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Abstract: The molecular identification of Ophiocordyceps sinensis and its adulterants was carried out by
real-time fluorescent PCR with TagMan probe. Genomic DNA was extracted from 100 samples of Ophiocordyceps
sinensis and its adulterants. MEGA 7.0 software was used for comparative analysis to define the variable sites
between Ophiocordyceps sinensis and its adulterants according to the internal transcribed spacer (ITS) region of
ribosomal DNA (rDNA). A set of specific primers and TagMan probe were designed using Primer Premier 6.0
software, and sensitivity and specificity studies were performed on two different real-time fluorescent PCR systems
(Genesig ql16 and Bio-Rad CFX96). The sensitivity study showed that the detectable DNA template concentra-
tion of Ophiocordyceps sinensis for the real-time fluorescent PCR was 0.016 ng - uL" in the Bio-Rad CFX96
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system and 15.527 ng - uL"' in the Genesig q16 system, respectively. Meanwhile, this method had good specificity

for Ophiocordyceps sinensis on Genesig q16 and Bio-Rad CFX96 systems, so Ophiocordyceps sinensis could be

clearly distinguished from Ophiocordyceps nutans, Cordyceps gunnii, Cordyceps militaris, Cordyceps cicadae,

Cordyceps liangshanensis, Cordyceps gracilis. Our results indicate that real-time fluorescent PCR with TagMan

probe can be used to accurately identify Ophiocordyceps sinensis from its adulterants. This provides a technical

method that has wide applications for market management and quality control of Chinese materia medica.
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Table 1 Information for the samples of Ophiocordyceps sinensis and its adulterants
Latin name Voucher no. Sample no. Locality
Ophiocordyceps sinensis DX1-4 4 Yushu, Qinghai, China
DX5-10 6 Beijing, China (market)
DX11-16 6 Yushu, Qinghai, China
DX17-20 4 Golog, Qinghai, China
DX21-30 10 Beijing, China (market)
DX31-35 5 Nakchu, Tibet, China
DX36-37 2 Kangting, Sichuan, China
DX38-40 3 Litang, Sichuan, China
Ophiocordyceps nutans XC1-10 10 Changbai Mountain Nature Reserve, Jilin, China
Cordyceps cicadae CHI1-3 3 Hengduan Mountains, Sichuan, China
CH4-7 4 Nanjing, Jiangsu, China (market)
CHS-10 3 Bozhou, Anhui, China (market)
Cordyceps gracilis NJ1-4 4 Ili, Xinjiang, China (market)
NJ5-10 6 Urumgqi, Xinjiang, China (market)
Cordyceps gunnii GN1-3 3 Suizhou, Hubei, China (market)
GN4 1 Tibet, China (market)
GN5-10 6 Chengtu, Sichuan, China (market)
Cordyceps liangshanensis LS1-10 10 Daliang Mountain, Sichuan, China
Cordyceps militaris YCl1-4 4 Beijing, China (market)
YC5-10 6 Beijing, China (market)

i, A 20T BE AT BE 2 min (30 ¥R/s) Ji, 5 I8 R 4 5
2 DNA #2 B & i W 542 HUS DNAL,

DNAKRE R FERM 507K $2 HUT DNA {8 H
A TR 73 )6 % E 1T NanoDrop 2000 #:30, FH °K 1 88 40
AKAEZE I, G0 5 DNA K E . 0D260/280 L AE
0D260/230 ELAH -

PCRYI R MEF PCR X MAK F 25 uL: 2xTaq
PCR Mix A 12.5 uL, 18 A9 3% 5] ¥ ITS5F/ITS4R (2.5
pmol - L) % 1 uL, DNA 4K 2 uL, & o H K B 4K
¥ JEZE 25 pL. PCR ™14 F2 /7 : F54% 7 94 °C 5 min;
94 °C 1 min, 50 °C 1 min, 72 °C 1.5 min+3 s/cycle, 30 4~
TEPR; fiJo ZE4H 72 °C 7 min2Y, 3505 R BRI vk - A
1% B g Wi A 1B 47 FLIK, HL% 140V, 2930 min. PCR
NP 4 AL g, A ABI 3730 XL I A 3R 4T W
T U 7 o

BAEAIE X XA & B SR A CodonCode
Aligner 7.1.24 (CodonCode Co., USA) 47 7 ¥ HF H Al
B 7 AT, ZBR 511X, B 3RA5 (4 77 41 48 h 2544 DNA
SN % 5 R4 (http://www.tcmbarcode.cn) #E 1T 45
I 5E , 4l S A AR ACL I S5 e R B 6T LA R ) )
BAEIE )RR,

TaqMan IREFFNS 41 R4 & R 5 7 2R
ik ITS J7 51, R MEGA 7.0 A5t 38 5 51 47 EE

Table 2 Primers and TagMan probe for the real-time fluorescent PCR
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DXF TCGAGTTACCACTCCCAAACCC 22
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Figure 1 The sensitive of the real-time fluorescent PCR with

TagMan probe. A: Genesig ql6 system; B: Bio-Rad CFX96
system. Amplification curve: 1 552.7 ng-uL"' to 0.016 ng-pL"'

from left to right. RFU: Relative fluorescence unit
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Figure 2 The specificity of the real-time fluorescent PCR with TagMan probe. A, B: Genesig ql6 system; C, D: Bio-Rad CFX96 system.

A: Six samples of Ophiocordyceps sinensis (green) and ten samples of Cordyceps militaris (blue); B: Four samples of Ophiocordyceps

sinensis (green) and 12 samples of its adulterants [two samples per species (blue)]. C: 20 samples of Ophiocordyceps sinensis and total 30

samples of Cordyceps militaris, Ophiocordyceps nutans, Cordyceps gunnii; D: 20 samples of Ophiocordyceps sinensis and total 30 samples

of Cordyceps cicadae, Cordyceps liangshanensis, Cordyceps gracilis

A
6 7/ 8 9 10

Ophiocordyceps sinensis

Bio-Rad CFX96 system

Genesig q16 system

Figure 3 The standard identification process of Ophiocordyceps sinensis and its adulterants using the real-time fluorescent PCR with

TagMan probe
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