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Ophiocordyceps sinensis, an entomogenous fungus parasitic
in the larvae of moths (Lepidoptera), is one of the most val-
uable medicinal fungi, and it only distributed naturally on
the Tibetan Plateau. The parasitical amount of O. sinensis
in various tissues of the host Thitarodes larvae has an im-
portant role in study the occurrence and developmental
mechanisms of O. sinensis, but there no an effective method
to detect the fungal anamorph. A real-time quantitative PCR
(qPCR) system, including a pair of species-specific ITS pri-
mers and its related program, was developed for O. sinensis
assay with high reliability and efficiency. A calibration curve
was established and exhibited a very good linear correlation
between the fungal biomass and the Cr values (R*=0.999419)
by the qPCR system. Based on this method, O. sinensis was
detected rapidly in four tissues of its host caterpillars, and
the results were shown as following: the maximum content of
O. sinensis parasitized in the fat-body, and next came body-
wall; both of them were much larger than that observed in
the haemolymph and intestinal-wall. Taken together, these
results show that qPCR assays may become useful tools for
study on developmental mechanism of O. sinensis.
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Introduction

Ophiocordyceps sinensis (syn. Cordyceps sinensis), a tradi-
tional and precious medicinal ascomycetes from the Tibetan
Plateau, has been used throughout the Orient world for
centuries (Sung et al., 2007; Winkler, 2008). Its recent pro-
gress has focused on the sanitarian function such as immune
activation, cancer prevention, radiation mitigation and kidney
nourishment, etc., while this fungus, called commonly as
one of the most valuable fungi on earth, sells at the price of
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U.S. $ 60000/kg for the top quality product in 2011 (Kuo et
al., 2007; Yoon et al., 2008; Tsai et al., 2010; Bi et al., 2011).
O. sinensis parasitize and grow inside the body of its host
Thitarodes larvae (caterpillars) (Li et al., 2011). Under a cer-
tain condition, these endoparasites break out and eventually
kill the caterpillar (Zhang et al., 2008; Shrestha et al., 2011).
At last, the fungal stromata (teleomorphs) start to form and
then emerge from the ground. In this case, parasitism of the
endoparasitic O. sinensis is considered as the crucial factor
impacting occurrence and development of O. sinensis, but
it can not be isolated from the host caterpillar to obtain the
pure culture (Li et al., 2000; Dong and Yao, 2010). Despite of
some reports about the fungal qualitative detection, there is
hardly any method studying quantitatively the population
level and parasitical dynamics of O. sinensis in the host cat-
erpillars (Kaarakainen et al., 2009; Sakalar and Abastyanik,
2012).

Polymerase chain reaction (PCR) has been currently used
to detect O. sinensis but it just provides the preliminary in-
formation related to presence or absence (Zhao et al., 1999;
Kuo et al., 2005; Sung et al., 2007; Zhong et al., 2010). Real-
Time quantitative PCR (qPCR) technology, the advanced
version of the conventional PCR assay, represents another
powerful leap forward in the field of DNA analysis (Heather
et al., 2008). In recent years, QPCR enables more sensitive
and reliable detection of numerous fungal pathogens within
animal, plants, and mushrooms tissues (Laube et al., 2010;
Babu et al., 2011; Lee et al., 2011; Mujico et al., 2011). qPCR’s
attributes, such as rapid detection, multiple test, and accu-
rate quantification will enable practical detection of O. si-
nensis so that study projects can be established to reveal the
occurrence and development mechanism of O. sinensis. A
key consideration is the relationship between pathogen geno-
mics DNA and its biomass (Bjornsdottir-Butler et al., 2011;
Hwang et al., 2011). A proposed strategy is to create calibra-
tion curve based on the liner correlation between amounts
of fungal mycelia and qPCR test value (Huang and Kang,
2010; Lee et al., 2011). However, it is difficult to prepare ad-
equate mycelia for biomass determination by weight. Even
though there were some published studies involving detection
of pathogenic fungi, their accuracy needed to be improved
turther. In addition, both primer specificity and optimal am-
plification condition play an important role in endogenetic
fungi assay. Furthermore, it is well-known that the life cycle
of O. sinensis includes asexual and sexual generations, which
show the distinct morphological characters and tissue struc-
tures (Zeng et al., 2006). In particular, it is not available di-
rectly from the host and environment so far.

Due to relative stability of ITS gene in fungal cell, there is
an absolute positive linear correlation between its copy num-
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ber and host cellular count, i.e. biomass (Chaturvedi et al.,
2011). Therefore, in situ detections become the promising
approaches, and copy number of ITS nrDNA rather than
the fungal weight is regarded as more reasonable index to
quantify O. sinensis biomass, similar to other culture-in-
dependent fungi (Krak et al., 2012). Taken together, copy
number of ITS segment was used for gPCR assay of O. si-
nensis in the current study. Here, we develop a QPCR method
to quantify the amount of O. sinensis in the host. After vali-
dating the sensitivity and specificity of this assay, colonization
level of this fungus was explored in four tissues of the host
caterpillars.

Materials and Methods

Study sites and sampling

The Segyi La Mountain lies in the southeast of Tibetan
Plateau. One of the most excellent habitats of O. sinensis
distributes on this mountain, where “Characteristic Resources
Scientific Workstation of Sun Yat-sen University” (Alt.
4156 m, 29°36’ N, 94°35’ E) was founded for the biological
studies in natural ecological environment. Some familiar
fungi isolated from this habitat and then cultured at 18°C,
such as O. sinensis, Beauveria sp., Paecilomyces hepiali,
Paecilomyces sp., and Lecanicillium pui. Fifteen larvae of
Thitarodes pui were collected in the same sites.

DNA preparation

Genomic DNA from the pure culture of O. sinensis, Beau-
veria sp., P. hepiali, Paecilomyces sp., and L. pui was re-
spectively extracted using the Multisource Genomic DNA
Miniprep kit (Axygen, USA). The caterpillar was dissected
into four parts, including body-wall, fat-body, haemolymph
and intestinal-wall, from which genomic DNAs were ob-
tained with the above method. After the agarose gel electro-
phoresis, the quality and concentration of all DNAs were
measured by a NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, USA). DNA solution was quantified by
the following formula: DNA concentration = ODag x ex-
tinction coefficient (50 pg/ml) x dilution factor. The copy
number of the desired gene was calculated according to an-
other formula: copy number = (DNA amount X 6.022 x
107 )/(length x 1x10” x 660).

qPCR primer design and validation

ITS sequences from O. sinensis (GenBank accession no.
HM135167) and its concomitant species, including Beauveria
sp. (HM135176), P. hepiali (HM135170), Paecilomyces sp.
(HM135164), L. pui (JE794472), O. ryogamiensis (JN943345),
O. cuboidea (JN943333), O. appendiculata (JN943325), and
O. prolifica (JN943339), were aligned to select the species-
specific ITS amplicon with the computer tool Vector NTI
Suit 8. Meanwhile, the complete ITS region was imported
into the Primer Premier 5.0 tool, and search criteria were
set as following: PCR product size was 80 bp to 120 bp,
Primer length 19 bp to 22 bp, and all the rest parameters
were default values. Thus, five candidate primer pairs were
designed based on the above results, and subsequently they

were evaluated the possibility of dimer polymers and hairpin
structures by DNAStar software package. Each primer pair
and various primer combinations were tested by using DNA
templates of O. sinensis and other concomitant fungi for
species specificity and expression level, for amplification
efficiency of ITS region and for supreme avoidance of primer
dimmers. At last, qPCR primers were designed successfully
and then synthesized by Life Technologies Corporation.

qPCR amplification

20 pl of qPCR mixture was composed of 5 pl of genomic DNA,
10 pl of SYBR Green PCR Master Mix (2x) (Toyobo, Japan),
and 0.5 pl (100 pmol/L) of each forward and reverse primer.
The qPCR ran according to the temperature-time profile as
following: denaturation of 95°C for 5 min, 40 cycles of
95°C for 30 sec, 60°C for 15 sec and 72°C for 32 sec, and
dissociation curves analysis at 60°C to 95°C. The reactions
were performed in an Applied Biosystems 7500 Real-Time
PCR System (Life Technologies Corporation, USA), and
data were collected and analyzed using SDS Software v1.3
for 7500 (Life Technologies Corporation).

Specificity test of QPCR condition

The specificity of the proposed gPCR condition, especially the
designed primer pairs, was evaluated for O. sinensis-specific
assay using end-point PCR amplification analysis. Conven-
tional concentration of genomic DNA from O. sinensis (posi-
tive control) and double distilled water (negative control),
together with other preponderant fungi B. bassiana, P. he-
piali, Paecilomyces sp., L. pui, served for templates, respec-
tively. After each qPCR operation, the primer pair and re-
lated program were estimated for specificity and sensitivity
by analyzing the melting curves.

Calibration curve construction

High-quality DNA of O. sinensis was used as the standard
sample to construct the calibration curve, and copy number
of ITS gene was designated to measure the fungal biomass.
The acquired DNA stock solution reached 390.5 ng/pl, whose
copy number was determined 3.73x10'* and subsequently
serially dlluted by 10 fold 1ncrement (yleldmg solutlons of
3.73x10", 3.73x10', 3.73x10’, 3.73x10°, and 3.73x107). On
this ba51s, the regression equation and its curve were ob-
tained by plotting Cr value vs. the nominal copy numbers
of O. sinensis standard samples. The linearity relat10nsh1p
was demonstrated by a correlation coefficient (R higher
than 0.999.

The quantification assay of O. sinensis in caterpillars

Genomic DNA from different tissues of caterpillar was re-
spectively manipulated in terms of the above qPCR-based
primers and condition, and parasitical amounts of O. sinensis
were calculated by conversation relation in the calibration
curve. Three samples were collected in the habitat of O. si-
nensis in December, and each sample was analyzed in trip-
licate through the described qPCR method.
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Data analyses

SPSS software ver. 18.0 was used for statistical analyses with
significance as P<0.05. Both Microsoft Excel 2003 and
Microcal Origin 6.0 were operated in graphic drawing. In
order to determine the relationship of Cr values and fungal
biomass with DNA copy numbers, liner regression and de-
termination coefficient were calculated using the Proc Reg
method.

Results and Discussion

Development of designed qPCR primers

Both reliable primers and suitable amplification are of prin-
ciple importance for any PCR-based assay. The ITS gene
was chosen in virtue of its high conservation on the level of
species, and used often as the genetic marker to identify the
different fungal species (Wei et al., 2006). Among the fungi
in the current study, Beauveria sp., P. hepiali, Paecilomyces
sp., and L. pui were the known dominant species in the ha-
bitat of O. sinensis, coupled with O. ryogamiensis, O. cuboidea,
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Fig. 1. Alignment of ITS sequences from O. sinensis
and its related speices. The primers employed in
this QPCR system were indicated in the panes. The
GenBank accession nos. were listed as following: O.
sinensis (HM135167), Beauveria sp. (HM135176), P.
hepiali (HM135170), Paecilomyces sp. (HM135164),
L. pui (JF794472), O. ryogamiensis (JN943345), O.
cuboidea (JN943333), O. appendiculata (JN943325),
and O. prolifica (JN943339).

Qonsensus (314) F\RGN\CGCAGCGAN\TG"

O. appendiculata, and O. prolifica as the relative species of
O. sinensis.

Based on multiple alignment analysis of nucleotide sequen-
ces of OsITS and ITSs from other related species (Fig. 1),
several variable regions were selected for the primer can-
didates. After in silico and experimental tests, a pair of spe-
cific primer was designed for real-time qPCR system, con-
sisting of a forward (IF2: 5'-GCAGTGGCATCTCTCAGTC

-3") and a reverse (IR2: 5'-GCATTTCGCTGCGTTCTT-3")
with 97 bp amplified product of O. sinensis species (Fig. 1).
The crucial factor for the species specificity was the for-
ward primer (IF2), which possessed of the unique oligonu-
cleotide sequence to O. sinensis among nine testing species.
Although a certain similarity was found between O. sinensis
and O. appendiculata, the latter has not been found on the
Tibetan Plateau.

Specificity of the qPCR assay

The theoretical specificity of the qPCR-based system was
determined by comparing the desired sequence of ITS re-
gion with that available in the NCBI/GenBank Database.
The computer tool BLASTn was used to search and align

Fig. 2. Calibration curve construction. (A) Melting
curves of the standard samples; (B) Calibration
curve in the developed qPCR system.
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online, consequently showing no obvious homology with
other fungi (data not shown). To increase reliability of de-
tection and avoid false positive results, the designed primers
(IF2 and IR2) were employed to amplify equivalent amount
of purified DNA from O. sinensis and other related fungi,
such as Beauveria sp., P. hepiali, Paecilomyces sp., and L. pui.
After qPCR amplification reaction under the same condition,
there were not any cycle threshold found in all of these
concomitant species, indicating they could not disturb the
O. sinensis assay. In contrast, as shown in the melting curve
of O. sinensis, none of the melting peaks was observed due
to unspecific products, primer dimers or hairpin. Besides,
the amplification curve demonstrated the expression level
and reactive condition to be suitable for O. sinensis assay.

System optimization and calibration curve

It is essential for the effectual gPCR system about high am-
plification efficiency of the target ITS segment and lack of
any impure peaks in the melting curve. A series of experi-
mental results were compared to examine the primers and
initiative standard DNA. Here, 390.5 ng/ul of DNA solu-
tion was treated as the initiative sample, and the primers
(IF2 and IR2) were validated for the O. sinensis assay. A
calibration curve was established and exhibited a very good
linear correlation between the fungal biomass and the Cr
values (R® = 0.999419). Because of the possibility that just
extremely low amount of O. sinensis colonizes in certain
caterpillars, O. sinensis biomass may fall beyond the range of
this curve, but the current R* coefficient was so high that the
calibration curve enabled sufficient detection of O. sinensis
biomass (Fig. 2).

Detection of O. sinensis in the host caterpillar

We developed an efficient procedure of DNA extraction and

Opliocorhoeps sinensis

Fig. 3. Quantitative detection of O. sinensis in
their host caterpillars. (A) Melting curves of the
experimental samples; (B) The level of O. sinensis
quantified with gPCR. Cr values were converted to
copy numbers, which were shown on the column.
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qPCR assay with significant specificity and sensitivity to
rapidly detect the O. sinensis. After the quantitative assay,
O. sinensis were detected in all caterpillar tissues (Fig. 3).
The maximum content of O. sinensis colonized in the fat-
body, and next came body-wall. Both of them were much
larger than that observed in the haemolymph and intestinal-
wall. Sampling and detection were carried out in December,
2010, just when caterpillars almost hibernated and thus few
O. sinensis could enter the intestine and haemolymph as
they fed. Meanwhile, the fat-body became the primary tissue
of O. sinensis parasitization, because it was not only able to
provide sufficient energy and nutrition for the development
of O. sinensis, but also this fungus might parasitize the fat-
body and then transferred to the next generation through
the ovary (Suh et al., 2001; Liang et al., 2010).

In conclusion, a pair of species-specific ITS primers and
their related gPCR program were developed with high reli-
ability and efficiency. O. sinensis was detected rapidly in the
host caterpillars, and this lays the methodological founda-
tion for the revelation of occurrence and developmental
mechanism of O. sinensis. Besides, this method targeted to
the qPCR assays may be useful for further investigation of
microbial ecology of this fungus.

Acknowledgements

We thank Mr. Oro for the positive assistance on this study.
This research was supported by the National Key Techno-
logy R&D Program in the 11th Five-year Plan of China
(2007BAI32B05 & 2007BAI32B06), the Research Project of
the State Council Leading Group Office of Poverty Allevi-
ation and Development (2009-3A) and the National Key
Technology R&D Program in the 12th Five-year Plan of
China (2011BAI13B06).



References

Babu, B.K., Mesapogu, S., Sharma, A., Somasani, S.R., and Arora,
D.K. 2011. Quantitative real-time PCR assay for rapid detec-
tion of plant and human pathogenic Macrophomina phaseolina
from field and environmental samples. Mycologia 103, 466-473.

Bi, B., Wang, X.Y., Wu, H.Z., and Wei, Q. 2011. Purification and
characterisation of a novel protease from Cordyceps sinensis
and determination of the cleavage site motifs using oriented
peptide library mixtures. Food Chem. 126, 46-53.

Bjornsdottir-Butler, K., Jones, J.L., Benner Jr., R.A., and Burkhardt,
WL.IIL 2011. Quantification of total and specific Gram-negative
histamine-producing bacteria species in fish using an MPN re-
al-time PCR method. Food Microbiol. 28, 1284-1292.

Chaturvedi, S., Rudd, R.J., Davis, A, Victor, T.R,, Li, X.J., Appler,
K.A., Rajkumar, S.S., and Chaturvedi, V. 2011. Rapid real-time
PCR assay for culture and tissue identification of Geomyces de-
structans: the etiologic agent of bat geomycosis (white nose syn-
drome). Mycopathologia 172, 247-256.

Dong, C.H. and Yao, Y.J. 2010. On the reliability of fungal materi-
als used in studies on Ophiocordyceps sinensis. J. Ind. Microbiol.
Biotechnol. 38, 1027-1035.

Heather, D.V., Kent, E.V., and Willard, M.F. 2008. Twenty-five
years of quantitative PCR for gene expression analysis. Biotech-
niques 44, 619-626.

Huang, J.L. and Kang, Z.H. 2010. Detection of Thielaviopsis basi-
colain in soil with real-time quantitative PCR assays. Microbiol.
Res. 165, 411-417.

Hwang, S.-Y., Kim, S.-H., Lee, G.-Y., Hang, V.T.T., Moon, C.-S.,
Shin, J.H., Koo, W.L., Kim, S.-Y., Park, H.-]., Park, H.-O., and
et al. 2011. A novel real-time PCR assay for the detection of
Plasmodium falciparum and Plasmodium vivax malaria in low
parasitized individuals. Acta Trop. 120, 40-45.

Kaarakainen, P., Rintala, H., Vepsiliinen, A., Hyvérinen, A., Neva-
lainen, A., and Meklin, T. 2009. Microbial content of house dust
samples determined with qPCR. Sci. Total Environ. 407, 4673
4680.

Krak, K., Janouskov, P.C., Vosatka, M., and Storchova, H. 2012.
Intraradical dynamics of two coexisting isolates of the arbus-
cular mycorrhizal fungus Glomus intraradices Sensu Lato as es-
timated by real-time PCR of mitochondrial DNA. Appl. Environ.
Microbiol. 78, 3630-3637.

Kuo, M.C., Chang, C.Y., Cheng, T.L., and Wu, M.J. 2007. Immu-
nomodulatory effect of exo-polysaccharides from submerged
cultured Cordyceps sinensis: Enhancement of cytokine synthesis,
CD11b expression, and phagocytosis. Appl. Microbiol. Biotech-
nol. 75, 769-775.

Kuo, H.C., Su, Y.L,, Yang, H.L., and Chen, T.Y. 2005. Identifica-
tion of Chinese medicinal fungus Cordyceps sinensis by PCR-
Single-Stranded conformation polymorphism and phylogenetic
relationship. J. Agric. Food Chem. 53, 3963-3968.

Laube, L., Hird, H., Brodmann, P., Ullmann, S., Schone-Michling,
M., Chisholm, J., and Broll, H. 2010. Development of primer and
probe sets for the detection of plant species in honey. Food
Chem. 118, 979-986.

Lee, C.S., Wetzel, K., Buckley, T., Wozniak, D., and Lee, J. 2011.
Rapid and sensitive detection of Pseudomonas aeruginosa in

qPCR assay for O. sinensis 233

chlorinated water and aerosols targeting gyrB gene using real-
time PCR. J. Appl. Microbiol. 111, 893-903.

Li, Z.Z., Huang, B., and Fan, M.Z. 2000. Molecular evidence for
anamorph determination of Cordyceps sinensis (Berk.) Sacc.
Mycosystema 19, 60-64.

Li, Y., Wang, X.L,, Jiang, Y., Li, H,, Jiang, S.P., Lhosumtseiring, N.,
Fu, S.Z., Dong, C.H., Zhan, Y., and Yao, Y.J. 2011. A survey of
the geographic distribution of Ophiocordyceps sinensis. J. Micro-
biol. 49, 913-919.

Liang, Z.Q., Han, Y.F., Liang, ].D., Dong, X., and Du, W. 2010.
Issues of concern in the studies of Ophiocordyceps sinensis.
Microbiol. China 37, 1692-1697.

Mujico, C.R., Lombardia, M., Mena, M.C., Méndez, E., and Albar,
J.P. 2011. A highly sensitive real-time PCR system for quantifi-
cation of wheat contamination in gluten-free food for celiac
patients. Food Chemistry 128, 795-801.

Sakalar, E. and Abasiyanik, M.F. 2012. The development of du-
plex real-time PCR based on SYBR Green florescence for rapid
identification of ruminant and poultry origins in foodstuff.
Food Chem. 130, 1050-1054.

Shrestha, G., Zhang, W.M., Zhang, Y.J., and Liu, X.Z. 2011. What is
the Chinese caterpillar fungus Ophiocordyceps sinensis (Ophio-
cordycipitaceae)? Mycology 1, 228-236.

Suh, S.0., Noda, H., and Blackwell, M. 2001. Insect symbiosis:
Derivation of yeast-like endosymbionts within an entomopa-
thogenic filamentous lineage. Mol. Biol. Evol. 18, 995-1000.

Sung, G.-H., Sung, J.-M., Hywel-Jones, N.L., and Spatafora, J.W.
2007. A multi-gene phylogeny of Clavicipitaceae (Ascomycota,
Fungi): Identification of localized incongruence using a combi-
national bootstrap approach. Mol. Phylogenet. Evol. 44, 1204—
1223.

Tsai, Y.J., Lin, L.C., and Tsai, T.H. 2010. Pharmacokinetics of ad-
enosine and cordycepin, a bioactive constituent of Cordyceps
sinensis in rat. J. Agric. Food Chem. 58, 4638-4643.

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

Winkler, D. 2008. Yartsa Gunbu (Cordyceps sinensis) and the fungal
commodification of Tibet’s rural economy. Economic Botany
63, 291-305.

Yoon, T.J., Yu, KW, Shin, K.S., and Suh, H.J. 2008. Innate immune
stimulation of exo-polymers prepared from Cordyceps sinensis
by submerged culture. Appl. Microbiol. Biotechnol. 80, 1087-1093.

Zeng, W., Yin, D.H,, Li, Q.S., and Li, L. 2006. The growth of Cordy-
ceps sinensis (Berk.) Sacc. in the infection and parasitic phases.
Mycosystema 25, 646-650.

Zhang, Y., Liu, X.Z., and Wang, M. 2008. Cloning, expression,
and characterization of two novel cuticle-degrading serine pro-
teases from the entomopathogenic fungus Cordyceps sinensis.
Res. Microbiol. 159, 462-469.

Zhao, J., Wang, N., Chen, Y.Q,, Li, T.H., and Qu, L.H. 1999. Mole-
cular identification for the asexual stage of Cordyceps sinensis.
Acta Sci. Naturalium U. Sunyatseni. 38, 121-123.

Zhong, X., Peng, Q.Y., Qij, L.L., Lei, W., and Liu, X. 2010. rDNA-
targeted PCR primers and FISH probe in the detection of
Ophiocordyceps sinensis hyphae and conidia. J. Microbiol. Methods
83, 188-193.



