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ABSTRACT: Occurrence of Hypoxylon truncatum, known as a symbiont of white jelly mush-
room, was first noted and described in Korea. Two stromatal forms reported in North American
collections of H. truncatum sensu Miller were also observed in Korean collections. Based on evi-
dences from other studies, polymorphic patterns seen in six enzyme digestions of nuclear Internal
Transcribed Spacer (ITS) regions of Korean isolates indicated that the two stromatal forms were
genetically distinct. Because there was a clear association of stromatal morphology with genetic
differences, the different stromatal forms might be different species. In addition, clear species con-
cept on the species H. truncatum would provide aids in selecting proper strain for cultivation of

white jelly mushrooms.
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Hypoxylon truncatum (Schw.: Fr.) Mill. sen-
su Miller is a cosmopolitan fungus, occurring
principally on hardwoods (Miller, 1961). It is
especially common on Quercus species (Farr
et al., 1989), and in Asia it causes economic
losses to production of shiitake mushrooms
[Lentinus edodes (Berk.) Sing.] on Quercus
logs by antagonistic growth (Abe, 1989).
However, Hypoxylon species in recent years
attract increasing attention due to its bene-
ficial effects on production of white jelly
mushrooms, Tremella fusiformis Berk.
Asia (Huang, 1982; Huang, 1986).

Despite of its beneficial effects on white jel-
ly mushroom, H. truncatum has not been
used by Korean mushroom growers. This
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seems to stem from the fact that this species
has not been recorded in Korea, and species
concept of this fungus has not been es-
tablished yet. In order for this fungus to be
properly used in mushroom production, a
clear species concept of this fungus should be
established with extensive investigation of its
occurrence and distribution in Korea.

H. truncatum exhibits the xylaria centrum
type (Jong and Rogers, 1972). In the sense of
Miller (1961), stromata of this species are
quite variable, ranging from very small tu-
berculate to hemispherical, to applanatae
and widely effused. Shear (1945) considered
the different stromatal types to be stable fea-
tures with taxonomic significance. Miller
(1961), however, believed that different forms
of stromata can not be indicative of different
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species beccause stromata are variable due to
different environmental factors. In order to
clarify these different views on the taxonomic
significance of different stromatal forms,
Yoon and Glawe (1993) examined Random
Amplified Polymorphic DNA (RAPD) markers
on North American isolates of H. truncatum
sensu Miller. Their results showed that a
clear association existed between RAPD
markers and two stromatal types in the
North American isolates studied, and sug-
gested that it would be useful to designate
the different stromatal forms as different
species. However, Yoon and Glawe (1992)
used only single molecular technique to
resolve such a taxonomic problem. In addi-
tion, data analyzed from RAPD markers have
not been widely accepted due to the lack of
reproducibility of RAPD markers.

As reported herein, we first recorded occur-
rence of H. truncatum complex in Korea,
with description of morphological and molec-
ular characteristics. We employed Polymer-
ase Chain Reaction (PCR)-Restriction Frag-
ment Length Polymorphisms (RFLPs) of nu-
clear ITS regions to examine genetic relation-
ship of two stromatal forms. Results of this
study were compared with those of the pre-
vious study (Yoon and Glawe, 1992) from
RAPD analyses. Besides the practical conside-
rations regarding the taxonomic aspect des-
cribed above, this study was also initiated to
help mushroom growers in producing fruiting
bodies of the white jelly fungus by providing
a clear species concept of its symbiont, H.
truncatum.

Materials and Methods

Collections and cultures

Each of the two stromatal forms of H. trun-
catum sensu Miller was collected on different
dead Quercus sp. limbs at Haenam, Jeonnam
Province in 1995. Each collection fitted the

description of H. truncatum given by Miller
(1961). Cultures were started by soaking stro-
mata in water for 2-3 h, blotting them dry on
paper towels and then placing them in in-
verted petri plates containing Difco potato
dextrose agar (PDA) for 1-2 days. Ascospores
were discharged upward onto the agar. For
mass-ascospore isolates, groups of ascospores
were transferred to new plates. Two mass-as-
cospore isolates, each from two stromatal
forms, were prepared.

Preparation of genomic DNA

To produce mycelia for DNA isolation, iso-
lates were transferred to flasks containing 5
g Difco yeast extract and 20 g glucose/L of
tap water. Isolates were grown in shake cul-
tures at 25°C for approximately one week.
Mycelia were harvested by filtration, blotted
on paper towels, and stored at —20°C.

DNA isolation was performed as described
previously (Yoon et al., 1991). DNA solutions
containing 100 pg of RNase A/ml final con-
centration were incubated at 37°C for 2 h to
digest RNA. Concentrations of DNA in sam-
ples were estimated prior to- PCR amplifica-
tion by comparing the intensity of DNA
bands in 0.8% agarose gels with a series of
ADNA dilutions, and by viewing them under
UV light (310 nm) after staining with ethi-
dium bromide.

PCR amplification and digestions

PCR was used to amplify nuclear ITS1-5.
8S-ITS2 rDNA regions in an MJ Research
DNA thermal cycler (model PTC-150). Prim-
ers ITS1 and ITS4 (Bioneer) were used for
PCR amplification and primer sequences
were listed in White et ol. (1990). Amplifi-
cation reaction mixtures were 100 @ in
volume and contained 10 mM Tris-HCl (pH
9.0 at 25°C), 50 mM KCl, 1.5 mM MgCl,, 0.1%
Triton X-100, 200 uM each of dATP, dCTP,
dGTP and TTP (Perkin-Elmer-Cetus), 50
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pmol of each primer, 2.5 units of Tag po-
lymerase and 25 ng of genomic DNA. The am-
plification program consisted of pre-dena-
turation at 94°C for 5 min; 35 cycles of 94°C/1
min, 50°C/1 min, and 72°C/2 min; a final in-
cubation at 72°C for 5 min to complete the
last extension. Amplified PCR fragments
were digested with each of six restriction en-
donucleases (Heelll, Alul, Hpall, Cfol, Hsp
9211 and Mbol) according to the manufactur-
er's protocols (Promega Biotech). Digested
DNA fragments were resolved by electro-
phoresis (7 V/em) for 3 h in a gel composed of
1.5% NuSieve GTG agarose (FMC Biopro-
ducts) and 1.5% ultra pure agarose (Sigma),
and detected by UV transillumination. A 100
bp DNA ladder (Gibco BRL) was also run on
the gel to serve as a size marker.

Results and Discussion

Morphological observations

Each collection generally included approxi-
mately 10 stromata. One collection included
only hemispherical stromata that lacked ap-
parent perithecial elevations, whereas the
other collection from different Quercus limb
included effused stromata with readily ap-
parent perithecial elevations (Fig. 1). Effused
stromata superficially resembled the hem-
ispherical form due to their large size, but
there were clear differences in the more ap-
parent perithecial elevations. The size of hem-
ispherical stromata was more variable than
effused stromata, ranging from 1 mm to 6 cm
across. In addition to differences in stromatal
types, there was a subtle difference in color
between the two forms of stromata. The color
of hemispherical form was usually black at
maturity but that of effused form appeared to
be dark-brown. Ostioles of both stromatal
forms were acutely papillate from the center
of stromata. The asci were cylindrical and un-
itunicate. Ascospores of both forms were di-

Fig. 1. Different stromatal forms of Hypoxylon
truncatum sensu Miller collected at Hae-
nam, Jeonnam Province. Hemispherical
stromata lacking apparent perithecial
elevations (A), and effused pulvinate stro-
mata with readily apparent perithecial
elevations (B).

agonally uniseriate and phaseoliform (Fig. 2).
The color of ascospores was dark brown at
maturity.

These results are consistent with those of
the previous study (Yoon and Glawe, 1993)
on North American isolates of H. truncatum
sensu Miller. In that study, 54 isolates collect-
ed at various geographical origins were clear-
ly separated into the two stromatal types;
hemispherical and effused pulvinate forms.
Their results indicated that differences in
stromatal type and color are associated with
genetic differences rather than place of ori-
gins. However, their collections were restrict-
ed to North America. In the present study,
which involved working with original collec-
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Fig. 2. Asci and ascospores of hemispherical and
effused pulvinate stromatal forms of Hy-
poxylon truncatum sensu Miller collected
at Haenam, Jeonnam Province. Cylindri-
cal, unitunicate asci, and diagonally un-
iseriate, phaseoliform ascospores (8-9 pm X
3-5 pum) of hemispherical form (A), Cyl-
indrical, unitunicate asci, and diagonally
uniseriate, phaseoliform ascospores (8-9
pum X 3-5 pm) of effused pulvinate form (B).

tions made in Korea, two stromatal types
were also observed in Korea and they were
not found to intergrade within single collec-
tions. This finding supports assertions of
Shear (1945), and Yoon and Glawe (1993)
that H.
more than one taxonomic entity. Because in-
termediate forms of stromata were not observ-

truncatum sensu Miller includes

ed in the previous study (Yoon and Glawe,
1993) and the present study, the results did
not support Miller's assertion that stromatal
morphology is variable in this species.

PCR products and restriction patterns

Fig. 3. PCR products of nuclear ITS regions elec-
trophoresed 3% agarose and stained with
ethidium bromide.. Lane 1: 100 bp ladder
DNA as standard; Lane 2: hemispherical
form. Estimated size of fragment was
about 580 bp; Lane 3: effused pulvinate
form. Estimated size of fragment was
about 560 bp.

ITS1-5.8S-ITS2 fragments amplified from
each of the two stromatal forms were differ-
ent from each other (Fig. 3). The size of frag-
ment from hemispherical form was approxi-
mately 580 bp, whereas that from pulvinate
form was estimated to be 560 bp. These
results indicate that genetic differences exist
between the two forms in the region amplifi-
ed. ,

RFLP phenotypes for the PCR products
from six enzyme digests are shown in Fig. 4.
In general, there was good agreement bet-
ween size estimates for the undigested PCR
products and the sums of fragment sizes. Six
endonucleases (Haelll, Alul, Hpall, Cfol,
Hsp92I1 and Mbol) generated polymorphic
phenotypes sufficient to distinguish genetic
difference between the two stromatal forms.
Among restriction fragments generated from
six digests, none of fragments was shared by
the two stromatal forms. Restriction patterns
were completely different from each other.
The results are clearly in agreement with the
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Fig. 4. 3% agarose-gel electrophoresis of restric-
tion fragments from six enzyme digests.
Lane 1s: 100 bp ladder DNA as standard;
Lane 2s: hemispherical form.; Lane 3s:
effused pulvinate form.

previous study (Yoon and Glawe, 1993) that
genetic rather than environmental causes are
responsible for the different stromatal types.
In that study, phenetic analyses of 99 dif-
ferent RAPD markers separated 54 collec-
tions made at various geographical distances
into the two groups according to different
stromatal types.

Even though the results in the previous
study (Yoon and Glawe, 1993) indicated that
the two stromatal forms are genetically dis-
tinct taxa, it was not certain that if the two
groups observed in their analyses were com-
pletely due to environmental factors specific
to North America or less reproducible RAPD
markers. If genetically distinet groups were
restricted to North American isolates due to
special environmental factors or due to less
reproducible RAPD markers, data derived
from PCR-RFLPs of nuclear ITS1-5.85-ITS2
of Korean isclates would show similar restric-
tion phenotypes for the two stromatal forms.
In fact, the two stromatal forms did not
share any of restriction fragments generated
by six endonucleases. This result indicates
that differences in stromatal type are as-
sociated with genetic differences rather than

place of origin. Thus, the results from this
study, and those from the previous study
(Yoon and Glawe, 1993), suggest that fungi
with different stromatal types might be dis-
tinct species. For a clear answer to how these
two forms should be designated, and how
synonymy should be revised, critical examina-
tion of type material will be necessary.

In conclusion, even though H. truncatum
has been known to have beneficial effect on
production of white jelly mushrooms, occurr-
ence of this fungus was never reported in
Korea. Herein, we first recorded and des-
cribed occurrence of H. truncatum in Korea.

Two stromatal forms reported in North Am-
erican collections of H. truncatum sensu Mill-
er were also observed in Korean collections.
Based on evidence from other studies, poly-
morphic patterns seen in six enzyme diges-
tions of nuclear ITS regions of Korean iso-
lates indicate that the two stromatal forms
are genetically distinct. Because there is a
clear association of stromatal morphology
with genetic differences, it would be useful to
designate the different stromatal forms as dif-
ferent species. In addition, clear species con-
cept on the species H. truncatum would pro-
vide aids in selectihg proper strain for cul-
tivation of white jelly mushrooms.
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