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Abstract

Seventeen genotypes of Ophiocordyceps sinensis have been identified in molecular mycology studies of
natural Cordyceps sinensis, comprising multiple fungi and a dead larva from the Hepialidae family. However,
these multiple genotypes belonging to independent fungi share the same Latin name, O. sinensis, which has
compounded the historical problems associated with the indiscriminate sharing of the same Latin name for
both the fungus and the natural insect-fungi complex. This paper reviews the scientific findings for multiple
O. sinensis genotypes in natural C. sinensis and the history of and current perspectives on indiscriminately
using the Latin names C. sinensis and O. sinensis for the multiple O. sinensis anamorphs and teleomorphs
per the nomenclature rule established by the Amsterdam Declaration, “One Fungus=One Name”, and for the
natural C. sinensis insect-fungi complex. Although some Chinese scientists have proposed the use of
“Chinese cordyceps” or “Ophiocordyceps & Hepialidae” for natural C. sinensis to partially resolve the
indiscriminate usage of the Latin name, the mycological research community is facing a scientific challenge
because multiple O. sinensis genotypes are currently nonculturable in vitro (except Genotype #1 Hirsutella
sinensis), and the mutant sequences of Genotypes #2-17 are not present in the genome of H. sinensis. This
paper encourages cooperation among taxonomists across disciplines to resolve the taxonomic nomenclature
problem by characterizing O. sinensis fungi with mutant genotypes and to end the centuries-old academic
confusion over the indiscriminate use of the same Latin name for O. sinensis fungi and the natural insect-
fungi complex.
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1. Introduction

The Chinese Pharmacopeia defines natural
Cordyceps sinensis as an insect-fungi complex, and
this complex is a precious “herb” in traditional
Chinese medicine (TCM), with a rich history of
clinical use for health maintenance, disease
amelioration, postdisease and postsurgery recovery,
and antiaging therapy [1-2]. Both culture-dependent
and culture-independent mycological and molecular
mycological studies have identified >90 fungal
species spanning >37 genera and 17 genotypes of
Ophiocordyceps sinensis in natural C. sinensis [3-24].
However, the Latin name, O. sinensis, refers to
multiple teleomorphic and anamorphic fungi that
have distinct genomes and to the natural insect-
fungi complex (hereafter, natural C. sinensis) [9-10, 22].
This issue continues and is even getting worse, with
confusion spreading from the scientific community
to public media and the mass market, causing a
significant decrease in the whole-sale and retail
prices of natural C. sinensis. This review paper
readdresses the centuries-long problem by including
a significant amount of recently published data from
molecular genotyping, genome and transcriptome
studies with the intention of reaching
multidisciplinary scientists who are involved in
biomedical research on natural C. sinensis and O.
sinensis fungi.

2. Methods

Publications since the 1840s relating to the
history of devolvement of natural C. sinensis and
Latin nomenclature of this natural product and
intrinsic fungus/fungi are listed in this review based
on a systematic review by Lu [25] in Chinese.
Information regarding intrinsic fungal species in
natural C. sinensis was summarized by Jiang and
Yao [5], and subsequent discoveries of additional
species in natural C. sinensis were reviewed by Li et
al. [9-10] and Zhu and Li [22]. Relevant molecular
biology-related publications on O. sinensis since
1999 were carefully checked, and >600 ITS
sequences of O. sinensis uploaded in GenBank were
confirmed, or corrected in some cases, through

genotyping analysis by running a BLAST search
and comparisons
(https://blast.ncbi.nlm.nih.gov/blast/) and
phylogenetic analysis using software MrBayes
v3.2.7 (the Markov chain Monte Carlo [MCMC]
algorithm).

3. Results

The International Mycological Association
(IMA) presented its Amsterdam Declaration, “One
Fungus=One Name” (1F=1N) [26], ruling that one
name shall be used for both the anamorph and
teleomorph of a single fungal species (taxonomic
prerequisite to avoid applying the same name to
multiple fungi). Chinese mycologists Zhang et al. [27]
proposed the implementation of the nomenclature
rule in O. sinensis research, and many O. sinensis
papers have followed this suggestion. However, the
fundamental questions that must be answered prior
to implementing the nomenclature rule are whether
O. sinensis is a single fungus or represents a group
of fungi and, therefore, whether 1F=1N is
applicable to O. sinensis research. Three
controversial hypotheses have been reported in the
literature, none of which have been directly
confirmed based on all 4 criteria of Koch’s
postulates [5, 7, 9-10, 22-24].

3.1 Three hypotheses regarding O. sinensis and
implementation of the IMA nomenclature rule
“1F=1N”

3.1.1 Hypothesis I: O. sinensis is a single fungus.
Wei et al. [28] proposed that H. sinensis is the

sole anamorph of O. sinensis based on 3 sets of
evidence: (1) frequent isolation and mycological
identification via sporulation, conidial morphology
and growth characteristics; (2) individual
development biology studies on microcycle
conidiation of the ascospores [29-30]; and (3)
molecular systematic analysis via internal
transcribed spacer (ITS) sequencing and random
molecular marker polymorphism assays [28, 31-32].
Guo et al. [33] restated that H. sinensis is the sole
anamorph of O. sinensis and that other intrinsic
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fungi (listed in Hypothesis II below) are not
anamorphs of O. sinensis. They recognized the
findings of the multiple genotypes of O. sinensis
(listed in Hypothesis III below) but commented on
the “incorrect” idea that treats the mutant genotypes
as independent fungi.

Multigene analysis and ISSR molecular marker
polymorphism studies reported apparent
intraspecific variations in hundreds of H. sinensis
strains [9, 34-35]. Li et al. [9, 35] confirmed the
intraspecific variations in H. sinensis strains in the
genome, transcriptome, and amino acid sequences.
These findings differentiated the intraspecific
variations within species H. sinensis and the
interspecies variations among the 17 O. sinensis
genotypes (detailed analysis below).

Ten years later, the key authors of [28]

published an industrial artificial cultivation project
on cultivated C. sinensis [36]. They reported that the
3 anamorphic H. sinensis strains (130508-KD-2B,
20110514, and H01-20140924-03) were used as the
inoculation agents, and their ITS1-5.8S-ITS2
sequences were 100% identical to GenBank
accession #EU570957 for the H. sinensis strain (O.
sinensis specimen voucher HMAS:173836). In
addition, they reported the detection of
teleomorphic AT-biased Genotype #4 (GenBank
accession #KC305892 and #AB067749) of O.
sinensis but not GC-biased Genotype #1 in the
fruiting body and mycelial culture of the caterpillar
body of cultivated C. sinensis. They also detected
teleomorphic GC-biased Genotype #1 in a natural C.
sinensis specimen that was used as the study control
for phylogenetic analysis. Thus, Wei et al. [36]

actually presented a species contradiction between
the inoculants and the teleomorphic O. sinensis in
cultivated C. sinensis because the sequences of
Genotype #4 of O. sinensis are not present in the
genome of Genotype #1 H. sinensis [9-10, 22, 37-41]. The
findings of [36] also provided evidence of at least 2
teleomorphs of O. sinensis and raised questions
regarding whether H. sinensis was truly the sole
anamorph of O. sinensis and the true causal agent of
natural and cultivated C. sinensis.

Zhang et al. [27] summarized nearly 40 years of
mycological efforts on artificial cultivation of C.
sinensis, which have achieved little success in
research-orientated academic settings, regardless of
culturing in vitro or on insects. Hu et al. [37] reported

the failure of the induction of fruiting body
production after inoculating 40 larvae of Hepialus
spp. with injection of a “fungal cell suspension” of
H. sinensis Strains Co18 and QH195-2 “through the
second proleg.” This inoculation strategy was
applied to circumvent the natural inoculation
processes through the larval skin barrier and/or the
epithelial barriers of the larval intestinal tract and
spiracles and to improve the extremely low
infection potency of H. sinensis on moth larvae [11].
Although the inoculation successfully caused death
and “mummification” of the infected larvae that
became “stiff cadavers”, Hu et al. [37] reported the
failure of induction of fruiting body production of C.
sinensis and concluded that “attempts at cultivating
the fungus to produce fruiting bodies have
consistently failed” [37, 42-43].

Li et al. [11] conducted inoculation/infection
experiments using either conidia or mycelia of H.
sinensis, ascospores of C. sinensis, or a combination
of 2 wild-type fungal complexes (CH1 and CH2) as
inoculants on Hepialus armoricanus larvae (n=100
larvae per inoculant experiment). Strains CH1 and
CH2 were isolated from the intestines of healthy
larvae of Hepialus lagii and shared the same
morphologic and growth features with H. sinensis
but contained GC-biased Genotype #1 H. sinensis
and AT-biased Genotypes #4-6 of O. sinensis and
Paecilomyces hepiali. The inoculation experiments
demonstrated extremely low infection rates (1.4%-
3.5%) when the inoculation was performed with the
conidia or mycelia of H. sinensis or the ascospores
of natural C. sinensis but significantly higher
infection rates (55.2± 4.3%; P<0.001) when the
inoculation was performed with the wild-type
fungal complexes (Strains CH1 and CH2) on the
larvae of H. armoricanus.

Although the sole anamorph hypothesis for H.
sinensis is widely appreciated, these study results [11,

27, 36-37, 42-43] raised questions from different
perspectives regarding whether H. sinensis is the
sole anamorph of O. sinensis and the true causal
fungus of infection in larval moths or of fruiting
body and ascospore production in C. sinensis.
Rather, the true causal fungus is likely a
combination of several fungal species acting in a
symbiotic manner.
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3.1.2 Hypothesis II: O. sinensis is a collective
term for multiple fungi.

Jiang and Yao [5] summarized the literature
findings up to 2003 concerning 22 fungal species
spanning 13 fungal genera identified from natural C.
sinensis: Cephalosporium acremonium,
Cephalosporium dongchongxiacae,
Cephalosporium sinensis, Cephalosporium sp.,
Chrysosporium sinense, H. hepiali, H. sinensis,
Isaria farinose, Isaria sp., Metarhizium anisopliae,
Mortierella hepiali, P. hepiali, Paecilomyces lingi,
Paecilomyces sinensis, Scydalium sp., Scytalidium
hepiali, Sporothrix insectorum, Stachybotrys sp.,
Synnematium sinense, Tolypocladium sinense,
Verticillium sinensis, and Verticillium sp.
Additional fungal species have since been identified
from natural C. sinensis [13-15, 18, 44]. In addition to
the sole anamorph hypothesis for H. sinensis
(Hypothesis I) based on the 3 sets of evidence
described above, Wei et al. [28] also concluded that
Cephalosporium dongchongxiacaonis, Hirsutella
hepiali, and Synnematium sinense are synonyms of
H. sinensis, although the conclusions were
debatable because of the problematic methods used
in the study [9-10, 22]. Other fungi might not be
considered the anamorphs of O. sinensis but instead
C. sinensis-associated, C. sinensis-related, C.
sinensis-colonized, “passing-by” fungi, or
“endophytic” parasites [14, 28, 33].

Shao et al. [13], Xia et al. [15], and Zhang et al.
[18, 44] reported the identification of >90 fungal
species spanning >37 fungal genera in the stromata
and caterpillar bodies of natural C. sinensis
specimens. Zhang et al. [18] reported that
Pseudogymnoascus roseus and Penicillium
chrysogenum were the dominant fungi in the
caterpillar body and stroma of C. sinensis,
respectively. Xia et al. [15] reported that “Geomyces,
Phoma, and Trichocladium were the dominant
genera in the larval sample (i.e., caterpillar body),
while Geomyces and Cladosporium were the
dominant genera in the stromal sample”. Neither
study reported the detection of multiple genotypes
of O. sinensis (including Genotype #1 H. sinensis),
T. sinensis, or P. hepiali in natural C. sinensis.

Li et al. [9, 35] analyzed the metatranscriptome
sequence GAGW00000000 of natural C. sinensis [46]

and found that several metatranscriptomic
sequences of natural C. sinensis, such as

GAGW01000014, GAGW01012749,
GAGW01012431, and GAGW01013943, had 45-99
highly homologous (97%-100%) and overlapping
transcript sequences (>90% query coverage). The
shotgun genome sequence JM973748 of H. sinensis
Strain YN07-8 [47] is 100% homologous to the short
metatranscriptome sequence GAGW01010185 and
69.8%-96.9% similar to 118 other sequences of the
metatranscriptome assembly GAGW00000000 of
natural C. sinensis but to only 13 sequences of the
transcriptome assembly GCQL00000000 of H.
sinensis Strain L0106 [48], indicating that a majority
of the GAGW00000000 transcript repeats were
likely from multiple fungi coexisting in natural C.
sinensis [9, 35, 46, 48].

In contrast to the sole anamorph hypothesis for
H. sinensis (Hypothesis I) [28], Barseghyan et al. [3]

concluded that both H. sinensis and Tolypocladium
sinensis were the anamorphs of O. sinensis, and
Engh [4] reported molecular identification of the
Cordyceps-Tolypocladium complex. Chen et al. [49]

and Leung et al. [50] reported the molecular
identification of Tolypocladium sinense or
Tolypocladium sp. in natural C. sinensis.

To address whether those fungi identified in
natural C. sinensis are the correct anamorph(s) of O.
sinensis or naturally occurring contaminants, Jiang
and Yao [5] summarized the various methods for
determining the correct O. sinensis anamorph and
restressed that the most reliable method is to obtain
direct evidence by strictly following Koch’s
postulate; herein, a singular “postulate” was used in
the sentence, and the 3rd criterion of Koch’s
postulates was described in the paper. They
categorized the 3 sets of research findings cited by
Wei et al. [28] and Guo et al. [33] as auxiliary evidence
for concluding that H. sinensis is the correct O.
sinensis anamorph. Unfortunately, no evidence has
been provided to date that strictly meets all criteria
of Koch’s postulates, particularly the 3rd and 4th
postulates, or validates any of the postulated
anamorphic fungi, including H. sinensis and T.
sinensis, as the correct anamorph(s) of O. sinensis.
In particular, both Hypothesis I (H. sinensis as a
sole anamorph) and Hypothesis II (H. sinensis and
T. sinensis as dual anamorphs) lack direct evidence
meeting the 3rd and 4th criteria of Koch’s postulates.

P. hepiali has been frequently isolated and
identified from natural C. sinensis, and its ITS1-
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5.8S-ITS2 sequences were amplified using P.
hepiali-specific primers and molecular cloning
techniques from genomic DNA isolated from the
stroma, caterpillar body, ascocarps, and ascospores
of natural C. sinensis [9-10, 20-24, 49, 51-54]. P. hepiali
was often found to be closely associated with H.
sinensis in natural C. sinensis, representing the
technical difficulties associated with completely
isolating these 2 fungi even by top-notch
mycologists [11]. Li et al. [11] reported that 2 wild-
type fungal complexes (Strains CH1 and CH2
featuring H. sinensis-like morphologic and growth
characteristics) consisted of Genotypes #1 (H.
sinensis), #4-6 of O. sinensis and P. hepiali. The
combined use of these 2 wild-type strains as the
inoculant exhibited significantly higher infection
rates of 55.2 ± 4.3% on the larvae of H.
armoricanus, representing 15- to 39-fold higher
inoculation potency (P<0.01) than the biologically
insignificant infection rates of 1.4%-3.5% after
inoculation with the mycelia and conidia of pure H.
sinensis (Genotype #1 of O. sinensis). Although P.
hepiali is often considered a symbiotic fungus, Qiu
et al. [54], a committee of 7 distinguished mycology
and zoology professors, concluded in the written
expert statement that “Paecilomyces hepiali sp. nov.
has a close relationship with natural C. sinensis and
is one of the dominant fungi in C. sinensis that
constitute the fruiting body of C. sinensis at least in
some production areas of C. sinensis.”

In addition to supporting the sole anamorph
hypothesis of O. sinensis for H. sinensis, Guo et al.
[33] encouraged scientists to consider the complex
symbiotic relationships of the multiple intrinsic
fungi colonizing natural C. sinensis. However, to
date, the symbioses among the multiple fungi in
natural C. sinensis are poorly understood, except the
enhancement of the symbiotic inoculation potency
of Genotype #1 H. sinensis with Genotypes #4-6 of
O. sinensis and P. hepiali [11].

3.1.3 Hypothesis III: O. sinensis is a collective
term for multiple mutant genotypes of O.
sinensis fungi.

Kinjo & Zang [6] first reported genetic variants
of O. sinensis in 2001 and showed 2 major
phylogenetic groups (GC- and AT-biased) and 3
phylogenetic clades, which, however, were believed
to be intraspecific variants based on their

morphological and growth features, although the
first sequence of AT-biased Genotype #4 was
discovered by Engh [4] in a graduate study in 1999
at the University of Oslo. Stensrud et al. [14]

analyzed 71 ITS sequences of O. sinensis belonging
to 3 phylogenetic clades (GC-biased Group A and
AT-biased Groups B-C) and 2 unrelated clades
(Groups D-E). They confirmed that the sequences
of Groups A-C were the correct sequences of O.
sinensis. Chinese mycologists Zhang et al. [17]

analyzed 397 ITS sequences in 2013 and confirmed
that Groups A‒C were the correct O. sinensis
sequences.

To date, >600 ITS1-5.8S-ITS2 sequences of O.
sinensis have been uploaded to GenBank under
GenBank Taxid: 72228, representing 17 genotypes
of O. sinensis (Table 1) with numerous, scattered
transition, transversion, or insertion/deletion mutant
alleles or hereditary variations with reciprocal
substitutions of large DNA segments and genetic
material recombination [9-10, 22]. Figure 1 shows the
sequence alignment of the transition mutant
genotypes, including Genotypes #1-6 and #15-17 of
O. sinensis. Figure 4 of Li et al. [10] shows the
sequence alignment of the transversion and
insertion/deletion mutant genotypes, including
Genotypes #7-14 of O. sinensis. Genotypes #1-3
and #7-14 are GC-biased, and Genotypes #4-6 and
#15-17 are AT-biased [6-12, 14, 16, 19-20, 22-24, 55-56]. The
topology of the Bayesian tree (Figure 2) shows the
phylogenetic relationship of the 17 genotypes of O.
sinensis. Genotypes #13-14 are hereditary variants
(offspring) with reciprocal substitutions of large
DNA segments and genetic material recombination
between the chromosomes of 2 parental fungi:
Genotype #1 H. sinensis and the AB067719-type
Group-E “O. sinensis” fungus (Table 2) [9-10, 14, 22].

Five sets of genome assemblies are available in
GenBank, namely, ANOV00000000,
JAAVMX000000000, LKHE00000000,
LWBQ00000000, and NGJJ00000000, for the H.
sinensis Strains Co18, IOZ07, 1229, ZJB12195, and
CC1406-203, respectively [37-41]. The nrDNA ITS1-
5.8S-ITS2 sequences of the H. sinensis genomes are
99.6%-100% homologous to the ITS sequences
(AB067721) of Genotype #1 H. sinensis, but
78.5%-96.1% similar to the sequences of GC-biased
Genotypes #2-3 and #7-14 of O. sinensis and
85.5%-89.9% similar to the sequences of AT-biased
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Genotypes #4-6 and #15-17 of O. sinensis (Table 1).
No additional DNA segments in ANOV00000000,
JAAVMX000000000, LKHE00000000,
LWBQ00000000, or NGJJ00000000 show >90%
similarity to any of the AT-biased genotypes [7, 9-10,

22-24]. These O. sinensis genotypes are differentially
present in the stroma, caterpillar body, ascocarps,
and ascospores of natural C. sinensis [7-10, 12, 16, 19-24,

36, 55-56].

Table 1: Percent similarities between each nrDNA ITS1-5.8S-ITS2 sequence of 5 whole genomes of Genotype #1
H. sinensis strains and multiple O. sinensis genotype sequences

Geno-
type

GenBank
Accession #

nrDNA ITS1-5.8S-ITS2 Segments of the Whole-Genomes of H. sinensis
ANOV01021709 LKHE01000582LWBQ01000008 JAAVMX010000017 NGJJ01000799

ANOV01024851 ─ 100% ─ 100% ─
LKHE01000582 99.9% ─ ─ ─ ─
LWBQ01000008 97.5% 98.3% ─ ─ ─

JAAVMX010000017 99.9% 99.9% 98.3% ─ ─
NGJJ01000799 99.7% 100% 99.6% 100% ─

#1 AB067721 99.7% 100% 99.6% 100% 100%
#2 MG770309 94.4% 94.7% 94.7% 94.7% 94.7%
#3 HM595984 95.9% 96.1% 95.6% 95.3% 95.3%
#4 AB067744 89.1% 89.4% 89.3% 89.4% 89.4%
#5 AB067740 86.3% 86.7% 86.2% 86.7% 86.7%
#6 KJ720572 85.5% 85.5% 85.5% 85.5% 85.5%
#7 AJ488254 94.7% 95.0% 95.3% 95.0% 95.0%
#8 GU246286 89.5% 89.5% 89.2% 89.5% 89.5%
#9 GU246288 95.0% 95.2% 94.6% 95.2% 95.2%
#10 GU246287 83.0% 83.2% 83.0% 83.2% 83.2%
#11 JQ695935 78.9% 79.1% 78.5% 79.1% 79.1%
#12 GU246296 94.3% 94.5% 93.9% 94.5% 94.5%
#13 KT339190 87.5% 87.5% 87.2% 87.5% 87.5%
#14 KT339178 89.3% 89.6% 89.1% 89.6% 89.6%
#15 KT232017 89.6% 89.9% 89.4% 89.9% 89.9%
#16 KT232019 87.4% 87.7% 87.6% 87.7% 87.7%
#17 KT232010 87.7% 88.1% 87.5% 88.1% 88.1%

https://www.ncbi.nlm.nih.gov/nucleotide/JAAVMX010000002.1?report=genbank&log$=nuclalign&blast_rank=6&RID=D8E2V31A01R
https://www.ncbi.nlm.nih.gov/nucleotide/JAAVMX010000002.1?report=genbank&log$=nuclalign&blast_rank=6&RID=D8E2V31A01R
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Figure 1: Sequence alignment of the transition mutant genotypes of O. sinensis
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The sequences contain complete or partial segments of ITS1-5.8S-ITS2 nrDNA and partial segments of the 18S
and 28S genes. “GT” stands for O. sinensis genotype. AB067721, MG770309, and HM595984 stand for the GC-
biased Genotypes #1-3 of O. sinensis, respectively. AB067744, AB067740, EU555436, KT232017, KT232019, and
KT232010 represent AT-biased Genotypes #4-6 and #15-17 of O. sinensis, respectively. ANOV01021709,
JAAVMX010000017, LKHE01000582, LWBQ01000008, and NGJJ01000799 are the ITS1-5.8S-ITS2 nrDNA
segments of the genome assemblies of Genotype #1 H. sinensis Strains Co18, IOZ07, 1229, ZJB12195, and
CC1406-203, respectively. “GAATTC” in red (294→299 of AB067721) is the enzymatic site of endonuclease
EcoRI occurring in the GC-biased genotype sequences and the genome assembly sequences of H. sinensis strains.
A single-base mutation to “GAATTT” in AT-biased Genotypes #4-6 and #15-17 results in the loss of the
enzymatic site. 067721-477 is the SNP extension primer and was designed based on the sequence of GC-biased
Genotype #1 AB067721 for SNP extension toward position 477 (in green) of the AB067721 sequence. 067740-328
(the reverse complement) is the SNP extension primer that was designed based on the sequence of AT-biased
Genotype #5 AB067740 for SNP extension toward position 328 (in green) of the AB067740 sequence. The
arrows “→” and “←” indicate the primer extension directions. Hyphens indicate identical bases, and spaces
denote unmatched sequence gaps.

Figure 2: Bayesian phylogenetic tree of multiple genotypes of O. sinensis
Four nrDNA sequences of the whole genomes of H. sinensis strains and 59 ITS sequences of 17 genotypes of O.
sinensis were analyzed. The Bayesian majority-rule consensus tree was inferred using MrBayes v3.2.7 software
(the Markov chain Monte Carlo [MCMC] algorithm) from 3x104 samples with a sampling frequency of 103
iterations after removing the first 25% of the samples of a total of 4x106 iterations. GC-biased Genotypes #1-3
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and #7-14 are side-noted in blue, and AT-biased Genotypes #4-6 and #15-17 are side-noted in red. Genotypes
#13-14 are the genetic variants (offspring) with reciprocal substitutions of large DNA segments between the 2
parental fungi, Genotype #1 H. sinensis (Group-A) in the “blue” clade and a special AB067719-type Group-E
fungus [14] in the “purple” clade as the outgroup control. ANOV01021709, LKHE01000582, LWBQ01000008,
JAAVMX010000002, and JAAVMX010000019 are the nrDNA segments of the whole-genome sequences for H.
sinensis Strains Co18, 1229, ZJB12195, and IOZ07, respectively [37-40].

Table 2: Percent similarities among the ITS1-5.8S-ITS2 sequences of parental fungi, AB067721 of Genotype #1
H. sinensis (Group-A) and an AB067719-type fungus (Group-E), and their offspring, Genotypes #13-14 of O.

sinensis
Genotype ITS1 5.8S ITS2 ITS1-5.8S-ITS2

vs. AB067721 sequence of Genotype #1 (Group-A)
#13 KT339190 100% 94.8% 62.5% 86.3%
#14 KT339178 66.0% 94.9% 100% 87.7%

vs. AB067719 sequence of Group-E
#1 AB067721 65.4% 94.8% 66.5% 76.6%
#13 KT339190 60.9% 100% 99% 88.2%
#14 KT339178 100% 100% 64.0% 89.2%

Southern blot analysis using an H. sinensis-
specific probe that was designed based on the ITS1
sequence of AB067721 (GC-biased Genotype #1)
[20] confirmed the coexistence of both GC-biased
(the EcoRI-sensitive, faster-migrating DNA moiety
in the upper panel of Figure 3) and AT-biased (the
EcoRI-resistant, slower-migrating DNA moiety)
genotypes of O. sinensis fungi in the stroma and
caterpillar body of C. sinensis. The natural
biomasses (without PCR amplification) of the GC-

and AT-biased genotypes underwent dynamic
alterations in an asynchronous, disproportional
manner in the stroma and caterpillar body of C.
sinensis during maturation. The biomass of EcoRI-
sensitive, GC-biased Genotype #1 H. sinensis (the
faster-migrating DNA moiety) was extremely low
in the stroma of premature C. sinensis (the “Pre”
lane in Figure 3) and increased with C. sinensis
maturation (the “M” lane) but was never the
predominant fungal species in the stromata.

Figure 3: Southern blot of C. sinensis nrDNA in the stromata and caterpillar bodies of natural C. sinensis
during maturation
(Reproduced with permission from Am. J. Biomed. Sci. 2010, 2(3), 217-238) [20]. Genomic DNA was isolated from
the stromata or caterpillar bodies of premature (Pre) or mature (M) natural C. sinensis collected from
Kangding County of Sichuan Province in China and prepared using the restriction enzymes EcoRI, DraI and
AvaI. Upper panel: An H. sinensis-specific probe was used for Southern blotting. Lower Panel: A nonspecific
18S internal control probe was used for Southern blotting. Caterpillar refers to the caterpillar body of natural
C. sinensis.

MassARRAY SNP MALDI-TOF mass
spectrometry genotyping also confirmed the
cooccurrence of GC- and AT-biased genotypes of O.
sinensis fungi in the stroma of natural C. sinensis
(Figure 4). SNP mass spectrometry genotyping, as

well as restriction fragment length polymorphism
assays, also confirmed the dynamic, disproportional
alterations of the abundance of O. sinensis
genotypes in the stromata of C. sinensis during
maturation [20, 53, 56]. In addition, Genotypes #5-6 and
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#16 (AT-biased Cluster A shown in Figure 2) were
detected in the C. sinensis ascocarps and ascospores,
while Genotypes #4 and #15 (AT-biased Cluster B
shown in Figure 2) were detected in the ascocarps
but not in the ascospores [8-10, 22]. These findings,
plus the differential existence of Genotypes #13-14

in the semi- and fully ejected C. sinensis ascospores,
respectively, indicate the genomic independence of
Genotypes #2-17, the sequences of which reside in
the genomes of independent O. sinensis fungi rather
than in the genome of Genotype #1 H. sinensis [4, 6-

10, 12, 16, 19-20, 22-24, 36-41, 52-53, 55-56].

Figure 4: Representative MALDI-TOF mass spectra used to distinguish between the GC- and AT-biased
genotypes (Panel A) and between the AT-biased genotypes (Panel B)
(Reproduced with permission from Am. J. Biomed. Sci. 2010, 2(3), 217-238) [20]. Genomic DNA for both panels
was isolated from the stroma of premature natural C. sinensis collected from Kangding County of Sichuan
Province in China. Panel A: Genomic DNA templates were amplified using primers designed based on the ITS
sequence AB067721 of GC-biased Genotype #1 H. sinensis. The PCR amplicons were used as templates for the
second PCR for SNP genotyping using biochip-based MassARRAY MALDI-TOF mass spectrometry. The SNP
extension primer 067721-477 (5’ CGCCGCGGCTCCCCT 3’) was designed based on the alignment of the GC-
biased AB067721 sequence and extended to the SNP at position 477 in the AB067721 sequence (cf. Figure 1).
The allele peaks are marked with “A”, indicating the primer with an extended adenine and representing the
AT-biased genotypes of O. sinensis, or “G”, denoting the primer with an extended guanine and representing
GC-biased Genotype #1 H. sinensis. The allele peaks are marked with “C” or “T”, referring to the primer with
an extended cytosine or thymine, which represent unknown transversion point mutations at the sequence
position. Panel B: Genomic DNA templates were amplified using primers designed based on the AT-biased
sequences AB067744 and AB067740 of O. sinensis. The PCR amplicons were used as templates for the second
PCR for SNP genotyping using MassARRAY MALDI-TOF mass spectrometry. The SNP extension primer
067740-328 (5’ GTGCTAGCGGGCGTA 3’, reverse complement) was designed based on the Genotype #5
(AB067740) sequence and extended to the SNP at position 328 of AB067740 (cf. Figure 1). The allele peaks are
marked with “A”, indicating the primer with an extended adenine and representing AT-biased Genotype #5 of
O. sinensis, or “G”, indicating the primer with an extended guanine and representing AT-biased Genotype #4 of
O. sinensis. The allele peaks are marked with “C” or “T”, referring to the primer with an extended cytosine or
thymine, which represent unknown transversion point mutations at the sequence position.
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Wei et al. [36] reported that AT-biased
Genotype #4 fungus was the sole O. sinensis
teleomorph in cultivated C. sinensis, which was
distinct from the GC-biased Genotype #1 that was
detected in natural C. sinensis and in 3 anamorphic
inoculants (H. sinensis Strains 130508-KD-2B,
20110514, and H01-20140924-03) used in the
industrial artificial cultivation project. Bayesian
phylogenetic analysis placed GC-biased Genotype
#1 and AT-biased Genotype #4 in isolated clades (cf.
Figure 2), and the sequences of Genotype #4 were
not present in the genome of Genotype #1 H.
sinensis [6-10, 16, 22-24, 37-41]. Stensrud et al. [14] stated
that “Groups B and C (AT-biased Genotypes #4-
5) … showed highly accelerated evolution of the
5.8S gene compared with Group A (GC-biased
Genotype #1) … Such a large sequence variation of
the 5.8S nrDNA far exceeds what is normally
observed in fungi (and other organisms), even at
higher taxonomic levels (genera and family).” The
apparent species contradiction between the
inoculants and the fruiting body of cultivated C.
sinensis may imply that Wei et al. [36] overlooked
the Genotype #4 sequences among the anamorphic
inoculation strains, which would confirm the
findings of [11] that the actual causal agent is a
fungal (species) complex containing several O.
sinensis genotypes and P. hepiali or that secondary
or sequential infections by the true causal
fungus/fungi (at least Genotype #4 of O. sinensis)
occurred during artificial cultivation. A third
possibility is that a preprogrammed, nonrandom
mutagenic conversion of GC-biased Genotype #1 to
AT-biased Genotype #4 occurred precisely without
exception in all cultivated C. sinensis pieces during
cultivation; however, this possibility seems unlikely.

Wei et al. [36] discovered the teleomorphic AT-
biased Genotype #4 of O. sinensis in cultivated C.
sinensis but the teleomorphic GC-biased Genotype
#1 in natural C. sinensis. Because the sequences of
AT-biased Genotype #4 are not present in the
genomes of GC-biased Genotype #1 H. sinensis
Strains Co18, 1229, ZJB12195, IOZ07, and
CC1406-203 [37-41] but instead belong to the genome
of independent fungus [7-10, 16, 22-24, 37-41], Wei et al. [36]
actually raised a dual-teleomorph hypothesis for O.
sinensis, which is distinct from the sole teleomorph
hypothesis for GC-biased Genotype #1 that they
raised 10 years ago [28].

Li et al. [57] reported differential occurrence and
transcription of the mating-type genes of MAT1-1
and MAT-1-2 idiomorphs in 237 H. sinensis strains,
inconsistent with the self-fertilization under
homothallism and pseudohomothallism hypotheses
[37, 58]. Obviously, sexual reproduction of O. sinensis
requires mating partners, which may be GC-biased
Genotypes #1, #2 or #7 of O. sinensis, either
monoecious or dioecious, or AT-biased genotypes
of O. sinensis for physiological heterothallism
although the taxonomic positions of O. sinensis
Genotypes #2-17 need to be determined, or
heterospecific fungal species for hybridization if the
species are able to break the interspecific
reproductive barriers, or for facultative
hybridization [9, 34, 57].

Collective results of molecular mycology
studies confirm that O. sinensis is a collective name
for multiple genotypes of O. sinensis fungi rather
than a single fungus, and H. sinensis is unlikely to
be the sole anamorph of O. sinensis. Although Li et
al. [8, 59] hypothesized that the sequences of multiple
AT-biased O. sinensis genotypes were pseudogenic
components of the genome of Genotype #1 H.
sinensis, which was based on the detection of
Genotypes #1 and #5 of O. sinensis in 8 of 15
cultures of C. sinensis monoascospores and the
presence of the 5.8S cDNA of Genotype #1 but not
Genotype #5 in a cDNA library, scientific findings
do not support the “ITS pseudogene … in a single
genome” hypothesis [7, 9-10, 16, 20, 22-24, 56]. Facing the
scientific challenge of the “ITS pseudogene”
hypothesis, Li et al. [8, 59] changed the phrasing that
the mutant sequences were from “a single genome”
[8] to from a “single ascospore” [59]. This switch in
wording indicates the authors’ acknowledgment that
multicellular heterokaryotic ascospores may contain
various genomes belonging to multiple fungi in
different mono-/bi-/tri-nucleated ascosporic cells [16,

34, 58]. Thus, the One Fungus=One Name
nomenclature rule may not be applicable to O.
sinensis research because multiple O. sinensis fungi
do not meet the prerequisite (One Fungus) of the
rule [23].

3.2 History and current perspectives on
indiscriminate use of the same Latin name(s)

The Chinese Pharmacopeia states that natural
C. sinensis consists of the O. sinensis fruiting body
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and a dead larval Hepialidae moth, i.e., natural C.
sinensis ≠ O. sinensis fungus/fungi [9-10, 22].
However, the same Latin name, either C. sinensis or
O. sinensis, has been indiscriminately applied to the
C. sinensis host-fungi complex and O. sinensis
fungi [3-4, 6-10, 12, 14-15, 17-19, 22-25, 28, 36, 46, 49, 55, 58-60, 62-65].
Although the implementation of the 1F=1N
nomenclature rule in C. sinensis research proposed
by Zhang et al. [27] did not initiate indiscriminate use
of the same Latin name in C. sinensis studies, it
contributes to further confusion in the centuries-
long history of this indiscriminate practice [9-10, 22].
The term “O. sinensis” is currently used to refer to
the natural insect-fungi complex as well as the
teleomorphic O. sinensis fungi and the postulated
anamorphic H. sinensis and multiple mutant O.
sinensis genotypes, obscuring the Latin name’s
specific meaning and causing confusion in C.
sinensis/O. sinensis research and even in the natural

C. sinensis markets [8-10, 12, 14, 16-17, 19-20, 22, 28, 36-37, 58-59,

61].
Natural C. sinensis was originally called

DōngChóngXìàCăo or DongChongXìaCao in
Chinese (also known as XìàCăoDōngChóng,
HiaTsaoTomChom, HiaTsaoTomTchom,
HiaTsaoTongTchong, HeaTsaonTsongChung,
DōngChóngCăo, ChóngCăo, དབྱར་རདྭ་རགུ, Yartsa
Gunbu, Yarchagumba, Yarsagumba, Yarshagumba,
Totsu-Kaso, Tochukaso, etc.) [25]. Early records of
this folk medicine appear in “Man ngag bye ba ring
bsrel” by the Tibetan doctor Zur Mkhar Mnyam
Nyid Rdo Rje (1439-1475) and several ancient
TCM books (1694-1765), including “Essentials of
Materia Medica” written by Ong Wang, “Light of
Embers for Materia Medica” written by Fang-Yi
Tang, “New Compilation of Materia Medica”
written by Yi-Luo Wu, and “A Supplement to the
Compendium of Materia Medica” written by Xue-
Min Zhao (Figure 5).

Figure 5: English translations of the titles of ancient Chinese medical books on C. sinensis

After natural C. sinensis was introduced to
Western countries by the French missionary
Dominicus Parennin in 1723, its intrinsic fungus
was identified by Jonathan Pereira in 1843 as
belonging to the Sphaeria genus, and the insect
portion was identified by Edward Doubleday as
belonging to Agrotis [25, 66-67], indicating the
scientific recognition of natural C. sinensis as an
insect-fungal complex. Miles Joseph Berkeley
described the fungus as Sphaeria Sinensis Berkeley
in 1843 and then renamed it Cordyceps Sinensis in
1857 [60, 68]. Pier Andrea Saccardo renamed it
Cordyceps sinensis (Berkeley) Saccardo in 1883 [69-

70].
Sung et al. [71] renamed it Ophiocordyceps

sinensis (Berkeley) G.H. Sung et al. in 2007 when a
fungal Strain EFCC 7287 was arbitrarily selected as
the nomenclature standard (according to Dr. Hywel-
Jones) [23]. Derived from Strain EFCC 7287, the
sequences from 5 nuclear loci in phylogenetic
analyses, EF468827 for nrLSU (large subunit of

nrDNA), EF468971 for nrSSU (small subunit of
nrDNA), EF468767 for tef1 (transcription
elongation factor-1α), and EF468874 and EF468924
for rpb1 and rpb2 (the largest and second largest
subunits of RNA polymerase II), are 98.7%-100%
homologous to the sequences of the whole genome
of the H. sinensis Strains Co18, 1229, ZJB12195,
IOZ07, and CC1406-203 [37-41], indicating that
Strain EFCC 7287 is Genotype #1 H. sinensis and
that the renaming of C. sinensis to O. sinensis by
Sung et al. [71] was applicable only to Genotype #1
without extending the taxonomy-nomenclature
project to the diverse O. sinensis genotypes
belonging to independent mutant fungal genomes [9-

10, 16, 22-24].
The initial intention and continuous efforts to

connect the fungal species to the insect-fungi
complex led to indiscriminate use of the same Latin
name(s) for the insect-fungi complex and for
multiple O. sinensis fungi. Lu [25] reviewed that
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(1) In 1846, Lindley J [62] “mentioned
XìàCăoDōngChóng as a TCM herb … labeled it
with the Latin name Sphaeria Sinensis given by
Berkeley, and attached 2 photos of
XìàCăoDōngChóng;”

(2) In 1857, Berkeley MJ [60] stated that “the
Latin name for XìàCăoDōngChóng … was renamed
Cordyceps Sinensis … and noted that
XìàCăoDōngChóng was one of the herbal
medicines”;

(3) In 1892, Pratt AE [65] “reported exporting
TCM herbs from Sichuan and Tibet … [and] used
the Latin name Sphaeria Sinensis for TchongTsao”.

Etc.
Indiscriminate use of the same Latin name has

continued to the present. For instance, Bushley et al.
[58] stated in 2013 that “Ophiocordyceps sinensis …
is an economically and medicinally valuable fungus
that parasitizes the Himalayan ghost moth
(Hepialidae) to form the combination of insect and
fungus known as Dong Chong Xia Cao (winter
worm, summer grass) in Chinese” but also stated
“O. sinensis has been overharvested to the point of
becoming an endangered species in China”, and
Xiang et al. [46] stated in 2014 that “Ophiocordyceps
sinensis … is an Ophiocordycipitaceae
entomoparasitic fungus that has been used as a tonic
and roborant for thousands of years in Asia”. The
same Latin name has also been indiscriminately
used in public databases such as GenBank and
HMAS (Herbarium Mycologicum and Academiae
Sinicae) and in nonscientific literature.

Based on the definition of natural C. sinensis
≠ O. sinensis fungi by the Chinese Pharmacopeia
as well as research findings, botany-TCM
systematics describe C. sinensis as the entire insect-
fungi complex, including the C. sinensis stroma and
caterpillar body. Ren et al. [72] described the
caterpillar body of C. sinensis as a
pseudosclerotium complex consisting of the fungal
sclerotium and fragments of larval tissues.
Dissection observations revealed some intact larval
organs/tissues in the caterpillar body of C. sinensis,
including an intact larval intestine, an intact body
wall of fair thickness with numerous bristles, head
tissues, and fragments of other larval tissues (Figure
6), reflecting the host’s active immunity-defense
during fungal infection and ensuring success in

extracting insect genomic and mitochondrial DNA
and RNA and sequencing larval genes and
transcripts [9, 73-74]. Lei and Shui [75], Meng et al. [76],
and Wang et al. [77-78] reported host innate immunity
and acquired immunological responses during O.
sinensis fungal infection and other insect functions
in the ghost moth, distinct from the in vitro culture
medium that passively provides nutrients for fungal
growth. In addition, studies of the stroma and
caterpillar body of C. sinensis found distinct
profiles of the mycobiota/microbiota, genomic
DNA pools, RAPD random molecular marker
polymorphisms, transcriptomic cDNA pools,
proteomic expression polymorphisms, HPLC
fingerprints of chemical constituents, distinct
pharmacological functions and even opposite
therapeutic effects of the stroma and caterpillar
body of the natural product [9-10, 13, 15-16, 18, 20-22, 44-45, 52,
62, 79-82].

Obscuring the differences between the natural
insect-fungi complex and teleomorphic and
anamorphic O. sinensis fungi leads to unavoidable
confusion. For example, Hu et al. [37] disclosed that
“O. sinensis strain Co18 … was selected for
genome sequencing” but also used the term O.
sinensis to refer to the natural insect-fungi complex,
such as “The caterpillar fungus Ophiocordyceps
sinensis … is one of the most highly valued
traditional Chinese medicines” and “Figure 4
Maturation of O. sinensis sexual structures in the
laboratory. A field-collected sample with an
immature fruiting body (a) was incubated in soil (b)
for up to two weeks, the fruiting body swelled (c)
by producing mature sexual perithecia and asci”.
The corresponding author of the study clarified to
the audience at an international conference in 2013
that the genome study material was the H. sinensis
Strain Co18 determined through a mono-spore
purification approach. Regardless of this
clarification to the conference audience, the paper
[37] has been distributed globally, accompanied by
confusion regarding the study material.
Consequently, Zhang & Zhang [34], Zhang et al. [83],
Wei et al. [36] and many others cited this paper [37]

and concluded that genome sequencing was
complete for O. sinensis. Thus, these authors
overlooked the genetic heterogeneity of the O.
sinensis teleomorphs and anamorphs and
multicellular heterokaryotic structures of the C.
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sinensis hyphae and ascospores and the detection of
insect DNA and transcript sequences in the
caterpillar body of natural C. sinensis [7, 9-10, 22-23, 58-59,

73-74]. Therefore, the statements “the genome
sequencing for Ophiocordyceps sinensis has been
completed” [34], “Chinese medicinal fungi

(Ophiocordyceps sinensis … ) have been genome
sequenced” [83], and “combined thinking of
DōngChóngXìàCăo genomic sequence data” [36] are
scientifically inaccurate, causing further confusion
beyond that caused by the original distribution of
the paper [37].

Figure 6: An anatomical image of the caterpillar body of natural C. sinensis. “]” in pink indicates the thickness
of the larval body wall.

In addition to the many examples of confusion
in C. sinensis studies, the paper title “Genome
sequencing and analysis of the entomopathogenic
fungus Hirsutella sinensis isolated from
Ophiocordyceps sinensis” [38] and the paper title
“Transcriptome sequencing and analysis of the
entomopathogenic fungus Hirsutella sinensis
isolated from Ophiocordyceps sinensis” [48] replaced
the name H. sinensis with O. sinensis, thus
producing the illogical “O. sinensis isolated from O.
sinensis.” Of course, it is not scientifically
legitimate to state that the fungus “Hirsutella
sinensis” was isolated from fungus
“Ophiocordyceps sinensis”, when Sung et al. (2007)
used H. sinensis strain EFCC 7287 as the
nomenclature reference and renamed Cordyceps
sinensis to Ophiocordyceps sinensis. Obviously, the
term “Ophiocordyceps sinensis” in the paper titles
referred to natural C. sinensis, presenting a different
level of confusion that Ophiocordyceps sinensis
fungus = natural C. sinensis insect-fungi complex.

Barseghyan et al. [3] concluded that “the
investigated strains were identified as Hirsutella
sinensis and Tolypocladium sinensis species, which

were identified as anamorphs of Ophiocordyceps
sinensis”. Here, again, the names H. sinensis and T.
sinensis cannot logically and literally be replaced
with the term O. sinensis. Otherwise, such an
inappropriate replacement would be against the
prerequisite “One Fungus” of the nomenclature rule
“1F=1N” regardless of whether the dual anamorph
conclusion was in debate.

Although the sole teleomorph hypothesis for
Genotype #1 (Hypothesis I) [28] encourages the
implementation of the 1F=1N nomenclature rule in
C. sinensis research [27], this hypothesis of the sole
teleomorph GC-biased Genotype #1 in natural C.
sinensis is inconsistent with the hypothesis of the
sole teleomorph AT-biased Genotype #4 in
cultivated C. sinensis proposed 10 years later by the
same key authors [36] and has been invalidated by
scientific evidence supporting Hypothesis III,
demonstrating that O. sinensis Genotypes #3, #4, #5,
and #7 were individually detected in natural and
cultivated C. sinensis but not Genotype #1 H.
sinensis [4, 6-7, 10-12, 19, 22, 36, 55] and that O. sinensis
Genotypes #1, #5-6, #13-14, and #16, but not
Genotypes #4 and #15 of AT-biased Cluster B (cf.
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Figure 2), were detected in the teleomorphic
ascospores of natural C. sinensis [8-10, 22]. Thus,
improperly implementing the 1F=1N rule in C.
sinensis studies overlooks the definition set by the
equation One Fungus=One Name (1F=1N) of the
Amsterdam Declaration [26], in which “One Fungus”
is the taxonomic prerequisite for proper
implementation of the nomenclature rule “=One
Name” [9-10, 22].

3.3 Suggestions for renaming natural C. sinensis
In 2012, mycologists Zhang et al. [47] suggested

continued use of the name O. sinensis for the
fungus/fungi and renaming the natural insect-fungi
complex using the non-Latin term “Chinese
cordyceps”, not italicized and with lowercase “c”
for cordyceps. This proposal has not been generally
accepted because governmental regulations
worldwide require every natural medicinal product
to have a unique, exclusive Latin name.

Alternatively in 2013, botany-TCM scientists
Ren et al. [72] suggested the Latin name
“Ophiocordyceps & Hepialidae” for natural C.
sinensis, reflecting the parasitic relationship
between bat moth larvae and the postulated causal
fungus/fungi. However, implementing this
renaming proposal has been met with hesitation
because the taxonomic positions of O. sinensis
Genotypes #2-17 remain undetermined, likely due
to the indistinguishable “H. sinensis-like”
morphologic and growth features shared at least by
Genotype #1 H. sinensis, Genotypes #3-5 and #7 of
O. sinensis fungi [4, 6, 8, 12, 14, 19, 36, 55] and the
“Hirsutella-like” morphology shared by numerous
fungal species in the families Ophiocordycipitaceae
and Clavicipitaceae and in the genera
Harposporium and Polycephalomyces [84]. If H.
sinensis and T. sinensis were correctly identified as
anamorphs of O. sinensis [3] and given the proposal
“for Ophiocordycipitaceae (Hypocreales) with new
combinations in Tolypocladium”[84], revising the
term proposed by Ren et al. [72] to the new term
“Ophiocordycipitaceae & Hepialidae” may be
appropriate to denote the natural insect-fungi
complex, as it reflects both the dead Hepialidae
larva and the multiple O. sinensis anamorphs and
teleomorphs of the Ophiocordycipitaceae family,
including the multiple O. sinensis genotypes with “a
large sequence variation of the 5.8S nrDNA … at

higher taxonomic levels (genera and family)” [14].
However, special attention is needed for the
genetically variant offspring, Genotypes #13 and
#14 of O. sinensis [9-10, 22], which were identified in
the teleomorphic ascospores of natural C. sinensis
and feature reciprocal substitutions of large DNA
segments due to chromosomal intertwining
interactions and genetic material recombination
between the parental fungi, H. sinensis (Group-A of
O. sinensis, represented by AB067721), and an
AB067719-type Group-E fungus [14] (an
independent fungal species represented by
AB067719) (cf. Table 2), regardless of whether
chromosomal intertwining interactions and genetic
material recombination resulted from fungal
hybridization or parasexuality [57]. It remains unclear
why the genetically distinct Genotypes #13 and #14
of O. sinensis exist differentially in the semi- and
fully ejected ascospores, respectively, collected
from the same C. sinensis specimen if they are truly
the offspring of the 2 parental fungi through
different hybridization or parasexual reproduction
processes, as well as what physiological and
mycological roles Genotypes #13 and #14 play in
the production, maturation, and ejection of
ascospores.

The nomenclature for the natural C. sinensis
insect-fungi complex and multiple O. sinensis fungi
is highly academic and requires cooperation from
multidisciplinary taxonomists across the fields of
mycology, zoology, and botany-TCM.
Unfortunately, mycologists have seemed to
encounter difficulties in the taxonomic
determination and nomenclature of the multiple
mutant O. sinensis genotypes since Zhang et al. [17]
declared in 2013 the taxonomy project to be urgent,
probably due to the continued nonculturability of
the mutant genotypes of O. sinensis fungi,
excluding Genotype #1 H. sinensis.

4. Discussion and suggestions

The sequences of Genotypes #2-17 of O.
sinensis have been demonstrated to reside in the
genomes of independent fungi rather than in the
genome of Genotype #1 H. sinensis. Improperly
implementing the 1F=1N nomenclature rule has
expanded the centuries-old confusion stemming
from indiscriminate use of the same Latin name for
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the natural C. sinensis insect-fungi complex and the
multiple O. sinensis anamorphs and teleomorphs.
Therefore, we suggest postponing the
implementation of the 1F=1N nomenclature rule in
C. sinensis studies until O. sinensis has been
taxonomically demonstrated to be a single fungus
and GC-biased Genotype #1 H. sinensis to be its
sole anamorph. The long-standing academic
problem of indiscriminately using the same Latin
name for the natural insect-fungi complex and the
multiple O. sinensis teleomorphs and anamorphs
can be resolved by taxonomically characterizing the
mutant genotypic fungi that are currently classified
as O. sinensis to avoid compromising scientific
understanding and to alleviate the socioeconomic
consequences that arise from confusion in
taxonomic nomenclature.

Acknowledgments

This study was supported by a grant (2021-SF-
A4) for the “Study on key technologies of
conservation of natural resource and industrial
upgrading of Cordyceps sinensis”, the Major
Science and Technology Projects in Qinghai
Province.

The authors are grateful to Prof. Mu Zang, Prof.
Ru-Qin Dai, Prof. Ying-Lan Guo, Prof. Zong-Qi
Liang, Prof. Zhao-Lan Li, Prof. Ping Zhu, Prof. Yu-
Guo Zheng, Dr. Jia-Gang Zhao, and Dr. Yan-Jiao
Zhou for consultations.

References

1 Zhu J-S, Halpern GM, Jones K. The scientific
rediscovery of an ancient Chinese herbal
medicine: Cordyceps sinensis part I. Journal
of Alternative and Complementary Medicine
1998; 4: 289-303 PMID: 9764768 DOI:
10.1089/acm.1998.4.3-289

2 Zhu J-S, Halpern GM, Jones K. The scientific
rediscovery of a precious ancient Chinese
herbal regimen: Cordyceps sinensis part II.
Journal of Alternative and Complementary
Medicine 1998; 4: 429-457 PMID: 9884180
DOI: 10.1089/acm.1998.4.429

3 Barseghyan GS, Holliday JC, Price TC,
Madison LM, Wasser SP. Growth and cultural-

morphological characteristics of vegetative
mycelia of medicinal caterpillar fungus
Ophiocordyceps sinensis G.H. Sung et al.
(Ascomycetes) isolates from Tibetan Plateau
(P.R. China). International Journal of
Medicinal Mushrooms 2011; 13: 565-581
PMID: 22181845 DOI:
10.1615/intjmedmushr.v13.i6.90

4 Engh IB. Molecular phylogeny of the
Cordyceps-Tolypocladium complex.
Candidate scientific thesis, Department of
Biology, University of Oslo, Oslo. 1999.

5 Jiang Y, Yao Y-J. A review for the debating
studies on the anamorph of Cordyceps sinensis.
Mycosistema 2003; 22: 161-176.

6 Kinjo N, Zang M. Morphological and
phylogenetic studies on Cordyceps sinensis
distributed in southwestern China.
Mycoscience 2001; 42: 567-574 DOI:
10.1007/BF02460956

7 Li X-Z, Li Y-L, Yao Y-S, Xie W-D, Zhu J-S.
Further discussion with Li et al. (2013, 2019)
regarding the “ITS pseudogene hypothesis” for
Ophiocordyceps sinensis. Molecular
Phylogenetics and Evolution 2020; 146:
106728 DOI: 10.1016/j.ympev.2019.106728

8 Li Y, Jiao L, Yao Y-J. Non-concerted ITS
evolution in fungi, as revealed from the
important medicinal fungus Ophiocordyceps
sinensis. Molecular Phylogenetics and
Evolution 2013; 68: 373-379 PMID: 23618625
DOI: 10.1016/j.ympev.2013.04.010

9 Li Y-L, Li X-Z, Zhu J-S. Cordyceps sinensis
Fungal Heterokaryons. Chemistry Industry
Press Co., Beijing, 2022 ISBN: 978-7-122-
40189-2

10 Li Y-L, Yao Y-S, Xie W-D, Zhu J-S. The
molecular heterogeneity of natural Cordyceps
sinensis with multiple Ophiocordyceps sinensis
fungi challenges the anamorph-teleomorph
connection hypotheses. American Journal of
Biomedical Sciences 2016; 8: 123-159 doi:
10.5099/aj100300217

11 Li Y-L, Yao Y-S, Zhang Z-H, Xu H-F, Liu X,
Ma S-L, Wu Z-M, Zhu J-S. Synergy of fungal
complexes isolated from the intestines of
Hepialus lagii larvae in increasing infection
potency. Journal of Fungal Research 2016;
14: 96-112 DOI: 10.13341/j.jfr.2014.1067

file:///C:/Users/we.000/Downloads/10.1089/acm.1998.4.3-289
file:///C:/Users/we.000/Downloads/10.1089/acm.1998.4.429
file:///C:/Users/we.000/Downloads/10.1615/intjmedmushr.v13.i6.90
file:///C:/Users/we.000/Downloads/10.1007/BF02460956
file:///C:/Users/we.000/Downloads/10.1016/j.ympev.2019.106728
file:///C:/Users/we.000/Downloads/10.1016/j.ympev.2013.04.010
file:///C:/Users/we.000/Downloads/10.5099/aj100300217
file:///C:/Users/we.000/Downloads/10.13341/j.jfr.2014.1067


Am. J. Biomed. Sci. 2022,14(3),115-135;doi:10.5099/aj220300115 © 2022 by NWPII. All rights reserved 131

12 Mao X-M, Zhao S-M, Cao L, Yan X, Han R-X.
The morphology observation of
Ophiocordyceps sinensis from different origins.
Journal of Environmental Entomology 2013;
35: 343-353 DOI: 10.3969/j.issn.1674-
0858.2013.03.11

13 Shao J-L, Lai B, Jiang W, Wang J-T, Hong Y-
H, Chen F-B, Tan S-Q, Guo L-X. Diversity
and co-occurrence patterns of soil bacterial and
fungal communities of Chinese Cordyceps
habitats at Shergyla Mountain, Tibet:
Implications for the occurrence.
Microorganisms 2019; 7: 284
doi:10.3390/microorganisms7090284

14 Stensrud Ø, Schumacher T, Shalchian-Tabrizi
K, Svegården IB, Kauserud H. Accelerated
nrDNA evolution and profound AT bias in the
medicinal fungus Cordyceps sinensis.
Mycology Research 2007; 111: 409–415 DOI:
10.1016/j.mycres.2007.01.015

15 Xia F, Liu Y, Shen G-R, Guo L-X, Zhou X-W.
Investigation and analysis of microbiological
communities in natural Ophiocordyceps
sinensis. Canadian Journal of Microbiology
2015; 61: 104-111 DOI: 10.1139/cjm-2014-
0610

16 Xiao W, Yang J-L, Zhu P, Cheng K-D, He H-X,
Zhu H-X, Wang Q. Non-support of species
complex hypothesis of Cordyceps sinensis by
targeted rDNA-ITS sequence analysis.
Mycosystema 2009; 28: 724 – 730 DOI:
10.13346/j.mycosystema.2009.05.028

17 Zhang S, Zhang Y-J, Liu X-Z, Zhang,, H, Liu
D-S. On the reliability of DNA sequences of
Ophiocordyceps sinensis in public databases.
Journal of Industrial Microbiology and
Biotechnology 2013; 40: 365-378 PMID:
23397071 DOI: 10.1007/s10295-012-1228-4

18 Zhang Y-J, Sun B-D, Zhang S, Wang M, Liu
X-Z, Gong W-F. Mycobiotal investigation of
natural Ophiocordyceps sinensis based on
culture-dependent investigation. Mycosystema
2010; 29: 518-527 DOI:
10.3724/SP.J.1238.2010.00516

19 Zhang Y-J, Xu L-L, Zhang S, Liu X-Z, An Z-Q,
Wang M, Guo Y-L. Genetic diversity of
Ophiocordyceps sinensis, a medicinal fungus
endemic to the Tibetan Plateau: implications
for its evolution and conservation. BMC

Evolutionary Biology 2009, 9, 290 PMID:
20003548 DOI: 10.1186/1471-2148-9-290

20 Zhu J-S, Gao L, Li X-H, Yao Y-S, Zhao J-Q.
Maturational alteration of oppositely orientated
rDNA and differential proliferation of GC- and
AT-biased genotypes of Ophiocordyceps
sinensis and Paecilomyces hepiali in natural
Cordyceps sinensis. American Journal of
Biomedical Sciences 2010; 2: 217-238 DOI:
10.5099/AJ100300217

21 Zhu J-S, Guo Y-L, Yao Y-S, Zhou Y-J, Lu J-H,
Qi Y, Chen W, Zheng T-Y, Zhang L, Wu Z-M,
Zhang L-J, Liu X-J, Yin W-T, Zheng T-Y,
Zhang L-J. Maturation of Cordyceps sinensis
associates with co-existence of Hirsutella
sinensis and Paecilomyces hepiali DNA and
dynamic changes in fungal competitive
proliferation predominance and chemical
profiles. Journal of Fungal Research 2007; 5:
214-224.

22 Zhu J-S, Li Y-L. A Precious Transitional
Chinese Medicine, Cordyceps sinensis:
Multiple Heterogeneous Ophiocordyceps
sinensis in the Insect-Fungi Complex, Lambert
Academic Publishing, Germany, 2017 (ISBN:
3330046686, 9783330046689).

23 Zhu J-S, Li Y-L, Yao Y-S, Xie W-D.
Molecular evidence not supporting the use of
Hirsutella sinensis strain EFCC 7287 as the
taxonomic standard for multiple
Ophiocordyceps sinensis fungi. International
Journal of Molecular Biology, 2018; 3: 114-
115 DOI: 10.15406/ijmboa.2018.03.00062

24 Zhu J-S, Li Y-L, Yao Y-S, Xie W-D. The
multiple genotypes of Ophiocordyceps sinensis
and the ITS pseudogene hypothesis. Molecular
Phylogenetics and Evolution 2019; 139:
106322 doi: 10.1016/j.ympev.2018.10.034

25 Lu D. Western records and studies of the
Chinese caterpillar fungus to the beginning of
the 20th century. Journal of Fungal Research
2014; 12: 233-244 DOI:
10.13341/j.jfr.2014.0043

26 Hawksworth DL, Crous PW, Redhead SA,
Reynolds DR, Samson RA, Seifert KA, Taylor
JW, Wingfield MJ, Abaci O, Aime C, Asan A,
Bai F-Y, de Beer ZW, Begerow D, Berikten D,
Boekhout T, K Buchanan P, Burgess T, Buzina
W, Cai L, Cannon PF, Crane JL, Damm U,

file:///C:/Users/we.000/Downloads/10.3969/j.issn.1674-0858.2013.03.11
file:///C:/Users/we.000/Downloads/10.3969/j.issn.1674-0858.2013.03.11
file:///C:/Users/we.000/Downloads/10.3390/microorganisms7090284
file:///C:/Users/we.000/Downloads/10.1016/j.mycres.2007.01.015
file:///C:/Users/we.000/Downloads/10.1139/cjm-2014-0610
file:///C:/Users/we.000/Downloads/10.1139/cjm-2014-0610
file:///C:/Users/we.000/Downloads/10.13346/j.mycosystema.2009.05.028
file:///C:/Users/we.000/Downloads/10.1007/s10295-012-1228-4
file:///C:/Users/we.000/Downloads/10.3724/SP.J.1238.2010.00516
file:///C:/Users/we.000/Downloads/10.1186/1471-2148-9-290
file:///C:/Users/we.000/Downloads/10.5099/aj100300217
file:///C:/Users/we.000/Downloads/10.15406/ijmboa.2018.03.00062
file:///C:/Users/we.000/Downloads/10.1016/j.ympev.2018.10.034
file:///C:/Users/we.000/Downloads/10.13341/j.jfr.2014.0043


Am. J. Biomed. Sci. 2022,14(3),115-135;doi:10.5099/aj220300115 © 2022 by NWPII. All rights reserved 132

Daniel H-M, van Diepeningen AD,
Druzhinina I, Dyer PS, Eberhardt U, Fell JW,
Frisvad JC, Geiser DM, Geml J, Glienke C,
Gräfenhan T, Groenewald JZ, Groenewald M,
de Gruyter J, Guého-Kellermann E, Guo L-D,
Hibbett DS, Hong S-B, de Hoog GS,
Houbraken J, Huhndorf SM, Hyde K D, Ismail
A, Johnston PR, Kadaifciler DG, Kirk PM,
Kõljalg U, Kurtzman CP, Lagneau P-E,
Lévesque CA, Liu X, Lombard L, Meyer W,
Miller A, Minter DW, Najafzadeh MJ, Norvell
L, Ozerskaya SM, Oziç R, Pennycook SR,
Peterson SW, Pettersson OV, Quaedvlieg W,
Robert VA, Ruibal C, Schnürer J, Schroers H-J,
Shivas R, Slippers B, Spierenburg H,
Takashima M, Taşkın E, Thines M, Thrane U,
Uztan AH,van Raak M, Varga J, Vasco A,
Verkley G, Videira SIR, de Vries RP, Weir
BS, Yilmaz N, Yurkov A, Zhang N. The
Amsterdam declaration on fungal
nomenclature. IMA Fungus 2011; 2: 105-112
DOI: 10.5598/imafungus.2011.02.01.14

27 Zhang S, Zhang Y-J, Shrestha B, Xu J-P, Wang
C-S, Liu X-Z. Ophiocordyceps sinensis and
Cordyceps militaris: research advances, issues
and perspectives. Mycosystema 2013; 32: 577-
597 DOI: 10.3969/j.issn.1673-
5110.2014.18.061

28 Wei X-L, Yin X-C, Guo Y-L, Shen N-Y, Wei
J-C. Analyses of molecular systematics on
Cordyceps sinensis and its related taxa.
Mycosystema 2006; 25: 192-202.

29 Liu Z-Y, Liang Z-Q, Liu A-Y. Investigation on
microcycle conidiation of ascospores and
conidiogenous structures of anamorph of
Cordyceps sinensis. Guizhou Agricultural
Sciences 2003; 31: 3-5.

30 Mo M-H, Chi S-Q, Zhang K-Q. Microcycle
conidiation of Cordyceps sinensis and
anamorph isolation. Mycosystema 2001; 20:
482-485.

31 Liu Z-Y, Yao Y-J, Liang Z-Q, Liu A-Y, Pegler
DN, Chase MW. Molecular evidence for the
anamorph-teleomorph connection in
Cordyceps sinensis. Mycology Research 2001;
105: 827-832.

32 Zhao J, Wang N, Chen Y-Q, Li T-H, Qu L-H.
Molecular identification for the asexual stage
of Cordyceps sinensis. Acta Scientiarum

Naturalium Universitatis Sunyatseni 1999; 38:
122-123.

33 Guo Y-L, Xiao P-G, Wei J-C. On the biology
and sustainable utilization of the Chinese
medicine treasure Ophiocordyceps sinensis
(Berk.) G. H. Sung et al. Modern Chin Med.
2010; 12: 3-8.

34 Zhang S, Zhang Y-J. Molecular evolution of
three protein-coding genes in the Chinese
caterpillar fungus Ophiocordyceps sinensis.
Microbiology China 2015; 42(8): 1549-1560
DOI: 10.13344/j.microbiol.china.150279

35 Li X-Z, Li Y-L, Yao Y-S, Zhu J-S. Differential
expression of Hirsutella sinensis genes and
intraspecific genetic variation among H.
sinensis strains. Biochemistry and Molecular
Biology Journal 2022; 8: 52 DOI:
10.36648/2471-8084.22.8.52

36 Wei J-C, Wei X-L, Zheng W-F, Guo W, Liu
R-D. Species identification and component
detection of Ophiocordyceps sinensis
cultivated by modern industry. Mycosystema
2016; 35: 404-410 doi:
10.13346/j.mycosystema.160045

37 Hu X, Zhang Y-J, Xiao G-H, Zheng P, Xia Y-L,
Zhang W-Y, St Leger RJ, Liu X-Z, Wang C-S.
Genome survey uncovers the secrets of sex and
lifestyle in caterpillar fungus. Chinese Science
Bulletin 2013; 58: 2846-2854 doi:
10.1007/s11434-013-5929-5

38 Jin L-Q, Xu Z-W, Zhang B, Yi M, Weng C-Y,
Lin S, Wu H, Qin X‑ T, Xu F, Teng Y, Yuan
S ‑ J, Liu Z-Q, Zheng Y-G. Genome
sequencing and analysis of fungus Hirsutella
sinensis isolated from Ophiocordyceps sinensis.
AMB Express 2020; 10: 105 PMID: 32494871
doi: 10.1186/s13568-020-01039-x

39 Li Y, Hsiang T, Yang R-H, Hu X-D, Wang K,
Wang W-J, Wang X-L, Jiao L, Yao Y-J.
Comparison of different sequencing and
assembly strategies for a repeat-rich fungal
genome, Ophiocordyceps sinensis. Journal of
Microbiological Methods 2016; 128: 1-6 DOI:
10.1016/j.mimet.2016.06.025

40 Shu R-H, Zhang J-H, Meng Q, Zhang H, Zhou
G-L, Li M-M, Wu P-P, Zhao Y-N, Chen C,
Qin Q-L. A new high-quality draft genome
assembly of the Chinese cordyceps
Ophiocordyceps sinensis. Genome Biology

file:///C:/Users/we.000/Downloads/10.3969/j.issn.1673-5110.2014.18.061
file:///C:/Users/we.000/Downloads/10.3969/j.issn.1673-5110.2014.18.061
file:///C:/Users/we.000/Downloads/10.13344/j.microbiol.china.150279
file:///C:/Users/we.000/Downloads/10.36648/2471-8084.22.8.52
file:///C:/Users/we.000/Downloads/10.13346/j.mycosystema.160045
file:///C:/Users/we.000/Downloads/10.1007/s11434-013-5929-5
file:///C:/Users/we.000/Downloads/10.1186/s13568-020-01039-x
file:///C:/Users/we.000/Downloads/10.1016/j.mimet.2016.06.025


Am. J. Biomed. Sci. 2022,14(3),115-135;doi:10.5099/aj220300115 © 2022 by NWPII. All rights reserved 133

and Evolution 2020; 12(7): 1074-1079 PMID:
32579174 DOI: 10.1093/gbe/evaa112

41 Liu J, Guo L-N, Li Z-W, Zhou Z, Li Z, Li Q,
Bo X-C, Wang S-Q, Wang J-L, Ma S-C,
Zheng J, Yang Y. Genomic analyses reveal
evolutionary and geologic context for the
plateau fungus Ophiocordyceps sinensis. Clin.
Med. 2020; 15: 107-119 DOI:
10.1186/s13020-020-00365-3

42 Holliday J, Cleaver MP. Medicinal value of the
caterpillar fungi species of the genus
Cordyceps (Fr.) Link (Ascomycetes). A review.
International Journal of Medicinal
Mushrooms 2008; 10: 219-234 DOI:
10.1615/IntJMedMushr.v10.i3.30

43 Stone R. Improbable partners aim to bring
biotechnology to a Himalayan Kingdom.
Science 2010; 327: 940-941 DOI:
10.1126/science.327.5968.940

44 Zhang C-B, Ren C-H, Wang Y-L, Wang Q-Q,
Wang Y-S, Weng Q-B. Uncovering fungal
community composition in natural habitat of
Ophiocordyceps sinensis using high-
throughput sequencing and culture-dependent
approaches. BMC Microbiology 2020; 20: 331
PMID: 33138775 doi: 10.1186/s12866-020-
01994-2

45 Yao Y-S, Gao L, Li Y-L, Ma S-L, Wu Z-M,
Tan N-Z, Wu J-Y, Ni L-Q, Zhu J-S. Amplicon
density-weighted algorithms for analyzing
dissimilarity and dynamic alterations of RAPD
polymorphisms of Cordyceps sinensis.
Journal of Peking University (Health Science)
2014; 46: 618-628 PMID: 25131482

46 Xiang L, Li Y, Zhu Y-L, Luo H-M, Li C-F, Xu
X-L, Sun C, Song J-Y, Shi L-C, He L, Sun W,
Chen S-L. Transcriptome analysis of the
Ophiocordyceps sinensis fruiting body reveals
putative genes involved in fruiting body
development and cordycepin biosynthesis.
Genomics 2014; 103: 154-159 PMID:
24440419 DOI: 10.1016/j.ygeno.2014.01.002

47 Zhang Y-J, Li E-W, Wang C-S, Li Y-L, Liu X-
Z. Ophiocordyceps sinensis, the flagship
fungus of China: terminology, life strategy and
ecology. Mycology 2012; 3: 2-10 DOI:
10.1080/21501203.2011.654354

48 Liu Z-Q, Lin S, Baker P, Wu L-F, Wang X-R,
Wu H, Xu F, Wang H-Y, Brathwaite M, Zheng

Y-G. Transcriptome sequencing and analysis
of the entomopathogenic fungus Hirsutella
sinensis isolated from Ophiocordyceps sinensis.
BMC Genomics 2015; 16: 106 PMID:
25765329 DOI 10.1186/s12864-015-1269-y

49 Chen Y-Q, Hu B, Xu F, Zhang W, Zhou H, Qu
L-H. Genetic variation of Cordyceps sinensis,
a fruit-body-producing entomopathogenic
species from different geographical regions in
China. FEMS Microbiol Lett. 2004; 230: 153-
158 PMID: 14734179 DOI: 10.1016/S0378-
1097(03)00889-9

50 Leung P-H, Zhang Q-X, Wu J-Y. Mycelium
cultivation, chemical composition and
antitumour activity of a Tolypocladium sp.
fungus isolated from wild Cordyceps sinensis.
Journal of Applied Microbiology 2006; 101:
275-283 PMID: 16882134 DOI:
10.1111/j.1365-2672.2006.02930.x

51 Yang J-L, Xiao W, He H-X, Zhu H-X, Wang
S-F, Cheng K-D, Zhu P. Molecular
phylogenetic analysis of Paecilomyces hepiali
and Cordyceps sinensis. Acta Pharmaceutica
Sinica 2008; 43: 421-426 PMID: 18664207

52 Yao Y-S, Zhou Y-J, Gao L, Lu J-H, Wu Z-M,
Zhu J-S. Dynamic alterations of the differential
fungal expressions of Ophiocordyceps sinensis
and its mutant genotypes in stroma and
caterpillar during maturation of natural
Cordyceps sinensis. Journal of Fungal
Research 2011; 9: 37-49,53 PMID: 22692321

53 Zhu J-S, Zhao J-G, Gao L, Li X-H, Zhao J-Q,
Lu J-H. Dynamically altered expressions of at
least 6 Ophiocordyceps sinensis mutants in the
stroma of Cordyceps sinensis. Journal of
Fungal Research 2012; 10: 100-112.

54 Qiu W-F, Chen Q-T, Qian C-R, Shen C-Y, Xu
J-T, Wang L-Y, Zhang W-J. “Study on
Cordyceps sinensis, a new species
Paecilomyces hepiali” certificate of
identification for the achievement in science
and technology. Archive of Institution of
Chinese Materia Medica, Chinese Academy
of Traditional Chinese Medicine. 1987, 1-8
(Docs #000021, 000044, and 000045).
(unpublished)

55 Chen C-S, Hseu R-S, Huang C-T. Quality
control of Cordyceps sinensis teleomorph,
anamorph, and Its products, Chapter 12, in

file:///C:/Users/we.000/Downloads/10.1093/gbe/evaa112
file:///C:/Users/we.000/Downloads/10.1186/s13020-020-00365-3
file:///C:/Users/we.000/Downloads/10.1615/IntJMedMushr.v10.i3.30
file:///C:/Users/we.000/Downloads/10.1126/science.327.5968.940
file:///C:/Users/we.000/Downloads/10.1186/s12866-020-01994-2
file:///C:/Users/we.000/Downloads/10.1186/s12866-020-01994-2
file:///C:/Users/we.000/Downloads/10.1016/j.ygeno.2014.01.002
file:///C:/Users/we.000/Downloads/10.1080/21501203.2011.654354
file:///C:/Users/we.000/Downloads/10.1186/s12864-015-1269-y
file:///C:/Users/we.000/Downloads/10.1016/S0378-1097(03)00889-9
file:///C:/Users/we.000/Downloads/10.1016/S0378-1097(03)00889-9
file:///C:/Users/we.000/Downloads/10.1111/j.1365-2672.2006.02930.x


Am. J. Biomed. Sci. 2022,14(3),115-135;doi:10.5099/aj220300115 © 2022 by NWPII. All rights reserved 134

Shoyama, Y., Ed. Quality Control of Herbal
Medicines and Related Areas, InTech, Rijeka,
Croatia. 2011 (www.intechopen.com)

56 Gao L, Li X-H, Zhao J-Q, Lu J-H, Zhao J-G,
Zhu J-S. Maturation of Cordyceps sinensis
associates with alterations of fungal
expressions of multiple Ophiocordyceps
sinensis mutants with transition and
transversion point mutations in stroma of
Cordyceps sinensis. Beijing Da Xue Xue Bao
(Health Sci) 2012; 44(3): 454-463 PMID:
22692321 doi: 10.1371/journal.pone.0109083

57 Li X-Z, Li Y-L, Zhu J-S. Differential
expression of mating-type genes in Hirsutella
sinensis and natural Cordyceps sinensis.
Proceedings of the 2021 International
Conference for Information Technology and
Biomedical Engineering 2021: 318-333 DOI:
10.1109/ICITBE54178.2021.00076

58 Bushley KE, Li Y, Wang W-J, Wang X-L, Jiao
L, Spatafora JW, Yao Y-J. Isolation of the
MAT1-1 mating type idiomorph and evidence
for selfing in the Chinese medicinal fungus
Ophiocordyceps sinensis. Fungal Biol. 2013:
117: 599-610 PMID: 22181845 DOI:
10.1016/j.funbio.2013.06.001

59 Li Y, Wang Y-H, Wang K, Yang R-H, Yao Y-J.
Response to “ The multiple genotypes of
Ophiocordyceps sinensis and the ITS
pseudogene hypothesis. Molecular
Phylogenetics and Evolution 2019; 139:
106522 doi: 10.1016/j.ympev.2019.106522

60 Berkeley MJ. On some entomogenous
Sphaeriae. J Proc Linnean Soc London
(Botany) 1857; 1: 157-159.

61 Li Y, Hu X-D, Yang R-H, Hsiang T, Wang K,
Liang D-Q, Liang F, Cao D-M, Zhou F, Wen
G, Yao Y-J. Complete mitochondrial genome
of the medicinal fungus Ophiocordyceps
sinensis. Scientific Reports 2015; 5: 13892
PMID: 26370521 DOI: 10.1038/srep13892

62 Lindley, J. The Vegetable Kingdom, Bradbury
& Evans, London. 1846:39.

63 Lloyd CG. Cordyceps sinensis, from N. Gist
Gee, China. Mycological Notes 1918; 54: 766-
780.

64 Massee G. A revision of the genus Cordyceps.
Annals of Botany 1895, 9, 1-44
https://www.jstor.org/stable/43234403

65 Pratt AE. To the Snows of Tibet through China,
Longmans, Green and Company, London;
New York. 1892, 16, 187-188.

66 Pereira J. Notice of a Chinese article of the
materia medica, called ‘summer-plant-winter-
worm’. Pharmaceutical Journal and
Transactions 1843; 2: 591-595.

67 Saunders WW. Proceedings of learned societies:
entomological society. Annals and Magazine
of Natural History 1842; 8: 217-220.

68 Berkeley MJ. On some entomogenous
Sphaeriae. London J Botany, 1843; 2: 205-
211.

69 Saccardo PA. Enumeratio pyrenomycetum
hypocreaceorum hucusque congitorum
systemate carpologico dispositorum. Michelia
1878; 1: 277-325.

70 Saccardo PA. Sylloge Fungorum Omnium
Hucusque Cognitorum. vol. 2. Patavii,
Sumptibus Auctoris, New York. 1883, pp. 557.

71 Sung G-H, Hywel-Jones NL, Sung J-M,
Luangsa-ard JJ, Shrestha B, Spatafora JW.
Phylogenetic classification of Cordyceps and
the clavicipitaceous fungi. Studies in
Mycology 2007; 57: 5-59 PMID: 18490993
DOI: 10.3114/sim.2007.57.01

72 Ren Y, Wan D-G, Lu X-M, Guo J-L. The study
of scientific name discussion for TCM
Cordyceps. Lishizhen Medicine and Materia
Medica Research 2013; 24: 2211-2212 Doi:
10.3969/j.issn.1008-0805.2013.09.075

73 Li S, Zhong X, Kan X, Gu L, Sun H; Zhang G;
Liu X. De novo transcriptome analysis of
Thitarodes jiachaensis before and after
infection by the caterpillar fungus,
Ophiocordyceps sinensis. Gene 2016; 580: 96-
103 DOI: 10.1016/j.gene.2016.01.007

74 Zhang Y-J, Zhang S, Li Y-L, Ma S-L, Wang C-
S, Xiang M-C, Liu X, An Z-Q, Xu J-P, Liu X.-
Z. Phylogeography and evolution of a fungal-
insect association on the Tibetan Plateau.
Molecular Ecology 2014; 23: 5337-5355
PMID: 25263531 DOI: 10.1111/mec.12940

75 Lei W, Shui X-R. Ecological response of
Ophiocordyceps sinensis in its occurrence and
development. Hubei Agricultural Sciences
2015; 54: 100-104 DOI:
10.14088/j.cnki.issn0439-8114.2015.01.026

file:///C:/Users/we.000/Downloads/10.1371/journal.pone.0109083
file:///C:/Users/we.000/Downloads/10.1109/ICITBE54178.2021.00076
file:///C:/Users/we.000/Downloads/10.1016/j.funbio.2013.06.001
file:///C:/Users/we.000/Downloads/10.1016/j.ympev.2019.106522
file:///C:/Users/we.000/Downloads/10.1038/srep13892
https://www.jstor.org/stable/43234403
file:///C:/Users/we.000/Downloads/10.3114/sim.2007.57.01
file:///C:/Users/we.000/Downloads/10.3969/j.issn.1008-0805.2013.09.075
file:///C:/Users/we.000/Downloads/10.1016/j.gene.2016.01.007
file:///C:/Users/we.000/Downloads/10.1111/mec.12940
file:///C:/Users/we.000/Downloads/10.14088/j.cnki.issn0439-8114.2015.01.026


Am. J. Biomed. Sci. 2022,14(3),115-135;doi:10.5099/aj220300115 © 2022 by NWPII. All rights reserved 135

76 Meng Q, Yu H-Y, Zhang H, Zhu W, Wang M-
L, Zhang J-H, Zhou G-L, Li X, Qin Q-L, Hu
S-N, Zou Z. Transcriptomic insight into the
immune defenses in the ghost moth, Hepialus
xiaojinensis, during an Ophiocordyceps
sinensis fungal infection. Insect Biochemistry
and Molecular Biology 2015; 64: 1-15 PMID:
26165779 DOI: 10.1016/j.ibmb.2015.06.014

77 Wang J-B, St. Leger RJ, Wang C-S. Advances
in Genomics of Entomopathogenic Fungi.
Advances in Genetics 2016; 94: 1-39 DOI:
10.1016/bs.adgen.2016.01.002

78 Wang Y, Stata M, Wang W, Stajich JE, White
MM, Moncalvo JM. Comparative genomics
reveals the core gene toolbox for the fungus-
insect symbiosis. mBio 2018; 9: e00636-18
DOI: 10.1128/mBio.00636-18

79 Dong Y-Z, Zhang L-J, Wu Z-M, Gao L, Yao
Y-S, Tan N-Z, Wu J-Y, Ni L-Q, Zhu J-S.
Altered proteomic polymorphism in the
caterpillar body and stroma of natural
Cordyceps sinensis during maturation. PLOS
ONE 2014; 9(10): e109083 PMID: 25310818
DOI: 10.1371/journal.pone.0109083

80 Liu Y-N, Jin Y-S, Liu Z, Han Y-N. Cordyceps
sinensis cDNA library construction and
identification. Chinese Journal of
Information on TCM 2006; 13: 43-45.

81 Feng H, Jin Y-S, Liu Y-N, Liu Z, Han Y-N,
Sun H-B, Zhang S-P. Expressed sequence tags
(EST) from Cordyceps sinensis. World Sci
Technol/Modern Tradit Chin Med Materia
Medica 2010; 12(4): 604-609 PMID:
32494871 doi: 10.1186/s13568-020-01039-x

82 Liang Z-Q, Han Y-F, Liang J-D, Dong X, Du
W. Issues of concern in the studies of
Ophiocordyceps sinensis. Microbiology China
2010; 37: 1692-1697 DOI:
10.13346/j.mycosystema.190374

83 Zhang W-W, Cheng X-L, Liu X-Z, Xiang M-C.
Genome studies on nematophagous and
entomogenous fungi in China. Journal of
Fungi 2016; 2: 9 doi:10.3390/jof2010009

84 Quandt CA, Kepler RM, Gams W, Araújo JPM,
Ban S, Evans HC, Hughes D, Humber R,
Hywel-Jones N, Li Z, Luangsa-Ard JJ, Rehner
SA, Sanjuan T. Sato H, Shrestha B, Sung G-H,
Yao Y-J, Zare R, Spatafora JW. Phylogenetic-
based nomenclatural proposals for
Ophiocordycipitaceae (Hypocreales) with new
combinations in Tolypocladium. IMA Fungus
2014; 5: 121-134 PMID: 25083412 DOI:
10.5598/imafungus.2014.05.01.12

file:///C:/Users/we.000/Downloads/10.1016/j.ibmb.2015.06.014
file:///C:/Users/we.000/Downloads/10.1016/bs.adgen.2016.01.002
file:///C:/Users/we.000/Downloads/10.1128/mBio.00636-18
file:///C:/Users/we.000/Downloads/10.1371/journal.pone.0109083
file:///C:/Users/we.000/Downloads/10.1186/s13568-020-01039-x
file:///C:/Users/we.000/Downloads/10.13346/j.mycosystema.190374
file:///C:/Users/we.000/Downloads/10.3390/jof2010009
file:///C:/Users/we.000/Downloads/10.5598/imafungus.2014.05.01.12

	ISSN: 1937-9080
	Abstract
	Table 1: Percent similarities between each nrDNA I
	Figure 1: Sequence alignment of the transition mut
	Figure 2: Bayesian phylogenetic tree of multiple g
	Table 2: Percent similarities among the ITS1-5.8S-
	Figure 3: Southern blot of C. sinensis nrDNA in th
	Figure 4: Representative MALDI-TOF mass spectra us
	Figure 5: English translations of the titles of an

