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Species in the genus Ganoderma include several ecologically important and pathogenic
fungal species whose medicinal and economic value is substantial. Due to the highly
similar morphological features within the Ganoderma, identification of species has relied
heavily on DNA sequencing using BLAST searches, which are only reliable if the GenBank
submissions are accurately labeled. In this study, we examined 113 specimens collected
from 1969Ä2016 from various regions in Korea using morphological features and multigene
analysis (internal transcribed spacer, translation elongation factor 1-Å, and the second
largest subunit of RNA polymerase II). These specimens were identified as four Ganoderma
species: G. sichuanense, G. adspersum, G. applanatum, and G. gibbosum. Phylogenetic
analysis at three different loci supported the four species distinctions with high bootstrap
support. A survey of over 600 Ganoderma sequences available on GenBank revealed that
many sequences were either misidentified or ambiguously labeled. Here, we suggest
corrected annotations for GenBank sequences based on our phylogenetic validation and
provide updated global distribution patterns for these Ganoderma species.
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Introduction 21 

Fungal species in the genus Ganoderma Karst. (Ganodermataceae, Polyporales) include 22 

ecologically important wood decay fungi while others are a well-known component of 23 

traditional Asian medicine. Several species of Ganoderma have been reported to cause diseases 24 

associated with trees, including basal stem rot disease in oil palm caused by G. boninense 25 

(Susanto et al. 2005), and root-rot disease of Acacia trees caused by G. steyaertanum, G. 26 

mastoporum, and G. philippii (Glen et al. 2009). Despite the pathogenic nature of many 27 

Ganoderma species, many species, especially Asian G. lucidum, are believed to possess 28 

medicinal characteristics, and have been used in traditional Asian medicine for millennia 29 

(Bishop et al. 2015).  30 

 Some of these medicinal benefits, in particular the anti-cancer and immune modulating 31 

properties of polysaccharides and triterpenes found in G. lucidum, are supported by numerous 32 

in vitro and in vivo animal studies (Wachtel-Galor et al. 2011). Other studies have shown 33 

antiviral and antibacterial properties of polysaccharides and triterpenes found in Ganoderma 34 

species (Liu et al. 2004; Keypour et al. 2008) while still other studies have revealed the 35 

hypoglycemic effect of these compounds in animals and thus a potential treatment for diabetes 36 

mellitus (Seto et al. 2009). Over 400 different bioactive compounds have been isolated from 37 

Ganoderma species, which, in addition to the medicinal compounds mentioned above, include 38 

numerous cellulose and lignin degradation enzymes that could be employed in various 39 

industrial activities (Ko et al. 2001; Shiao 2003). Recently, the entire genome of G. lucidum 40 

was sequenced and a high level of diversity in genes coding for beneficial triterpenoid 41 

compounds were identified. In addition, G. lucidum was found to have one of the most diverse 42 

collections (both in abundance and diversity) of cytochrome P450s (CYP) genes of any fungal 43 

genome (Chen et al. 2012). 44 
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Sequencing costs have recently fallen precipitously as has the speed and ease with 94 

which specimens can be identified via sequencing. As a result, an increasing number of non-95 

specialists, including edible mushroom cultivators as well as collectors and re-sellers of 96 

medicinal fungi, have relied on commercial sequencing companies to identify specimens. 97 

These identifications are often made using BLAST searches, which are only reliable if the 98 

GenBank submissions are accurately labeled. Thus, a re-evaluation of Ganoderma species that 99 

are endemic to Korea is needed and the accuracy of sequence data bases such as GenBank 100 

should be investigated.  101 

In Korea, the first report of Ganoderma lucidum (reported as Fomes japonicus) was 102 

1934 (Murata 1934). The classification system of Ganoderma proposed by Imazeki (1952) 103 

divided the Ganoderma into two subgenera, with laccate species (including G. lucidum) in the 104 

subgenus Ganoderma and non-laccate species (including E. applanatum) in the subgenus 105 

Elfvingia. To date, five Ganoderma species, G. applanatum, G. lipsiense, G. lucidum G. 106 

neojaponicum, and G. tsugae, have been recorded in Korea (Kaburaki 1940; Lee 1981; Kang 107 

1991; Kwon et al. 2016). G. lipsiense, however, is synonymous with G. applanatum (Moncalvo 108 

and Ryvarden 1997), therefore only four Ganoderma species were known in Korea. 109 

Importantly, most Korean Ganoderma species were reported solely on basidiocarp morphology 110 

without detailed descriptions or molecular data.  111 

In this study, our main objective was to build a Korean Ganoderma inventory using 112 

morphology and molecular analysis and to correct species misidentifications in GenBank. In 113 

addition, we provide updated global distribution patterns of these four Ganoderma species 114 

using newly validated GenBank sequences. 115 

 116 

 117 
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confirmation due to directly deposition without publication. Most G. adspersum sequences 234 

were from European countries (Italy, Germany, Poland, United Kingdom, Austria, Finland, 235 

and France), while a small number of sequences were from Asia (India, Japan, and Korea). G. 236 

applanatum sequences had a global distribution (USA, Canada, Lithuania, Hungary, Germany, 237 

Poland, Korea, and Antarctica). G. gibbosum sequences were mostly limited to Asia (Korea, 238 

China, Japan, and India), with one group of sequences identified as from Poland (unpublished 239 

sequences).  240 

 241 

Discussion 242 

Morphological and molecular analysis of Korean Ganoderma specimens collected during the 243 

last fifty years indicated that there are four Ganoderma species in Korea. Among the four 244 

previously described Ganoderma species, G. neojaponicum and G. tsugae were not found in 245 

this study. Although one specimen that was identified as G. neojaponicum was shown to be G. 246 

sichuanense, further study is needed to establish whether G. neojaponicum and G. tsugae exist 247 

in Korea. Two species, G. adspersum and G. gibbosum were newly described in Korea in this 248 

study.  249 

 G. sichuanense was previously identified and named G. lucidum in Korea. Recently 250 

Kwon et al. (2016) suggested that G. lucidum cultivated in Korea (locally known as Yeongji) 251 

was actually G. lingzhi, although we argue for renaming all G. lingzhi as G. sichuanense (see 252 

above). G. sichuanense is easily distinguished from the other three Korean Ganoderma species 253 

by differences in surface texture of the pileus and basidiospore size (Moncalvo and Ryvarden 254 

1997; Tham 1998). Laccate pileus with longer stipe and larger basidiospores than other Asian 255 

Ganoderma species are typical characters of G. sichuanense (Wang et al. 2012). Furthermore, 256 

PeerJ reviewing PDF | (2017:02:16070:0:1:NEW 18 Feb 2017)

Manuscript to be reviewed







that were labeled as G. lipsiense in GenBank were included in the G. applanatum clade because 307 

G. lipsiense is synonymous with G. applanatum (Moncalvo and Ryvarden 1997). Our analysis 308 

confirmed that G. applanatum has a global distribution (Moncalvo and Ryvarden 1997) with 309 

sequences reported from Europe, Asia and North America (Fig. S1). Nearly half of all GenBank 310 

sequences annotated as G. gibbosum were misidentified and the same proportion of authentic 311 

G. gibbosum sequences were initially annotated as different species. G. gibbosum has a 312 

primarily Asian distribution, and the ecto-type was initially reported from Java, Indonesia 313 

(Blume and Nees von Esenbeck 1826), although scattered samples were reported from Eastern 314 

Europe.  315 

  In conclusion, as we constructed phylogenetic trees using reference sequences from 316 

GenBank, it became apparent that many Ganoderma reference sequences were misidentified. 317 

In this study, we identified incorrectly labeled sequences on GenBank and constructed new 318 

phylogenies with reference sequences that were correctly assigned to specific taxa. This study 319 

will provide a framework for future efforts to replace inaccurate public information with 320 

reliable taxonomic assignments. This improvement is vital not only for fungal taxonomists, but 321 

given the diverse ecological, medicinal, and economic impacts of Ganoderma species, this 322 

project will be of value to researchers across multiple disciplines. 323 

 324 
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 502 

Fig. 2 a: box plot representing pore number per mm of four Ganoderma species: G. 503 
sichuanense (Gsi), G. adspersum (Gad), G. applanatum (Gap), and G. gibbosum (Ggi). 504 
Boxes represent the interquartile range between first quartile and third quartile. Bold line in 505 
the box is the median and filled circles represent individual outlying data points. b: scatter 506 
plot of basidiospore size among the four species (mm).  507 
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Table 1 Representative Ganoderma specimens from the Seoul National University Fungus Collection (SFC) used in this study. 549 

�6�S�H�F�L�H�V�� �6�S�H�F�L�P�H�Q���1�R�� �&�R�O�O�H�F�W�L�R�Q���V�L�W�H�V 
�$�F�F�H�V�V�L�R�Q���Q�X�P�E�H�U 

�,�7�6  rpb2 tef1-�. 
G. sichuanense SFC20120721-08 Singok-ri, Gochon-eup, Gimpo-si, Gyeonggi-do, Korea KY364244     

 SFC20150624-06 Gigye-myeon, Buk-gu, Pohang-si, Gyeongsangbuk-do, Korea KY364245 KY393267 KY393279 
 SFC20150630-14 Jongmyo, Hunjeong-dong, Jongno-gu, Seoul, Korea KY364246 KY393268 KY393280 
 SFC20150812-48 Jongmyo, Hunjeong-dong, Jongno-gu, Seoul, Korea KY364247   KY393281 
 SFC20150918-07 Jongmyo, Hunjeong-dong, Jongno-gu, Seoul, Korea KY364248 KY393269 KY393282 
 SFC20160315-03 Seoraksan, Yangyang-gun, Gangwon-do, Korea KY364249   KY393283 
 SFC20160420-01 - a KY364250     
G. adspersum SFC20141001-16 Girin-myeon, Inje-gun, Gangwon-do, Korea KY364251 KY393270 KY393284 
 SFC20141001-22 Girin-myeon, Inje-gun, Gangwon-do, Korea KY364252 KY393271 KY393285 
 SFC20140701-31 Buk-myeon, Inje-gun, Gangwon-do, Korea KY364253     
 SFC20160115-20 Yongmun-myeon, Yangpyeong-gun, Gyeonggi, Korea KY364254 KY393272 KY393286 
G. applanatum SFC20141001-24 Girin-myeon, Inje-gun, Gangwon-do, Korea KY364255  KY393273  KY393287 
 SFC20141001-25 Girin-myeon, Inje-gun, Gangwon-do, Korea KY364256     
 SFC20141012-02 Girin-myeon, Inje-gun, Gangwon-do, Korea KY364257     
 SFC20150930-02 Buk-myeon, Inje-gun, Gangwon-do, Korea KY364258 KY393274 KY393288 
G. gibbosum SFC20130404-21 Euncheok-myeon, Sangju-si, Gyeongsangbuk-do, Korea KY364259     
 SFC20140702-12 Gamsan-ri, Andeok-myeon, Seogwipo-si, Jeju-do, Korea KY364260 KY393275   
 SFC20140703-17 Jeolmul Forest Park, Bonggae-dong, Jeju-si, Jeju-do, Korea KY364261     
 SFC20150418-05 Seoul National University campus, Gwanak-gu, Seoul, Korea KY364262     
 SFC20150612-11 Samhwa-dong, Donghae-si, Gangwon-do, Korea KY364263     
 SFC20150630-23 Jongmyo, Hunjeong-dong, Jongno-gu, Seoul, Korea KY364264  KY393276  KY393289 
 SFC20150701-06 Jeoji-ri, Hangyeong-myeon, Jeju-si, Jeju-do, Korea KY364265     
 SFC20150723-01 Jongmyo, Hunjeong-dong, Jongno-gu, Seoul, Korea KY364266     
 SFC20150812-02 Jongmyo, Hunjeong-dong, Jongno-gu, Seoul, Korea KY364267     
 SFC20150812-35 Jongmyo, Hunjeong-dong, Jongno-gu, Seoul, Korea KY364268     
 SFC20150812-36 Jongmyo, Hunjeong-dong, Jongno-gu, Seoul, Korea KY364269     
 SFC20150918-03 Jongmyo, Hunjeong-dong, Jongno-gu, Seoul, Korea KY364270 KY393277 KY393290 

PeerJ reviewing PDF | (2017:02:16070:0:1:NEW 18 Feb 2017)

Manuscript to be reviewed



 SFC20150918-08 Jongmyo, Hunjeong-dong, Jongno-gu, Seoul, Korea KY364271 KY393278 KY393291 
 SFC20160713-09 Bonggae-dong, Cheju, Jeju-si, Jeju-do, Korea KY364272   
a-: no information550 
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