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Abstract

This paper reviews and determines the fungi growing on seeds and fruits of wild plants in
various habitats. Such fungi colonise a wide range of substrates with most reported from cones,
cupules, and leguminous pods that are high in cellulose and lignin content. There are 1348 fungal
species (belonging to 230 families and 609 genera) reported from wild seeds and fruits in 84
countries, listed in this paper. Of these, 300 fungi were described from wild seeds and fruit
substrates. Members of the Fabaceae support the highest number of taxa, namely 19% of the novel
wild fruit fungi. Twenty-eight genera, including 5 fossil fungal genera have been described from
wild seeds and fruits: Agarwalomyces, Amorocoelophoma, Anisogenispora, Archephoma,
Centrolepidosporium, Cylindroaseptospora, Cylindromyces, Davidhawksworthia, Delonicicola,
Discotubeufia, Glaxoa, Kionocephala, Leucaenicola, Naranus, Neolindgomyces, Pleohelicoon,
Quercicola, Remotididymella, Repetoblastiella, Restilago, Soloacrosporiella, Strobiloscypha and
Tainosphaeria. Archephoma, Meniscoideisporites, Palaeodiplodites, Palaeopericonia and
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Xylohyphites are the new fossil fungal genera. Fungal asexual morphs predominate on wild seeds
and fruits rather than the sexual morphs. The dominant fungal genera on wild seeds and fruits
include Alternaria, Aspergillus, Candida, Chaetomium, Cladosporium, Colletotrichum, Curvularia,
Diaporthe, Drechslera, Fusarium, Mucor, Penicillium, Pestalotiopsis, Restiosporium, Rhizopus,
Talaromyces, Trichoderma and Xylaria. Certain assemblages of fungi have specific and distinct
relationships with their hosts, especially Xylaria species (e.g., Xylaria magnoliae on Magnolia
fruits; X. xanthinovelutina (= X. ianthino-velutina) on Fabaceae pods; X. carpophila on Fagus
cupules; X. persicaria on liquidambar fruits). Whether these species occur as endophytes and
become saprobes following fruit fall requires further investigation. In this study, we also made
several sexual morph collections of sordariomycetous taxa from different seed and fruit substrates
mainly from Thailand, with a few from the UK. These include 15 new species, 13 new host records
and 1 new geographical record. The new species are described and illustrated.

Keywords — 15 new taxa — forest floor — fructicolous — pathogens — saprobes — seminicolous
Ascomycota

Sordariomycetes O.E. Erikss. & Winka

Amphisphaeriales D. Hawksw. & O.E. Erikss.

Beltraniaceae Nann.

Beltraniella fertilis Heredia, R.M. Arias, M. Reyes & R.F. Castafieda, new host record

Chaetosphaeriales Huhndorf et al.

Chaetosphaeriaceae Locq.

Dictyochaeta coryli R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.
Dictyochaeta lithocarpi R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.
Menisporopsis theobromae S. Hughes, new host record

Diaporthales Nannf.
Cytosporaceae Fr.
Cytospora diopuiensis Q.J. Shang, K.D. Hyde & J.K. Liu, new host record

Diaporthaceae Hohn. ex Wehm.
Diaporthe delonicis R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.

Hypocreales Lindau

Bionectriaceae Samuels & Rossman

Clonostachys rogersoniana Schroers, new host record

Clonostachys rosea (Link) Schroers, Samuels, Seifert & W. Gams, new host record
Clonostachys swieteniae R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.

Myrotheciomycetaceae Crous
Trichothecium roseum (Pers.) Link, Mag. Gesell. naturf. Freunde, new host record

Nectriaceae Tul. & C. Tul.

Fusarium cassiae R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.

Fusarium magnoliae-champaca R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.

Fusarium salinense Sand.-Den., Guarnaccia & Polizzi, new host and new geographical record
Fusarium sp.

Fusicolla cassiae-fistulae R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.

Fusicolla siamensis R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.

Gliocladiopsis aquaticus Y.Z. Lu, R.H. Perera & K.D. Hyde, new host record
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Gliocladiopsis tenuis (Bugnic.) Crous & M.J. Wingf., new host record

Gliocladiopsis swieteniae R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.

Macronectria jungneri (Henn.) Salgado & P. Chaverri, new host record

Murinectria pseudotrichia (Schwein) M. Niranjan and V.V. Sarma, new host record
Neocosmospora magnoliae R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.
Sarcopodium durantae R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.

Sarcopodium flocculentum (Henn. & E. Nyman) Pennycook & P.M. Kirk, new host record
Volutella delonicis R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.

Xylariales Nannf.

Diatrypaceae Nitschke

Allodiatrype thailandica (R.H. Perera, Jian K. Liu & K.D. Hyde) Konta & K.D. Hyde, new host
record

Hypoxylaceae DC.
Hypoxylon delonicis R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.

Xylariaceae Tul. & C. Tul.

Xylaria arbuscula Sacc.

Xylaria fabacearum R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.
Xylaria fabaceicola R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov.

Leotiomycetes O.E. Erikss. & Winka

Helotiales Nannf. ex Korf & Lizon
Helotiales sp.

Lachnaceae Raitv.
Lachnum sp.

Introduction

Seeds are produced by spermatophytes of both angiosperms and gymnosperms. Angiosperm
seeds originate from a hard or fleshy structure known as a fruit which also encloses the seeds.
However, in gymnosperms, there is no specific biological structure developed to enclose the seeds
(http://pediaa.com/ difference-between-fruit-and-seed/). Plants have evolved various mechanisms
for the dispersal of mature seeds, which have the potential to produce new individuals (Bewle &
Black 1994).

There is a great diversity in the form and structure of seed and fruits, such as, grains, cones,
acorns, berries, drupes, capsules, seed pods, nuts, nut cupules, caryopses, and nutlets (fruits of
restiads or sedges). Fruit cases, such as nut cupules are considered as fruits in this paper. Cupules of
beech (Fagus spp.) are a woody substrate, containing lignocellulose and similar to lignocellulose
composition of coarse woody debris (Fukasawa et al. 2012). Leguminous pods also are rich in
cellulose, hemicelluloses and lignin (Paula et al. 2011). Cones, which protect the seeds during
development, are the reproductive organs of coniferous plants (Kilic et al. 2010). They consist of an
axis with surrounding scales, which are rich in cellulose, hemicellulose (mannose, galactose,
xylose) and lignin (Fogel & Cromack 1977, Kilic et al. 2010). Nuts, kernels of chestnut, hazelnut,
walnut and oak are diverse in their protein, carbohydrate and fat content, while some are rich in
phosphorus (eg. hazelnut, hickory nut, and black walnut) (Wainio & Forbes 1941). Nut shells are
rich in lignin, cellulose and hemicelluloses (Vellingiri et al. 2014, Zhai et al. 2015). Fruits (achenes,
pomes, berries and drupes) comprise mostly carbohydrates, some are high in lignin and cellulose,
and others are rich in protein and fat, mainly because of their seeds (Wainio & Forbes 1941).
Acorns such as red oak, rock chestnut oak, and scrub oak and, some edible wild fruits (eg.
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chokeberries, sumac berries, blackhaw and mountain ash berries) are high in tannin content
(Wainio & Forbes 1941). Moreover, seeds such as those of legumes and cereals are major food
sources and contain storage reserves of protein, starch and oil (Bewle & Black 1994, Shimada
2001, Ragaee et al. 2006).

History of studies of wild seed/fruit fungi

Around the world the forest floor is seasonally covered by a carpet of native seeds and fruits,
which are colonised by a wide range of endophytic, saprobic and pathogenic fungi (Rogerson &
Samuels 1992, Morais et al. 1995, Rogers et al. 2002, Somrithipol et al. 2002a, b, Udayanga et al.
2013, Perera et al. 2018a).

Figure 1 — Fabaceae fruits on the forest floor in Thailand (a—g) and Taiwan (h). a Cassia fistula. b
Fabaceae sp. ¢ Delonix regia. d Samanea saman. e Adenocalymma pterocarpus. f Cassia grandis. g
Entada sp. h Mucuna macrocarpa.
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Figure 2 — Seeds and fruits on the forest floor in Thailand (a—f) and China (g, h). a Seed of
Lithocarpus sp. b Immature fruits of Couroupita guianensis (cannonball tree). ¢ Fruits of Magnolia
champaca. d-f Swietenia mahagoni (d placenta with seeds, e fruit, f fruit outer carpels). g
Unidentified fruits. h Unidentified seeds.

Few studies have been undertaken to document fungal groups from wild seeds and fruits,

when compared to other plant substrates, e.g. wood, culms, leaves and commercial seeds and fruits
(Kasai et al. 1995, Nirenberg & Aoki 1997, Vujanovic et al. 2000, Yli-Mattila et al. 2009, Weir et
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al. 2012, Udayanga et al. 2013, Rashmi et al. 2019). Hyde et al. (2015) acknowledged that the
taxonomy, ecology, and distribution of fruit and seed inhabiting fungi are poorly studied in both
temperate and tropical areas. Previous research has mainly targeted postharvest fungi, those
responsible for economic losses of cereals and edible fruits (Tang et al. 2003a, Neergaard 2017).
However, seed and fruit inhabiting fungi of conifers and eucalyptus species has been investigated
broadly as they have been widely introduced as exotic timber trees in plantations (Kasai et al. 1995,
Vujanovic et al. 2000, Lupo et al. 2001, Palm 2001, Wingfield et al. 2001, Desprez-Loustau 2009).
Most of the early research focused on endophytic isolations and identification of seed-borne
pathogens (Anderson 1986, Mittal et al. 1990). Hence, wild seed and fruit fungi are not a well-
studied group.

An extensive study of dothideomycetous fungi associated with wild seeds and fruits in
selected areas of Thailand, UK and China was carried out by Jayasiri et al. (2019), who introduced
58 new taxa. Fukasawa et al. (2012) and Carré (1964) surveyed fungi on beech cupule litter in
Japan and the UK. Tang et al. (2003a) examined fruit samples from 18 native plant species yielding
101 fungal taxa in Hong Kong. Another survey in Thailand by Somrithipol et al. (2002b)
investigated fungi on tropical forest fruit of Delonix regia and identified 70 fungi. Ten fungal
species belonging to Ascomycota were isolated from cone scales and seeds of 28 Pinus hosts in
East Asia, Europe and North America, and Canada (Vujanovic et al. 2000). In their study,
Sphaeropsis sapinea, Herpotrichia juniperi, ‘Phomopsis’ conorum, Truncatella hartigii,
Tubercularia sp. and Valsa spp. were recognised as dominant pathogens of Pinus (Mujanovic et al.
2000). A fungal succession study on Pinus densiflora cones on a forest floor investigated the early
decomposition process in Japan, and identified 31 taxa (Kasai et al. 1995). Pandey & Nimmi (1990)
isolated 48 fungal species from Pinus roxburghii seeds collected from a forest in India and
observed that the predominant species in ungerminated seeds are Alternaria and Fusarium spp.
Anita et al. (1999) and Anita & Sridhar (1999) reported a number of endophytic fungi from seeds
and pods of mangrove wild legumes (Canavalia cathartica and Sesbania bispinosa) in Southwest
coast of India. Lupo et al. (2001) studied endophytic fungi in capsules and seeds of Eucalyptus
globulus in Uruguay and found 18 taxa from unopened capsules (cut off from the tree) and ten from
seeds. Seed-borne fungi associated with Podocarpus falcatus and Prunus africana in Afromontane
rain forests of Ethiopia were investigated by Gure (2004), and identified four Botryosphaeriaceae
taxa with one new species, Diplodia rosulata. Yeasts (Candida spp., Debaryomyces spp.,
Kloeckera spp., Pichia spp.) colonizing the fallen ripe fruits of Amapa (Parahancornia amapa) and
Clusia grandiflora in tropical forests were examined by Morais et al. (1995). They found 44 yeasts
including one new species. Rogers (1979a) described a new saprobic Xylaria species, X. magnolia
on decaying fruits of Magnolia sp. and discussed several other fruit inhabiting Xylaria species. Ju
et al. (2018) studied 25 Xylaria species inhabiting fallen seeds and fruits and introduced three new
species namely: Xylaria reevesiae, X. rossmanae and X. vivantii. Jankowiak (2008) investigated
fungi occurring on acorns of Quercus robur, which were infested by insects in Poland. He
identified 45 fungi with Alternaria alternata and yeasts as the most frequently isolated fungi
(Jankowiak 2008). Although there is great diversity in fruit and seed-bearing plants, few studies
been carried out especially in temperate regions (Table 2). Accordingly, the present work on fungal
diversity found on seeds and fruits was undertaken.

Anderson (1986) and Mittal et al. (1990) provided checklists of micro-organisms associated
with tree seeds and primarily focused on forestry trees. Seed-borne diseases of 12 host tree species
namely: Acer spp., Alnus spp. Araucaria excelsa, Betula spp., Chamaecyparis sp., Fraxinus spp.,
Larix spp., Picea sitchensis, Pinus spp., Quercus spp., Thuja spp., Ulmus americana and U. pumila
were listed by Noble et al. (1958). Watanabe (2010) listed a number of culturable seed fungi with
illustrations and provided a key to species in wild and crop plants in Japan. Previous studies and
check lists revealed that the fungi colonising seeds and fruits are dominated by asexual morphic
fungi (Carré 1964, Anderson 1986, Mittal et al. 1990, Kasai et al. 1995, Amusa et al. 2002,
Somrithipol et al. 2002b, Tang et al. 2003a, Fukasawa et al. 2012). However, a comprehensive
literature review or a checklist on fungi that occur on wild seeds and fruits is lacking.
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Our approach is to provide a checklist of fungi described from seeds and fruits of non-
commercial trees, shrubs and weedy plants or grasses. However, there are no details of substrates
such as wood, leaves, seeds, fruits provided in most of the previous fungal lists. In Petrak’s lists,
fungi were listed under host names but did not mention the substrates. We also looked in the USDA
host database for search by substrates, but it lists only host details. It supports for fungal host-
search but not for other substrate details. Since 1981, Index of Fungi series and the website
provided substrate details, such as wood, leaves, seeds and fruits. Our list of new fungi therefore
was mainly based on Index of Fungi. Here we also list fungi reported from wild seeds and fruits
based on available literature. The aim of the present study is to give an idea of the different groups
of fungi occurring on wild seeds and fruits, document, discuss their role and importance, and
illustrate some Sordariomycetes taxa. We also provide a brief account on fossil fungi described
from seed fruit substrates.

Importance of studying wild seed/fruit fungi

Diverse fungal groups can be found generally on every part of a single plant host (Hyde
1995). Domesticated, genetically modified commercial seeds (cereals) and fruits are different from
wild fruits/seeds in size, nutrient content and chemical defenses (Tang et al. 2003a, Hernandez-
Teran et al. 2017). Disease development of those post-harvest fruits and cereals occur during
transportation and storage, which is different to that in nature (Tang et al. 2003a). The few studies
that have been conducted on fungi on non-commercial seeds and fruits indicate the occurrence of
fungi belonging to diverse taxonomic groups such as, Ascomycota, Basidiomycota,
Chytridiomycota, Mucoromycota and Blastocladiomycota (Desjardin 2000, Vujanovic et al. 2000,
Somrithipol et al. 2002a, b, Nelson & Abad 2010, Fukasawa et al. 2012, Jayasiri et al. 2019). The
significance of studying wild seed/fruit fungi is further discussed below.

Where do these seed/fruit fungi come from?

There are three different ways fungi can infect or colonise wild seeds or fruits: 1) seeds
become infected with endophytic fungi while in the canopy during fruit development, 2) within the
soil after dispersal, and 3) by animal vectors such as fruit flies (Gallery 2007, Morais et al. 1995,
Somrithipol et al. 2002b). Plant seeds carry spores of different fungi on the seed surface or inside
tissues of the seed (Anderson 1986). Seed surfaces are mostly contaminated with fungal spores as
they easily stick to the outer seed coat, while fungi mostly occur as myecelia inside the seed
(Anderson 1986). Seeds/fruits inhabiting fungi may include endophytic, saprophytic, and
pathogenic fungal species (Gallery et al. 2007). Diaporthe, Fusarium, Penicillium, Trichoderma
and Xylaria-like fungi initially can occur as endophytes, but become pathogenic or saprobic under
favorable conditions (Somrithipol et al. 2002b, Udayanga et al. 2013, Fukasawa et al. 2012).
However, pathogenicity of most fungi associated with wild seeds/fruits has been much debated
(Mittal et al. 1990). Somrithipol et al. (2002b) studied pods of Delonix regia and observed
Aspergillus, Chaetomium, Penicillium, and Rhizopus species mainly occurring on the dry fruits
when still attached to the tree. A different fungal community developed once seeds and fruits had
been shed from the host plant (Somrithipol et al. 2002b). Lupo et al. (2001) observed Eucalyptus
globulus capsules attached to the tree and shared the same endophytic fungal species with flowers,
but in higher numbers. Clavicipitaceous fungi are parasitic on Poaceae hosts, and can also occur as
endophytes (Rodriguez et al. 2009). During flowering of grasses, endophytic species such as
Acremonium species grow into ovules and become incorporated into the seeds (Neill 1941, Clay
1990). Endophytes can be transmitted horizontally (among individuals of the same generation) or
vertically (from maternal plants to offspring through seed infections) to other plants/ generations
(Chung & Schardl 1997, Saikkonen et al. 2002). Animal vectors such as common flies and fruit
flies are partially responsible for fungal contamination of fruits (Morais et al. 1995), for example,
Drosophila spp. are known to be the major vectors of yeasts (Morais et al. 1995). Morais et al.
(1995) and Miller & Phaff (1962) observed the coexistence of different Drosophila species in
different stages of deterioration of Parahancornia amapa fruits and Ficus figs. Some studies reveal
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seeds infected by endophytic fungi contain higher concentrations of alkaloids than the normal
seeds, thus they may protect seeds from vertebrate and invertebrate predators (Cheplick & Clay
1988, Clay 1990).

Fossil fungi records of seeds and fruits

The origin of fungi is aged to the Paleoproterozoic—Mesoproterozoic eras (2500-1000 million
years ago; Mya). The phylum Chytridiomycota is the earliest known group of fungi which diverged
during the Mesoproterozoic (1600-1000 Mya) before the divergence of terrestrial plants (Lucking
et al. 2009, Padovan et al. 2005, Torruella et al. 2012). The divergence of the phyla Ascomycota,
Basidiomycota and Glomeromycota has been dated to the Neoproterozoic to Early Paleozoic
(1000-485 Mya) with interaction with different groups of plants (Schifiler et al. 2001, Berney &
Pawlowski 2006, Licking et al. 2009, Taylor et al. 2009, Beimforde et al. 2014). Selosse et al.
(2015) suggested that the highly diversified plant-fungal interactions are the backbone of land
ecosystems and biogeochemical cycles from the Palaeozoic era (<541 Mya). Several remarkable
studies revealed well-preserved fungal associations with plants mainly on leaves and different
woody substrates (e.g. Cookson 1947, Dilcher 1965, Taylor et al. 1999, Mindell et al. 2007, Taylor
et al. 2014, Vishnu et al. 2017). However, few fungal remains associated with fossil ovules, seeds
and fruits have been described to date (Taylor 2009, Krings et al. 2012).

Renault & Bertrand (1895) described Grilletia sphaerospermii as a chytrid fossil inhabiting
the nucleus of a Carboniferous gymnosperm Sphaerospermum and dated to the upper
Pennsylvanian (307-298 Mya) in France. Grilletia sphaerospermii-like organisms have been
described by Oliver (1903) from seeds of Polylophospermum and Conostoma from the lower
Carboniferous (358.9-323.2 Mya) in France and Scotland. Pirozynski & Dalpé (1989) suggest that
the Grilletia is close to extant Glomus, but this hypothesis needs further study. Batra et al. (1964)
reported Protoascon missouriensis from a cluster of fossil fungi in a Nucellangium glabrum seed. It
was preserved in Carboniferous permineralization (coal ball) collected from Tebo Coal of the
Cabaniss Formation, Missouri, North America (middle Pennsylvanian, ~315-307 Mya). Taylor et
al. (2005) re-examined the Polylophospermum missouriensis fossil and suggested it was
comparable to modern members of the Mucorales (Mucoromycota).

There are several Ascomycota fossil fungi described from seeds, fruits and ovules. Two fossil
fungal species were described from India (upper Cretaceous; Maastrichtian, 72—-66 Mya) associated
with permineralized fruits of Viracarpon (monocotyledons). Diplodites sweetii, which is
morphologically similar to extant Sphaeropsis in Botryosphaeriaceae, was described by Kalgutkar
et al. (1993). Xylohyphites verrucosa, which is characterized by having verrucose conidia in chains,
hence shows morphological affinities to Cladosporium (Kalgutkar & Sigler 1995). Watanabe et al.
(1999) described three fossil fungal genera: Archephoma, Meniscoideisporites and
Palaeodiplodites in Japan (middle Turonian, 93.9-89.8 Mya), all associated with a bisexual cone of
Cycadeoidella japonica. They suggested that the Archephoma and Palaeodiplodites are comparable
to the modern phoma-like taxa and Diplodia, while Meniscoideisporites is not assignable to any
extant taxon based on reliable taxonomic characters (Fig. 3). Two fossil fungal genera
Palaeopericonia and Xylohyphites were described from permineralized fruit of Viracarpon sp. and
fossilised cones of Araucaria mirabilis in Argentina and Canada (Kalgutkar & Sigler 1995, Ibafez
& Zamuner 1996).

In addition, LePage et al. (1994) described several asexual morphic fossil fungi associated
with seeds and fruits from Princeton chert, British Columbia, Canada (middle Eocene, 50 Mya) and
suggested that the fossils represent extant species from Dothideales, Alternaria and some
coelomycetous asexual morphs. Stakhov et al. (2008) described the most recent fossil fungus
associated with seeds of undetermined higher plants from Russia (Pleistocene 30,000 years ago).

These few fungal fossils described from seeds, fruits, pods, ovules or any other reproductive
plant materials (Table 2) might be due to less attention given to microorganisms associated with
reproductive structures of plants.
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Materials & methods

Sample collection, specimen examination and isolation

Specimens were collected from seeds and fruits in Northern Thailand and United Kingdom
(UK) during 2014 to 2018. Fungal fruiting structures were observed, photomicrographed and
measurements were made in the laboratory as designated in Perera et al. (2016b). Fungal colonies
were obtained from single spore isolation technique described in Chomnunti et al. (2014). Pure
cultures were grown on potato dextrose agar (PDA) or malt extract agar (MEA) media and
incubated at 25°C or 28°C.

Herbarium material was preserved in the Mae Fah Luang University (MFLU) herbarium,
Chiang Rai, Thailand. Living cultures were stored in the Culture Collection at Mae Fah Luang
University (MFLUCC). Facesoffungi and Index Fungorum numbers were registered as outlined in
Jayasiri et al. (2015) and Index Fungorum (2020). Species are delineated based on
recommendations outlined by Jeewon & Hyde (2016).

DNA isolation, amplification and analyses

Genomic DNA was extracted from fungal colonies growing on PDA or MEA or directly from
the fruiting bodies as designated in Perera et al. (2016b). DNA amplifications were performed by
polymerase chain reaction (PCR). Part of the large subunit nuclear rRNA gene (LSU) was
amplified with primer pairs LROR (Rehner & Samuels 1994) and LR5 (Vilgalys & Hester 1990).
The small subunit nuclear rRNA gene (SSU) was amplified with primer pairs NS1 and NS4 (White
et al. 1990). Primer pairs ITS4 and ITS5 were used to amplify the 5.8S rDNA region and flanking
internal transcribed spacers (ITS) (White et al. 1990). The translation elongation factor 1-alpha
gene (TEF1) was amplified by using primers EF1-983F and EF1-2218R (Rehner 2001, Currie et al.
2003) or the primers EF1-728F and EF1-986R (Carbone & Kohn 1999) or EF2 (O'Donnell et al.
1998). The RNA polymerase Il second largest subunit (RPB2) gene was amplified with primers
fRPB2 and fRPB2-7cR (Liu et al. 1999). The beta-tubulin (TUB2) gene was amplified by using
primers T1 (O’Donnell & Cigelnik 1997), Bt2b (Glass & Donaldson 1995), CYLTUBIR (Crous et
al. 2004) or T22 (Cigelnik 1997). Histone H3 (HIS3) region was amplified with the primers
CYLH3F and CYLH3R (Lombard et al. 2012). PCR was performed following the protocols in
Perera et al. (2016b). Assemblage of consensus sequences were done in ContigExpress (Vector
NTI Suite 6.0). Newly generated sequences were deposited in NCBI GenBank and accession
numbers are given at the end of the protologue.

Figure 3 — Archephoma cycadeoidellae. a Mature pycnidium containing numerous globose
conidia. b Conidia. Meniscoideisporites cretacea. ¢ Pycnidium. d Conidium. Palaeodiplodia
yezoensis. e Ellipsoidal conidia. Scale bars: a, c—e = 50 um, b = 100 um (re-drawn from Watanabe
et al. 1999).
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Figure 4 — a—i Xylaria species associated with forest fruits. a Xylaria sp. on an undetermined fruit.
b, e Xylaria xanthinovelutina on a Fabaceae fruit. ¢ Xylaria sp. on a Swietenia mahagoni fruit. d
Xylaria sp. on a Swietenia macrophylla fruit. f, g Xylaria arbuscula on Swietenia mahagoni fruits.
h, i Xylaria spp. on Swietenia mahagoni fruits.
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Figure 5 — a-m Fungi associated with forest fruits. a, b Thozotella lithocarpi on seed of
Lithocarpus sp. ¢, d Parascedosporium-like fungus on fruiting rachis of Lithocarpus sp. e, f
Thozetella fabacearum on a Fabaceae seed pod. g, h Diplodia sp. on a Fabaceae pod. i Discomycete
on a Pseudotsuga menziesii cone. j, k Basidiomycete on Pseudotsuga menziesii cones. |
Basidiomycete on Dipterocarpus fruit. m Basidiomycete on a Cassia grandis pod.

Phylogenetic analyses

The sequences obtained in this study were supplemented with the additional sequences
retrieved from GenBank. The sequences were aligned using MAFFT v. 7 online server
(http://mafft.cbrc.jp/alignment/server/) and, rechecked visually and improved manually using
BioEdit v. 7.0.5.2 (Hall 1999). Ambiguous regions were excluded from the analyses and gaps were
treated as missing data. Phylogenetic analyses were carried out with maximum likelihood analysis
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(ML), which was performed at the CIPRES web portal (Miller et al. 2010) using RAXML v. 8.2.12
as part of the “RAXML-HPC2 on TG” tool (Stamatakis 2006). Bayesian inference analysis (Bl)
was performed in MrBayes v. 3.2.0 (Ronquist & Huelsenbeck 2003). Phylogenetic trees were
viewed in FigTree v1.4 and modified using Microsoft PowerPoint 2016.

Before combining, single gene phylogenetic analyses were conducted for each locus to
compare the tree topology and clade stability. The names of the isolates obtained in this study are
printed in blue font and names of ex-type and ex-epitype taxa are printed in black bold font in the
trees. Maximum likelihood bootstrap support values >75% (BT) and Bayesian posterior
probabilities >0.99 (PP) are given at the nodes respectively.

Results
Taxonomy
The classification of Sordariomycetes has been detailed in Hyde et al. (2020) and provided in

the Outline of fungi and fungus-like taxa by Wijayawardene et al. (2020) and is followed here.

Amphisphaeriales D. Hawksw. & O.E. Erikss.
Beltraniaceae Nann.

Beltraniella Subram.

a9/1.00 |Beltraniella fertilis MFLUCC 17-2137

Beltraniella fertilis MFLUCC 19-0487

Beltraniella japonica NBRC 30443

Beltraniella pandanicola MFLUCC 18-0121
Beltraniella acaciae CPC 29498

Beltraniella portoricensis CBS 856.70

-11.00 — Beitraniella carolinensis 111.4.1 Beltraniella
Beltraniella humicola CBS 203.64
Beltraniella pseudoportoricensis CBS 145547
Beltraniella thailandica MFLUCC 16-0377
[ Beltraniella ramosiphora MFLUCC 17-2582
Beltraniella odinae NBRC 6774
xi: s Beltraniella endiandrae CPC 22193
Beltraniella botryospora TUFC 10083
Pseudobeltrania ocoteae CPC 26219 Outgroup
0.007

Figure 6 — Phylogram generated from RAXML analysis based on combined ITS and LSU sequence
data of Beltraniella isolates. Sequences from fifteen taxa, which comprise 1311 characters
including gaps, are included in the analyses. The tree was rooted to Pseudobeltrania ocoteae (CPC
26219). The scale bar indicates 0.007 nucleotide changes per site.
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Beltraniella fertilis Heredia, R.M. Arias, M. Reyes & R.F. Castafieda, Fungal Diversity 11: 100
(2002) Fig. 7

Saprobic on dried fruit of Lithocarpus sp. Sexual morph: Undetermined. Asexual morph:
Hyphomycetous. Colony on the host greenish. Setae 115-185 x 3.5-4.5 um (n = 10), erect, dark
brown, thick-walled, indistinctly septate, with prominent warts, straight or flexuous, unbranched,
tapering to an acute apex, arising from radially lobed basal foot cell. Long setiform conidiophores
not observed. Short conidiophores 33-50 x 3.5-5 um (X = 41.8 x 4.1 pm, n = 15),
macronematous, mononematous, single or arranged in groups around the setae, erect, straight or
slightly curved, simple or branched, septate, subhyaline to pale brown, thin-walled, smooth-walled.
Conidiogenous cells 6-20 x 4-6 pm (x = 10.4 x 3.5 um, n = 15), terminal and intercalary,
subcylindrical, polyblastic, apex with several flat-tipped denticles, pale brown, smooth-walled.
Separating cells 7.5-10 x 3-4.1 um (X = 8.6 x 3.5 um, n = 10), ovoid or obovoid, fusiform,
hyaline to subhyaline, thin-walled, smooth-walled, with a single flat-tipped denticle. Conidia 20-22
x 43-55 ym (X = 20.8 x 4.8 um, n = 20), solitary, turbinate to pyriform, distal end truncate,
subhyaline, smooth, aseptate, with median transverse band of lighter pigment, base tapering to an
acutely rounded tip.

Culture characteristics — Conidia germinating on PDA within 12 hours. Colonies on PDA
reaching 7.5 cm wthin 14 days at 28°C, medium dense, circular, flat, even margin, with sparse
aerial mycelium, white from above, reverse dark brown.

Material examined — THAILAND, Chiang Mai Province, on dried fruit of Lithocarpus sp.
(Fagaceae), 22 December 2017, R.H. Perera, Seed 06 (MFLU 19-0982), living culture MFLUCC
19-0487.

GenBank numbers — ITS: MT215489, LSU: MT2155309.

Notes — In the phylogenetic analysis our new isolate clustered with Beltraniella fertilis
(MFLUCC 17-2137) with high statistical support (99% MLBT, 1.00 BIPP; Fig. 6). A comparison
of nucleotides shows ITS and LSU loci of our isolate are identical to B. fertilis (MFLUCC 17-
2137). Our collection is similar to B. fertilis by its setae, conidiophore and conidial morphology and
dimensions (Heredia et al. 2002, Lin et al. 2017). Therefore, our collection is a new host record for
B. fertilis.

Chaetosphaeriales Huhndorf, A.N. Mill. & F.A. Fernandez
Chaetosphaeriaceae Locq.

Dictyochaeta Speg. 1923
Dictyochaeta coryli R.H. Perera, E.B.G. Jones & K.D. Hyde, sp. nov. Fig. 9

Index Fungorum number: IF556867; Facesoffungi number: FOF07752

Etymology — Named after the host genus Corylus.

Holotype — MFLU 19-1387

Saprobic on dried Corylus avellana fruits. Sexual morph: Undetermined. Asexual morph:
Hyphomycetous. Colonies on natural substrate, effuse, hairy, pale brown, with glistering white
conidial masses. Setae 115-135 x 3.5-4.8 um, straight or flexuous, septate, unbranched, pale
brown to brown, paler towards the apex, apex fertile with persistent collarettes, smooth-walled.
Conidiophores 55-70 x 3.3-4 pm (X = 62.3 x 3.8 um, n = 15), macronematous, mononematous,
solitary or in small groups often associated with setae, straight or flexuous, cylindrical, unbranched,
septate, smooth, brown to pale brown, almost hyaline at apex, smooth-walled. Conidiogenous cells
10-22 x 2.7-3.8 um (X =15.7 x 3.3 um, n = 15), monophialidic, integrated, terminal, sympodially
proliferating, determinate, sub-cylindrical, pale brown, with distinct, funnel-shaped collarettes,
1.2-1.6 pm high, 2.2-3 pm wide. Conidia 12-19.5 x 2.3-3.5 um (X = 17.4 x 3 um, n = 30),
solitary, aseptate, fusiform, curved, sometimes guttulate, hyaline, smooth-walled, in slimy mass,
single setula at each end, 4.7—8.4 um long, 0.5-0.8 um wide, filiform, hyaline.

Culture characteristics — Conidia germinating on PDA within 12 hours. Colonies on PDA
reaching up to 30 cm diameter after 21 days at 28°C, circular or irregularly circular, medium dense,
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effuse, aerial mycelium forming concentric rings with cottony texture, edge entire, white from
above, reverse brown.

Material examined — UK, Hampshire, Bishop Waltham, standing water, on dried fruits of
Corylus avellana L. (Betulaceae), 8 December 2017, E.B.G. Jones, GJ 406 (MFLU 19-1387,
holotype).

GenBank numbers — ITS: MT215494, LSU: MT215545.

Figure 7 — Beltraniella fertilis (MFLU 19-0982). a Herbarium material. b Colony on natural
substrate. ¢, d Setae with conidiogenous apparatus. e Conidiophores, conidiogenous cells with
conidia. f—j Conidia. k Germinating conidium. Scale bars: b = 500 pum, ¢, d = 50 pm, e = 20 pm, f—j
=10 um, k=20 pm.
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Dictyochaeta submersa MFLU 18-2321
Dictyochaeta cangshanensis MFLU 18-1614
Dictyochaeta brevis MFLU 19-0216
Dictyochaeta terminalis MFLU 19-0214

Dictyochaeta ellipsoidea MFLU 18-1612

Dictyochaeta lignicola MFLU 18-1613
Dictyochaeta pandanicola KUMCC 16-0153
Dictyochaeta assamica CBS 242 66
Dictyochaeta lithocarpi MFLUCC 17-2228

Dictyochaeta lithocarpi MFLUCC 19-0488 DicHcto
- Dictyochaeta triseptata CPC 24797
Dictyochaeta aquatica MFLU 15-2691
Dictyochaeta mimusopis CBS 143435
Dictyochaeta fertiis CBS 624.77
Dictyochaeta coryli MFLU 19-1387
Dictyochaeta simplex CBS 623 68
Codinaea lambertiae CBS 143419 ol
Codinaea pini CBS 138866
Calvolachnella guaviyunis CBS 134695 Calvolachnella
Rattania setulifera GUFCC 15501 Rattania
sanoq— Tainosphaeria siamensis MFLUCC 15-0607 Tainosphaeria
E'ramosphaeﬂa crassiparies SMH 1934
Dictyochaeta slamensis MFLUCC 15-0614
Thozetella fabacearum MFLUCC 15-1020 Thozetella
1%~ Thozetella pinicola RJ-2008
I: Menisporopsis theobromae MFLUCC 15-0055 Menisporopsis
S Phialosporostilbe scutiformis MFLUCC 17-0227 Phialosporostilbe
Pseudodinemasporium fabiforme HHUF 29716 Pseudodinemasporium
l Neoy dolachnella tispora HHUF 29727 Neopseudolachnella
Dendrophoma cytisporoides CBS 223.95 Dendrophoma
Brunneodinemasporium brasiliense CBS 112007 et ettt
bl 100~ Brunneodinemasporium jonesii GZCC 16-0050
Pseudolachnella longiciliata HHUF 27528 Pseudolachnella
Fseudolachnella scolecospora HHUF 30268
Multiguttulispora sympodialis MFLU 19-0218 Multiguttulispora
Pseudolachnea fraxini CBS 113701 e T
98100 pseudolachnea hispidula HHUF 30118
_|_—Anacacum:'5p0ﬂ'um appendiculatum HMAS 245593 Anacacumisporium
Striatosphaeria codinaeophora SMH 1524 Striatosphaeria
7o-| _sooncof~ Dinemasporium nelloi MFLU 14-C0811 Dinemasporium
~| ID:’nemaspon'um strigosum CBS 828.84
Menispora tortuosa AFTOL-ID 278 Menispora
_E Dictyochaeta septata CBS 143386
"""— Dictyochaeta curvispora CBS 114070
100/1.00 Infundibulomyces cupulata BCC11929% -
—Efnfundibulom yces oblongisporus BCC13400 Mfiitcititiontyces
won oo [~ Sporoschisma longicatenatum MFLUCC 16-0180 s chisma
Sporoschisma hemipsilum MFLUCC 15-0615 f
Chloridium aseptatum MFLU 11-1051 Chloridium
Adautomilanezia ¢ Ipiniae LAMIC010212 Adautomilanezia
1001 00 Nawaw@ ﬁfformfs MFLUCC 16-0853 e
821 Nawawia filiformis MFLUCC 17-2394
Exserticlava vasiformis TAMA 450 Exserticlava
- Umbrinosphaeria caesariata CBS 102664 Umbrinosphaeria
Zanclospora iberica CBS 130426 Zanclospora
Eucalyptostroma eucalypti CPC 28764 Eucalyptostroma
____|Dr'cryochaera fuegiana FMR 13126
(e Dictyochaeta fuegiana ICMP 15163
Cryptophiale udagawae MFLUCC 18-0422 Cryptophiale
Cryptophialoidea fasciculata MFLUCC 17-2119 Cryptophialoidea
Conicomyces pseudotransvaalensis HHUF 29956 Conicomyces
Chaetosphaeria innumera SMH 2748 Chaetosphaeria
100i1.00] Pyrigemmula aurantiaca CBS 126744 Pyrigemmula
oo Pyrigemmula aurantiaca CBS 126743
Lecythothecium duriligni CBS 101317 Lecythothecium

Dictyochaeta cylindrospora MUCL 39171
Leptosporella gregaria SMH 4290
Leptosporella bambusae MFLUCC 12-0846
02

Outgroup (Leptosporellaceae)

Figure 8 — Phylogram generated from RAXML analysis based on combined ITS and LSU sequence
data of selected Chaetosphaeriaceae isolates. Sequences from sixty-eight taxa, which comprise
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1438 characters including gaps, are included in the analyses. The tree was rooted to Leptosporella
bambusae (MFLUCC 12-846) and L. gregaria (SMH 4290). The scale bar indicates 0.2 nucleotide
changes per site.

Figure 9 — Dictyochaeta coryli (MFLU 19-1387, holotype). a Herbarium material. b Colony on
fruit. ¢ Seta. d, e Conidiophores and conidiogenous cells. f-k Conidia | Germinating conidium. m, n
Colony on MEA. Scale bars: b = 200 um, c—e = 100 pm, f-1 =10 pm,

Notes — Dictyochaeta coryli groups with D. fertilis (S. Hughes & W.B. Kendr.) Hol.-Jech.
(CBS 624.77) in our phylogenetic analysis, with low statistical support (Fig. 8). Dictyochaeta
coryli differs from D. fertil