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ABSTRACT: Ribosomal DNA polymorphism has been used to type strains as well as for
phylogeny analyses. ln Lentinula edodes, the ITS regions are sufficiently conserved (Hibbett et
al. 1995) to be used to trace lineage relationships. Hibbett et al. (1995 & 1998) identified five
lineages in Asia-Australasia with two lineages (named group I and V) appearing in China. As
the sample size of all these earlier studies was rather small, we carried out a large scale and
more detailed collection program in China. This report will focus attention on three provinces
that are not among those in which traditional cultivation is popular. These are central Hubei,
north central Shaanxi and the most south west Yunnan. Several fruit bodies from a single fallen
log and fruit bodies from different logs were collected and used for culture isolation (Chiu et al.

1999). Direct sequencing of the ITS regions as marked by fungal-specific primer set (ITS4 and
ITS5) was performed. The results reveal that a dominant group I rDNA lineage appears in these

three provinces. Isolates of the group V lineage previously reported in Nepal and Hubei were
found in Shaanxi province instead. However, novel rDNA sequences (not belonging to any of
the five lineages previously described) were found in the three provinces. Thus, several
previously unsuspected rDNA lineages are present in China. Also, as isolates belonging to
different rDNA lineages were found growing in one single log, it is evident that genetic

recombination has freely occurred. This accounts for the high genetic polymorphism existing in
the remote mountainous areas of China. Protecting the environment from unsympathetic
exploitation is the best strategy for conserving this natural resource.

1 INTRODUCTION

The black oak mushroom Lentinula edodes (commonly called shiang-gu, shiitake) is native to
China but its popularity, not just amongst Chinese or Japanese communities, is now worldwide.
It is second only to Agaricus bisporus in world production. China is the major producer; the
harvest in 199'l was recorded as 91,500 metric tons (dried) and accounted for about 70% of
world production, with about one-third of the Chinese crop being exported (van
Nieuwenhuijzen 1998; Wang 1998). L. edodes is valued for a unique flavor which derives
mainly from its content of the modified amino acid lenthionine and the nucleotide guanine-5-
monophosphate (Yang et al. 1998). The fruit bodies are also rich in minerals, essential amino
acids (especially lysine and leucine), are high in fiber content but contain less than l0olo crude
fat (Ho, Hun & Yei 1994). Besides being a nutritionally valuable crop, z. edodes has
pharmaceutical values; a protein-bound polysaccharide (lentinan) has been extracted from its
fruit bodies and found to have clinically-useful immunomodulatory, anti-cancer and anti-viral
effects (Chihara 1993; Anon. 1998; Mizuno 1999).

Lentinula edodes is a species only found in the Asia-Australasia region. A related species, L
boryana is found in Mexico and S. America (Shimomura et al. 1992; Fukuda et al. 1994;
Hibbett et al. 1995, 1998). Cultivated strains of L. edodes collected worldwide were genetically
heterogeneous (Kwan et al. 1992; chiu, Kwan & Cheng 1993; Fox et al. 1994) in contrast to
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the low variability in Chinese cultivars (Chiu et al. 1996). Hibbett et al. (1995, 1998) proposed
that five rDNA lineages exist in the L. edodes population. Group I includes populations from
northeast Asia to the south Pacific. Group II includes populations from Papua New Guinea,
Australia and Tasmania. Group III is limited to New Zealand. Group IV is from Papua New
Guinea. Group V is from central Hubei province (not eastem as suggested by the authors),
China and Nepal. Their study, however, examined only seven Chinese strains.

Biodiversity in nature is a key element of the genetic resource for breeding programs and,
consequently, hunting for wild L. edodes has been practiced for a long time (Mori, Fukai &
Zennyoji 1974; Zhang & Lai 1993). However, discussion of the biodiversity and population
structure of this economically important mushroom seems to be limited to our recent
publication (Chiu et al. 1999). As cultivation of this mushroom is widespread in China, and
there are over 10 million mushroom farmers across the country (Luo 1998), escape of
commercial cultivars into the wild may pose a threat to the native germplasm (Hibbett et al.
1995). Thus a baseline survey of the genetic diversity is necessary. This assessment can provide
an indication ofwhether special conservation efforts are needed for L. edodes. In addition, the
collected wild germplasm is a resource that can be exploited for commercial use (Chiu et al.
1998).

2 MATERIALS AND METHODS

2.7 Isolation of specimens

Fruit bodies of Lentinula edodes (Berk.) Pegler were surveyed and collected in remote
mountains or reserye areas in the provinces of central Hubei, north central Shaanxi and the
most southwest Yunnan (Figure 1). The collection sites were at least 100 km away from the
nearest residences). During collections in Hubei and Yunnan, only one fruit body was collected
from a fallen tree trunk at a site, and collection sites were at least 5 km apart. Population
structure on a much fine scale was studied in Shaanxi province, and all fruit bodies borne on
two nearby fallen tree trunks were collected. The identifiable tree logs in the collection sites
were: Cyclobalanopsis glauca, Quercus variabilis, Liquidambar formosana, Castanea
mollissima and Castanea sequinii. The purified tissue culture from each fruit body was
regarded as an isolate (Chiu et al. 1999)

2.2 DNA extraction and Direct Sequencing

DNAs were mini-prepared from mycelia (White et al. 1990; Yoon, Glawe & Shaw 1991; Yoon
& Glawe 1993). Primers ITS 4 and 5 were used to amplifu the portion comprising ITS1, 5.8S
and ITS2 regions of the nuclear ribosomal DNA. Then, primers ITS 5 and ITS3 were used as
sequencing primers to amplifu ITSI and ITS2 respectively (White et al. 1990). The specific
PCR programme comprised: 95oC for 1 min; 60oC for I min and 70oC for I min for 39 cycles
with the last extension time lengthened to 10 min. Then the dsPCR product was cleaned of

Figure L Collection of Lentinula edodes made in China- HUB, Hubei province; SHX, Shaanxi province; YUN,
Yunnan orovince.
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dNTPs and excess primers by glassmilk adsorptiql (Geneclean kit II, BIO l0l). Purified PCR
product as template was mixed with ABI PRISMIM dRhodamine terminator cycle sequencing
ready reaction kit containing AmpliTaq DNA polymerase, FS (Perkin Elmer) according to the
following proportions: Terminator Ready Reaction Mix, 8 pl; PCR product, 20 ng; primer,3.2
pmoles; and water added to a final volume of 20 pl. The thermal cycling programme for the
sequencing reaction was: 25 cycles of 96oC for 10s, 50oC for 5 s and 60.C for 4 min. The
sequence was read by an automated DNA sequencer (model 310; Perkin Elmer).

2.3 Phylogenetic Analysis

Analysis and alignment of the sequences were initially done using the clustral alignment
command of the Perkin Elmer program Sequence Netvigator and fine-tuned manually.
Reference sequences of the five rDNA lineage groups (I to V, according to Hibbett et al. 1995,
1998) downloaded from Genbank were also included in the analysis. Phylogenetic trees were
obtained from the data by both distance and parsimony methods. For distance analysis,
DNADIST in PTIYLIP ver. 3.5 (Felsenstein 1989) was used to obtain a matrix of Kimura's two
parameter distances (Kimura 1980). The strength of the internal branches from the resulting
trees.was statistically tested by bootstrap analysis from 100 bootstrap replications using the
maximum likelihood.program DNAML of PHYLIP. Consensus tiees using the majority
rule were constructed (Felsestein 1993 http:l/evolution.genetics.washington.edu). "

3 RESULTS AND DISCUSSION

3.1. Group I and V Haplotypes in China

The predominant haplotype for the ITSI and ITS2 sequences were the group I lineage
designated by Hibbett et al. (1995, 1998). Thus, this group I rDNA lineage has now been found
distributed in continental Chinese provinces from west to east: Zhejiang, Yunnan, Sichuan,
Jiangsu, Shaanxi, Hubei, Anhui, and Fujian; in northern countries of China: North Korea and
Japan, and to the south of China in Thailand and Borneo (this study together with Hibbett et al.
1995, 1998). Clearly, this lineage occupies the biggest territory and has China, the country with
the longest history ofmushroom cultivation in the center ofits range.

A haplotype similar to the rDNA lineage group V (Hibbett et al. 1998) was found from three
isolates from Shaanxi province, China. No sequence fell into the same clade as rDNA lineages
designated as groups 2,3 and 4. These latter lineages were only found in PapuaNew Guinea,
Australia and Tasmania, and New zealand (the Australasian region). Thus, geographical
isolation seems to be leading to incomplete speciation through the appearance of ecofypes. The
isolates from these regions are still compatible with those from Asian continent (Mori et al.
1974). Yet their sequences of nuclear rDNA and P-tubulin, and RFLPs of mitochondrial DNA
were distinctive from those of Asian L. edodes strains (HibbeIt et a|.1995, 1998; Fukttda et al.
1994; Thorn & Royse 1999).

3.2 Novel rDNA Haplotypes in Chinese strains

New and distinctive haplotypes were found in Hubei, Shaanxi and Yunnan (Figure l). ITSI
and ITS2 ofa strain evolves independently; e.g. a Hubei strain possesses ITSI ofgroup I type
but a novel ITS2 haplotype. In addition, a few strains formed novel clades in the consensus
trees, revealing novel lineages in provinces Shaanxi and Yunnan. Neither ofthese provinces is
a traditional area for cultivation of shiang-gu and all collection areas were remote (a two day
mountain trek from the nearest road). High mountains and great lake areas feature in these
areas of continental China. The novel lineages we have detected suggest that genetic drift
resulting from geographic isolation is leading towards incomplete speciation. Evidently the
extensive and diverse remote areas of China harbour the greatest diversity of L. edodes and
represent a great resource of heterogeneous germplasm of this economically important
cultivated mushroom.
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3.3 Isolates of dffirent lineages can be in close proximiQ

In Shaanxi province, there were three clades, including the group 5 lineage, amongst isolates
from the two trunks. In two cases, identical ITS1 and ITS2 sequences were shared among
isolates from the same log. In another piece of the same trunk, variation was observed between
the three isolates that were collected. These observations show that genetic recombination
occurs without hindrance in areas like this that contain more than one lineages. It is to be
expected that more and more novel lineages will be generated in time even though the
sequences ofthe ITSl and ITS2 regions are found to be stable in L. edodes (Hibbett et al. 1995,
1998; Nicholson et al. 1997).

Genetic diversity is created by mutation and filtered over history by biological, demographic
and historical processes (Chakravarti 1999). The existing sequence variation is non-random but
is shaped both by chance and natural selection, and by the demographic organization and
migrations and dispersal pattems. China is geographically diverse; she is a megadiversity
country (Mackinnon et al. 1996). Together with its lengthy history of cultivation of this
economic mushroom, it might be that China is the origin of Lentinula edodes although we
currently lack any fossil record. Our work has dealt with three provinces in continental China
but is still an incomplete assessment of the biodiversity of this economically important
mushroom. It does reveal, however, that this mushroom continues to evolve and diversifu in
nature so we can expect that proper protection of the remote habitats will maintain the genetic
health of the native population of this fungus.
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