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Abstract: Tremella fuciformis is a jelly fungus, so called Silver Ear, and very common in
the world. It has been used as medicine in China, and is also recognized as natural food
in Taiwan. Because of its values in medicine and economy, it is worth understanding
its phylogeny and cultivation. Phylogenic grouping can be achieved by studying fungal
morphology and the large submit ribosomal DNA sequences. Comparing morphological
characters and molecular phylogenies, Tremella species can be divided into five phylo-
genetic groups, i.e. Aurantia, Foliacea, Fuciformis, Indecorata, and Mesenterica group.
The novel technical cultivation of Silver Ear uses two isolates, 7. fuciformis and its host
Annulohypoxylon archeri (=Hypoxylon archeri), to obtain a rich yield.

1. Introduction

The fungal flora of Taiwan has been investigated since 1904, has been stu-
died increasingly up to 2013, and is now estimated to comprise some 1,276
genera with 5,396 species, including subspecies and synonyms. The number
of Taiwanese species accounts for 8.3 % of the the global record. The fungal
diversity plays an important role in the study of fungal evolution, cultivation
and even bio-resources for further application. The phylogeny in the genus
Tremella and the novel cultivation of silver ear mushroom in Taiwan, 7. fuci-
formis, are discussed in this paper.

Since the planning of a nation-wide research project of “Fungal Flora of
Taiwan”, which is supported by the National Science Council of Taiwan since
1983, the floristic survey of Heterobasidiomycetes has been neglected and
very little progress was made owing to the absence of qualified taxonomic
specialists of this fungal group in the country. Although fungi are common
ingredients for Asian food (e.g. T fuciformis, Lentinula edodes, Flammulina
velutipes), scientific research on their agriculture began quite late. Because of
the scanty literature on tropical fungi in Asia, the process of the inventory is
slow. Therefore, it was desirable to begin with a monograph of a genus as a
basic contribution to Taiwanese mycological research.

This study aims to investigate Tremella and related Sirobasidium species
including type specimens. Additionally, other important herbarium material
had be studied to understand the morphological differences which fructifica-
tions show in natural habitats. Investigating the association with hosts in sym-
biotic, parasitic and saprobic interactions will provide essential information
for adequate culturing conditions. While the association with other fungi is
common among Tremella species, it is not clear whether it is mycoparasitism
in each case (Banponi 1987). Mycoparasitism of Tremella on Corticiaceae
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and/or Stereaceae are partially well studied, however, field observations of
interactions of Tremella with Ascomycetes have yet not been emphasized.

The genus Tremella has been treated to some degree by LooNEy (1933),
Banpont (1957) and Donk (1966). Members of the genus Tremella (type: T.
mesenterica RETz.: Fr.) have the largest and quite heterogeneous basidiocarps
in the family Tremellaceae and comprise allegedly mycoparasitic species
growing on the hymenium of Aphyllophorales, in basidiocarps of Dacrymy-
cetales, on perithecia and/or stromata of Ascomycetes, as well as on lichens.
A description of Tremella PErs. sensu lato is: jelly-like basidiocarps, soft to
firm-gelatinous when moist, tremulous, pulvinate or cerebriform to foliose
or lobed, flat or horny when dry; basidia globose to ovoid or pyriform to ca-
pitate or clavate, longitudinally and/or obliquely cruciate-septate; sterigmata
cylindrical, with or without swollen apex; basidiospores subglobose to oval,
germinating by budding or repetition, occasionally by germ tubes; generally
growing on dead wood, associated with or without other fungi. In addition,
tropical species of Tremella predictably include numerous undescribed spe-
cies (Banponi 1995). Within the Tremellales four families are described, and
many of the genera are monotypic:

Tremellales REa 1922
Tremellaceae Fries 1822
Bulleromyces Boeknout & Fonseca 1991 (1 sp.)
Holtermannia Sacc. & Trav. 1910 (5 spp.)
Sirotrema BanDONI 1986 (3 spp.)
Tremella Pers. 1794 (valid names >80 spp.)
Trimorphomyces BANDONI & OBERWINKLER 1983 (1 sp.)
Xenolachne RoGers 1947 (2 spp.)
Sirobasidiaceae MOLLER 1895
Sirobasidium LAGERH. & PaTt. 1892 (8 spp.)
Fibulobasidium Banpont 1979 (1 sp.)
Tetragoniomycetaceae OBERWINKLER & BAnDONI 1981
Tetragoniomyces OBERWINKLER & Banpont 1981 (1 sp.)
Phragmoxenidiaceae OBERWINKLER 1990
Phragmoxenidium OBERWINKLER (1 sp.)

The genus Sirobasidium, with basidia in chains, was erected by PATOUILLARD
and LAGERHEIM in 1892, comprising S. albidum and S. sanguineum. Since then
only eight species were published.

An important part of the life history in 7Tremella is a yeast stage. Basidia
bear haploid basidiospores which germinate by budding or repetition in vitro.
On the surface of fresh basidiocarps in nature, the secondary spores may also
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germinate by budding or repetition (Banponi 1971, 1987). Compatible cells
produce conjugation tubes in response to pheromones (BOLKER & KAHMANN
1993, BoekHout et al. 1991, Hirata et al. 1980, Mivakawa et al. 1984, 1985a,
1985b, Okupa et al. 1981) and, after conjugation, the dikaryotic phase is ini-
tiated. Cells which fail to conjugate may revert to budding (Banponi 1965,
1987). The pheromones of 7. mesenterica were isolated and identified as de-
capeptides (Sakacawmi et al. 1981). Pheromones of the closely related species
T. brasiliensis (MOLLER) LLoyD were identified by IsHiBasHI et al. (1984) and
were found to be similar, namely tremerogens (BOLKER &KAHMANN 1993).
Dikaryotic conidial development often precedes or accompanies basidial de-
velopment, e.g. in 7. mesenterica. It is also possible that some of the conidia,
developing in basidiocarps are haploid, e.g. in 7. vasifera C.-J. CHEN (1998).

In earlier studies, biochemistry and physiology were often used for com-
paring related species. Conjugation was first shown to be regulated by com-
plementary pheromones secreted by the Al and A2 strains of 7. mesenterica
(Banpont 1965). Nakase and Komacara (1971) reported that G+C content of
the DNA of Tremella species fell within the range of the genus Cryptococ-
cus. Based on similar long-chain fatty acid compositions, Smit et al. (1988)
endorsed a possible close relationship between C. laurentii and T. encephala.

Since DiLLENIUS (1741) created the genus Tremella, many mycologists have
contributed to its taxonomy, however, it is still not settled since most of the
type specimens are lost and the original descriptions and illustrations of nu-
merous taxa are obscure and confusing. Most of the taxa were not provided
with descriptions of the hymenium and subhymenium, inner parts of the ba-
sidiocarps, sterile surfaces close to the substrate, as well as of conidial stages.
Basidia and spore measurements alone cannot provide enough information for
the identification of species. Moreover, redundant and inconsistent descrip-
tions and confused terminology impede systematic conclusions.

2. Materials and methods
2.1. Morphology and phylogeny
2.1.1. Morphology observation

Zeiss Lab16 light microscope with phase optics was used for illustrations.
Most of illustrations were scaled with 10 pm, basidiospores with 5 um, in
double magnification.
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2.2. DNA sequencing
2.2.1. DNA preparation

According to differences of fresh cultures and dry specimens, two distinct
methods were performed. The Chelex method modified from SINGER-SaMm et al.
(1989) and WaLsH et al. (1991) was typically used for DNA extraction of cul-
tures. Because it supported a very quick, convenient and efficient procedure,
all genomic DNA from cultures was obtained under this method. However,
the dry material was not adapted to be used by the Chelex method. The liquid
nitrogen method, therefore, following the procedures described by EDwaRDs
et al. (1991) and HenriON et al. (1992) with modifications was used for DNA
extraction of herbarium material. The primers NL1/NL4 (O’DoNNELL 1993,
BoekHourT et al. 1995) in pairs were selected for performing the polymerase
chain reaction (PCR) (MuLLis & FaLoona 1987, WHITE et al. 1990) to amplify
the 5 end region of the large subunits (LSU).

2.2.2. Cyclic and autofluorence sequencing

The Perkin Elmer ABI PRISM™ Dye Terminator Cycle Sequencing Kit
and autofluorence sequencer ABI 373A for sequencing the cyclic PCR pro-
duct were used following the dideoxynucleotide chain termination method
(SANGER et al. 1977).

2.2.3. Neighbor Joining alignment

DNA sequences were corrected by using SeqEd (version 1.0.3, Applied
Biosystems), and initially aligned using the PHYLIP (FELSENSTEIN 1993). Phy-
logenetic analysis according to Neighbor Joining method (Sarrou & NEe1 1987,
L1 & Graur 1991) was performed with the DNAdist and NEIGHBOR modu-
les of PHYLIP version 3.51c (FELSENSTEIN 1993). Bootstrap analysis (FELSEN-
STEIN 1985) with 100 alignment replicates was applied to the Neighbor Joining
method by using SeqBoot and CONSENSE from PHYLIP.

3. Cultivation of Tremella fuciformis
3.1. Mixed cultures

Because 7. fuciformis is a mycoparasite on Annulohypoxylon archeri
(Berk.) Y.M. Ju, J.D. RoGers and H.M. Hsien (Hsien et al. 2005), adequate
mother spawn requires both, host and parasite. They were cultured together in
the same tube or petri dish medium, usually potato dextrose agar, in a so called
“dual culture” method to observe the mycelial interaction.
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A mixture of agar or liquid mother spawn usually can be used to inoculate
the sawdust bran substrate with 60—65 % moisture content in bottles at 2224
°C until the formation of primordia for primary spawn. The mixed culture
age influences the yield of silver ear mushroom; therefore the period of day
6,10,14 and 18 after inoculation in substrate used for spawn has been used.

3.2. Temperature for primordia

In order to find out the optimum temperature for best primordia growth,
18, 20, 22, 24 and 26 °C have been applied. To insure a proper combination
of Tremella and Annulohypoxylon, the culture has been crumbled and mixed
thoroughly before spawning.

3.3. Substrate and fructification

In general, sawdust and rice bran (or wheat bran) have been used as sub-
strates to cultivate 7. fuciformis in Taiwan although cottonseed hull has been
reported to get higher yields in China. The substrate formulation was soft-
wood sawdust : rice or wheat bran : gypsum or lime : sucrose = 78:20:1:1,
water content approximately 60 %. Fill Substrate into the polypropylene and
polyethylene (PP) bottles, sterilize at 121°C for 4 hours, cool down in a cold
room over night until the temperature of the bottle center is lower then 28°C,
take a small portion of mixed spawn, inoculate at 22-24°C until the mycelium
fills up the substrate, then move the bottle to the fruiting room at optimum
temperature for fructification.

4. Results and discussion
4.1. Morphology
4.1.1. Morphology

Because morphological characters are insufficient, additional biochemical
(Sropki et al. 1966), physiological (Burt & Cazin 1976, 1982), and molecular
markers (Hanson & WELLS 1991) might be helpful for understanding the phy-
logenetic relationships in Tremella. So far, few molecular data from 7remella
species have been published. Only some 5.8S and 18S ribosomal sequences
were used for comparison with data from other taxa in the Tremellales or for
estimating the systematic position of the Tremellales within basidiomycetes
(e.g. Branz & UnseLp 1987, Juna et al. 1995, Kwon-CHUNG et al. 1995, Mirt-
cHELL et al. 1992, SwaNN & TAYLOR 1993, WALKER & DooLITTLE 1982). There-
fore, additional phylogenetic studies, using detailed morphological and mole-
cular data, are necessary for analyzing the relationships of Tremella species.
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Based on micromorphology, eleven new Tremella taxa were proposed, in-
cluding nine species collected in Taiwan and two in Germany, namely Tremel-
la giraffa C.-J. CHEN, T. cerebriformis C.-J. Cuen, T. flava C.-J. CHEN, T. fusco-
succinea C.-J. CHeN, T. griseobrunnea C.-J. CHEN, T. neofoliacea C.-J. CHEN,
T’ nivalis C.-J. Cuen, T. resupinata C.-J. Cuen, T. taiwanensis C.-J. CHEN, T.
tropica C.-J. CHEN and T vasifera C.-J. CHEN (CHEN 1998). In addition, four-
teen Tremella and one Sirobasidium species were studied morphologically in
detail (CHEN 1998).

4.1.2. Description and illustrations of Tremella fuciformis

Tremella fuciformis BERKELEY 1856 (Figs. 1-8)
Jour. Bot. & Kew Misc. 8: 277.
=Nakaiomyces nipponicus Y. KoBayasi 1939

Macromorphology

Basidiocarps foliose, the lobes caespitose, lobed or forked, or with mar-
gins incised or crenate or sometimes entire, crisped, undulate, firm-gelatinous,
white, up to 5 cm @ and 3 c¢m high, dry becoming pale whitish yellow; lobes
usually very thin, generally associated with Hypoxylon sp. or Annulohypoxy-
lon sp.

Micromorphology

Basidia: probasidia initials typically clavate, mostly proliferation
from swollen and short hyphae, sometimes through the basidial
clamps; mature basidia predominantly subglobose to ellipsoid,
some globose or narrow clavate, (9—)11-13(—17) x (7-)8—-10(—
11) um [Q=(1.00-)1.20-1.86(-2.29)], longitudinally, obliquely
or diagonally cruciate-septate, mostly 4-, occasionally 2- or
3-spored; sterigma up to 50 x 2 um, apically swollen up to
4-5 pm.

Spores: broadly ellipsoid to ellipsoid, 7-8(-9) % (4-)5-6(-7) pm
[Q=(1.14-)1.27-1.55(-1.70)], smooth, hyaline, germinating
by budding, repetition or sometimes germ tubes.
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Figs. 1-5: from wild specimens: Fig. 1: Basidiospores, three of them germinating with germ tubes.
Fig. 2: Part of hymenium with basidia of different developmental stages, thin- and thick-walled hy-
phae with clamps and anastomoses. Fig. 3: Part of hymenium of basal part of a mature basidiocarp
close to the substrate with collapsed basidia, catenulate cells, thin- and thick-walled hyphae with
clamps, anastomoses, as well as two basidiospores. Fig. 4: Structure of the inner part of basidiocarp.
Note that hyphae are swollen partly, wrinkled and thick-walled. Fig. 5: Structure in the inner part
of the basidiocarp close to the substrate. Note that many swollen cells conjugate with neighboring
cells.

Conidia: absent, but some clamped and catenulate cells looking like
conidia, globose to broadly ellipsoid, mostly 8-11 X
6—10 um [Q=1.0-1.23(-1.40)], abundant in basal parts close
to the substrate, occasionally appearing in the hymenium on
the surface of basidiocarps.

Vesicles: absent.

337



C.-J. Chen

Swollen cells: in the inner part of basidiocarps, shape variable, mostly
subglobose to oval, 9-14(-18) x 7-12(-15) um [Q=(0.90-)
1.12-1.43(-2.12)]; the terminally and subterminally swollen
cells of commercial basidiocarps on the sterile surface close
to the substrate existing, terminal cells subglobose to oval,
occasionally pyriform with short stalks, (15-)35-52 x (15-) 24—
37 um [Q=(1.00-)1.08-1.46(—1.73)] (measurements including
stalks), stalks up to 4-6 pum long; subterminal cells, mostly
citriform, tapering both sides, occasionally oval to capitate,
35-50 x 18-30 pm [Q=1.35-2.14(-1.78)] (measurements
including stalks), stalks up to 17 um long.

Hyphidia: absent.

Hyphae: in the inner part of basidiocarps mostly 2—4 pum @, sometimes
up to 6 um @; abundant ball-like hyphae close to clamps,
frequently anastomosing with one to three neighboring cells,
like a network; in the subhymenium mostly 4-7 um @, close to
the substrate up to 12 um @; in the commercial material, hyphae
in the hymenium and subhymenium variable in shape, mostly
7-20 um o.
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Figs. 6-8: Cultivated specimens. Fig. 6: Cultivated specimen. Part of hymenium with one mature
basidium, several terminally and subterminally swollen cells, haustoria producing single hyphae,
thick-walled hyphae and anastomoses. Fig. 7: Part of sterile surface of the basidiocarps close to the
substrate. Note that many terminally and subterminally swollen cells are in chains. Fig. 8: Cultivated
specimen. Structure in the inner part of basidiocarp with several terminal cells, one haustorium, thin-
to thick-walled hyphae and anastomoses.
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Haustoria: abundant in basal parts close to the substrate, rarely in mature
hymenium, clamped, haustorial hyphae often branched.

Habitat and

substrate: on Hypoxylon sp. or Annulohypoxylon sp. growing on
decayed stems of Prunus sp. (Sakura) and decayed wood
of Fagaceae.

Type locality:  Panuré, Brazil.

Distribution: tropic, subtropic and temperate zones.

Remarks

Tremella fuciformis is probably one of the most beautiful fungi growing in
subtropical and tropical areas, or even temperate zones. It was first found in
Brazil but has developed to an artificially cultivated species in Taiwan, China
and some other countries in Asia. It is clearly associated with Ascomycetes in
the field, especially Hypoxylon spp. or Annulohypoxylon spp., however, unlike
other Tremella mycoparasites in basidiocarps of Basidiomycetes, the real host
relationship of this group is still not investigated.

The basidiocarps are firm. Even soaking in 5 % KOH solution does not easily
release the hymenial structure. This is apparently due to the numerous anasto-
moses in the subhymenium. Similar structures can be seen in Tremella flava.
These species have three similarities: 1) the hyphae are frequently forming anas-
tomoses, particularly in the subhymenium, 2) as soon as basidiospores were dis-
charged, the basidium will collapse, 3) ecologically they are always associated
with Hypoxylon sp. or Annulohypoxylon sp. in nature.

Tremella fuciformis has two substantial characters in the inner part of ba-
sidicarps and subhymenium: 1) the hyphae are often swollen towards the
clamps, and then forming predominately anastomoses with neighboring hy-
phae; 2) the numerous anastomoses, typically present in the subhymenium,
make such basidiocarps very stout. The artificially cultivated basidiocarps are
slightly different in structures. Particularly the very big swollen cells in chains
are present on the sterile surface of basal parts of basidiocarps close to the
substrate.

OLIVE (1958b) reported from 7. fuciformis collected in Tahiti, that their ba-
sidiocarps are quite often parasites on a sphaeriaceous or phomaceous fungi.
Nevertheless most of their host-parasite relationships have not been clarified
until now. When cultivating 7. fuciformis artificially, the culture is always mixed
with mycelia of Hypoxylon sp. or Annulohypoxylon sp., inoculated into logs or
plastic bags. The real host relationships should be investigated by transmission
electron microscopically with hosts and parasites in pure culture interactions.
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Nevertheless, the interactions of haustorial and host hyphae cannot be seen
clearly microscopically in situ. By checking the structures of hyphae in the sub-
strate or between asci and Tremella hyphae, interactions cannot be observed.
The branched haustorial hyphae can be found in the substrate.

Furthermore, OLIVE found that this species has vesicles in the hymeni-
um. This could not be observed in my study. The Penicillium-like imperfect
stage in the life cycle of T. fuciformis reported by CHeEN and Hou (1979) was
probably only a contamination.

KoBavasi (1939) erected a new genus, Nakaiomyces, which he found to re-
semble Tremella in every respect except for the presence of dark “setulae”. It is
obvious from his illustrations that the material he described was infected with
imperfect fungi. OLIVE (1958b) therefore believed Nakaiomyces is not a valid
genus because some of his own collections from Tahiti had the same infection.

The structures of cultivated 7. fuciformis are moderately different from ty-
pical basidiocarps in nature. For example, although the basidiocarps are well
developed, the basidia are rarely mature, reversely most of them are remaining
at young stage or becoming aborted cells. Therefore, basidiospores are hard to
be found. It is conceivable that such cultivated basidiocarps growing in a green
house will lose the ability of their progenitors. Meanwhile, many swollen cells
are found in the basal parts of basidiocarps close to the substrate, which cannot
be found in nature.

4.2. Molecular phylogeny

Relationships inferred from ribosomal DNA sequences compared with
those based on morphological characters provide the information for adequate
delimitation of taxa. Large subunit (LSU) 25S rDNA sequences are potenti-
ally useful in taxonomic, ecological and evolutionary studies. The results of
LSU and ITS phylogenies compared with morphological data of Tremella spp.
strongly suggest that LSU rDNA sequences are better suited for interpreting
their interspecific phylogeny.

Molecular phylogenetic evaluations yielded five groups in the genus 7re-
mella (Fig. 9). These groups correspond largely to clades in phylogenetic stu-
dies on Tremella by Banponi and Boeknout (2011) and Tremellomycetes by
MILLANES et al. (2011) and WErss et al. (2014).

The cluster of the Mesenterica group, including 15 7. mesenterica strains,
one 7. tropica and two T. taiwanensis strains, is strongly supported (97 %)
by bootstrap. Fifteen 7. mesenterica strains are nearly identical (90 %). Two
T’ taiwanensis strains clustered at the same linkage (100 %) corroborating a
strong resemblance.
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Fig. 9: Neighbor Joining tree of LSU rDNA sequences for 46 strains of Tremella species and 3
strains of Sirobasidium magnum with Holtermannia corniformis as the outgroup. Five groups of
Tremella are separated: Mesenterica, Fuciformis, Indecorata, Foliacea and Aurantia, based on 1000
bootstrap replicates. Three strains of S. magnum, representing an individual cluster, are included
in this analysis.
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The Fuciformis group, including four 7. fuciformis strains, six 1. flava
strains and one 7. globospora, is only weakly supported (76 %), and compri-
ses two subgroups containing four 7. fuciformis strains (99 %) and six 7. flava
strains (100 %) Tremella globispora seems to be only distantly related to the
subgroup of T. fuciformis. Except for 7. globispora, all other species in this
group are growing on stromata of Hypoxylon-like fungi.

Tremella exigua, T. moriformis and T. nivalis belonging to the Indecorata
group are supported with a bootstrap of 84 %. Two T. nivalis strains collected
in Kuanwu Forest and Tahsueh Shan Forest in Taiwan are identical (100 %).
Tremella moriformis RIB 6639-16 is a sister of 7. nivalis (99 %).

The Foliacea group, consisting of 7. foliacea, T. neofoliacea, T. mycophaga
and 7. simplex, is strongly supported (100 %). Tremella mycophaga and T.
simplex, mycoparasites of Aleurodiscus spp., cluster together (90 %).

Species growing on Stereum spp., including two 7. encephala strains and
the type of T. microspora, are strongly supported (100 %). Two strains of 7.
encephala from Taiwan are identical (100 %). The type of T. giraffa appears
in a sister position to 7. encephala, thus can be included in the Aurantia group
in this sampling. Three S. magnum strains cluster together (100 %).

4.2.1. AURANTIA group: basidiocarps heterogeneously mixed with basidio-
mycetaceous-host hyphae up to the subhymenium, basidia mostly pyri-
form to capitate, subhymenial structure loose, haustoria abundant. Mor-
phologically the Aurantia group is characterized by five main features:

1)  basidiocarps large, conspicuous to lacking (i.e. Tremella in Dacry-
myces).

2)  hymenial and subhymenial structures moderately loose.
3)  haustoria abundant, haustorial hyphae slender, rarely branched.

4)  host hyphae intermixing in the inner part, or even in the subhyme-
nium of the parasite.

5)  conidia, if existing, normally monokaryotic.

Many Tremella species are known as parasites of basidiomycetaceous fun-
gi, except 7. compacta, T. steidleri, T. boraborensis and T. loculata, which are
not reported to be mycoparasitic. Even though they are not mentioned to be
parasites, they are assumably belonging to this group. Besides 7. encephala
and 7. microspora, used in this study for molecular analyses, 7. aurantia is
found in this clade (Banpont & BoekHout 2011, MiLLanes et al. 2011, WEiss
et al. 2014) and also 7. aurantialba clusters in this group (WEiss et al. 2014).
Tremella giraffa is not supported in the Aurantia clade (Fig. 2, Banpont &
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Boexknout 2011), and it clusters with lichen parasites, group III, in a clado-
gram of MiLLANES et al. (2011). The following species are suggested to belong
to the Aurantia group:

T" aurantia Scaw.: Fr. 1822

T aurantialba BANDONI & ZANG 1990

T. aurantiolutea Lowy 1978

T. australiensis LLoyp 1912

T boraborensis OLIVE 1958a

T. compacta MOLLER 1895

1. encephala Scuw.: Fr. 1822

T giraffa CHEN 1998

T’ loculata BANDONI 1957

T microspora LLoyp 1920

T obscura (OLIVE) CHRISTIANSEN 1954

T occultifuroidea CHEN & OBERWINKLER 1999
T’ penetrans (HAUERSLEV) JULICH 1983

T polyporina Remp 1970

T ramarioides ZANG 1992

1. spectabilis MOLLER 1895

T. steidleri (Bres.) Bourbot & GaLzIN 1928
1. subencephala Banpont & GINNs 1993

T versicolor BErk. & BROOME 1854

4.2.2. FOLIACEA group: basidiocarps foliose and brown, basidia mostly
oval, subhymenium with numerous anastomoses, terminally swollen cells
in the inner parts of basidiocarps, haustoria rare. According to detailed
studies of T. vasifera, T. neofoliacea, T. fuscosuccinea and T. foliacea
sensu lato, four important characters can be summarized for this group:

1))
2)

3)
4)

basidiocarps brownish to reddish brown, conspicuously foliose.

hymenial and subhymenial structures firm, hyphae heavily anasto-
mosing.

hymenium without hyphidia.
host dependency not clear in nature.

Molecular data of BaAnponI and BoekouT (2011), MiLLANES et al. (2011) and
WEIss et al. (2014), support a cluster of 7. foliacea, T. neofoliacea, T. myco-
phaga and T. simplex, the latter two most likely identical. Thus, the following

species

might fit to this group, referring to the characters given above:
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T anomala MOLLER 1895

T aspera Coker 1920 emend. Banponi (1957)
T dahliana HEnN. 1898

T. fimbriata Fr. 1822

T foliacea sensu lato

T foliacea Pers.: Fr. sensu Banponi (1957)
T frondosa Fr. 1822

T’ fuscosuccinea CHEN 1998

T griseobrunnea CHEN 1998

T. physalia BANDONI 1957

T. neofoliacea CHEN 1998

T undulata Horem. 1787

T. vasifera CHEN 1998

T wrightii BERKELEY 1868

4.2.3. FUCIFORMIS group: basidiocarps predominantly associated with
Hypoxylon ascocarps, basidia mostly oval, subhymenial hyphae with nu-
merous anastomoses, terminally swollen cells in the inner parts of basi-
diocarps, haustorial hyphae heavily branched between the interface of
parasites and hosts, haustoria rare. The following points are the common
characters in the Fuciformis group. Many species in the group are very
similar in most respects.

1)  basidiocarps mostly foliose, whitish, yellowish or reddish.

2)  basidiocarps frequently associated with fungi of Xylariaceae, i.e.
Hypoxylon spp. and Xylaria spp.

3)  subhymenial structure firm, hyphae with numerous anastomoses.
4)  hyphidia lacking.
5)  haustorial hyphae close to the substrate always branched.

Some species, i.e. 1. elastica ZoLL. & Moritzi 1844 sensu Boebun 1940
and 7. flammea KoBayasi 1939, cannot be assigned to the group of Fuciformis,
because there is insufficient information from their descriptions and illustra-
tions. Most types or authentic material have to be restudied, especially old and
doubtful species. Alternatively, in some other species more details from illus-
trations and descriptions are available. For instance, the type of 7. dysenterica
MOLLER, restudied in detail by BANpoNT and OBERWINKLER (1983), is micromor-
phologically clearly understandable. Tremella armeniaca on Xylaria sp. (BAN-
DONI et al. 1996) can be easily grouped. Tremella samoensis var. boninensis
KoBavasi [=T. boninensis (KoBavasi) Ito & Imal] and 7. iduensis are assumably
belonging to the Fuciformis group according to the photographs of KoBavasi
(1939). Besides T. flava, T. fuciformis and T. globispora, treated in this study

344



and by

Phylogeny of Tremella and cultivation of T. fuciformis

MiLLAaNEs et al. (2011), Banpont and Boekout (2011) and WErss et al.

(2014) included also T. cinnabarina in their phylograms.

4.24. 1

1. armeniaca BANDONI & CARRANZA 1996 on Xylaria sp.
T’ boninensis (KoBavasi) Ito & Imar 1940

T’ cinnabarina (MonT.) PaT. 1900, according to KoBavasi (1974)
T. dysenterica MOLLER 1895

T’ flava CHEN 1998

T’ fuciformis BERKELEY 1856

1. globispora Remp 1970

T' grandibasidia OLIVE 1944

T iduensis KoBavasi 1939

T’ resupinata CHEN 1998

T reticulata (BErk.) FARL. 1908

T tawa McNaBB 1990 (Banpont & BucHanan 1990)

NDECORATA group: basidiocarps predominantly associated with

pyrenomycetes, basidia mostly pyriform to clavate, subhymenia loose,
haustoria rare. Although there is a copious variety in color of basidio-
carps, they are structurally very similar:

1)

2)
3)
4)
S)

basidiocarps normally not more than 1 cm @, gyrose or pulvinate,
normally growing on pyrenomycetacous fungi.

basidia pyriform, capitate, or clavate, or mixed with oval ones.
basidia mostly with apical protuberances.

spores dorsiventrally compressed (broader than long).
subhymenial structure loose, hyphae with rare anastomoses.

Bourpot and GarLzin (1928) studied some Tremella species in this group
perfectly, i.e. T albida and T. moriformis. In contrast to most other mycolo-
gists, showing only single basidia and few basidiospores, their illustrations
clearly disentangle the real structure of basidial ontogeny in the hymenium.
According to the above mentioned characters, the following species might be
potential members of the Indecorata group. However, some of the available
descriptions and illustrations are not clear enough for a final decision. Care-
ful restudies of type material is urgently needed. In molecularly based clado-
grams, MILLANES et al. (2011) and WEiss et al. (2014) also found 7. indecorata,
T. moriformis and T. nivalis clustering together.

T. acaciae OLIVE 1958b
T’ albida Hups.: Fr. 1822 according to BournoT & GALzIN (1928)
T" bambusina Sacc. 1917 emend. Banponi (1957)
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T. carneoalba Coker 1920

T clavisterigma Lowy 1964

T. durissima Lowy 1962

T’ exigua DEsm. 1847

T. fusispora BourpoT & GALZIN 1923

T indecorata SOMMERF.: Fr. 1822 according to Bourbor & GaALzIN
(1928)

T lilacea BANDONI & CArANZA 1996

T. moriformis (Fr.) SmMitH ex BERK. 1860 (BERKELEY 1860)

T’ neglecta TuL. 1871 according to Banponi (1957)

T nigrescens Fr. 1849 according to Bournot & GaLziN (1928)

T. nigrifacta BanpoNI & CArANZA 1996

T. nivalis CHEN 1998

T pulvinalis KoBayasi 1939

T pyrenophila Trav. & MiGL. 1914 according to Banponi (1957)

T. ribrancensis Lowy 1982

T subanomala Coker 1920 according to Banponi (1957)

T violacea ReLH.: Fr. 1874 according to BourpoT & GaLzIN (1928)
T virescens BRrer. 1888 according to BournoT & GaLzIN (1928)

T volcanagua Lowy 1971

4.2.5. MESENTERICA group: basidiocarps gyrose to cerebriform, yellow-

ish
nal

, basidia oval, hyphidia existing, subhymenial structure loose, termi-
cells in the inner parts of basidiocarps lacking, haustoria abundant

and haustorial hyphae heavily branched. Many species of Tremella with

yel

lowish, reddish to orange basidiocarps are related to 7. mesenterica

morphologically. They share the following characters:

1))

2)
3)

basidiocarps conspicuous, mostly larger than 1 ¢cm and whitish
yellow to orange yellow.

hymenial and subhymenial structure loose.

hyphidia in the hymenium present; terminally swollen cells in the
inner part of basidiocarps lacking.

According to the above features, it is likely that some of the species lis-
ted below belong to this group. In molecular trees of Banpont and Boekout

(2011),
pica, T.
scens 18

MIiLLANES et al. (2011) and WEiss et al. (2014), T. mesenterica, T. tro-
brasiliensis and T. taiwanensis cluster together. Apparently, 7. coale-
conspecific with 7. mesenterica (Banpont & Boekout 2011).

I' auricularia MOLLER 1895
T’ brasiliensis (MOLLER) LLoyD 1922
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1. cerebriformis CHEN 1998

T’ coalescens OLIVE 1958a

T fibulifera MOLLER 1895

T" mesenterica Retz.: Fr. 1822

T: neofibulifera KoBavasi 1939

1. philippinensis LLoyp 1922

T’ roseolutescens BANDONI & CARRANZA 1996
T rubromaculata Lowy 1964

T’ rufobrunnea OLIVE 1948

1. subrubiginosa Lowy 1976

T’ taiwanensis CHEN 1998

1. tropica CHEN 1998

T’ vesiculosa McNaBB 1990 (Banpont & BucHanan, 1990)

4.3. Cultivation of Tremella fuciformis

Tremella fuciformis is known to be a mycoparasite of Hypoxylon species
(Cuen 1998). Some of these species were reassigned to a new genus Annu-
lohypoxylon, including A. archeri, the species routinely used in commercial
cultivation (StameTs 2000, HsieH et al. 2005).

4.3.1. Influence of mixed cultures on the growth of Tremella fuciformis

S

Figs. 10-12: Fig. 10: Stock cultures on PDA petri dish. Tremella fuciformis (left) is whitish and
Annulohypoxylon archeri (=Hypoxylon archeri) (right) is greyish. A mixture of the two cultures
is used commercially for the production of Tremella fruiting bodies (Silver Ear mushroom). Figs.
11, 12: Two isolates of T. fuciformis and A. archeri grown together strongly stimulated silver ear
mycelial formation.
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Because T. fuciformis is a mycoparasite on Annulohypoxylon archeri ad-
equate mother spawn requires both, host and parasite (Fig. 10). They are cul-
tured together in the same tube or petri dish medium, usually potato dextrose
agar, in a so called “dual culture” method. The aerial mycelia of 7. fuciformis
are stimulated by inoculating culture of A. archeri (Fig. 11). The result indi-
cates that a mixed culture age of 10—14 days after inoculation is better for the
spawn (Tab. 1). A huge portion of Tremella to Annulohypoxylon ratio is requi-
red in this approach. Tremella fuciformis is incubated at 25 °C until the colony
reaches 1~2 cm in diameter, then a few hyphae of 4. archeri, approximately
0.1-1 %, are inoculated at an opposite position to create a mixed culture (CHEN
& Huang 2000). Sometimes the primordial of silver ear can be induced on
agar medium (Fig. 12). Stamets (2000) produced mixed two liters of liquid
spawn of T. fuciformis by using 24 drops of 4. archeri. In our previous study,
we used mixed liquid spawn of 7. fuciformis and A. archeri by 95:5 with an
excellent result for fructification.

Tab.1: The influence of mixture spawn age to the harvest of silver ear mushroom

mixture spawn age | mycelial diameter average fresh averace drv weicht
after inoculation in | on the surface of weight of fruiting of fru%tin r}éo d g(, )
substrate bottle (mm) body (g) g body (g

6 4213 221411 18£1.9

10 70%4 25015 23+2.2

14 7213 300123 28+3.1

18 75%1 233%12 22423

Note: the diameter of bottle is 76mm and the fruiting body was surveyed 40 days after in-
oculation at 24°C. Data are expressed as the mean values of hundred samples analysis + S.D.

4.3.2. Influence of temperature on primordia

As soon as T fuciformis and A. archeri grow together, primordial formation
may be induced (Figs. 13—14). A mixture spawn is used to inoculate the saw-
dust bran substrate with 60—65 % moisture content in bottles until the forma-
tion of primordia for primary spawn (Figs. 15-16). The optimal temperature
for forming primordia is between at 22-24 “C (Tab. 2). White mycelial glo-
bules and a yellowish brown exudate on top of the bottles seems to be an im-
portant indicator for primordium formation (Fig. 16). Formation of primordia
ensures that the mixture of 7. fuciformis and A. archeri is capable of producing
Tremella fruiting bodies.
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Tab. 2: The influence of temperature for the mycelial growth, exudate and primordia forma-
tion of silver ear mushroom.

temperature (‘C) | mycelia diameter yellowish brown primordia formation
on surface (mm) exudate (day) (day)
18 16 23 35
20 17 23 30
22 13 20 26
24 11 15 27
26 10 - -

Note: “—” indicates no secretion and primordia formation after 35 days.

Fig. 13: Formation of primordia ensures that the mixture of 7. fuciformis and A. archeri is cap-
able of producing Tremella fruiting bodies. Fig. 14: Young fruiting bodies on the surface will be
removed and the substrate thoroughly mixed befor spawning. Fig. 15: A small portion of mixed
spawn in the bottle is taken and inoculated at 2224 until the mycelial growth fills up the substrate.
Fig. 16: White mycelial globules and yellowish brown exudates appear on the inoculation surface
within a week. Fig. 17: To maintain the proper temperature, moisture, ventilation and illuminance
is important to prevent abortion of primordia and to obtain fruiting bodies successfully.
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4.3.3. Fruiting body formation

Too much of the exudate on the spawn has to be drained off. The growth
conditions of mixed isolates during the period from the formation of the
whitish mycelial globules to the development of fruit bodies are shown in
Table 2. To prevent abortion of primordia and to obtain sufficient fruitingbo-
dies, it is important to maintain the proper temperature, moisture, ventilation
and illuminance (Tab. 3). Illuminance with 100—600 lux is essential for full
fruit body development. Dark growing conditions have been reported as an
alternative method (Og1 1996). Primordia appeared approximately two weeks
after the formation of white mycelial globules. Mature fruiting bodies, ready
for harvest, were produced within 30—40 days after inoculating mixed isolates
(Figs. 17-18).

Tremella fuciformis is one of the major delicacy mushrooms in China.
When in former times only mycelium was used to cultivate 7. fuciformis, the
yield was very low. The yeast stages, pseudohyphae or mycelia of 7. fucifor-
mis cannot degrade cellulose and lignin efficiently. Understanding the natural
occurrence of 7. fuciformis always together with Hypoxylon spp. or Annulohy-
poxylon spp. led to mixed isolate cultures with strongly improved basidiocarp
development. Since mycelial growth of 7. fuciformis is much slower than that
of A. archeri, the culture portion of 7. fuciformis to A. archeri ratio should be
very high, up to 99 %, to ensure success.

Tab. 3: Growth conditions of silver ear mushroom.

Mycelial growth in White mycelial Fruiting body deve-
bottle after spawning | globules formation | lopment
(primordia)
Temperature 18-26C 18-24C 22-24C
Relative humidity 70-75 % RH 85-95 % RH 90-100 % RH
[lluminance - — 100-600 lux
Ventilation - increase 2 times daily
(30 min each)
Duration 10-17 days 15-23 days 3040 days
after inoculating
mixed isolates
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Fig. 18: Mature fruiting bodies of 7. fuciformis, ready for harvest, are produced within 30—40 days
after inoculating mixed spawn.
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