari-
aceae). Saudi Journal of Biological Sciences (2015), http://dx.doi.org/10.1016/j.sjbs.2015.01.019
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3.1. Taxonomy

Aldona Racib., Parasit. Alg. Pilze Java’s (Jakarta) 1: 19 (1900).
MycoBank: MB 115, Facesoffungi number: FOF00309.
Parasitic on the upper and lower surface causing reddish—

brown leaf spots visible from both sides of the leaf. Leaf spots

solitary to gregarious, rounded, brown, black in centre, dark
brown near ascomata margins. Sexual state: Ascomata gregar-
ious, semi-immersed to erumpent, black, linear, radial or star-
shaped, branching, coriaceous, shiny, opening by longitudinal
slits. Peridium composed of amorphous black tissue, base thin
composed of brown cells of textura angularis. Hamathecium of
dark brown to hyaline, branching, pseudoparaphyses. Asci 8-
spored, bitunicate, clavate to cylindrical, with a relatively long
pedicel, apically rounded with an ocular chamber. Ascospores
elongate-clavate, upper cells larger and wider, basal cells short
and narrow, hyaline, trans-septate, constricted at the septa,
especially between the second and third cells from the apex,
wall smooth. Asexual state: Conidiomata solitary to gregari-
ous, black, shiny, carbonaceous, globose to subglobose or
irregular, between and beneath the ascomata, hard to remove
from leaf surface. Peridium comprising 2 layers, outer layer
thick and composed of darkly pigmented cells, inner layer
composed of hyaline to pale brown cells of textura angularis.

Conidiophores  forming from the inner cell walls.

Conidiogenous cells hyaline, integrated. Conidia aseptate,

fusiform, hyaline, tapering at both ends, smooth-walled.
Notes: Aldona was described by Raciborski (1900) as parasite

on living leaves of Pterocarpus indicus Willd. and placed in

Hysteriaceae (Saccardo, 1904; Penzig and Saccardo, 1904). It

was transferred to Phacidiaceae by Von Hohnel (1917), Bisby

(1923) and Zogg (1962) also suggested that Aldona cannot be

placed in Hysteriaceae. Aldona however has bitunicate asci, but

species in Phacidiaceae have unitunicate asci and therefore

Nannfeldt (1932) suggested this genus cannot be accommodated

in Phacidiaceae. Teodora (1937) also listed this genus from living

leaves of Pterocarpus sp. in the Philippines. Miiller and von Arx

(1962) provided a key and placed Aldona in Dothioraceae. Miiller

and Patil (1973) referred to Aldona with three species: A. stella-ni-

gra Racib., A. americana Pert. & Cif. and A. minima E. Miiller &

Patil. All species are from living leaves of Pterocarpus species.

Sivanesan and Sinha (1989) compared Aldona with Aldonata

and synonymized them because of their morphologically indistin-

guishable characteristics. However, consideration of both genera
indicated that there are differences based on ascospores and asco-
mata (Aldonata has much larger locules and muriform rather
than transversely septate ascospores). At present the genus
Aldona is placed in Parmulariaceae with three species (Inacio
and Cannon, 2008; Hyde et al., 2013).
Key to genera discussed in this paper:

1. Ascomata superficial Viegasella
1. Ascomata initially immersed and then becoming 2
erumpent or superficial

2. Ascospores with only transverse septa

2. Ascospores with transverse and longitudinal septa

Aldona
Aldonata

Aldona stella-nigra Racib., Parasit. Alg. Pilze Java’s
(Jakarta) 1: 19 (1900).

MycoBank: MB 172102, Facesoffungi number: FOF00310.
Figs. 1, 2 and 3.

Parasitic growing on the upper and lower surface of living
leaves. Leaf spots hypophyllous, solitary to gregarious, orbicu-
lare, brown, black in centre, yellowish swollen on leaf surface.
Sexual state:  Ascomata  132-392x83-120 um  diam
(X = 352x 100 um, 7n = 5), semi-immersed to erumpent,
opening by longitudinal slits 122-271 um diam (X = 207 pm,
n = 6), hard to remove from leaf surface, gel-like or soft when
wet, brittle when dry. Peridium 34-53 pym diam (X = 43 um,
n = 10), thick-walled, 2-layers, outer layer thick and com-
posed of darkly pigmented amorphous cells, inner layer of

hyaline to pale brown cells of textura angularis.
Hamathecium  51-74 pm  long and 0.6-1.4um wide
(X = 64x1um, n = 10), filamentous pseudoparaphyses,

anastomosing in gelatinous matrix with asci embedded in
mucilage. Asci 59-84 um long x 14-31 pm wide
(X = 68x21 um, n = 10), 8-spored, bitunicate or fissituni-
cate, broadly fusiform to obovoid with thin-walls 1-2 um diam
(X = 2 um, n = 10), thick at apex, 2-5 pm diam (X = 2 pm,
n = 7), short and narrow pedicellate or occasionally with long
and  narrow  pedicellate = 21-7 um x8-25um  diam
(X = 4x 12 um, n = 10), with ocular chamber, forming from
the base of the ascomata, asci vertically arranged and embed-
ded in a gelatinous matrix. Ascospores 28-48 um long x 7—
10 um wide (X = 37 x 8 um, n = 10), 2-3-seriate, long clavate,
hyaline, 4-5 septate, apical cells wider and shorter, basal cells
longer and narrower, 3-5x7-20 pm diam (X = 4 x 13 um,
n = 10), both ends rounded, slightly constricted at the septa,
smooth-walled. Asexual state: Conidiomata 120-335 um
long x 75-205 um wide (X = 264 x 154 um, n = 10), solitary
to gregarious, black, shiny, carbonaceous, globose to subglo-
bose or irregular, mostly growing on the spot, surrounded by
ascomata, hard to remove from leaf surface. Peridium 25—
45 um diam (X = 33 um, n = 7), comprising 2 layeres, outer
layer thick and composed of darkly pigmented 15-35 pm diam
(X = 23 um, n = 7) cells, inner layer composed of hyaline to
pale brown 10-20 pm diam (X = 15 pm, n = 7) cells of textura
angularis. Conidiophores 15-20 x 0.5-2 pm diam
(X = 17 x 1 um, n = 10), forming from the inner cell walls,
embedded in a gelatinous matrix with conidia groups, broadly
at the basal of conidiophore and narrow at apex.
Conidiogenous cells hyaline, integrated. Conidia 1-1.5x 3—
3.5 um diam (X = 1x 3 um, n = 10), aseptate, fusiform, nar-
row at both ends broad at the centre, hyaline or sometime
slightly greenish, smooth-walled, conidia in a gelatinous
matrix.

Material examined: INDONESIA. Sumatra, on leaves of
Pterocarpus indicus Willd. (Fabaceae), 20 February 1959,
Raciborski (M! 176025, isotype).

Other specimen examined: PHILIPPINES. Los Bafios: Mt
Makiling, on living leaves of Pterocarpus draco L. (Fabaceae),
February 2012, K.D. Hyde (MFU14_0011).

Aldonata Sivan. & A.R.P. Sinha, Mycol. Res. 92(2): 248
(1989).

MycoBank: MB25242, Facesoffungi number: FOF00311.

Parasitic on leaf spots on the upper leaf surface. Spots soli-
tary, scattered, sometimes confluent, variable in shape, circular
to irregular, greyish-white, edge diffuse. Sexual state:
Ascomata semi-immersed, globose to subglobose, black, shiny,

Please cite this article in press as: Tian, Q. et al., Towards a natural classification of Dothideomycetes: Clarification of Aldona, Aldonata and Viegasella (Parmulari-
aceae). Saudi Journal of Biological Sciences (2015), http://dx.doi.org/10.1016/j.sjbs.2015.01.019



http://dx.doi.org/10.1016/j.sjbs.2015.01.019

Q. Tian et al.

Figure 1

Aldona stella-nigra (isotype). (A) Spots on lower surface of leaves, (B-D) black ascomata with longitudinal openings, (E and F)

section of ascomata, (G-I) hyaline ascospores with 6-8 septa, (J-L) clavate to cylindrical asci containing eight ascospores (scale bars:

A = 50 mm, B-D = 1 mm, E and F = 100 um, G-L = 10 pm).

appearing as flexuous lines on the leaf spot surface with a
clearly-defined margin, hard remove from leaves surface.
Peridium 1-layered, composed of poorly-defined brown to
black cells. Hamathecium transverse septate, long, colourless,
branched, pseudoparaphyses. Asci 8-spored, bitunicate, cla-
vate to broadly clavate, pedicellate, thin-walled. Ascospores
multiseriate, ellipsoid to fusiform, muriform, hyaline, with
up to 8 transverse and longitudinal septa, lower cell narrow
and longer, caudiform. Asexual state: Conidiomata solitary to
gregarious, sub-immersed, black and shiny, carbonaceous, glo-
bose to irregular, mostly growing around the central of gray-
ish-white spot. Peridium composed of 1 layer of thick-walled
colourless cells of textura angularis. Conidiophores reduced to
conidiogenous cells, arising from basal cells of inner peridium
wall, Conidiogenous cells hyaline, integrated. Conidia aseptate,
fusiform to cylindrical, hyaline, tapering at both ends, smooth-
walled.

Notes: Aldonata was introduced by Sivanesan and Sinha
(1989) as a monotypic genus, it contains the single species
Aldonata pterocarpi Sivan. & A.R.P. Sinha. The genus is char-
acterized by much larger locules than Aldona and muriform
ascospores. Aldonata is presently placed in Parmulariaceae
(Inacio and Cannon, 2008), and is similar to Aldona. Aldona

and Aldonata are only genera of Parmulariaceae which have
colourless ascospores and are occur on legumes (Inacio and
Cannon, 2008). A. pterocarpi was described and illustrated in
Inacio and Minter (2002) which has the grayish-white lines sur-
rounding the colony and are similar to the cream-coloured
lines in Aldona stella-nigra (Inacio and Minter, 2002). The
asexual state of Aldonata pterocarpi has not previously been
reported, but we found pycnidia surrounding the ascomata.

Aldonata pterocarpi Sivan. & A.R.P. Sinha, Mycol. Res.
92(2): 249 (1989).

MycoBank: MBI134615, Facesoffungi number: FOF00312.
Fig. 4.

Parasitic on leaf spots of Pterocarpus draco, on the upper
leaf surface. Spots solitary, scattered, sometimes confluent,
variable in shape, circular to irregular, greyish-white to light
brown, edge diffuse. Sexual state: Ascomata 0.8-1.3 x0.4—
09mm (X = 1 x0.6mm, n = 10), semi-immersed in leaves,
globose to subglobose, black, shiny, appearing as flexuous lines
on the leaf surface with a clearly defined margin. Peridium 570—
690 x 220-280 pm (X = 612x240 um, n = 6), apex brittle,
often fragmenting during sectioning, 1-layered, thick at base
and sides, up to 70 pm, composed of poorly-defined brown to
black cells. Hamathecium of 1-2 ym broad with transverse
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Figure 2 Aldona stella-nigra. (A and B) Colony on lower sides of living leaves, (C and D) ascomata on yellowish leaf spot, (E and F)
vertical section of ascomata, (G) asci arrangement in gelatinous matrix, (H) Hamathecium, (I) ascus tip, note ocular chamber in Melzer’s
reagent, (J-L) asci with ascospores, note K mounted in Melzer’s reagent and L mounted in cotton blue reagent, (M) germinating
ascospore, (N-S) ascospores, note the long and narrow ends, Q and S mounted in Melzer’s reagent, S mounted in cotton blue reagent
(scale bars: E and F = 100 pm, G = 50 pum, I = 10 pm, H, J-S = 20 pm).

septate, long, colourless, branched pseudoparaphyses. Asci 65— thin-walled, with ascospores arranged in a cluster. Ascospores
95x 15-30 um (X = 78 x 22 pm, n = 6), 8-spored, bitunicate, 30-55x 811 pm (X = 41 x9 um, n = 10), multiseriate, ellip-
clavate to broadly clavate, pedicellate up to 34 pm long, soid to fusiform, muriform, hyaline, with up to 8 transverse
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Figure 3 Aldona stella-nigra. (A and B) Yellow colony with conidiomata occurring on upper and lower surface of living leaves, (C)
section through conidioma, (D) yellow tissues of conidioma, (E) conidia and conidiophores, (F-G) hyaline conidiophores, (H)
conidiogenous cells, (I) aseptate conidia, (J) conidia in Melzer’s reagent, (K) conidia in cotton blue reagent (scale bars: C and

D = 100 pm, E = 20 pm, F-K = 10 pm).

and longitudinal septa, lower cell narrow and longer, caudi-
form. Asexual state: Conidiomata 80-155x 75-135 um diam
(X = 120 x 100 pm, n = 10), solitary to gregarious, sub-im-
mersed, black and shiny, carbonaceous, globose to irregular,
mostly growing around the centre of grayish-white spot,
Peridium wall up to 12 um broad, composed of 1 layer of
thick-walled  colourless cells of textura angularis.
Conidiophores 59x12pm (X = 6x1.5um, n = 10),
reduced to conidiogenous cells, arising from basal cells of inner
peridium wall, Conidiogenous cells hyaline, integrated. Conidia
2-4x1-1.5pm (X = 3x 1 um, n = 10), aseptate, fusiform to
cylindrical, hyaline, tapering at both ends, smooth-walled.

Material examined: INDIA. Andaman Islands: Port Blair,
on leaves of Pterocarpus draco, 1 November 1987, A.R.P.
Sinha (K! IMI 322833, holotype).

Viegasella Tnacio & P.F. Cannon, Mycol. Res. 107(1): 82
(2003).

MycoBank: MB 28709, Facesoffungi number: FOF00313.

Parasitic on the upper leaf surface. Colonies solitary, scat-
tered, sometimes confluent, variable in shape, circular to irregu-
lar, light brown to reddish with a diffuse edge. Ascomata
superficial, black, shiny, appearing as flexuous lines on the leaf
surface, opening by longitudinal splits. Ostiole conspicuous.
Peridium thick at the sides, composed of brown to black
thick-walled cells of textura angularis, outer brown to black car-
bonaceous substance and internal hyaline cells, two-layered.
Upper and lower wall thin, not well developed, sometimes
absent. Hamathecium filamentous pseudoparaphyses, with
transverse septa, long, colourless, branched, and verrucose at
the tips. Asci 8-spored, bitunicate, cylindrical to clavate, short-
pedicellate, thin-walled, embedded in mucilage. Ascospores bise-
riate or multiseriate, ellipsoid to fusiform or ellipsoid to nar-
rowly ovoid, verrucose, usually two-celled, normally unequal,
constricted at each transverse septum, upper cell wider, lower
cell narrow and longer, hyaline, becoming pale brown when
spores are senescent, each cell has an oil drop.
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Figure 4  Aldonata pterocarpi (holotype). (A) Herbarium labels, (B) Herbarium material, (C) ascomata on host surface, (D) conidiomata
on host surface, (E-G) section of ascomata, (H) section of conidiomata, (I-K) asci with ascospores, note K mounted in cotton blue
reagent, (L) Hamathecium, (M) peridium of conidiomata wall, (N-Q) conidiogenous cells, (R—V) ascospores, note the long and narrow
ends, (W) conidia (scale bars: C = 500 pum, D-E = 200 pm, F = 100 pm, G and H = 50 pm, M = 20 pm, I-L, R-V = 10 pum, N-Q,

W = 5 um).

Notes: Viegasella was introduced by Inacio and Cannon
(2003) to accommodate Schneepia pulchella because of its
internal and external stromata and haustoria and was placed
in the family Parmulariaceae. Its superficial similarity to a
lichen was mentioned by Spegazzini (1888). Viegasella was
compared with Parmularia, Symphaeophyma and Mintera by
Inacio and Cannon (2003). It is difficult to distinguish
Viegasella pulchella and Aldonata pterocarpi based only on
the macroscopic characters such as orientation of ascomata
as both species have grayish-white to reddish lines surrounding
the colony. Viegasella pulchella has tiny black spots around
ascomata at the edge of leaf spots and 1-septate ascospores

which differ from Aldonata pterocarpi which has the tiny black
conidiomata at centre of leaf spots surrounded by the asco-
mata with muriform ascospores. The asexual state of
Viegasella pulchella has not previously been reported. The pyc-
nidia-like black tiny dots surrounding the ascomata lack
contents.

Viegasella pulchella (Speg.) Inacio & P.F. Cannon, Mycol.
Res. 107(1): 83 (2003).

MycoBank: M 373406, Facesoffungi number: FOF00314.
Fig. 5.

= Parmularia pulchella (Speg.) Sacc. & P. Syd., Syll. fung.
(Abellini) 14(2): 709 (1899).
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Figure 5

Viegasella pulchella (isotype). (A) Herbarium labels, (B) Herbarium material, (C and D) ascomata on host surface, (E and F)

section of ascomata, (G—L) asci with ascospores, note J and K mounted in cotton blue reagent, (M) Hamathecium. (N-Q) ascospores
(scale bars: C = 1000 pm, D = 200 um, E and F, L = 50 um, G-K, M = 10 pm, N-Q = 5 um).

= Schneepia pulchella Speg., Anal. Soc. cient. argent. 26(1):
55 (1888).

Parasitic on the upper leaf surface. Sexual state: Spots
solitary, scattered, sometimes confluent, variable in shape,
circular to irregular, light brown to reddish with a diffuse
edge. Ascomata 482-765x 174-232 um (X = 574 x 203 um,
n = 10), superficial on the leaves, black, shiny, appearing as
flexuous lines on the leaf spot surface, opening by longitudi-
nal splits. Ostiole conspicuous. Peridium thick at the sides,
27-34 ym (X = 31 um, n = 10), composed of brown to black
thick-walled cells of textura angularis, outer cells thick,
brown to black, and internal hyaline cells, two-layered.

Upper and lower wall thin, not well developed, sometimes
absent. Hamathecium 2-5 pm broad with transverse septa, fil-
amentous pseudoparaphyses, long, colourless, branched, and
verrucose at the tips. Young asci variable in shape, cylindric-
clavate to clavate, with a subapical chamber visible before
spore delimitation. Mature Asci 52-79x 11-19 um (X =
63x 14 um, n = 10), 8-spored, bitunicate, cylindrical to
clavate, thick-walled particularly in the upper part, short-
pedicellate, thin-walled, embedded in mucilage. Ascospores
11-17x 6-8 um (X = 15x 6 um, n = 10), biseriate or multi-
seriate, ellipsoid to fusiform or narrowly ovoid, verrucose,
usually two-celled, normally unequal, upper cell wider, lower
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cell narrow and longer, transverse septa obviously shrink,
hyaline and then becoming light brown when spores are
senescent, with an oil drop, the apex rounded and the base
obtuse, the mucilaginous sheath degenerating at maturity.
Asexual state: Unknown.

Material examined: PARAGUAY. Guarapi, on leaves of
Sapotaceae sp., November 1883, B. Balansa (PL. Paraguay
exs. 4084, K (M): 180636, isotype).
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