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Phylogenetic Study of Ganoderma applanatum and Schizopora
paradoxa Based on 5S rRNA Sequences

Kim, Hak Hyun and Hack Sung Jung*
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The sequences of the cytoplasmic 5S rRNAs (EMBL accession aumbers X73589 and X73890)
from two polypores, Ganoderma applanatum and Schizopora paradoxa, were determined by the
direct chemical method for sequencing RNA and compared to the sequences of 9 reported
mushrooms. 5S rRNAs of Genoderma applanammm and Schizopora paradaxs comsisted of 118
bases and fit the secondary structure model of the 5S rRNAs of basidiomycetes proposed by
Huysmans er al. Based on Kimura’s K,,. values, the closest fungus to Ganoderma applanatum
was Cerasobasidium cornigerum and the ome to Schizopora paradaxa was Bjevkandeva adusta.
When the secondary structures of 5S rRNAs of 11 mushrooms were compared, the base
substitution occurred at helix regions more than at loop regions. When a phylogenetic tree
was constructed using the Neighbor program of the PHYLIP package, it partially discriminated
and separated the mushrooms of the Hymenomycetes by the order.
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The ribosomal RNAs (rRNAs) are involved in
the structure of the ribosome as essential elements
in protein synthesis. Due to their conserved
function in cellular organisms, they are believed
to have changed very little during the history of
evolution and serve as ideal substances for
assessing relationships between organisms (1). The
rRNAs commonly used for systematic purposes
are the 58, 168, and 23S molecules. Among them,
5S rRNAs of 118 to 120 nucleotides are easier
to handle and interprete than the other larger
ones even though there is an arguement that 5S
rRNAs are too small for measuring relatedness
between organisms (2). Recently, advanced
techniques and sophisticated equipments have
been widely introduced into biological sciences,
especially in the study of nucleic acids, and 55
rRNAs of animals, plants, and prokaryotes have
been commonly utilized in interpretation of
systematics and evolution (1). Compared to other
taxa, fungal 5S rRNA data used to be very poor
but, during the last 10 years, a number of new
sequences have been added to the EMBL Data
Library, and accumulated data of 52 species in
the Basidiomycotina are now available.

Wood-rotting fungi like Ganoderma applanatum
and Schizopora paradoxa belong to the Aphyl-
lophorales under the Hymenomycetes of the
Basidiomycotina. They usually grow on dead trees

177

or roften wood and represent a cosmopolitan
group consisting of characteristic species of a
great diversity. Because wood-rotting fungi digest
wood components enzymatically and utilize as a
nutrient source, they are pathologically important
in forest ecology (4). The fruitbodies are variable
and grow as resupinate, reflexed, or pileate forms,
or become sessile to imbricate forms. Futhermore,
morphologically simple or similar species often
turn out very complex or different micro-
scopically, which has been an interesting subject
in fungal systematics (6).

There have been just a few 5S rRNA data from
wood-rotting fungi of the Aphyllophorales, so two
common polypores of taxonomic importance were
taken for a systematic consideration. Schizopora
paradoxa (= Poria versiporia) is classified in the
Polyporaceae but has some intermediate
characteristics between the Corticiaceae and the
Polyporaceae in its hyphal system. Ganoderma
applanatum (= Elfvingia applananta) has double-
walled spores whose ornamented inner layer
penetrates into the outer layer and constitutes a
distinct group representing the Ganodermataceae.
The 5S rRNA data from these two species were
compared to those of reported mushrooms of the
Hymenomycetes and the Gasteromycetes in the
Basidiomycotina and their phylogenetic positions
and relationships were discussed in this study.



178 Kim and Jung

MATERIALS AND METHODS

Strains and culture

Ganoderma applanatum and Schizopora paradoxa
strains used in this study weré FP-125024-T and
FP-135563 stocked on MEA and donated by Dr.
K.K. Nakasone (senior botanist, Center for Forest
Mycology Research, USDA Forest Products
Laboratory). They were grown in a shaking
culture of PD broth at 25°C for 7 days and
harvested when ODgy arrived 10 by centrifugation
at 3,000Xg.
Isolation of 5S rRNA

Harvested cells were ground in a mortar in an
equal volume of RNA zol B (Biotecx Lab) and
centrifuged at 6,000Xg for 20 minutes. The
supernatant was repeatedly extracted three to four
times with LETS-saturated phenol, and total
nucleic acids were precipitated with ethanol.
These were resuspended in a loading solution 1
(9) and electrophoresed on a 10% polyacrylamide-
8 M urea gel (10) for 18 hours and then stained
with EtBr. 58 rRNA was positioned using a UV
illuminator and separated by eluting from the gel
in an elution buffer for 12 hours, which was
followed by ethanol precipitation.
RNA sequencing

The 3'-end of 55 rRNA was labelled with [5'-
32p],C, (Amersham) in a mixture of HEPES
buffer solution, rATP, and T, RNA ligase
(Pharmacia) for 4 hours (3). After reaction, the
loading solution I was added and boiled for 1
minute and then cooled in ice for several minutes
to avoid the reformation of secondary structure.
Labelled 5S 1RNA was positioned on
electrophoresed gel by exposing to X-ray film and
separated by ecluting from the gel and then
precipitated with ethanol. According to the direct
chemical method of Peattic (9), 3'-labelled
precipitates were divided in 4 tubes to modify
bases through base-specific guanine, adenosine,
cytosine, and uridine reactions and then digested
with aniline. The partial digests were deveolped
on 12 % polyacrylamide gel, and the sequence
was analyzed by exposing to the X-ray film for
12 hours.
Data analysis

Primary sequences were deteremined and
compared with those of 9 reported mushrooms
of the Hymenomycetes and the Gasteromycetes.
The number of different bases between each two
compared sequences of 11 basidiomycetes was
evaluated by calculating the corresponding Koy
values. Recent EMBL Data Library and Berlin
RNA Databank of Wolters and Erdmann (12)
were used to make a distance matrix calculated
by Kimura’s two parameter method (7). A
phylogenetic tree was constructed using the
Neighbor program of the Felsenstein PHYLIP
package with the Neighbor-joining option.
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Fig. 1. Secondary structure of Ganoderma applanatum
55 rRNA.
The capital letters from A to E are the
lettering of five helices and small ones from
a to e the one of five loops. The double lines
represent regular base-pairings and diamond
symbols odd base-pairings. Bases of the
numbers 49, 50, 63. and 83 are forming bulges
on helices.

RESULTS AND DISCUSSION

The sequences (EMBL accession numbers X
73589 and X73890) of the cytoplasmic 535S rRNAs
from Ganoderma applanatum and Schizopora
paradoxa consisted of 118 bases each and
belonged to the type B (2). They fit the secondary
structure model of the 58 rRNAs of
basidiomycetes. as shown in Fig. | for Ganoderma
applanatum, proposed by Huysmans et al. (5) and
belonged to the fifth sequence cluster proposed
by Walker and Doolittle (11). Primary sequences
of the two species and 9 known mushrooms are
presented in an alignment and numbered serially
in Fig. 2. Based on Kimuras K,. values
representing evolutionary distances in the distance
matrix (Table 1). the closest fungus to Ganoderma
applanatum of the Ganodermataceae was Cerato-
basidium cornigerum of the Corticiaceae showing
3 nucleotide differences of 0.0259 1/2 Ka value
and the one to Schizopora paradoxa of the
Polyporaceae was Bjerkandera adusta of the same
family showing 2 nucleotide differences of 0.0171
1/2 Koy value.

Considering that two organisms are believed to
be of same homology when the 1/2 K. value
difference is less than 0.05 (8), pairs of Ganoderma
applanatum and Ceratobasidium cornigerum were
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Fig. 2. Aligned primary sequences of &S rRNAs from 11 mushrooms of the Hymenomycetes and the
Gasteromycetes of the Basidiomycotna.
The 5S rRNAs studied here were composed of five helices, five loops. and three bulges on helices
in their secondary structures. The boxed sequences indicate helix regions and open ones loop regions.
The numbers of the top lines are serial numbers of the sequences and the letters of the bottom lines
from A to E the symbols of helix regions and the ones from a to e those of loop regions. Primed
letters are matching parts of corresponding regions. Dots are same bases as those of Ganoderma
applanatum at given sequences and odd base-pairs are parenthesized. Bulges are indicated as narrow
inside boxes below the 49th, 50th, 63rd and 83rd bases.

Table 1. Distance matrix of 11 mushrooms of the Hymenomycetes and the Gasteromycetes of the
Basidiomycotina.

Ga Sp. Ae Cp. Ce Cr Ba Lp Po Re Sc
Ganoderma applanarum —  0.0345 0.1005 0.0436 0.0259 0.0347 0.0345 0.0529 0.0436 0.0347 0.0347
Schizopora paradoxa 00345 — 00184 0.0259 0.0436 0.0172 0.0171 0.0349 0.0436 0.0347 0.0347
Agaricus edulis 0.1005 00814 — 00716 0.0809 00623 0.0814 0.0184 0.0716 0.0809 0.0809
Christiansenia pallida 0.0436 0.0259 00176 —  0.0345 0.0085 0.0259 0.0345 0.0345 0.0258 0.0258
Ceratobasidium cornigerum 0.0259 0.0436 0.0809 0.0345 —  0.0258 0.0436 0.0436 0.0523 0.0430 0.0434
Coprinus radiatus 0.0347 00172 0.0623 0.0085 00258 —  0.0172 00172 0.0258 0.0171 0.0171
Bjerkandera adusta 0.0345 0.0171 0.0814 00086 004356 00172 — 00349 0.0436 0.0347 0.0347
Lycoperdon pyriforme 0.0529 0.0349 0.0814 0.0259 0.0436 00172 0.0349 — 0.0436 0.0347 0.0347
Pleurotus ostreatus 0.0436 0.0436 00716 0.0345 0.0523 0.0258 0.0436 00436 — 00258 0.0085
Russula cyanoxantha 0.0347 0.0347 0.0809 0.0258 0.0430 0.0171 00347 00347 00258 — 00171
Schizophyllum commune 0.0347 0.0347 0.0809 0.0258 0.0434 0.0171 0.0347 0.0347 0.0085 00171 —

Numbers are 1/2K... values between 55 rRNA sequences of each two compared species.
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Fig. 3. Relationships between 11 mushrooms of the
Hymenomycetes and the Gasteromycetes of
the Basidiomycotina based on their 55 rRNA
nucleotide sequences.

The tree was constructed using the Neighbor
program of the Felsenstein PHYLIP package
with the Neighbor-joining option.

believed to have a same phylogenetic relationship
even though they are presently placed under two
different taxonomic families. Schizopora paradoxa
was grouped with Bjerkandera adusta in a same
family as was expected and proved to be a good
member of the Polyporaceae rather than of the
Corticiaceae. The present phylogeny based on 58
rRNA sequences using a technique of molecular
biology suggests that the taxonomy of fungi based
on morphology still holds good in the
classification of mushrooms.

When the secondary structures of 5S rRNAs
of 11 mushrooms were compared, the base
substitution occurred at helix regions more rather
than at loop regions (Fig. 2), suggesting a
possibility that helix regions might have been less
conserved and affected the formation of
evolutionary branches more than loop regions
within mushrooms. When a phylogenetic tree was
constructed using the distance matrix calculated
by Kimura’s two parameter method (7) and the
Neighbor program of the Felsenstein PHYLIP
package with the Neighbor-joining option, the
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present phylogeny partially discriminated and
separated the mushrooms of the Hymenomycetes
by the order as shown in Fig. 3. It also suggested
that there were at least two linecages in the
Aphyllophorales except the Coprinus and again two
lineages in the Agaricales of the Hymenomycetes
and that Lycoperdon pyriforme was forming an
independent lineage for the Gasteromycetes.
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