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Identification of Chinese Medicinal Fungus  Cordyceps sinensis
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Fungi belonging to the Cordyceps species have long been used as food and herbal medicines in
Asia and are especially popular as commercially available powdered supplements. Despite this
acceptance and use, little is known of the phylogenetic relationships of the genus. Presently, the
neighbor-joining method based on the ITS1, 5.8S rRNA, and ITS2 regions was used to construct a
phylogenetic tree of 17 Cordyceps isolates. Five major groups were evident. Cordyceps sinensis
was less closely related to 15 Cordyceps species but shared a closer relationship with Cordyceps
agriota. PCR-single-stranded conformational polymorphism was applied to differentiate seven
Cordyceps isolates: five were different from those used to construct the phylogenetic tree, based on
differences in the internal spacer 2 (ITS2). The length of ITS2, amplified by primers 5.8SR and ITS4,
vary between 334 and 400 bp. This segment could be used for intraspecies classification or detection
of mutations and represents potential novel means of identification of this fungal genus in herbal
medicines and in quality control applications in the fermentation industry.
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INTRODUCTION with the use of particular regions of the fungal genome, has
increased the understanding of fungal taxonomic groupings,
evolutionary relationships, and functional properties. PCR-based
techniques developed from the characteristics of DNA encoding
for ribosomal RNA (rDNA) and PCR-based DNA fingerprinting

have in particular been successful at discriminating fungi at the

The ascomycetous genG®rdycepss an entomopathogenic
fungus. Many fungi belonging t€ordycepshave long been
used as food and herbal medicines in Adig2]. Pharmacologi-
cally, the immunomodulation and antioxidant activities of
Cordyceps cicadad€C. cicadae) 2) have been exploited in ! ) -
addressing hyperglycemia, respiratory disease, liver disease, andt€r- and intraspecific levels (10.1). .
renal dysfunction. BotiC. cicadaeand C. ophioglossoides Sequence dn‘ferencgs can be demonstrated by direct sequenc-
exhibit antitumor activity (2,3). C. sinensispossesses a  INg or by PCR-based single-stranded conformational polymor-
polysaccharide that protects against free-radical-induced neu-Phism (PCR—SSCP) (12). In the latter, nucleotide differences
ronal cell toxicity @). Finally, C. pruinosahas been used to ~ Pbetween homologous sequence strands are detected by electro-
treat stomach disorders, inflammatory disease, and endotoxinPhoresis of single-stranded DNA under nondenaturing conditions
shock or sepsiss). Approximately 400 species @ordyceps (12). SSCP qnalyses have been us_ed_ for viroid c_haracten;atlon
are known. They are distinguished from one another and (13), elucidating DNA sequence variatidt¥), detecting genetic
classified according to the color and shape of their fruiting Mutations in humanslg, 16) classification of fish species ),
bodies 6, 7), possession of spores, ascus shape, and host insec@nd the identification of bacteria, spirochetes, and fuigi-(
species (7) and by other morphological characteristics (8). 21). A _comparatlve study of splrochete_ identification involving

In the past few years, molecular biology techniques have beenrestriction fragment length polymorphism (RFLP) and PCR—
applied to classify fungal specie8)( In particular, methods .SSCPIBZ).found thg Iattertechnlque.to beabtlatlter tool for ra}pld
that utilize the polymerase chain reaction (PCR) have signifi- identification for sp!rochetes at the intraspecific level, particu-
cantly increased the sophistication of fungal systematic inves- larly when faced with large numbers of samples.
tigation. The simplicity and speed of PCR techniques, coupled Whether SSU (small subunit) rDNA provides sufficient
variation to separate closely related species has been questioned.

* To whom correspondence should be addressed. Phone: 886-6-2757575\We have successfully used SSU rDNA for speciation of
EXtT?56t?t2-tF%?Bgﬁ6'6627|55505- E-mail address: ibcty@mail.ncku.edu.tw. Cordycepgungi following the identification of single-stranded

RS OF olecanciogy. conformation polymorphisms of the ITS2 region by PERSCP

* Agriculture Biotechnology Research Center. . 4
8 Center for Bioscience and Biotechnology. analysis (unpublished data). In the present paper, we have

10.1021/jf0482562 CCC: $30.25 © 2005 American Chemical Society
Published on Web 04/19/2005



3964 J. Agric. Food Chem., Vol. 53, No. 10, 2005 Kuo et al.

Table 1. List of Fungal Isolates for Construction of the Phylogenetic 7w - SRy
Tree and PCR-Product Sequence Length and Accession Numbers =
length (bp) of b R
NCBI GenBan ITS1, 5.8S, and A
species origin® accessionno.  ITS2 regions® bp O 250 500 750 950
Cordyceps agriota ARSEF 5692  AY245626 586 Figure 1. Primers used in this study and their positions on rDNA. Three
gOTZyCGSP fousisporff_ 2?35:62;3?8 ggigg% gg; (NS7, ITS1, and 5.8SR) forward primers and two (NS8 and ITS4) reverse
ordyceps brongniartii : ; :
Con di ceZs dipte%igena CCRE 35725 AY245629 601 primers were illustrated, and a scale of nucleotide length was drawn below.
Cordyceps heteropoda IFO 33060 AY245630 569
Cordyceps japonica IFO 9647 AY245645 557 TCCTCCGCTTATTGATATGC-3) (24). The temperature profiles for
Cordyceps memorabilis CCRC 32218  AY245632 583 the PCR cycles were as follows: initial denaturation at°@5for 5
Cordyceps militaris? CBS 178.59 AY245634 567 min, followed by 40 cycles at 94C for 2 min, 50°C for 1 min, and
Cordyceps militaris CCRC32219  AY245633 568 72 °C for 2 min, and a final extension reaction at A2 for 10 min.
Cordyceps myrmecophila CCRC 35726 AY245635 583 The internal transcribed spacer 2 (ITS 2) region segments were
Cordyceps och(aceostr(_)mata ARSEF 5691  AY245646 587 amplified by PCR using primers 5.8SR'{BCGATGAAGAACG-
Cordyceps ophioglossoides CCRC 32220  AY245636 564 CAGCG-3) and ITS4 (STCCTCCGCTTATTGATATGC-3") 4)
Cordyceps scarabaeicola ARSEF 5689  AY245639 572 - : )
Cordyceps sinensis CCRC 36421 AY245638 556 PCR was under the tempera_ture prOfIIeS OmeOr 5 min, followed
Cordyceps sphingum CBS 114.22 AY245641 588 by 35 cycles at 98C for 1 min, 52.4°C for 1 min, and 68°C for 2
Phytocordyceps ninchukispora CCRC 31900  AY245642 586 min, and final extension at 60C for 10 min. Another DNA segment
Podostroma cordyceps IFO 9019 AY245647 610 comprising the partial length of 18S rDNA was amplified by PCR using
primers NS7 (5GAGGCAATAACAGGTCTGTGATGC-3) and NS8

aThis species of Cordyceps militaris was collected from the Centraalbureau (5'-TCCGCAGGTTCACCTACGGA-3') Z4) and followed the tem-
voor Schimmelcultures, Utrecht, The Netherlands. ® ARSEF: Agricultural Research perature profiles of 94C for 5 min, 35 cycles at 98C for 1 min, 50
Service Collection of Entomopathogenic Fungal Cultures, U.S. ATCC: American °C for 1 min, and 68C for 2 min, and final extension at 6C for 10
Type Culture Collection Center. CBS: Centraalbureau voor Schimmelcultures min. The amplification was carried outin a T1 Thermocycler (Biometra,
Utrecht, The Netherlands. CCRC: Bioresources Collection and Research Center Inc., Goettingen, Germany) in a » reaction mixture containing 10
in Taiwan. IFO: Institute for Fermentation, Osaka, Japan. ¢ The DNA segment mM Tris-HCI, pH 8.3, 1.5 mM MgQ, 50 mM KCI, 0.2 mM of each
was amplified by the primers ITS1 and ITS4. For the DNA sequence; see the dNTP, 0.4 mM of each primer, 50 ng of template DNA, and 1.5 U
section of Material and Methods. TagDNA polymerase (Promega Corp., Wisconsin). Amplified products

were purified using a PCR-M clean up system (Viogene Biotek Corp.,

. lllinois) and cloned into a pGEM-T easy vector system (Promega) and
constructed a phylogenetic tree based on the ITS1, 5.85 rR'\IA’transformed intdescherichia colstrain RR1 competent cells. Plasmids

and ITS2 regions to understand the phylogenetic relationships containing the PCR products were isolated using the Mini-M plasmid
between 17 ISO|atES CO”eCIEd from Culture CO”eCtIOI’] CenteI’S. DNA extraction System (Vlogene B|0tek) and then Sequenced d”’ect'y
Herein, we report on the use of PEBSCP to differentiate  with a BigDye primer cycle sequencing kit (Applied Biosystems and
between species and isolatesCGirdycepsased on sequence  Hitachi, Ltd., California) on a ABlI PRISM 3100 genetic analyzer
differences in the gene coding for the ITS2 region in rDNA. automated DNA sequencer (Applied Biosystems and Hitachi, Ltd.).
Using this method provides a simple, rapid, and accurate meansrlhe nucleotide sequences determined were deposited in the DDBJ/

of identification for the Chinese medicinal fungG@erdyceps. EMBL/GenBank nucleotide sequence databases (for accession numbers,
see Table 1). The positions of primers, which were used for amplified

the ribosomal DNA, are showed in Figure 1.
MATERIALS AND METHODS Data Analyses.Sequences were aligned using the multiple alignment
Fungal Isolates for Construction of Phylogenetic TreeFungal program CLUSTAL W @5). A neighbor-joining (NJ) tree26) based
materials in this study were collected from five culture collection centers On ITS regions and 5.8S rDNA sequences was constructed with
around the world. The names and origins of the 17 isolates are listed Kimura's (27) two-parameter distance using the program PAUP*,
in Table 1. version 4.0b228). Heuristic tree searches were executed utilizing the
DNA Extraction. Fungal isolates from the culture collection centers ~ trée-bisection-reconnection (TBR) branch-swapping algorithm with
were cultivated in PDA (potato dextrose agar: 15 g of potato, 15 g of random sequence analysis. The bootstr_ap_values were obtained from
glucose, and 20 g of agarrd L of water) plates and subjected to 1000 replications of NJ analyses. The pair distances of DNA sequences
DNA extraction. The total genomic DNA extraction method was (Table 2) were f:alculated by the computer program CLUSTAL2B) (
modified from the description of Lu et al., 20023). Hyphae of fungal ~ @nd the similarity of DNA sequences shown by percentage.
isolates was ground in liquid nitrogen and transferred into a 1.5 mL ~ Sampling for SSCP AnalysesFungal materials for SSCP analyses
microfuge tube. Lyses buffer (100 mM Tris-HCI, pH 8.0, 1% Wwere collected from three culture collection centers around the world.
mercaptoethanol, 10 mM EDTA, 2% sodium dodecyl sulfate (SDS), The names and origins of the 7 isolates are listed in Table 3.
and 100ug/mL proteinase K) was then added, and the mixture was  Screening of SSCP—PCR ProductsPCR products were run on
placed in a water bath at 6& for 3 h. The solution was extracted at 29 agarose gels and examined for the presence of bands after ethidium
least twice with equal volumes of phenol:chloroform:isoamyl alcohol bromide staining. The SSCP of PCR products were analyzed by
(25:24:1 (v/v)), then centrifuged at 13 000 rpm for 10 min, and followed electrophoresis with 15% MDE (mutation detection enhancement) gels
by extraction with chloroform: isoamyl alcohol (24:1) until the top  (0.5x MDE gel: MDE gel, 16.0 mL; ddpD, 44.2 mL; 10XTBE (Tris-
phase was clear. The upper phase was transferred to a new tube, andorate-EDTA), 3.84 mL; 10% APS (ammonium persulfate), 266
DNA was precipitated with 0.7 volume 2-propanol, washed with 70% TEMED (N,N,N,N'-Tetramethyl-ethylenediamine), 256L). Gel
ethanol, dried, and resuspended in +@00 mL of doubly distilled will polymerize in about 1 h. In brief, 2L of the amplified pro-
H20. Genomic DNA was visualized in 0.7% agarose gel. The con- duct was diluted with 10QL of buffer (0.1% sodium dodecyl sul-
centration and purity of the DNA were determined using a BioDoc-It fate; ethylenediaminetetraacetic acid (EDTA), 10 mM)l1 of this
system (Ultra-Violet Products Ltd., Cambridge, U.K.). dilution was mixed with L of loading buffer (95% formamide, 10
PCR, Cloning, and SequencingFrom the total genomic DNA, a mM NaOH, and 0.025% of both bromophenol blue and xylene cyanol).
DNA segment containing the &nd of the nuclear 18S rDNA, ITS1,  The mixtures were boiled (heat-denatured samples #tC5or 10
5.8S rDNA, and ITS2 and thé Bnd of 28S rDNA was amplified using min, cooled in ice for 5 min, and then loaded on the gel at 150 V for
primers ITS1 (5TCCGTAGGTGAACCTGCGG-3 and ITS4 (5 1 h and 10 min at room temperature. Gels were run ix OCBE buffer.
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Table 2. Pair Distances of 17 Cordyceps Fungi Examined in This Study Based on ITS Regions and 5.8S RDNA Sequences?

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1. C.—agriota - 802 85 758 814 788 815 831 826 786 804 757 879 8L1 800 828 805
2. C. bifusispora - 917 765 914 820 792 929 928 844 991 762 844 921 957 825 915
3. C. brongniartii - 775 970 824 842 931 928 900 912 761 8.3 975 935 851 912
4. C. dipterigena - 784 777 786 794 789 762 761 773 824 790 770 774 768
5. C. heteropoda - 822 824 919 915 912 907 754 854 949 933 849 912
6. C. japonica - 820 808 8.6 926 804 779 836 815 815 824 808
7. C. memorabilis - 818 815 813 786 764 872 80 791 852 792
8. C. militaris® - 998 866 915 754 851 929 937 840 922
9. C. militaris -

859 917 750 856 924 935 838 919
- 837 775 847 878 856 816 846
- 757 844 920 956 823 911

- 76.8 748 750 761 745

10. C. myrmecophila
11. C. ochraceostromata
12. C. ophioglossoides

13. C. sinensis - 844 835 885 844
14. C. scarabaeicola - 928 851 904
15. C. sphingum - 820 918
16. Po. cordyceps - 85.0

17. Ph. ninchukispora

aPair distances of 17 Cordyceps fungi calculated by the computer program ClustalW. The percent similarities are shown in the triangular data sheet. The names of the
isolates are shown on the left; the numbers shown in front of the species correlate to the numbers list on the first line of this table. b This species of Cordyceps militaris
was collected from the Centraalbureau voor Schimmelcultures Utrecht, The Netherlands.

Table 3. Fungal Samples Used in This Study for Examination of the Cordyceps agriota

SSCP Test Cordyceps sinensis

fungal isolate Origina Phytocordyceps ninchukispora
Cordyceps pseudomilitaris BCC 1386 75| comt i
Cordyceps roseostromata ARSEF 4870 orayoeps spiingum
Cordyceps scarabaeicola ARSEF 5689 Cordycesp bifsispora
Cordyceps sinensis CCRC 36421 98 &
Cordyceps sp. BCC 1519 100
Cor dyceps sp. CCRC 32221 Cordyceps ochraceostromata
Cordyceps sp. BCC 1443

Cordycaps mifitaris™

o8 1oo|
a ARSEF: Agricultural Research Service Collection of Entomopathogenic Fungal Cordyceps militaris
Cultures, U.S. CBS: Centraalbureau voor Schimmelcultures Utrecht, The Neth-

erlands. CCRC: Bioresources Collection and Research Center in Taiwan. [ Cordyceps heteropoda
81 81 Cordyceps brongmiariii
The gels were silver stained using the Pharmacia Biotech DNA silver aE[_ )
staining kit (Amersham Biosciences Corp., New Jersey) and by Cordyceps scarabagicols
following the standard staining procedure. 78 gg Cordyceps japarica
RESULTS — Cordyceps myrmecophila
Phylogenetic Analyses Based on ITS1, 5.8S rDNA, and 72 g4 [ Cordyceps dipterigena
ITS2 Regions.The DNA fragments amplified using PCR by Cord i )
. . lyceps ophioglossoides
primers ITS1 and ITS4 vary between 556 and 610 bp in length.
The fragment contained the 8nd of 18S rDNA, ITS1, 5.8S 74 [ Cordyceps memorabilis

rDNA, and ITS2 and the'5end of 28S rDNA. The presence
and similarity of the sequence in IJordycepsisolates was — 10 changes
ascertained using the CLUSTAL W computer prograb)( Figure 2. Phylogenetic relationship of the 17 isolates of Cordyceps fungi
The similarity based on the ITS region (ITS1, 5.8S IDNA, and aqe on ITS1, 5.85 rDNA, and ITS2 regions of DNA sequences. The
ITS2 regions) between these isolates varied from 75 t0 99.8% pranch-swapping algorithm used tree-bisection-reconnection (TBR) and
(Table 2). Figure 2 displays the NJ tree constructed by pogsirap method with heuristic search. Tree description: Optimality
comparing the sequence identities of the ITS regions in different cyierion — parsimony. Character-status summary: there are a total of
Cordycepstaxa. In our experience, about one in 3000 nucle- 67 characters, 342 characters are constant; 119 variable characters are
otides will mutate after PCR withaqDNA polymerase, arate  parsimony-uninformative; the number of parsimony-informative characters
that seems higher than others. To avoid introduction of mutations — 506 A total of 667 unambiguously aligned nucleotide sites were
by TaqDNA polymerase, each sequence that was amplified by gypiected to neighbor-joining (NJ) analyses. Bootstrap values were
PCR for sequencing was obtained from seven clones of the sam&paineq with 1000 replications Bootstrap values are shown at the nodes.
fungal isolate. At least five of the seven cIor_1es sequenced WeTrerreq length = 743; consistency index (Cl) = 0.650; homoplasy index
the same and could be used for constructing the phylogenetic(yy — ¢.350; retention index (RI) = 0.587; rescaled consistency index

tree. . S _ (RC) = 0.381. Numbers on tree branches indicate the percentage of
The 17Cordycepssolates could be divided into five major  psirap replications derived from 1000 replications of NJ analysis and
groups based on the phylogenetic analysgssinensis, the g nyorting the internal branches by >50%.

traditional species used in Chinese medicinal preparations, was
less closely related to the other 15 isolates, but shared a closeandC. myrmecophildormed a group with a bootstrap value of
relationship withC. agriota. On the other handC. japonica 99%.C. dipterigenaandC. ophioglossoidesomprised a group

Podostroma cordyceps
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Figure 3. PCR product and PCR-SSCP analyses based on the ITS2 Figure 4. PCR product and PCR-SSCP analysis based on the 3' end of
region of entomopathogentic fungi: (a) SSCP profiles on the MDE gel: the 18S rDNA region of entomopathogenic fungi: (a) SSCP profiles on
(b) PCR products on the agarose gel. M, 1 Kb DNA ladder; lane 1, C. the MDE gel; (b) PCR products on the agarose gel. M, 1 Kb DNA ladder,

pseudomilitaris; lane 2, C. roseostromata; lane 3, C. scarabaeicola,; lane lane 1, C. pseudomilitaris; lane 2, C. roseostromata; lane 3, C.
4, C. sinensis; lane 5, C. sp.; lane 6, C. sp.; lane 7, C. sp. scarabaeicola; lane 4, C. sinensis, lane 5, C. sp.; lane 6, C. sp.; lane 7,

C. sp.
with a bootstrap value of 64%. memorabilisandPodostroma ) )
cordyceps(Po. cordyceps) formed a group with a bootstrap the core species @ordycepss found on the phylogene.tlc tree
value of 71%. The largest group, representing a bootstrap value'e constructed from 1Cordycepgungi. The phylogenetic tree

of 98%, was comprised oE. bifusispora C. brongniartii C. only could show the relationships between the species but still
heteropodaC. militaris, C. militaris, C. ochraceostromateG. provided m_uch useful mformatlorl.

scarabaeicolaC. sphingumandPhytocordyceps ninchukispora Our previous and present studies have demonstrated that the
(Ph. ninchukispora). ITS2 region and 18S of rDNA are useful for the distinction

PCR Products and PCR-SSCP Analyses of the ITS2  and identification ofCordycepsspecies. It indicates that they
Region and the 3 End of the 18S rRNA Gene.Using the have great potential in a novel SSCP-based test which could
foregoing phylogenetic tree, we aimed to design a reliable, P& €asily, accurately, and inexpensively used to identify the
inexpensive, and rapi@ordycepsdentification and speciation ~ Chinese medicinal funguSordycepsThis represents a signifi-
method. Our previous experience using PCR—SCCP made thisc@nt improvement from the traditional morphological and
approach feasible. The primers used for amplifying the DNA biochemical classification criteria. Our other study has set up a
fragment for SSCP examination (5.8SR and ITS4) varied SSCP pattern database from 49 differeurdycepsisolates.
between 334 and 400 bp in length, respectively. These sizes!© identify optimal primer pairs, amplified DNA fragment, and
produce readily identifiable SSCP patterns in MDE gels. Primers Universal PCR conditions, we tested 22 primer pairs (unpub-
NS7 and NS8 were used to PCR amplify an approximately 250 lished data). Some of the primers were from White et al., 1990
bp DNA fragment representing the 18S rRNA gene. Figure 1 (24) but most designed by oursglvgs. Nevertheless,_ most of these
shows the positions of primers used in this study on rDNA. ~ Primer pairs showed nonspecific binding to genomic DNA, and

PCR—SSCP assays were repeated at least three times for afhe PCR_ products sh_owed a_complex pattern, not just a single
isolates, and reproducibility was 100%. On the basis of the sSscpPand. Finally, the primer pairs of 5.8SR/ITS4 and NS7/NS8
results, the optimal conditions were 2€, a MDE (15%  Were the most suitable of the 22 primer pairs. _
polyarceramide) gel, 150 V, and 70 min. The combination of ~ Our earlier .result was focused on searching suitable primer
the double strand size, agarose gel electrophoresis, and SSCIPairs and setting up a database of SSCP patter@dodyceps
patterns of DNA proved useful for the differentiation of fungi. In this paper we sequenced the 17 fungal isolates and
Cordycepgungi. As shown in Figure 3, all seven isolates listed constructed a phylogenetic tree to find the positio@o$inensis
in Table 3 could be differentiated by their SSCP patterns and @nd its phylogentic relationship to the 17 fungal isolates. The
PCR. A summary of the seven isolates is presented in Table 3.C- Sinensiobtained from CCRC should be the same asGhe
The other segments from 18S rDNA were tested by SSCP. sinensighat is used in medicine. However, our study has shown

Identical patterns of the seven isolates were obtained on theth€C. sinensisrom CCRC might have been incorrectly named.
basis of their 18S rDNA (Figure 4). CCRC 36421 is anotheTordycepdungus but noC. sinensis

(data not shown). On the basis of the phylogenetic tree we
constructedC. pseudomilitariswhich was close t€. cardinalis
(29), was chosen for application of the SSCP t€stardinalis

The phylogenetic relationships between the dagrdyceps (AY184976) shares 97.6% similarities@ agriota(AY245651)
isolates we used were closely related to each other on the basi®n the SSU rDNA and is most similar ©. pseudomilitarisn
of the ITS region and still could be divided into five major the microscopic characters of nondisarticulating ascospore
groups.C. sinensis, the traditional species used in Chinese morphology and its host affinity for lepidopteran larv&9y.
medicinal preparations, was less closely related to the other 150n the other handZ. sinensisvas closely related t€. agriota
isolates, but shared a closer relationship withagriota. The as shown on the phylogenetic tree (Figure 2). According to the
origin of the geographical location @. sinensiss China, Tibet, above informationC. sinensisandC. pseudomilitarisvere put
where the fungus has an isolated environment. This isolatedin the SSCP gel for testing. Therefore, we used SSCP to know
environment might have caus€dsinensigo evolve away from what Cordyceps sinensis and also to try to identify the three

DISCUSSION
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unknownCordycepsspecies, which were shown on lanesét ACKNOWLEDGMENT
of Figure 3. Although the above information was considered,
C. pseudomilitarisand C. sinensiscould be the same species. We thank Dr. Graham D. Wright for his suggestion on this
Indeed, given the similar habitats of the two species, it is entirely manuscript. Thanks must also be given for the Taiwan Sugar
conceivable that they might in fact represent a single species.C0- the National Science and Technology Program for Agri-
But, using SSCP, we found different patterns betwezn _cultural B|otecr_mology (Grant 9_1RD701I-01-C), and the Min-
pseudomilitarisandC. sinensis. They might have a very close istry of Education to support this research.
relationship but are not the same species. When the other 18S
rRNA segments were tested by SSCP, the results were consistentiITERATURE CITED
with the seven isolates being a single species (Figure 4). This
contrasts markedly with the normal differentiation of isolates > k S .

M. Stimultaneous separation and determination of active com-

that_ typmglly results from use of 18S rRNA. The high degree ponents inCordyceps sinensiand Cordyceps militarisoy LC/
of similarity of the sequence analyses based on the ITS1, 5.8S ESI-MS. J. Pharm. Biomed. AnaR003.33, 1155—1162.

(1) Huang, L. F.; Liang, Y. Z.; Guo, F. Q.; Zhou, Z. F. Cheng, B.

rDNA, and ITS2 regions from 17 isolates 6brdycepgTable (2) Weng, S. C.; Chou, C. J;; Lin, L. C.; Tsai, W. J.; Kuo, Y. C.
2) reinforces this close association. The confidence in the Immunomodulatory functions of extracts from the Chinese
validity of SCCP result is high, given the relative ease of the medicinal funguCordycepsicadaeJ. Ethnopharmaco002
technique, as compared to DNA extraction, sequencing, and 83, 79-85.

(3) Yanada, H. Structure and antitumor activity of alkali-soluble

sequence analysis. polysaccharides fronCordyceps ophioglossoide€arbohydr.

In conventional DNA-based classification methods, the Res.1984,125, 107—15.
genetic variation of individuals can be detected by RFLP  (4) Li,S. P, Zhao, K. J.; Ji, Z.N.; Song, Z. H.; Dong, T. T. X.; Lo,
analysis (30). The basis of RFLP, namely, the discrimination C. K.; Cheung, J. K. H.; Zhu, S. Q.; Tsim, K. W. K. A

polysaccharide isolated froi@ordyceps sinensis, a traditional
Chinese medicine, protects P12 cells against hydrongen peroxide-
induced injury.Life Sci.2003,73, 2503—2513.

of differently sized DNA fragments, cannot distinguish DNA
sequence variations in fragments of the same size. Presently,

!restriction cutting si_tes based on the rDNA of theCl_drdyceps (5) Kim, K. M.; Kwon, Y. G.; Chung, H. T.; Yun, Y. G.: Pae, H.
isolates were examined and computationally predicted (data not O.; Han, J. A.; Ha, K. S.; Kim, T. W.; Kim, Y. M. Methanol
show). These results failed to identify unique sites that could extract of Cordyceps pruinosanhibits in vitro and in vivo
be exploited to differentiate between species using restriction inflammatory mediators by suppressing MB-activation.Toxi-

enzymes. Direct sequencing is an exquisitely accurate means __ Col- Appl. Pharmacol2003,190, 1-8.
(6) Berbee, M. L.; Taylor, J. W. Two ascomycete classes based on

of species differgntiation. But this accuracy comes Wit_h the price fruiting—body characters and ribomal DNA sequeridel. Biol.

of time-consuming sample preparation and analysis. When a Evol. 1992,9, 278—284.

large number of samples are being examined, this task becomes (7) shimizu, D.Color iconography ofvegetable wasps and plant
exceedingly onerous. Other methods, including the random worms; Seibundo Shinkosha: Tokyo, 1994.

amplification of polymorphic DNA (RAPD)31) and amplified (8) Bowman, B. H.; Taylor, J. W.; Brownlee, A. G.; Lee, J.; Lu, S.
fragment length polymorphism (AFLP32,33), could be used D.; White, T. J. Molecular evolution of the fungi: Relationship
as identification methods. RAPD is a very fast method that of the BasidiomycetesiscomycetesndChytridiomycetesMol.

provides a great number of polymorphisms, but its major Biol. Evol. 1992,9, 285-296. :
! (9) Jensen, A. B.; Gargas, A.; Eilenberg, J.; Rosendahl, S. Relation-

drawback is poor reproducibility _(17)-_ This was Conﬁrmed ships of the insect-pathogenic order entomophthorales (Zygo-
presently by the use of more than five different 10-mer primers mycota, Fungi) based on phylogenetic analysis of nuclear small
on the 17Cordycepssolates (data not shown). subunit ribosomal DNA sequences (SSU rDNB)ngal Genet.

Biol. 1998,24, 325—334.
(10) Matsuda, S.; Takamatsu, S. Evolution of hasrasite relation-
ships of Golozinomyces(Ascomycete: Erysiphaceae) inferred

The ITS region consists of two variable noncoding regions,
ITS1 and ITS2, nested within the rDNA repeat among the highly

conserved 18S, 5.8S, and 2883l]. ITS regions are commonly from nuclear rDNA sequenc#lol. Phylogenet. Eol. 2003,27,
used to examine phylogenetic positions or relationships at a 314-327.

species or interspecies levall; 35). Information gained in an (11) Skouboe, P.; Frisvad, J. C.; Taylor, J. W.; Lauritsen, D.; Boysen,
examination of individuals of a given species has not been as M.; Rossen, L. Phylogenetic analysis of nucleotide sequences

from the ITS region of terverticillat®enicilliumspeciesMycol.
Res.1999,103, 873—881.
(12) Orita, M.; Suzuki, Y.; Sekiya, T.; Hayashi, K. Rapid and sensitive

encouraging. The present success incorporating ITS2 in a SSCP-
based test indicates that differences between individuals of a

species (such as mutants) may be possible to identify with this detection of point mutations and DNA polymorphisms using the
technique. Conceivably, SSCP could be exploited in culture polymerase chain reactio@enomics1989,5, 874—879.
quality control protocols. (13) Palacio, A.; Duran-Vila, N. Single-strand conformation poly-

morphism (SSCP) analysis as a tool for viroid characterization.
J. Virol. Methods1999,77, 27-36.
(14) Behn, M.; Schuermann, M. Sensitive detectionpdB gene

In conclusion, PCRSSCP provides a reliable method to
distinguish between species @brdycepsfungi, in particular

those species that are used as Chinese medicine-BSRP mutations by a ‘mutant enriched’ PEGFSSCP techniquélucleic

is fast, simple, and clearly differentiat€erdycepspecies. The Acids Res1998,26, 1356—1358.

incorporation of ITS as an analytical probe enables the dissection (15) Clément, K.; Vaisse, C.; Lahlou, N.; Cabrol, S.; Pelloux, V.;
of differences between individuals of a single species, allowing Cassuto, D.; Gourmelen, M.; Dina, C.; Chambaz, J.; Lacorte, J.
mutations to be revealed. SSCP profiles of the ITS region may M.; Basdevant, A.; Bougnéres, P.; Lebouc, Y.; Froguel, P.; Guy-

. o g Grand, B. A mutation in the human leptin receptor gene causes
offer a powerful means of identifying tféordycepspecies in obesity and pituitary dysfunctiofNature 1998,392, 398—401.

powdered preparations of Chinese medicine, and as a quality (16) kozlowski, P.; Krzyzosiak, W. J. Combined SSCP/duplex
control tool during the fermentation procedure in the preparation analysis by capillary electrophoresis for more efficient mutation
of the medicine. detection.Nucleic Acids Re2001,29, e71—-71.



3968 J. Agric. Food Chem., Vol. 53, No. 10, 2005

(17) Asensio, L.; Gonzalez, |.; Fernandze, A.; Rodriguez, M. A,;
Hernandez, P. E.; Carcia, T.; MartR. PCR-SSCP: A simple
method for the authentication of groupéipinephelus guaza),
wreck fish @olyprion americanus and nile perch lates
niloticus) fillets. J. Agric. Food Chem2001,49, 1720—1723.
Branddo, P. F. B.; Torimura, M.; Kurane, R.; Bull, A. T.
Derelication for biotechnology screening: PyMS analysis and
PCR—RFLP—SSCP (PRS) profiling of 16S rRNA genes of
marine and terrestrial actinomycetégpl. Microbiol. Biotechnol.
2002,58, 77-83.

Clapp, J. P.; Mansur, |.; Dodd, J. C.; Jeffries, P. Ribotyping of

rhizobia nodulatingAcacia mangiumand Paraserianthes fal-

cataria from different geographical area in Indonesia using

PCR-RFLP—SSCP (PRS) and sequencifigwiron. Microbiol.

2001,3, 273—280.

Lee, D. H.; Zo, Y. G.; Kim, S. J. Nonradioactive method to study

genetic profiles of natural bacterial communities by PCR-single-

strand-conformation polymorphismppl. Environ. Microbiol.

1996,62, 3112—3120.

Stach, J. E. M.; Bathe, S.; Clapp, J. P.; Burns, R. G. PCR

SSCP comparison of 16S rDNA sequence diversity in soil DNA

obtained using different isolation and purification methods.

FEMS Microbiol. Ecol.2001,36, 139—151.

Derdakova, M.; Beati, L.; Pet'ko, B.; Stanko, M.; Fish, D.

Genetic variability within Borrelia burgdorferi Sensu Lato

genospecies established by PCR-single-strand conformation

polymorphism analysis of thefA-rrlB intergenic spacer in

Ixodes ricinusticks from the Czech Republidppl. Environ.

Microbiol. 2003,69, 509—516.

(23) Lu, L.; Li, J.; Cang, Y. PCR-based sensitive detection of
medicinal fungi Hericium species from ribosomal internal
transcribed spacer (ITS) sequengasl. Pharm. Bull.2002,25,
975—-980.

(24) White, T. J.; Bruns, T.; Lee, S.; Taylor, J. Amplification and
direct sequencing of fungal ribosomal RNA genes for phyloge-
netics. INPCR protocols, a guide to methods and applicatjons
Innis, M. A., Gelfand, D. H., Sninsky, J. J., White, T. J., Eds.;
Academic Press: San Diego, 1990; pp 315—322.

(25) Higgins D.; Thompson J.; Gibson T.; Thompson J. D.; Higgins
D. G.; Gibson T. J. CLUSTAL W: Improving the sensitivity of
progressive multiple sequence alignment through sequence
weighting, position-specific gap penalties and weight matrix
choice.Nucleic Acids Resl994,22, 4673—4680.

(18)

(19)

(20

(21)

(22)

Kuo et al.

(26) Saitou, N.; Nei, M. The neighbor-joining method: A new method
for reconstructing phylogenetic treédol. Biol. Evol. 1987,4,
406—425.

(27) Kimura, M. A simple method for estimating evolutionary rates
of base substitutions through comparative studies of nucleotide
sequences]. Mol. Evol.1980,16, 111—-120.

(28) Swofford, D. L.PAUP*. Phylogenetic analysis using parsimony
(*and other methodsyersion 4; Sinauer Associates: Sunderland,
MA, 2000.

(29) Sung, G. H.; Spatafora, J. Wordyceps cardinalisp. nov., a
new species offordycepswith an east Asiafreastern North
American distributionMycologia2004,96, 658—666.

(30) Slippers, B.; Wingdfield, B. D.; Coutinho, T. A. Wingfield, M.
J. DNA sequence and RFLP data reflect geographical spread
and relationships oAmylostereum areolatuand insect vector.
Mol. Ecol.2002,11, 1845—1854.

(31) Chen, Y.; Zhang, Y. P.; Yang, Y.; Yang, D. Genetic diversity
and taxonomic implication o€ordyceps sinesias revealed by
RAPD markersBiochem. Genetl999,37, 201—213.

(32) Savelkoul, P. H. M.; Aarts, H. J. M.; de Haas, J.; Dijkshoorn,
L.; Duim, B.; Otsen, M.; Rademaker, J. L. W.; Schoula, L.;
Lenstra, J. A. Amplified-fragment length polymorphism analy-
sis: The state of an arfl. Clin. Microbiol. 1999, 37, 3083—
3091.

(33) van der Wurff, A. W. G.; Chan, Y. L.; van Straalen, N. M.;
Schouten, J. TE-AFLP: Combining rapidity and robustness in
DNA fingerprinting. Nucleic Acids Re2000,28, e105.

(34) Sugimoto, M.; Koike, M.; Hiyama, N. Nagao, H. Genetic,
morphological, and virulence characterization of the ento-
mopathogenic fungu¥erticillium lecanii J. Invertebr. Pathol.
2003,82, 176—187.

(35) Shinohara, M. L.; Buglio, K. F. L.; Rogers, S. O. Comparison
of ribosomal DNA ITS regions among geographic isolates of
Cenococcum geophilun@Curr. Genet.1999,35, 527—-535.

Received for review October 20, 2004. Revised manuscript received
March 14, 2005. Accepted March 18, 2005.

JF0482562



