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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
PRUSKRORJ\DQGWKHODUJHVXEPLWULERVRPDO'1$VHTXHQFHV&RPSDULQJPRUSKRORJLFDO
characters and molecular phylogenies, TremellaVSHFLHVFDQEHGLYLGHGLQWR¿YHSK\ORgenetic groups, i.e. Aurantia, Foliacea, Fuciformis, Indecorata, and Mesenterica group.
The novel technical cultivation of Silver Ear uses two isolates, T. fuciformis and its host
Annulohypoxylon archeri (=Hypoxylon archeri), to obtain a rich yield.

1. Introduction
7KHIXQJDOÀRUDRI7DLZDQKDVEHHQLQYHVWLJDWHGVLQFHKDVEHHQVWXdied increasingly up to 2013, and is now estimated to comprise some 1,276
genera with 5,396 species, including subspecies and synonyms. The number
RI7DLZDQHVHVSHFLHVDFFRXQWVIRURIWKHWKHJOREDOUHFRUG7KHIXQJDO
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, T. fuciformis, 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
 WKH ÀRULVWLF VXUYH\ RI +HWHUREDVLGLRP\FHWHV KDV EHHQ QHJOHFWHG DQG
YHU\ OLWWOH SURJUHVV ZDV PDGH RZLQJ WR WKH DEVHQFH RI TXDOL¿HG WD[RQRPLF
specialists of this fungal group in the country. Although fungi are common
ingredients for Asian food (e.g. T. fuciformis, Lentinula edodes, Flammulina
velutipes VFLHQWL¿FUHVHDUFKRQWKHLUDJULFXOWXUHEHJDQTXLWHODWH%HFDXVHRI
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
KDGEHVWXGLHGWRXQGHUVWDQGWKHPRUSKRORJLFDOGLIIHUHQFHVZKLFKIUXFWL¿FDtions show in natural habitats. Investigating the association with hosts in symbiotic, parasitic and saprobic interactions will provide essential information
IRUDGHTXDWHFXOWXULQJFRQGLWLRQV:KLOHWKHDVVRFLDWLRQZLWKRWKHUIXQJLLV
common among Tremella species, it is not clear whether it is mycoparasitism
in each case (BANDONI 1987). Mycoparasitism of Tremella on Corticiaceae
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DQGRU 6WHUHDFHDH DUH SDUWLDOO\ ZHOO VWXGLHG KRZHYHU ¿HOG REVHUYDWLRQV RI
interactions of Tremella with Ascomycetes have yet not been emphasized.
The genus Tremella has been treated to some degree by LOONEY (1933),
BANDONI (1957) and DONK (1966). Members of the genus Tremella (type: T.
mesenterica RETZ.: FR KDYHWKHODUJHVWDQGTXLWHKHWHURJHQHRXVEDVLGLRFDUSV
in the family Tremellaceae and comprise allegedly mycoparasitic species
growing on the hymenium of Aphyllophorales, in basidiocarps of Dacrymycetales, 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
¿UPJHODWLQRXV ZKHQ PRLVW WUHPXORXV SXOYLQDWH RU FHUHEULIRUP WR IROLRVH
RUOREHGÀDWRUKRUQ\ZKHQGU\EDVLGLDJORERVHWRRYRLGRUS\ULIRUPWRFDSLWDWHRUFODYDWHORQJLWXGLQDOO\DQGRUREOLTXHO\FUXFLDWHVHSWDWHVWHULJPDWD
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 species (BANDONI 1995). Within the Tremellales four families are described, and
many of the genera are monotypic:
Tremellales REA 1922
Tremellaceae FRIES 1822
Bulleromyces BOEKHOUT & 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 MÖLLER 1895
Sirobasidium LAGERH. & PAT. 1892 (8 spp.)
Fibulobasidium BANDONI 1979 (1 sp.)
Tetragoniomycetaceae OBERWINKLER & BANDONI 1981
Tetragoniomyces OBERWINKLER & BANDONI 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 Tremella 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 (BANDONI 1971, 1987). Compatible cells
produce conjugation tubes in response to pheromones (BÖLKER & KAHMANN
1993, BOEKHOUT et al. 1991, HIRATA et al. 1980, MIYAKAWA et al. 1984, 1985a,
1985b, OKUDA et al. 1981) and, after conjugation, the dikaryotic phase is initiated. Cells which fail to conjugate may revert to budding (BANDONI 1965,
1987). The pheromones of T. mesentericaZHUHLVRODWHGDQGLGHQWL¿HGDVGHcapeptides (SAKAGAMI et al. 1981). Pheromones of the closely related species
T. brasiliensis (MÖLLER) LLOYDZHUHLGHQWL¿HGE\ISHIBASHI et al. (1984) and
were found to be similar, namely tremerogens (BÖLKER &KAHMANN 1993).
Dikaryotic conidial development often precedes or accompanies basidial development, e.g. in T. mesenterica. It is also possible that some of the conidia,
developing in basidiocarps are haploid, e.g. in T. vasifera C.-J. CHEN (1998).
In earlier studies, biochemistry and physiology were often used for comSDULQJUHODWHGVSHFLHV&RQMXJDWLRQZDV¿UVWVKRZQWREHUHJXODWHGE\FRPplementary pheromones secreted by the A1 and A2 strains of T. mesenterica
(BANDONI 1965). NAKASE and KOMAGATA (1971) reported that G+C content of
the DNA of Tremella species fell within the range of the genus Cryptococcus. 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 numerous taxa are obscure and confusing. Most of the taxa were not provided
with descriptions of the hymenium and subhymenium, inner parts of the basidiocarps, sterile surfaces close to the substrate, as well as of conidial stages.
Basidia and spore measurements alone cannot provide enough information for
WKH LGHQWL¿FDWLRQ RI VSHFLHV 0RUHRYHU UHGXQGDQW DQG LQFRQVLVWHQW GHVFULStions 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 m, basidiospores with 5 m, in
GRXEOHPDJQL¿FDWLRQ
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2.2. DNA sequencing
2.2.1. DNA preparation
According to differences of fresh cultures and dry specimens, two distinct
PHWKRGVZHUHSHUIRUPHG7KH&KHOH[PHWKRGPRGL¿HGIURPSINGER-SAM et al.
(1989) and WALSH et al. (1991) was typically used for DNA extraction of culWXUHV%HFDXVHLWVXSSRUWHGDYHU\TXLFNFRQYHQLHQWDQGHI¿FLHQWSURFHGXUH
all genomic DNA from cultures was obtained under this method. However,
WKHGU\PDWHULDOZDVQRWDGDSWHGWREHXVHGE\WKH&KHOH[PHWKRG7KHOLTXLG
nitrogen method, therefore, following the procedures described by EDWARDS
et al. (1991) and HENRIONHWDO  ZLWKPRGL¿FDWLRQVZDVXVHGIRU'1$
extraction of herbarium material. The primers NL1/NL4 (O’DONNELL 1993,
BOEKHOUT 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).
&\FOLFDQGDXWRÀXRUHQFHVHTXHQFLQJ
The Perkin Elmer ABI PRISMTM '\H7HUPLQDWRU &\FOH 6HTXHQFLQJ .LW
DQGDXWRÀXRUHQFHVHTXHQFHU$%,$IRUVHTXHQFLQJWKHF\FOLF3&5SURduct were used following the dideoxynucleotide chain termination method
(SANGER et al. 1977).
2.2.3. Neighbor Joining alignment
'1$ VHTXHQFHV ZHUH FRUUHFWHG E\ XVLQJ 6HT(G YHUVLRQ $SSOLHG
Biosystems), and initially aligned using the PHYLIP (FELSENSTEIN 1993). Phylogenetic analysis according to Neighbor Joining method (SAITOU & NEI 1987,
LI & GRAUR 1991) was performed with the DNAdist and NEIGHBOR modules of PHYLIP version 3.51c (FELSENSTEIN 1993). Bootstrap analysis (FELSENSTEIN 1985) with 100 alignment replicates was applied to the Neighbor Joining
PHWKRGE\XVLQJ6HT%RRWDQG&216(16(IURP3+</,3

3. Cultivation of Tremella fuciformis
3.1. Mixed cultures
Because T. fuciformis is a mycoparasite on Annulohypoxylon archeri
(BERK.) Y.M. JU, J.D. ROGERS and H.M. HSIEH (HSIEH et al. 2005),DGHTXDWH
PRWKHUVSDZQUHTXLUHVERWKKRVWDQGSDUDVLWH7KH\ZHUHFXOWXUHGWRJHWKHULQ
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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$PL[WXUHRIDJDURUOLTXLGPRWKHUVSDZQXVXDOO\FDQEHXVHGWRLQRFXODWH
WKHVDZGXVWEUDQVXEVWUDWHZLWK±PRLVWXUHFRQWHQWLQERWWOHVDW±ġ
Ʊń until the formation of primordia for primary spawn. The mixed culture
DJHLQÀXHQFHVWKH\LHOGRIVLOYHUHDUPXVKURRPWKHUHIRUHWKHSHULRGRIGD\
6,10,14 and 18 after inoculation in substrate used for spawn has been used.
3.2. Temperature for primordia
,QRUGHUWR¿QGRXWWKHRSWLPXPWHPSHUDWXUHIRUEHVWSULPRUGLDJURZWK
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.
6XEVWUDWHDQGIUXFWL¿FDWLRQ
In general, sawdust and rice bran (or wheat bran) have been used as substrates to cultivate T. fuciformis in Taiwan although cottonseed hull has been
reported to get higher yields in China. The substrate formulation was softwood sawdust : rice or wheat bran : gypsum or lime : sucrose = 78:20:1:1,
ZDWHUFRQWHQWDSSUR[LPDWHO\)LOO6XEVWUDWHLQWRWKHSRO\SURS\OHQHDQG
polyethylene (PP) bottles, sterilize at 121ɗ for 4 hours, cool down in a cold
room over night until the temperature of the bottle center is lower then 28ɗ,
take a small portion of mixed spawn, inoculate at 22–24ɗ until the mycelium
¿OOVXSWKHVXEVWUDWHWKHQPRYHWKHERWWOHWRWKHIUXLWLQJURRPDWRSWLPXP
WHPSHUDWXUHIRUIUXFWL¿FDWLRQ

4. Results and discussion
4.1. Morphology
4.1.1. Morphology
%HFDXVHPRUSKRORJLFDOFKDUDFWHUVDUHLQVXI¿FLHQWDGGLWLRQDOELRFKHPLFDO
(SLODKI et al. 1966), physiological (BURT & CAZIN 1976, 1982), and molecular
markers (HANSON & WELLS 1991) might be helpful for understanding the phylogenetic relationships in Tremella. So far, few molecular data from Tremella
VSHFLHVKDYHEHHQSXEOLVKHG2QO\VRPH6DQG6ULERVRPDOVHTXHQFHV
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. BLANZ & UNSELD 1987, JUNG et al. 1995, KWON-CHUNG et al. 1995, MITCHELL et al. 1992, SWANN & TAYLOR 1993, WALKER & DOOLITTLE 1982). Therefore, additional phylogenetic studies, using detailed morphological and molecular data, are necessary for analyzing the relationships of Tremella species.
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Based on micromorphology, eleven new Tremella taxa were proposed, including nine species collected in Taiwan and two in Germany, namely Tremella giraffa C.-J. CHEN, T. cerebriformis C.-J. CHEN, T. ÀDYD C.-J. CHEN, T. fuscosuccinea C.-J. CHEN, T. griseobrunnea C.-J. CHEN, T. neofoliacea C.-J. CHEN,
T. nivalis C.-J. CHEN, T. resupinata C.-J. CHEN, T. taiwanensis C.-J. CHEN, T.
tropica C.-J. CHEN and T. vasifera C.-J. CHEN (CHEN 1998). In addition, fourteen Tremella and one Sirobasidium species were studied morphologically in
detail (CHEN 1998).
4.1.2. Description and illustrations of Tremella fuciformis
(Figs. 1–8)
Tremella fuciformis BERKELEY 1856
Jour. Bot. & Kew Misc. 8: 277.
=Nakaiomyces nipponicus Y. KOBAYASI 1939
Macromorphology
Basidiocarps foliose, the lobes caespitose, lobed or forked, or with marJLQVLQFLVHGRUFUHQDWHRUVRPHWLPHVHQWLUHFULVSHGXQGXODWH¿UPJHODWLQRXV
white, up to 5 cm ø and 3 cm high, dry becoming pale whitish yellow; lobes
usually very thin, generally associated with Hypoxylon sp. or Annulohypoxylon sp.
Micromorphology
Basidia:

Spores:

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) î (7–)8–10(–
 P>4 ± ± ± @ORQJLWXGLQDOO\REOLTXHO\
or diagonally cruciate-septate, mostly 4-, occasionally 2- or
3-spored; sterigma up to 50 î 2 m, apically swollen up to
4–5 m.
broadly ellipsoid to ellipsoid, 7–8(–9) î (4–)5–6(–7) m
[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 hyphae 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:

Vesicles:

absent, but some clamped and catenulate cells looking like
conidia, globose to broadly ellipsoid, mostly 8–11 î
6–10 m [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.
absent.
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Swollen cells: in the inner part of basidiocarps, shape variable, mostly
subglobose to oval, 9–14(–18) î 7–12(–15) m [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 î (15–) 24–
37 m [Q=(1.00–)1.08–1.46(–1.73)] (measurements including
stalks), stalks up to 4–6 m long; subterminal cells, mostly
citriform, tapering both sides, occasionally oval to capitate,
35–50 î 18–30 m [Q=1.35–2.14(–1.78)] (measurements
including stalks), stalks up to 17 m long.
Hyphidia:
absent.
Hyphae:
in the inner part of basidiocarps mostly 2–4 m ø, sometimes
up to 6 m ø; abundant ball-like hyphae close to clamps,
IUHTXHQWO\DQDVWRPRVLQJZLWKRQHWRWKUHHQHLJKERULQJFHOOV
like a network; in the subhymenium mostly 4–7 m ø, close to
the substrate up to 12 m ø; in the commercial material, hyphae
in the hymenium and subhymenium variable in shape, mostly
7–20 m ø.

8
6

7

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, thinto thick-walled hyphae and anastomoses.
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Haustoria:
Habitat and
substrate:

Type locality:
Distribution:

abundant in basal parts close to the substrate, rarely in mature
hymenium, clamped, haustorial hyphae often branched.
on Hypoxylon sp. or Annulohypoxylon sp. growing on
decayed stems of Prunus sp. (Sakura) and decayed wood
of Fagaceae.
Panuré, Brazil.
tropic, subtropic and temperate zones.

Remarks
Tremella fuciformis is probably one of the most beautiful fungi growing in
VXEWURSLFDO DQG WURSLFDO DUHDV RU HYHQ WHPSHUDWH ]RQHV ,W ZDV ¿UVW IRXQG LQ
%UD]LOEXWKDVGHYHORSHGWRDQDUWL¿FLDOO\FXOWLYDWHGVSHFLHVLQ7DLZDQ&KLQD
and some other countries in Asia. It is clearly associated with Ascomycetes in
WKH¿HOGHVSHFLDOO\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.
7KHEDVLGLRFDUSVDUH¿UP(YHQVRDNLQJLQ.2+VROXWLRQGRHVQRWHDVLO\
release the hymenial structure. This is apparently due to the numerous anastomoses in the subhymenium. Similar structures can be seen in 7UHPHOODÀDYD.
7KHVHVSHFLHVKDYHWKUHHVLPLODULWLHV WKHK\SKDHDUHIUHTXHQWO\IRUPLQJDQDVtomoses, particularly in the subhymenium, 2) as soon as basidiospores were discharged, 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 basidicarps and subhymenium: 1) the hyphae are often swollen towards the
clamps, and then forming predominately anastomoses with neighboring hyphae; 2) the numerous anastomoses, typically present in the subhymenium,
PDNHVXFKEDVLGLRFDUSVYHU\VWRXW7KHDUWL¿FLDOO\FXOWLYDWHGEDVLGLRFDUSVDUH
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 T. fuciformis collected in Tahiti, that their baVLGLRFDUSV DUH TXLWH RIWHQ SDUDVLWHV RQ D VSKDHULDFHRXV RU SKRPDFHRXV IXQJL
1HYHUWKHOHVV PRVW RI WKHLU KRVWSDUDVLWH UHODWLRQVKLSV KDYH QRW EHHQ FODUL¿HG
until now. When cultivating T. fuciformis DUWL¿FLDOO\WKHFXOWXUHLVDOZD\VPL[HG
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 substrate 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 hymenium. This could not be observed in my study. The Penicillium-like imperfect
stage in the life cycle of T. fuciformis reported by CHEN and HOU (1979) was
probably only a contamination.
KOBAYASI (1939) erected a new genus, Nakaiomyces, which he found to resemble 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 T. fuciformis are moderately different from typical 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
5HODWLRQVKLSV LQIHUUHG IURP ULERVRPDO '1$ VHTXHQFHV FRPSDUHG ZLWK
WKRVHEDVHGRQPRUSKRORJLFDOFKDUDFWHUVSURYLGHWKHLQIRUPDWLRQIRUDGHTXDWH
GHOLPLWDWLRQRIWD[D/DUJHVXEXQLW /68 6U'1$VHTXHQFHVDUHSRWHQWLally useful in taxonomic, ecological and evolutionary studies. The results of
LSU and ITS phylogenies compared with morphological data of Tremella spp.
VWURQJO\VXJJHVWWKDW/68U'1$VHTXHQFHVDUHEHWWHUVXLWHGIRULQWHUSUHWLQJ
WKHLULQWHUVSHFL¿FSK\ORJHQ\
0ROHFXODUSK\ORJHQHWLFHYDOXDWLRQV\LHOGHG¿YHJURXSVLQWKHJHQXVTremella (Fig. 9). These groups correspond largely to clades in phylogenetic studies on Tremella by BANDONI and BOEKHOUT (2011) and Tremellomycetes by
MILLANES et al. (2011) and WEISS et al. (2014).
The cluster of the Mesenterica group, including 15 T. mesenterica strains,
one T. tropica and two T. taiwanensis VWUDLQV LV VWURQJO\ VXSSRUWHG   
by bootstrap. Fifteen T. mesentericaVWUDLQVDUHQHDUO\LGHQWLFDO  7ZR
T. taiwanensisVWUDLQVFOXVWHUHGDWWKHVDPHOLQNDJH  FRUURERUDWLQJD
strong resemblance.
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T. mesenterica CBS 6973
T. mesenterica CCJ 1040
T. mesenterica UBC 559-5
T. mesenterica FO 24380.b
T. mesenterica CBS 6974
T. mesenterica FO 42811
T. mesenterica CCJ 1041
T. mesenterica UBC 559-1
90
T. mesenterica UBC 559-8
T. mesenterica FO 34610
T. mesenterica HBZ 102
T. mesenterica HBZ 117
97
T. mesenterica HBZ 97
T. mesenterica FO 33085
97
T. mesenterica CCJ 1543
T. tropica CCJ 1355
T. taiwanensis CCJ 1153
100
T.
taiwanensis CCJ 1151
99
T. globospora UBC 586
T. fuciformis CCJ 1531
T. fuciformis CCJ 1080
99
T. fuciformis CCJ 1241
T. fuciformis CCJ 1072
76
T. flava CCJ 1023
100
T. flava CCJ 928
T. flava CCJ 1098
T. flava CCJ 1420
T. flava CCJ 929
T. flava CCJ 907
T. exigua RJB 6623-15
84
T. moriformis RJB 6639-16
99
T. nivalis CCJ 1418
100
T. nivalis CCJ 1192
T. mycophaga RJB 6539-4
90
T. simplex FO 31782
100
T. foliacea s. l. CCJ 1396
T. neofoliacea CCJ 1401
T. neofoliacea CCJ 1204
T. giraffa CCJ 1553
T. microspora BPI 702328
100
T. encephala CCJ 925
100
T. encephala CCJ 897
100 Sirobasidium magnum CCJ 1342
Sirobasidium magnum CCJ 1341
Sirobasidium magnum CCJ 1289
Aurantia
group

Foliacea
group

Indecorata
group

Fuciformis group

0.012

Mesenterica group
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)LJ1HLJKERU-RLQLQJWUHHRI/68U'1$VHTXHQFHVIRUVWUDLQVRITremella species and 3
strains of Sirobasidium magnum with Holtermannia corniformis as the outgroup. Five groups of
Tremella are separated: Mesenterica, Fuciformis, Indecorata, Foliacea and Aurantia, based on 1000
bootstrap replicates. Three strains of S. magnum, representing an individual cluster, are included
in this analysis.
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The Fuciformis group, including four T. fuciformis strains, six 7 ÀDYD
strains and one T. globosporaLVRQO\ZHDNO\VXSSRUWHG  DQGFRPSULses two subgroups containing four T. fuciformis VWUDLQV  DQGVL[7ÀDYD
VWUDLQV  Tremella globispora seems to be only distantly related to the
subgroup of T. fuciformis. Except for T. globispora, all other species in this
group are growing on stromata of Hypoxylon-like fungi.
Tremella exigua, T. moriformis and T. nivalis belonging to the Indecorata
JURXSDUHVXSSRUWHGZLWKDERRWVWUDSRI7ZRT. nivalis strains collected
LQ.XDQZX)RUHVWDQG7DKVXHK6KDQ)RUHVWLQ7DLZDQDUHLGHQWLFDO  
Tremella moriformis RJB 6639-16 is a sister of T. nivalis  
The Foliacea group, consisting of T. foliacea, T. neofoliacea, T. mycophaga
and T. simplex, LV VWURQJO\ VXSSRUWHG    Tremella mycophaga and T.
simplex, mycoparasites of AleurodiscusVSSFOXVWHUWRJHWKHU  
Species growing on Stereum spp., including two T. encephala strains and
the type of T. microspora, are VWURQJO\VXSSRUWHG  7ZRVWUDLQVRIT.
encephalaIURP7DLZDQDUHLGHQWLFDO  7KHW\SHRIT. giraffa appears
in a sister position to T. encephala, thus can be included in the Aurantia group
in this sampling. Three S. magnumVWUDLQVFOXVWHUWRJHWKHU  
4.2.1. AURANTIA group: basidiocarps heterogeneously mixed with basidiomycetaceous host hyphae up to the subhymenium, basidia mostly pyriform to capitate, subhymenial structure loose, haustoria abundant. MorSKRORJLFDOO\WKH$XUDQWLDJURXSLVFKDUDFWHUL]HGE\¿YHPDLQIHDWXUHV
1)
2)
3)
4)
5)

basidiocarps large, conspicuous to lacking (i.e. Tremella in Dacrymyces).
hymenial and subhymenial structures moderately loose.
haustoria abundant, haustorial hyphae slender, rarely branched.
host hyphae intermixing in the inner part, or even in the subhymenium of the parasite.
conidia, if existing, normally monokaryotic.

Many Tremella species are known as parasites of basidiomycetaceous fungi, except T. 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 T. encephala
and T. microspora, used in this study for molecular analyses, T. aurantia is
found in this clade (BANDONI & BOEKHOUT 2011, MILLANES et al. 2011, WEISS
et al. 2014) and also T. aurantialba clusters in this group (WEISS et al. 2014).
Tremella giraffa is not supported in the Aurantia clade (Fig. 2, BANDONI &

342

Phylogeny of Tremella and cultivation of T. fuciformis

BOEKHOUT 2011), and it clusters with lichen parasites, group III, in a cladogram of MILLANES et al. (2011). The following species are suggested to belong
to the Aurantia group:
T. aurantia SCHW.: FR. 1822
T. aurantialba BANDONI & ZANG 1990
T. aurantiolutea LOWY 1978
T. australiensis LLOYD 1912
T. boraborensis OLIVE 1958a
T. compacta MÖLLER 1895
T. encephala SCHW.: FR. 1822
T. giraffa CHEN 1998
T. loculata BANDONI 1957
T. microspora LLOYD 1920
T. obscura (OLIVE) CHRISTIANSEN 1954
T. occultifuroidea CHEN & OBERWINKLER 1999
T. penetrans (HAUERSLEV) JÜLICH 1983
T. polyporina REID 1970
T. ramarioides ZANG 1992
T. spectabilis MÖLLER 1895
T. steidleri (BRES.) BOURDOT & GALZIN 1928
T. subencephala BANDONI & 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)

3)
4)

basidiocarps brownish to reddish brown, conspicuously foliose.
K\PHQLDODQGVXEK\PHQLDOVWUXFWXUHV¿UPK\SKDHKHDYLO\DQDVWRmosing.
hymenium without hyphidia.
host dependency not clear in nature.

Molecular data of BANDONI and BOEKOUT (2011), MILLANES et al. (2011) and
WEISS et al. (2014), support a cluster of T. foliacea, T. neofoliacea, T. mycophaga and T. simplex, the latter two most likely identical. Thus, the following
VSHFLHVPLJKW¿WWRWKLVJURXSUHIHUULQJWRWKHFKDUDFWHUVJLYHQDERYH

343

C.-J. Chen

T. anomala MÖLLER 1895
T. aspera COKER 1920 emend. BANDONI (1957)
T. dahliana HENN. 1898
7¿PEULDWD FR. 1822
T. foliacea sensu lato
T. foliacea PERS.: FR. sensu BANDONI (1957)
T. frondosa FR. 1822
T. fuscosuccinea CHEN 1998
T. griseobrunnea CHEN 1998
T. physalia BANDONI 1957
T. neofoliacea CHEN 1998
T. undulata HOFFM. 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 numerous anastomoses, terminally swollen cells in the inner parts of basidiocarps, 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)


4)
5)

basidiocarps mostly foliose, whitish, yellowish or reddish.
EDVLGLRFDUSVIUHTXHQWO\DVVRFLDWHGZLWKIXQJLRI;\ODULDFHDHLH
Hypoxylon spp. and Xylaria spp.
VXEK\PHQLDOVWUXFWXUH¿UPK\SKDHZLWKQXPHURXVDQDVWRPRVHV
hyphidia lacking.
haustorial hyphae close to the substrate always branched.

Some species, i.e. T. elastica ZOLL. & MORITZI 1844 sensu BOEDIJN 1940
and 7ÀDPPHDKOBAYASI 1939, cannot be assigned to the group of Fuciformis,
EHFDXVHWKHUHLVLQVXI¿FLHQWLQIRUPDWLRQIURPWKHLUGHVFULSWLRQVDQGLOOXVWUDtions. Most types or authentic material have to be restudied, especially old and
doubtful species. Alternatively, in some other species more details from illustrations and descriptions are available. For instance, the type of T. dysenterica
MÖLLER, restudied in detail by BANDONI and OBERWINKLER (1983), is micromorphologically clearly understandable. Tremella armeniaca on Xylaria sp. (BANDONI et al. 1996) can be easily grouped. Tremella samoensis var. boninensis
KOBAYASI [=T. boninensis (KOBAYASI) ITO & IMAI] and T. iduensis are assumably
belonging to the Fuciformis group according to the photographs of KOBAYASI
(1939). Besides 7ÀDYD7IXFLIRUPLVand T. globispora, treated in this study
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and by MILLANES et al. (2011), BANDONI and BOEKOUT (2011) and WEISS et al.
(2014) included also T. cinnabarina in their phylograms.
T. armeniaca BANDONI & CARRANZA 1996 on Xylaria sp.
T. boninensis (KOBAYASI) ITO & IMAI 1940
T. cinnabarina (MONT.) PAT. 1900, according to KOBAYASI (1974)
T. dysenterica MÖLLER 1895
7ÀDYD CHEN 1998
T. fuciformis BERKELEY 1856
T. globispora REID 1970
T. grandibasidia OLIVE 1944
T. iduensis KOBAYASI 1939
T. resupinata CHEN 1998
T. reticulata (BERK.) FARL. 1908
T. tawa MCNABB 1990 (BANDONI & BUCHANAN 1990)
4.2.4. INDECORATA group: basidiocarps predominantly associated with
pyrenomycetes, basidia mostly pyriform to clavate, subhymenia loose,
haustoria rare. Although there is a copious variety in color of basidiocarps, they are structurally very similar:
1)
2)
3)
4)
5)

basidiocarps normally not more than 1 cm ø, 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.

BOURDOT and GALZIN (1928) studied some Tremella species in this group
perfectly, i.e. T. albida and T. moriformis. In contrast to most other mycologists, 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
GHVFULSWLRQVDQGLOOXVWUDWLRQVDUHQRWFOHDUHQRXJKIRUD¿QDOGHFLVLRQ&DUHful restudies of type material is urgently needed. In molecularly based cladograms, MILLANES et al. (2011) and WEISS et al. (2014) also found T. indecorata,
T. moriformis and T. nivalis clustering together.
T. acaciae OLIVE 1958b
T. albida HUDS.: FR. 1822 according to BOURDOT & GALZIN (1928)
T. bambusina SACC. 1917 emend. BANDONI (1957)

345

C.-J. Chen

T. carneoalba COKER 1920
T. clavisterigma LOWY 1964
T. durissima LOWY 1962
T. exigua DESM. 1847
T. fusispora BOURDOT & GALZIN 1923
T. indecorata SOMMERF.: FR. 1822 according to BOURDOT & GALZIN
(1928)
T. lilacea BANDONI & CARANZA 1996
T. moriformis (FR.) SMITH ex BERK. 1860 (BERKELEY 1860)
T. neglecta TUL. 1871 according to BANDONI (1957)
T. nigrescens FR. 1849 according to BOURDOT & GALZIN (1928)
T. nigrifacta BANDONI & CARANZA 1996
T. nivalis CHEN 1998
T. pulvinalis KOBAYASI 1939
T. pyrenophila TRAV. & MIGL. 1914 according to BANDONI (1957)
T. ribrancensis LOWY 1982
T. subanomala COKER 1920 according to BANDONI (1957)
T. violacea RELH.: FR. 1874 according to BOURDOT & GALZIN (1928)
T. virescens BREF. 1888 according to BOURDOT & GALZIN (1928)
T. volcanagua LOWY 1971
4.2.5. MESENTERICA group: basidiocarps gyrose to cerebriform, yellowish, basidia oval, hyphidia existing, subhymenial structure loose, terminal cells in the inner parts of basidiocarps lacking, haustoria abundant
and haustorial hyphae heavily branched. Many species of Tremella with
yellowish, reddish to orange basidiocarps are related to T. 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 listed below belong to this group. In molecular trees of BANDONI and BOEKOUT
(2011), MILLANES et al. (2011) and WEISS et al. (2014), T. mesenterica, T. tropica, T. brasiliensis and T. taiwanensis cluster together. Apparently, T. coalescensLVFRQVSHFL¿FZLWKT. mesenterica (BANDONI & BOEKOUT 2011).
T. auricularia MÖLLER 1895
T. brasiliensis (MÖLLER) LLOYD 1922
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T. cerebriformis CHEN 1998
T. coalescens OLIVE 1958a
7¿EXOLIHUD MÖLLER 1895
T. mesenterica RETZ.: FR. 1822
7QHR¿EXOLIHUDKOBAYASI 1939
T. philippinensis LLOYD 1922
T. roseolutescens BANDONI & CARRANZA 1996
T. rubromaculata LOWY 1964
T. rufobrunnea OLIVE 1948
T. subrubiginosa LOWY 1976
T. taiwanensis CHEN 1998
T. tropica CHEN 1998
T. vesiculosa MCNABB 1990 (BANDONI & BUCHANAN, 1990)

4.3. Cultivation of Tremella fuciformis
Tremella fuciformis is known to be a mycoparasite of Hypoxylon species
(CHEN 1998). Some of these species were reassigned to a new genus Annulohypoxylon, including A. archeri, the species routinely used in commercial
cultivation (STAMETS 2000, HSIEH et al. 2005).
,QÀXHQFHRIPL[HGFXOWXUHVRQWKHJURZWKRITremella fuciformis

10
10

11

12

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 adHTXDWHPRWKHUVSDZQUHTXLUHVERWKKRVWDQGSDUDVLWH (Fig. 10). They are cultured together in the same tube or petri dish medium, usually potato dextrose
agar, in a so called “dual culture” method. The aerial mycelia of T. fuciformis
are stimulated by inoculating culture of A. archeri (Fig. 11). The result indicates that a mixed culture age of 10–14 days after inoculation is better for the
spawn (Tab. 1). A huge portion of Tremella to AnnulohypoxylonUDWLRLVUHTXLred in this approach. Tremella fuciformis is incubated at 25ġƱń until the colony
reaches 1~2 cm in diameter, then a few hyphae of A. archeri, approximately
±DUHLQRFXODWHGDWDQRSSRVLWHSRVLWLRQWRFUHDWHDPL[HGFXOWXUH CHEN
& HUANG 2000). Sometimes the primordial of silver ear can be induced on
agar medium (Fig. 12). STAMETS  SURGXFHGPL[HGWZROLWHUVRIOLTXLG
spawn of T. fuciformis by using 24 drops of A. archeri. In our previous study,
ZHXVHGPL[HGOLTXLGVSDZQRIT. fuciformis and A. archeri by 95:5 with an
H[FHOOHQWUHVXOWIRUIUXFWL¿FDWLRQ
7DE7KHLQÀXHQFHRIPL[WXUHVSDZQDJHWRWKHKDUYHVWRIVLOYHUHDUPXVKURRP
mixture spawn age
after inoculation in
substrate
6
10
14
18

mycelial diameter
on the surface of
bottle (mm)

average fresh
weight of fruiting
body (g)

42Ʋ3
70Ʋ4
72Ʋ3
75Ʋ1

221Ʋ11
250Ʋ15
300Ʋ23
233Ʋ12

average dry weight
of fruiting body (g)
18Ʋ1.9
23Ʋ2.2
28Ʋ3.1
22Ʋ2.3

Note: the diameter of bottle is 76mm and the fruiting body was surveyed 40 days after inoculation at 24ɗ. Data are expressed as the mean values of hundred samples analysis ± S.D.

,QÀXHQFHRIWHPSHUDWXUHRQSULPRUGLD
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 sawGXVWEUDQVXEVWUDWHZLWK±PRLVWXUHFRQWHQWLQERWWOHVXQWLOWKHIRUPD
tion of primordia for primary spawn (Figs. 15–16). The optimal temperature
for forming primordia is between at 22–24ġƱń (Tab. 2). White mycelial globules and a yellowish brown exudate on top of the bottles seems to be an important indicator for primordium formation (Fig. 16). Formation of primordia
ensures that the mixture of T. fuciformis and A. archeri is capable of producing
Tremella fruiting bodies.

348

Phylogeny of Tremella and cultivation of T. fuciformis
7DE7KHLQÀXHQFHRIWHPSHUDWXUHIRUWKHP\FHOLDOJURZWKH[XGDWHDQGSULPRUGLDIRUPDWLRQRIVLOYHUHDUPXVKURRP
WHPSHUDWXUH ɗ)
18
20
22
24
26

P\FHOLDGLDPHWHU
RQVXUIDFH PP

\HOORZLVKEURZQ
H[XGDWH GD\

16
17
13
11
10

SULPRUGLDIRUPDWLRQ
GD\

23
23
20
15
–

35
30
26
27
–

1RWH³±´LQGLFDWHVQRVHFUHWLRQDQGSULPRUGLDIRUPDWLRQDIWHUGD\V.

13

16

14

15

17

)LJ)RUPDWLRQRISULPRUGLDHQVXUHVWKDWWKHPL[WXUHRIT. fuciformis DQGA. archeriLVFDS
DEOHRISURGXFLQJTremellaIUXLWLQJERGLHV)LJ<RXQJIUXLWLQJERGLHVRQWKHVXUIDFHZLOOEH
UHPRYHGDQGWKHVXEVWUDWHWKRURXJKO\PL[HGEHIRUVSDZQLQJ)LJ$VPDOOSRUWLRQRIPL[HG
VSDZQLQWKHERWWOHLVWDNHQDQGLQRFXODWHGDW±XQWLOWKHP\FHOLDOJURZWK¿OOVXSWKHVXEVWUDWH
)LJ:KLWHP\FHOLDOJOREXOHVDQG\HOORZLVKEURZQH[XGDWHVDSSHDURQWKHLQRFXODWLRQVXUIDFH
ZLWKLQDZHHN)LJ7RPDLQWDLQWKHSURSHUWHPSHUDWXUHPRLVWXUHYHQWLODWLRQDQGLOOXPLQDQFH
LVLPSRUWDQWWRSUHYHQWDERUWLRQRISULPRUGLDDQGWRREWDLQIUXLWLQJERGLHVVXFFHVVIXOO\
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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
7DEOH7RSUHYHQWDERUWLRQRISULPRUGLDDQGWRREWDLQVXI¿FLHQWIUXLWLQJERdies, 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 (OEI 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 T. fuciformis, the
yield was very low. The yeast stages, pseudohyphae or mycelia of T. fuciformisFDQQRWGHJUDGHFHOOXORVHDQGOLJQLQHI¿FLHQWO\8QGHUVWDQGLQJWKHQDWXUDO
occurrence of T. fuciformis always together with Hypoxylon spp. or Annulohypoxylon spp. led to mixed isolate cultures with strongly improved basidiocarp
development. Since mycelial growth of T. fuciformis is much slower than that
of A. archeri, the culture portion of T. fuciformis to A. archeri ratio should be
YHU\KLJKXSWRWRHQVXUHVXFFHVV
Tab. 3: Growth conditions of silver ear mushroom.
Mycelial growth in
bottle after spawning

White mycelial
globules formation
(primordia)

Fruiting body development

18–26ɗ

18–24ɗ

22–24ɗ

±5+

±5+

±5+

Illuminance

–

–

100–600 lux

Ventilation

–

increase

2 times daily
(30 min each)

10–17 days

15–23 days

30–40 days
after inoculating
mixed isolates

Temperature
Relative humidity

Duration
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Fig. 18: Mature fruiting bodies of T. fuciformis, ready for harvest, are produced within 30–40 days
after inoculating mixed spawn.
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