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Abstract: Cordyceps has high edible.and medicinal values. Using nineteen wild Cordyceps isolates as the experimental material, internal
transcribed spacer (ITS) universal primers were used. for polymerase chain reaction (PCR) amplification and the products were sequenced.
Cordyceps-related sequences were<downloaded: from- GenBank to construct a phylogenetic tree, the enterobacterial repetitive intergenic

of 19 Cordyceps asexual isolates was conducted, and the cordycepin content of fermentation broths of the

ined. Phylogenetic sis showed that all 19 Cordyceps asexual isolates were C. militaris. The average genetic distances of

C. militari m‘takaomontana, C. cicadae, C. gunnii, and C. sinensis were 0.1269, 0.1228, 0.2251, and 0.2354, respectively. In terms of

genetic gtance,

strains could be divided into threedistinct groups with a similarity coefficient of 0.8, and could also be divided into eight groups with a similarity

.militaris was relatively close to C. takaomontana, and far from C. sinensis. ERIC-PCR results showed that the 19 C. militaris

coefficient’of 0.9. Measurement of the cordycepin contents of the fermentation broths of the isolates showed that cordycepin could be detected in
all broths, and the highest content reached 126.33 mg/L, which was 119 times as much as that of the existing production strain JD.
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HOE SRR T 7 %5 1] (Ascomycota) P B B H
(Hypocreales) H %% & £} (Ordycipitaceae) H % J&
(Cordyceps)l. [HHEh &G FE ML, REE,
B R MR S T A BRI . DU B
MRS Y, 4% 52 AATIEE RN ] YA NBIE e
AP U A RUE S (Cordyceps sinensis) T L44Ek
RS, A5 RIRA  E BB s, Rltkan
I H S A (0 RBCRE R, T N ORHIS = A AR
7=, DU H sl ) B S5t AR U N 2, 1
YT i R TR R 2 RIS R BE R R R 1)
TPES BN B PR b5 s e RE, BT LU 7 R
BTGV R BER AL AR A A BB

BEE D TSR, WFAE vl LLES Tk
FHFRIMIISEG KRR . ITS & tDNA R P53 8] 5%
X, AIIABEAZREE, ZRIERE BN, #Hk
BRI, EARZHEREN T HEWR R Z )T
M. FANITS FPaRh A RS, TER R S
AAFIRERE AR R, XL S5 ITS 751 o AR

HIRPIE) 4 5E 70 T AL Tk, JFE) N T RO 7
Tor Rt A R R bR A s S T 7T
ERIC(enterobacterial repetitive intergenic consensus) &
— AT AR A E RIS, G BRI AT
Ve VLR BRI R e, AR V2 B T2 B 7>
B AT AE A AN TS . AR
ERIC-PCR HARTE S8 H B LS KB £ Y B b i
FAUO, AT LA rDNA ITS J£51f1 ERIC-PCR Fx
CRART R TEHTENE  BYERPR SR R, RN,
Rl 7 IX e AR R R P R R, GRS IR
FEoRGRRBAT IR, DUy B BRI TR A I 22
SE FEfilfo

1 MR5ERE

ol
LU g

AHETE A SRARS X 73 85 HY 18 bk R BB kAT
SERG, AR 1.

=1 il R
Table 1 Cordyceps isolates used'in this s&

A5 IR IR BT 4 BRT
W141437 ERER AR R Cordyceps.sp KU351799
W141434 THRER AP Cordyceps.sp KU351800
W141451 THRERA 7}:‘4% Cordyceps.sp KU351801
W141449 EARAER B BIRAP Cordyceps.sp KU351802
W141433 THRER ALK /L Cordyceps.sp KU351803
W141456 FARAER B AR Cordyceps.sp KU351804
W141904 )| R Cordyceps.sp KU351805
W141457 ERE R G ARRYP R Cordyceps.sp KU351806
W141432. < ERERARIRY X Cordyceps.sp KU351807
W14145 ERER B RRP R Cordyceps.sp KU351808
141436 ERER B AR X Cordyceps.sp KU351809
E141314 THRAER O ARY K Cordyceps.sp KU351810
( "E142054 AP RRE R § AR K Cordyceps.sp KU351811
7 NE141327 EHER B RRY R Cordyceps.sp KU351812
E141313 ERER B RKRP X Cordyceps.sp KU351813
El41315 ERER A ARKRP R Cordyceps.sp KU351814
1140012 ERER B ARFRP R Cordyceps.sp KU351815
M150613 ZHRETRAR O RRYP R Cordyceps.sp KU351817
D IR A DR R Cordyceps militaris KU351816
- A ARKE Cordyceps militaris AB027379*
NIFTS HF774 2N Cordyceps takaomontana AB189444*
AMV1504 Cordyceps takaomontana KF937322*
4644 - Cordyceps cicadae TX488484*

TR
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LR

4646 -
KM) KA T

YC0171MTO08 -

G97022 -
L95D05(5137) b EZEG
L95D04(RZ) FEEH

ASI-7004 %

Cordyceps cicadae IX488475*
Cordyceps gunnii AJ309344*
Cordyceps gunnii KF003087*
Cordyceps gunnii AJ309340*

Cordyceps sinensis AJ309357*

Cordyceps sinensis AJ309354*

Ganoderma lucidum JQ520167*

VE: *4 % A GenBank 495 7.
1.2 QLA & ik

PCR ¥, Thermo A#]; #EZHIKIL, Bio-Rad 2
Al S TAES, NP RRAR: BREFRM, R
Y AEDRIHEARAR . BRERGE RS, %E
UVITEC A7 1HE/KBH, | R RE
FRAF]; 2 f e s g 1200, £ ZHE1FR
HABR AT BEHERRL . TE buffer. 2000bp marker-.
PCR Taq mix. 57 /XEE 1 CTAB, bifgA: T =] &4,
IR

1.3 #xi

13.1 @il

CPDA(g/L): 2} -+ 200, #ibEkE 20, KH,PO;
1.5, MgSO47H,0 0.5, /520, pH HA: 1x10
Ki# 20 min. CYM(g/L): #i%i#% 20, A )
B 2, KH,PO, 1.5, MgSO,-7H,0 0.5, EEfE20
SR: 1x10° Pa K 20 min.
132 iz

AR CYM 1577 55(g/L): Hi %% 20 ¢, SRR 2 g,
RS 2 g, KH,PO, 1.5'g,. MgSO,-7H;0.0.5g> pH H

/

%E CPDA RIfi¥:FE%: [ 25 CIEA, Fibm

km, VPR R A R VS SRS B 42 R 97 AR L
25 CHiFE 7~10d, MBI ST F8 N 22, Wik TR,
20 CHRAFAH -
142 DNA 3B Azt

WA FRERTES, i CTAB VA32HL DNA,
A FIKEE (24:1) BRAR. RABHE DNA, 75%
LSRG, T, B TE Se0iiisfii DNA. $EL
(1) DNA #id 1%B fEpE R VKA DNA Jii &
1.43 ITS-PCR ¥ 34 B =M oH7

ITS-PCR 4" 35 FH B R A% AR A2 R ) o X i FH 5 |

110

| 4

¥ ITSIF 5-TCCGTAGGTGAACCTGCGG=3'A1 ITS 4
5'-TCCTCCGCTTATTGATATGC-3"%f H*5 ITS J7 415t
479 H8°) ITS-PCR 4" 114 5 2xPCR Taqmix 25-uL,

DNA Bt 1 pL, ,020 uL, 94 (10 pmol/L) %
2 uL, EAFL 50 uL. ITS-PCR 4 CTHAS
P 4 min; 94 '©2FPE305:'55 [C 45 s, 72 “CHEM 50's,

FLIEFR 30 o dRJE 72°C ./ 10:min, PCR 724 4 ‘C1#
1Fo

ITS-PCR #3240 1% A rL kAU,

f;ﬁ&ﬁk%éﬁ?ﬁk%%ﬁ PCR ™ $7=4) [alii tifk,
F TN TAEMEAR RS AR AR WA
41 H BioEdit B 51258 £ GenBank.

144 ERIC-PCR ¥ 3§ Z = ¥ 5 A7

ERIC-PCR ¥, X ERICIR 5'-ATGTAAGCTC
CTGGGGATTCAC-3' ; ERIC2 5-AAGTAAGTGAC
TGGGGT GAGCG-3'5|4™% s #3#47 ERIC-PCR 3
#7914, ERIC-PCR 4 K %: Taq ¥ 1.5U, DNA &
B 1 uL, 514)(10 umol/L) %42 uL, dNTPs 0.3 mmol/L,
Mg”*3 mmol/L, ddH,O #ME, 10xPCR buffer, 3£ 25 L.
ERIC-PCR #/"#640F: 94 ‘CHiIANE: 4 min; 94 ‘CAEME:
1 min; 51 °C. 1 min; 72 ‘C#ZEf 3 min; 3L 35 IRTEE,
HJ5 72 'C 10 min, PCR ¥ 4 ‘C1#4%.

ERIC-PCR 74385 1.8%F bt i ik, HiJE
4 V/em, HJK 60 min. PAHJKEIES DNA B BIES:
FER A HBURE 1, ASHBURE0 AHHE, THEFRE
fTE AL R B, R UPGMA T304k, FIH
NTSYS pe (version 2.10e)fR A H S04 RS
145 RS%RFMME

M4 FFFE GenBank I Blast, #R#E 24 )R
JBEHEM ITS FFAEE, MEiifEm 19 ANEkk ITS
75, Al 254 GenBank H 10 AN HUEEJE B ITS
J7 51, I ClustalX #3472 #1751 Hox, B MEGA
Version 6.05 ¥AHAT M. KGR BERME: %R
NJ (neighbor-joining) 7%, %7 Kimura W SHHA,
PLR Z (Ganoderma lucidum) y4hR4HEf Coutgroup),
2 bootstrap (1000 {KAEH) Kl Z 45 ] FEME.
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1.4.6 #HITHRBREZNE

B ERILE CYM TR 25 “CIFALJE, i &k
/N, BRI 250 mL B EE 100 mL CYM ARG 77
e, 25 °C. 135 r/min 3537 20 d, USEE B 22 /RHE TR
FREMAYIE, KRB 4 CHAFR, Kb
T HIRE ST HPLC At

2 ZR5WE

2.1 ITS 7749 S5 M An i 53 A

000 bp

500 bp
100 bp

&1 19 BREEE ITS-PCR #7141 ea ik B
Fig.1 Electrophoresis images of ITS-PCR amplified products of
19 Cordyceps strains

WK 1 s 19 S HUEE ITS-PCR P24 R/ IMHIE N Eo
500 bp A4, CEHIERT 19 AN ITS 7415 11 4k

H Genbank FHICFH ITS JEFIXIHES, A 589 4
TRFEAT Ao ITS B GC FRZIIRK, 48.3%~64.2%.
ITS JPH A NFIER S B LA iy, DR ST AT A
A, AARNT A5 322 4, BREA 54.66%, ﬁﬁﬁ A
U187 4N, HELITS ?ﬁﬂ@é\i&%iﬁ%‘%ﬁo

22 ITS 73 kﬁ%?fﬁ%’?/\ffﬁ

W141437
W141434
W141432
W 141458
E142054
57 E141327
E141315
1140012
D
M150613
W1a145]
W141449
W141433
W141456
W141904
93 AB027379*
E141313

/

79 Cordyceps militaris

El141314

5 W 141457
L—W141436

NIFTS HF774*

3 AMVl 504* I Cordyceps takaomontana
99 4 64 | Cordyceps cicadae

K(M)*
52 YCO17IMTO08%| Cordyceps gunnii
57 99'—G97022*
L95SDO5(5137)* inensi
991 L95D04(RZ)* | Cordyceps sinensis

ASI-7004* | Ganoderma lucidum

0.05

& 2 RESBENK TS FIIRGLEH
Fig.2 Phylogenetic tree indicating relationships among
Cordyceps isolates based on ITS region sequences
JE: *%7% B GenBank #9773,
1T 2 AT, S SRR R B B ITS P
5|15 GenBank H 1)U & TS JPA1) L&A %5+, BT

) o
100 bp

AR HEAAER I, MH 19 PREREFTEHER ITS
FE I J5 4 NCBI L blast 45 B HC G4 /i h 2, A<
BFF 5 R B R T 23 B B Sl O TE PR . i e
FZ A ITS FAIERAKR, BFk E141327 5
W141904. E141315. JD. MI150613 2 |f] i fEEE 25
90.004, F4MFER ID VAR ARG Fl S BT A M R SR
W141434, W141451, W141432, W141458. E142054
PLK E141327 Z IAIIBEESHCA 0, S peREEREFAE
Ffh W141451. W141449. W141433 " W141456.
W141457. W141432. W141436. E141314 [f)itfLE
B8 0.02, 5VY)IREM AR W1411904 E’lef’é
FEEIN 0.04, U0 R RS
E—ERIRR, P07l R
TRZIERR, FTEBENY

SR (e e R i
PLEAS FE1H99% 4 FEREES 435178 0127
0.123. 0.222 % HREERAL I & b 5 e

@T?‘Fﬂﬁﬂﬁgﬁiﬁ HLAGER AR PR R 2 &

" ERIC- ?5‘45‘(@1 il
\

Lot
€I90§TIN

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

E B B OE
& & & & 0z

~~~~~~~~~~~

2000

&l 3 $FERE ST ESEK ERIC-PCR 4 3E =4V Fa Ik Bl
Fig.3 Electrophoresis pattern of ERIC-PCR products of
Cordyceps militaris isolates

W1414377 b
W1414323
W 141436 Hk
11400127 #
W141451 3 bk
W141904P1 1]
W 141457 & bk
E1413147%5 4
E142054]-|L
— E141327 5 M
M150613 % 5
W14145875 4k
W14143355 4k
L i
E1413157
— s
W14145675 #
L ID) " 4
I I : : W 14144975 bk
0.69 0.77 0.84 0.92 1.00
Coefficient

[#] 4 ERIC-PCR ZE2E[&
Fig.4 Dendrogram of Cordyceps militaris test isolates based on
ERIC-PCR data
M 3 A]%1, ERIC-PCR F=#K/N 0.15~1.5 kb,
BT AR 5~12 %, P ERY 1Y 8
Ftio MEIRE AT, iR TRME SR, R YR
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HEAFEEREME 2N, EAR B SR X
W141437. W141432 1 W141436 BA LRI A,
K HEARE W141449 5 5 ML X [ W141437 .
W141432. W141436 £ 1.3 kb 1 1.8 kb ff7 & FEA
ISR 3 ARER EE ) W142054 FREE A DY
JITT W141904 Ml b BEAE [A—HLIX, (2 =35 2 5I7E
8.6 kb 6.6 kb 3.1 bp 1 2.1 kb AbHFHA FAL 5
B, R E LI M150613 AHEL, RAE 5.0 kb
b/ — 2T o

MWEl 4 FTLUE AL R EE 0.8 K L,
ERIC-PCR W] LAY 0 B 19 AR bk N 3 4,
W141449 ~N—2, 2. WI141434, W141456 F
JD; 55 =4H: W141437.W141432. W141436.1140012.
W141451. W141904. W141457. E141314. E142054.
E141327. M150613. W141458. W141433. E141313
FIE141315, AHBLREAE 0.9 ZKFF 19 PR d &
AILASRN 8 ZHo AT DL e B Y T 2R B PR PR A% At
B, RN A E L 2

24 BERMZ KA

a 200t 1
175
150 F
125}
100 2

mAU

1
2.5 5 7.5 10 125 15 175 20

100

mAU

t/ min
El5 EmLtk (a) FABER (b) HPLC SAR[EIE
Fig.5 HPLC chromatograms of mycelium (a) and fermentation
broth (b)

JE: 1 &7 % Uridine; 2 &7 %% Guanosine; 3 & T

3 Adenosine; 4 &7 £¥ % Cordycepin.
M5 BRI, TELZARIAZE S HOR TR B
7%, REEAZE O B—, (HH A R &

112

T5F ’
501 3 l
\JJM ‘ (
0_

T E LR,

MR 2 BN, T O R AR AR R 2
AHER, FRK BRI R & R s 1 & R Rl
(K119 £, FEHEMASCRESINHEME L, HFRNK
B b & RIS EZERRR, S SORER
RETE RS RS  WIIERR e ROR AR
ST e R R TR M AU R R S B B
ARV A R —E LR AN E 1
KA AR R o i — 25 BSR AR 2 Fry i
FREAEAFEE R A SR, Ko AR
H AR X I B R B1413 130K BRI R 3R & ik 3
126.33 mg/L JBILAT A0 HU5 28 bk 119,435, BATIR
UFFF RN PRI o

/

LG

Table 2 Compam of the yields of cor pin in the
fermentation broth of each strain
%5 AR RFE X FF/(mg/L)

W141449 7.75

W141434 3.08
114 1.67
W141 3441

E141313 126.33
W141433 4.27
W141451 56.08
E141314 52.05
W141456 109.33

JD 1.06
E141327 14.97
W141904 90.97
W141457 51.33
W141436 23.40
E141315 15.27
W141432 60.29
W141437 34.44
E142054 47.08
M150613 48.34

3 g

3.1 ACEHITS Al m kAT R 5 704
PR S 4, JRRRIR— 2 HOR B K 1TS 7
HI 5 R ER AR R, R 99%, M TR E
TR BB MOV R, ITS X BRI 7oA X
oy HER I FERRAE T RS UG, (HM AN EE
IEIERPEAR B, AR RO D LM T Bk A T4
F, X5 ZHTEAELLERIH rDNA ITS J7 51 K 3
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BEA R/ NS 2 R8P T AT i

ol P9 22 I e W I 75 A5 B SR RS B 1 20 T A it B AR e
CRRTIVI

3.2 ERIC-PCR #¢) Z M H THHR /8 mATIR [
B TR R B, 5% LK AT
MG1655 J9HFFER Gt ERIC-PCR P=4)IE B ER#4T
WFE, DONIREREREA &4 ERIC B4, A
ERIC-PCR 4 54/~ id i — i &4 ERIC /741, 1M
A — i ) S A LT IE 5 G 400 B 35 (R 21 FRASA7AE ERIC
F¥%1l, ERIC-PCR AR pk ALY 10
DRI AT 7= A HAG g e B B P R — e R S M (R S
M ERIC-PCR & —Ff:BEALIE T PCR. A3C
X U ERIC-PCR WF7TR I, FHILRELAE 0.9 /KF
19 WRimH R AR LR 8 41X 5 AL AT AR A
ERIC-PCR i} LA B[R 45 AL AL R EAE 0.8
KSR LR 19 /M RRE B R 534 8 2H. ERIC-PCR (1)
JIIAAE HURL ) TCE 7 B s A Z R T T LA R
(A AL B R R 2, T HL TS — k58 A
x5, HAREELE, el DU TA R B
L Z AR I

33 MHFEFRIZERE, HETHS EYNRERR 7]
A B E, 454 ERIC-PCR 7307, FHLREHE

1 FIPEZH A, W141437.W141432.W141436 £1 1140012
IXPUAN R B 75 AR X TR AR TR R 1140012 K EER
HEREE (1.67TmgL) BEAL, HA=Hil
R RS EMIE TN 3937 mgls %
W141451. E141314. E141327<E142054., 1904/
1 W141457 |, W141904 % [ P01 H X 2 & e
(90.97 mg/L), iR H HMHX R E141327 5 (14.97
mg/L), HAh PR AR B 7o Al TN
o Ei E141313 153

W
—

[4]

(5]

[6]

S RVRITEAAR 26 R B2 & w2 57 vl LA HH i el
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