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Ophiocordyceps sinensis is an insect parasitic fungus belonging to the order Hypocreales, family
Ophiocordycipitaceae. Ophiocordyceps sinensis parasitizes larvae of ghost moths (family
Hepialidae, Lepidoptera). A complex consisting of a host larva of the ghost moths and a fruiting
body composed of hyphae of O. sinensis is used as one of the traditional Chinese medicine
materials. Typical production areas of O. sinensis are alpine zones with high altitude as 3,500 to
5,000 m above sea level, such as Tibet Autonomous Region, Qinghai Province, Sichuan Province
and Yunnan Province in China. Traditionally, natural (wild) products of O. sinensis is highly rare
and is traded at high prices in the Chinese medicinal market. In this way, O. sinensis has high
scarcity and economic value as a natural product, and the production area is frequently disguised
in the distribution process. In addition, medicinal products derived from mycelium produced by
artificial culture are also widely distributed, but the activity of the strains of artificially cultured
products of O. sinensis is questionable. Furthermore, it has been shown that the medicinal
properties of natural products of O. sinensis differ depending on the production area and growing
environment, but these causes are unknown. For these reasons, identification of natural products
and artificially cultured products, as well as identification of the geographical origin of natural
products, is an important issue in advancing quality control of O. sinensis. Therefore, the purpose
of this study was to establish a method for identifying the geographical origin of O. sinensis, which
is a combination of multiple scientific methods.

A total of 5 samples of O. sinensis were collected from the Tibet Autonomous Region and Qinghai




Province of China. In addition, 46 samples of insect parasitic fungi belonging to the family
Ophiocordycipitaceae were collected from various parts of Japan, and for a total of 51 samples,
sequences of the ITS region and large subunit (LSU) of the nuclear rRNA gene were obtained after
DNA extraction and PCR amplification. Datasets were created by integrating the nucleotide
sequence data obtained above and the additional sequences of insect parasitic fungi including O.
sinensis obtained from NCBI GenBank, and the maximum parsimony and maximum likelihood
methods were used for each of the ITS region and LSU for phylogeographic analyses. As a result,
the authenticity of the five newly collected samples of O. sinensis was phylogenetically shown. In
addition, as a result of phylogenetic analyses, genetic differences were observed among the
geographical origin in some samples of O. sinensis such as between Tibet Autonomous Region
and Qinghai Province. At the same time, stable isotope ratios of O. sinensis samples were
analyzed. The five samples of O. sinensis collected in the present study were divided into a host
part consisting mainly of insect tissue and a fruiting body part consisting mainly of fungal hyphal
tissue. The stable isotope ratios of hydrogen, carbon, nitrogen, oxygen, and sulfur were analyzed
using a stable isotope ratio mass spectrometer for each part. As a result, significant differences
were found in the stable isotope ratios of hydrogen and oxygen between the host parts of O.
sinensis samples from Tibet Autonomous Region and Qinghai Province, suggesting that these may
be applicable as indicators for identifying the geographical origin. As described above, by
combining phylogenetic insights and stable isotope ratio analyses, we were able to obtain basic
knowledge for establishing a method for identification of the geographical origin of O. sinensis.
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Tracing the geographical origin of Ophiocordyceps sinensis by using phylogeographic insights and stable isotope analyses
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Ophiocordyceps sinensis is an insect parasitic fungus belonging to the order Hypocreales, family Ophiocordycipitaceae.
Ophiocordyceps sinensis parasitizes larvae of ghost moths (family Hepialidae, Lepidoptera). A complex consisting of a host larva of
the ghost moths and a fruiting body composed of hyphae of O. sinensis is used as one of the traditional Chinese medicine materials.
Typical production areas of O. sinensis are alpine zones with high altitude as 3,500 to 5,000 m above sea level, such as Tibet
Autonomous Region, Qinghai Province, Sichuan Province and Yunnan Province in China. Traditionally, natural (wild) products of O.
sinensis is highly rare and is traded at high prices in the Chinese medicinal market. In this way, O. sinensis has high scarcity and
economic value as a natural product, and the production area is frequently disguised in the distribution process. In addition, medicinal
products derived from mycelium produced by artificial culture are also widely distributed, but the activity of the strains of artificially
cultured products of O. sinensis is questionable. Furthermore, it has been shown that the medicinal properties of natural products of
O. sinensis differ depending on the production area and growing environment, but these causes are unknown. For these reasons,
identification of natural products and artificially cultured products, as well as identification of the geographical origin of natural
products, is an important issue in advancing quality control of O. sinensis. Therefore, the purpose of this study was to establish a
method for identifying the geographical origin of O. sinensis, which is a combination of multiple scientific methods.

A total of 5 samples of O. sinensis were collected from the Tibet Autonomous Region and Qinghai Province of China. In addition, 46
samples of insect parasitic fungi belonging to the family Ophiocordycipitaceae were collected from various parts of Japan, and for a
total of 51 samples, sequences of the ITS region and large subunit (LSU) of the nuclear rRNA gene were obtained after DNA
extraction and PCR amplification. Datasets were created by integrating the nucleotide sequence data obtained above and the
additional sequences of insect parasitic fungi including O. sinensis obtained from NCBI GenBank, and the maximum parsimony and
maximum likelihood methods were used for each of the ITS region and LSU for phylogeographic analyses. As a result, the authenticity
of the five newly collected samples of O. sinensis was phylogenetically shown. In addition, as a result of phylogenetic analyses,
genetic differences were observed among the geographical origin in some samples of O. sinensis such as between Tibet Autonomous
Region and Qinghai Province. At the same time, stable isotope ratios of O. sinensis samples were analyzed. The five samples of O.
sinensis collected in the present study were divided into a host part consisting mainly of insect tissue and a fruiting body part
consisting mainly of fungal hyphal tissue. The stable isotope ratios of hydrogen, carbon, nitrogen, oxygen, and sulfur were analyzed
using a stable isotope ratio mass spectrometer for each part. As a result, significant differences were found in the stable isotope
ratios of hydrogen and oxygen between the host parts of O. sinensis samples from Tibet Autonomous Region and Qinghai Province,
suggesting that these may be applicable as indicators for identifying the geographical origin. As described above, by combining
phylogenetic insights and stable isotope ratio analyses, we were able to obtain basic knowledge for establishing a method for
identification of the geographical origin of O. sinensis.
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