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Phylogenetic Analysis and Cultivation Technique of Ganoderma lucidum from China

CHEN Yong-gan,CHEN Guang-zhou, YUAN Xue-jun,CHEN Zhong-yin,CHEN Chuan-ping,ZHANG Lai-jun
(College of Bioscience and Technology , Qiongzhou University,Sanya, Hainan 572022)

Abstract: Ganoderma strains are wood-rotting fungi and popular living in tropical forest. Based

on the morphological characteristics, phylogenetics analysis of rDNA-ITS and mitochondrial small-

subunit ribosomal DNA sequences, we proposed isolates collected from Cyclobalanopsis

bambusae folia grown in China were G. lucidum, also this group isolates could be artificial

cultivation. Morphology, host distribution and molecular phylogenetic evidence supported recognition

of this species. Phylogenetic analysis indicated these isolates clustered with Asian G. lucidum into a

distinct clade. Artificial cultivation showed fruiting bodies were thick, corky, and yellowish in the

growing margins and then turn to brownish in the matured part on the surface.
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Ganoderma was a saprophytic and thoroughly studied
genus among pore fungi. They could decay lignin and cel-
lulose, result in worldwide losses of crops and trees?.
Recent application of modern analytical techniques has
indicated Ganoderma was composed of a vast number of
bioactive compounds,such as triterpenes, polysaccharides,
bioactive proteins and other substances.

Phylogenetic studies the sequences of rDNA-ITS and
mitochondrial small-subunit ribosomal DNA (mt SSU)
proved that Ganoderma species were divided into six
monophyletic groups, most members of common species
clustered in the same clade™. In other studies, a new
species G. carocalcareus was proposed, and this species
distinct in G. resinaceum group, but had close relative of
G. subamboinense and G. weberianum™. These results
indicated that rDNA-ITS and mt SSU sequences were
useful for the phylogenetic analysis of Ganoderma genust™.

Wild Ganoderma fungi could be divided into 103

species, 72 kinds were found in Hainan, China. Tropical

and subtropical rain forest of Hainan provided a suitable
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temperature, humidity and adequate nutrient™, However,
there were little phylogenetic reports of Ganoderma
isolates, especially, artificial cultivation of Ganoderma
fungi from Hainan!™. We explored the phylogenetic rela-
tionships of 2 Ganoderma isolates based on rDNA-ITS
and mt SSU sequences,and developed artificial cultivation

technique of this strain,
1 MATERIALS AND METHODS

1.1 Test material

Ganoderma fungi were collected from Jianfengling
Hainan, China.
1.2 Test method
1.2.1
Cyclobalanopsis bambusae folia together with representa-

Disinfection treatment Isolates obtained from
tive isolates were selected for phylogenetic analysis.
Segments of fruiting bodies were disinfected by double
treatments of 75% alcohol and NaOCl (1% available CD).
After rinsing in sterile water,the samples were placed on
potato-dextrose agar (PDA) and incubated at 25°C in
dark., After 1 ~ 2 weeks incubation, colonies developed
from the cut injuries of samples. Fungal isolates were
stored at 4°C.

1.2.2

were cultured at 25°C on PDA; morphological characters

Morphology and cultivation technique Isolates
of fungi were measured after 2 weeks incubation™®. The
process for producing fruiting bodies was divided into two
major stages. During first stage,isolates was cultivated on
three different substrates respectively at 25°C , ingredient
was as follow:(DPDA,1 week of cultivation; @73 % saw-
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dust, 20% wheat bran, 5% soybean powder, 1%5 cane
sugar,and 1% gypsum, 3 weeks of cultivation; 3 Short
logs about 15 cm long and 10 cm in diameter,7 weeks of
cultivation. Second stage,the prepared logs were buried in
soil; the soil allowed optimum conditions of drainage, air
permeability,and water retention. The moisture content of
the greenhouse was about 60%5 to 90% ,and temperature
was between 25°C and 35°C. After 9 weeks, the fruiting
bodies were appeared and achieved mature status. Parame-
ters of characteristics were measured,such as fresh weight
and dry weight,etc.

1.2.3 DNA extraction, amplification and sequencing
Genomic DNA was extracted by potassium acetate and
stored at 4°CH%, Amplification of rDNA-ITS fragments
was carried out with a MyGene™ Series Peltier thermal
cycler (LongGene, Hangzhou, PRC). 1TS1, 5. 8S and ITS2
segments were amplified with primers rDNA-ITS1 and
rDNA-ITSAMY, Partly mt SSU sequences were amplified
with primers CFMT (5'-AAGGTGTAGAGGTGAGTATG -
3") and CRMT (5'-TTCGTTTCTCAGCGTCAAIC -3").
And mt SSU included complete variable domain V3, V4 and
portion V2 (Hong & Jung 2004). PCR amplification, prod-
uct separation and purification were carried out as described
by Li", DNA purification was sequenced by Beijing Ge-
nomics Institute (Beijing,PRO).

1.3 Data analysis

DNA sequences were analyzed by DNAssist 2. 214 ;
Clustal X 1.81™ then manually adjusted if necessary.
Alignment gaps and ambiguous characters were treated as
missing information, Maximum parsimony (MP) analyses
were performed in MEGA 4%, in which all characters
were unordered and reversible. We conducted close neighbor
interchange search methods for finding the optimal trees
under the MP criterion. To assess the robustness of the to-

pology 1 000 bootstrap replicates were run by MEGA 4.
2  RESULTS AND ANALYSIS

2.1  Characteristics of cultivated fruiting bodies and
colonies

Colonies cultured on PDA were white, cottony, and
circular with a regular margin, bright yellow reverse and
smaller proportion of fibrous hyphae. Ninety-three sterili-
zation logs of Jfll were buried in soil, and thirteen logs
produced fruiting bodies. Likewise, 29 logs of Jfl3 pro-
duced the fruiting bodies among 70 logs. Cultivars gener-
ally experienced four stages: primordia formation, stipe
formation ,cap formation,fruiting body maturity (Fig 1 A,
B, C, D). Fruiting bodies were thick, corky, and the
margins were yellowish,and then turn to brownish in the
matured part on the surface. Characteristics of matured

JI1 and J{13 fruiting bodies were listed in Table 1.

Fig. 1 Characteristics of JfI3 fruiting body grow in experience stage

Note: A. Primordia formation;B. Stipe formation;C. Pileus formation,arrow represents pileus;D. Matured fruiting body.
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Table 1 Characteristics of fruiting bodies of matured Ganoderma lucidum
Stipe width
Isolates Stipe length/cm Pileus radius/cm Pileus thickness/cm Wet weight/g Dry weight/g
Top/cm Root/cm
Jfl1 6.0 1.1 1.0 5.3 0.7 16.8 12.1
I3 6.8 1.0 0.8 4.1 0.5 9.4 7.9
2.2 Phylogenetic relationships Ganoderma isolates Jfll and Jfl3 clustered with G. lucid-

PCR amplification of rDNA-ITS and mt SSU from um WD565 and G. lucidum NBRC31863 in one distinct
Ganoderma isolates genomic DNA yielded products of clade,and supported in 93% of the bootstrap replicates.
542 bp and 515 bp respectively. The products of rDNA- Most members of a particular Ganoderma species tended
ITS included complete internal transcribed spacer (ITSI- to cluster together. For example, the isolates of G. forni-
5.8S-ITS2) and portion of 18S,25S. DNA sequences of mt catum,G. pseudo ferreum,G. tenue,G. cupreum, G. gibbo-
SSU fragments in Jfl1,J{l3 were identical. DNA sequences sum and G. applanatum grouped into exclusive clades with
were accepted in GenBank and the accession numbers are high bootstrap value (Fig. 2). Phylogenetic tree based on mt
HQ689695, HQ689696,]X966190,and JX966191. SSU was little different with rDNA-ITS, Isolates Jfl1,J{l3

Phylogenetic analyses were conducted to determine clustered with G. lucidum KCTC6279 with weaker boot-
the relationships of Jfll and JfI3 with other Ganoderma strap value of 70%. And this clade was also significantly
species. Phylogenetic tree of rDNA -ITS revealed two different from other Ganoderma species (Fig. 2).
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Fig. 2 Ganoderma spp. r(DNA-ITS and mt SSU phylograms based on maximum parsimony (MP)
Note: Numbers (>>50%) at branches are the percentage of trees containing the corresponding clade based on 1 000 bootstrap replications. rDNA-ITS MP
tree shown:tree length=109 steps,consistency index=0. 653, retention index=0. 894, composite index=0. 607, mt SSU MP tree shown:tree length=43 steps,

consistency index=0. 828, retention index=0. 921, composite index=0. 814, Circles represent isolates grown in C. bambusae folia.

3 DISCUSSION Phylogenetic analyses revealed isolates Jfll and Jfl3 was

Most members of Ganoderma species tended to clus- grouped with Asian G. lucidum, and exclusively from

ter together in the tDNA-ITS and mt SSU phylogram. other species, indicating these 2 isolates had a close
94
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relationship with Asian G. lucidum and had the genetic
dissimilarities with other species (Fig.2). Compared to
the isolate G. lucidum KCTC6729 obtained from Quercus
gilva rotting stump in Japan,Jfll and Jfl3 showed similar
characteristics farinaceous texture, smaller proportion of
fibrous hyphae and compact pseudoparenchyma of abun-
dant cuticular cells®. In addition, typical morphological
features of G. lucidum, thick, corky, and yellowish, were
observed from the fungal isolates Jfll and Jfl3. Based on
phylogenetic evidence and fungal morphology, we
proposed the isolates found in C. bambusae folia native to
China as Asian G. lucidum.

The technique to cultivate Ganoderma fungi was
successfully achieved in the early 1970s, and production
had developed rapidly in China since 1980''®1, However,
most members of Ganoderma fungi to be cultivated
successfully were divided into G. lucidum. The reports
about other species were rare,especially about the isolates
native Hainan could be cultivated™®??, In this research,
we reported a group of isolates grown in Hainan could be
cultivated, though only 13 and 29 sterilization logs of Jfll
and JfI3 could produce fruiting bodies respectively. Previ-
ous studies revealed Ganoderma fungi were sensitive to
carbon dioxide. The air carbon dioxide level were raising
0.1% to 1%, branching of stipes was stimulated, but pile-
us formation was inhibited,and pileus formation re-activa-
ted after carbon dioxide removed™”. In the research, we
also found the similar characteristics. And cultivated pile-
us of Jfll and Jfl3 showed yellow and brown, were
different with the wild which were red, pink (Unpub-
lished). It indicated artificial cultivation turn the feature of
pileus. The technique could be helpful for other species’s
cultivation™ "', And further study still need to increase
yield of fruiting bodies and improve characteristics.

(Acknowledgments: Thanks are given to Zhang
Zhenhua and Chen Da for laboratory assistance. )
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