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1
Table 1 Tested isolates of Ganoderma spp.
Species Isolates Origins
Ganoderma lucidum GL1 Wuyi  Zhejiang
GL2 Xixia Research Center of Edible Fungi Henan
IS Engineering Center of Edible Fungi Institute of Biology
Henan Academy of Agricultural Sciences
GL11 Institute of Edible Fungi Shanghai Academy of Agricultural Sciences
GL12 Institute of Plant Protection Fujian Academy of Agricultural Sciences
G120 Shanghai Agricultural College
G123 Institute of Edible Fungi Shanghai Academy of Agricultural Sciences
GL25 Shanghai Agricultural College
GL30 Hubei Institute of Microbiology
GL33 Sichuan Academy of Agricultural Sciences
GL36 Heilongjiang Institute of Microbiology
GL37 Hebei Institute of Microbiology
GL38 Hebei Institute of Microbiology
GlA4 Gaoyou Institute of Fungi Jiangsu
GI49 Dongbei Institute of Edible and Medicinal Fungi Heilongjiang
GL59 Xinyu Institute of Edible Fungi Wuhan Hubei
GL93 Huanyu Institute of Edible Fungi Jiayu Hubei
GL99 Jinxiang Institute of Fungi ~ Shandong
GL101 Jinxiang Institute of Fungi Shandong
GL107 Jinxiang Institute of Fungi Shandong
GL109 Jinxiang Institute of Fungi Shandong
GL146 Jiangsu Academy of Agricultural Sciences
GL158 Guangda Research Center of Edible Fungi Shandong
GL161 Guangda Research Center of Edible Fungi Shandong
GL166 Yatai Institute of Edible Fungi Jinzhou Liaoning
GL174 Chongming  Shanghai
GL177 Institute of Edible Fungi Shanghai Academy of Agricultural Sciences
GLI122 ATCC 32471
GLI25 ATCC 64488
GLI126 ATCC 200597
GLI128 ATCC 32472
Ganoderma tenue GTEN24 Institute of Edible Fungi Shanghai Academy of Agricultural Sciences
Ganoderma sinense GS92 Huanyu Institute of Edible Fungi Jiayu Hubei
GS96 Huanyu Institute of Edible Fungi Jiayu Hubei
GSI11 Jinxiang Institute of Fungi Shandong
GS175 Institute of Edible Fungi Shanghai Academy of Agricultural Sciences
Ganoderma applanatum GA117 Aodong Institute of Edible Fungi Jilin
GA165 Guangda Research Center of Edible Fungi Shandong
Ganoderma tsugae GT130 ATCC 76542
GT132 ATCC 46754
GT133 ATCC 64794
GT135 ATCC 64485
Ganoderma subamboinense GSUBI136 ATCC 52419
GSUB137 ATCC 52420
Ganoderma oerstedii GO138 ATCC 52409
ATCC American Type Culture Collection.
1.1.2 1.2 DNA
200g 20g pH DNA s
1.1.3 Tag Promega
Invitrogen DNA V-gene PCR 1.3 ITS
Eppendorf ITS1F
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ITS4 PCR 94°C 2min 94°C 5.8S
15s 62°C 30s 72°C Imin 28 72°C Smin ITS1 ITS2
1.4 ITS ITS1 ITS1
PCR DNA ITS2 30.04%  27.40%
PCR
G123 GTEN24 GS175 2 s
Table 2 Site variation within ITS region sequences
of Ganoderma isolates
3 pGEM- Total number ~ Number  Number of  Percentage of
ey prse e e bl e ey
1.5 ITS 1ms1 213 70 64 32.86
GenBank TS 5.85 158 2 I 1.27
TS ITS1 IT2 588 2 208 o > 0.7
Total 1TS 579 136 122 23.49
M=A/C R=A/G W=A/T
S=G/C Y=C/T K=G/T ITS
GenBank /
ITS Antrodia camphorata 2.5 ITs1 /
Lentinula tigrinus ClustalX 3.5 ITs2 ITs1 1.8 Bruns  Szaro
1.8 DNA MEGA 2.1 rDNA T C
10 rDNA ITS
T C AG
2
2.1 ITS 2.2 ITS
45 TS MEGA2.1 Neighbour-joining
ITS methods 47
o 22 GenBank  ITS
G123 GTEN24 ITS
ITS 1 8
ITS GenBank 1 34
D(Q424969-DQ425015 5 GroupS GS92 GS96 GS111
45 ITS 18 GS175 Groupd GA117 GAI165
GenBank ITS 1 3 Group2
579 ITS GL11 GL166  Group3 Gl23 GTEN24 85.7%
20bp 541 ~561bp ITS1 Groupl
199 ~ 205bp 1TS2 184 ~ 200bp 5.8S GL11 GL166 ATCC
158bp ITS G . oerstedii GO138 G. tsugae GT132
GC 46.5% ~ 50% ITS2  GC GT133  DQ206985 GLI1  GOI138
ITS1 46.7% ~52.4% 47.2% 100% GL166 GT132  GT133
~51.8% ITS DQ206985 99.1% 99.3%
ITS1 18 ITS2 99.3% G123 G . tenue GTEN24
28 100% ITS
ITS1 ITS1 ITS2 6% 2% *
GLI1 GL166  GI23 G . oerstedii G .
ITS tsugae G . tenue
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GL59
GLIO7
GL12
GL49
GLZ
GL1Z22
GL174
GL44
GLY3
GL146
GT130
GL20
GLIOI
GL109 Groupl
GL38
GLS
GL1
GL161
GL37

98 GL158
GL2S5
GT135
GL99
98 GL30
GL33
I GL36
GLI77
100 AY456341 G. lucidum*
AJ608713 G. philippii¥*
AJ627584 G. philippii*
—

AY593860 G. fornicatum*
GLI128
100 AY636070 Ganoderma sp. *
9| GT133
DR206985 G. tsugae¥*
100 g{;‘gg Group2
GL11
G0138
9592 GL126
AY636059 G. 1ucidum*
GL1Z25
AY884177 G. resinaceum*
GSUB136
GSUB137
AY569451 G. weberianum¥*
GL23-1
GTENZ24-1
GL23-2
GTEN24-2
AF255093 Ganoderma sp.
AF2556094 Ganoderma sp.
AF2565121 Ganoderma sp.
AF2565122 Ganoderma sp.
GA117 Group4
GA165 P
W AJ608709 G. applanatum¥*
[ AJ627585 G. mastoporum*
AY569450 G. cupreum*
GS175
99 AY5938656 G. japonicum¥*
100| 65741 Groups
75 G592
AY593864 G. japonicum*
AF516521 L. tigrinus*
— AY603471 A. camphorata*
100 ll: AY603469 A. camphorata*

Group3

70

* %% %

AY603470 A. camphorata¥*

0.15 0.10 0.05 0.00

Fig.1 Phylogenetic tree indicating relationship among isolates of Ganoderma based on ITS region sequences. Bootstrap values more than 70% from

1000 replication are shown on corresponding branches. ITS sequences obtained from GenBank are marked with asterisks at the end of species names.
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Table 3 Major morphological characters of certain Ganoderma spp.
Morphological , . ). ¥
characters G . lucidum G. tenue G. tsugae G. sinense G. applanatum
Substrate adhesion stipitate stipitate stipitate stipitate sessile
Pileus surface laccate laccate laccate laccate dull
Pileus col yellow brown purple brown or brunneus to prunosus bordeaux to gray or
rieus colour to brunneus dark brown or purple brown almost black dust color
Context colour cream cream cream or dust color brown to sable brown to sable
Tube colour white light brown to brown light brown light brown or brown  brown dust color to sable brown
Basidi . 8.5~11.2 12.1 ym 8.7 ~10.4pm 9~ 1lpum 9.5~ 13.8um 7~9 10.4 pm
asiciospore size X 5.2~6.9um x 5.7-6.9um X 6~ 8um X 6.9~8.18.7 um X 4.3~6.2um
ITS ITS
ITS 1996 Hseu RAPD
ITS RAPD ITS
1000bp 300bp ITS
2000 Smith ° 5 ITS
7 1DNA  ITS 5
terminal clade
ITS
PCR
ITS ! 8 ITS
rDNA  ITS 98.5% ~ 100%
79.4% ~ 90.4% ITS
Moncalvo
1S 255 NA D,
4 cluster
ITS
8
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The phylogenetic relationship of cultivated isolates of Ganoderma in China
inferred from nuclear ribosomal DNA ITS sequences

SU Chun-li' 2 TANG Chuan-hong' ZHANG Jing-song'© CHEN Ming-jie' PAN Ying-jie®
"' The Edible Fungi Institute  the Shanghai Academy of Agricultural Sciences ~Key Laboratory of Agriculture Genetics and Breeding
of Shanghai  Shanghai 201106 China
2 Microbiology Department  Nanjing Agriculture University ~Nanjing 201195 China
3 College of Food Science ~ Shanghai Fisheries University ~Shanghai 200090 China

Abstract Nuclear ribosomal DNA ITS sequences have been used to investigate phylogenetic relationships between 34 Ganoderma
isolates cultivated in China. Five distinct groups were identified the subgenus Elfvingia the sect. Phaeonema and three
groups within the sect. Ganoderma. Most of the Ganoderma isolates 85.7% formed a single group within the sect.
Ganoderma. The result indicated clear genetic diversity between the subgenus Elfvingia and the sects Phaeonema and
Ganoderma  but a smaller degree of genetic diversity between the three groups placed within the sect. Ganoderma . Analysis of
molecular data is a more effective and useful approach for studying the taxonomy of Ganoderma and for establishing phylogenetic
relationships within the genus compared to methods based on fruiting body morphology .
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