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Biological characteristics and stability of single conidial
isolates of Cordyceps militaris

CHEN Haoran”, LI Xinyang®, LIU Zhen, LIU Shihong, LIU Kexin, DONG Ying,
WANG Yulong”

Anhui Provincial Key Laboratory of Microbial Pest Control, Anhui Agricultural University, Hefei 230036, Anhui,
China

Abstract: Strain degeneration occurs often in Cordyceps militaris during continuous subculture.
In the present study, 5 strains were selected as original strains, and 50 single conidial isolates
were obtained on the basis of single conidial isolation and microscopic techniques from each
original strains. PCR was performed for mating-type identification of single conidial isolates. It
was found that all the single conidial isolates were single mating type and the number proportion
of MATI1-1 and MATI-2 single conidial isolates obtained from different original strains varied
greatly, being 27:23, 34:16, 42:8, 28:22, and 7:43, respectively. 5 MATI1-1 and 5 MATI1-2 single
conidial isolates from different original strains (50 isolates in total) were randomly selected for
the measurement of colony growth diameter, spore production and cordycepin content. Compared
to the original strains, 14 single conidial isolates showed significant difference in colony diameter
(of which 10 isolates were decreased), 24 isolates showed significant difference in conidial
production (all were decreased), and 29 isolates showed significant difference in cordycepin
content (of which 21 isolates were decreased). The 50 isolates were continuously subcultured, and
the colony growth diameter, conidial production and cordycepin content were measured. The ratio
of the data related of the seventh generation to those of the first generation was calculated to
assess the biological characteristic stability of the isolates. The results showed that compared to
the original strains, 14 single conidial isolates showed significant difference in the ratio of colony
diameter and all were increased; 41 isolates showed significant difference in the ratio of conidial
production (40 were decreased); 44 isolates showed significant difference in the ratio of
cordycepin content and all were decreased. These findings indicate there are differences in
growth, conidial production and secondary metabolite content among individual isolates from the
same original strain, and culture characteristics of the single conidial isolates were less stable than
those of the original strain during continuous subculture.
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Iifi B1 25 Cordyceps militaris (L.) Fr.5} )@ H 2
Bl Cordycipitaceae, & H ¥ & )45 F(Shrestha
etal. 2012), & &2 EYTEEY FI(RER
LR | BRI B 2 AT, iR EA
RAFRPUR . UM . BEIRRE | FEIRIR M HiR 55
YEF(Wu et al. 2019; Chen et al. 2020), 1b2#iE
G3o3TRoR B R RN B A S A

AR, MR R H ) TR SR
[R] I 3 387 o Ry 46 U () 85 R (Chen et al.
2018; Liu et al. 2021), 4R, S5HABZREH
L), I RRETE PR L AR AR IR AR R A e 2ok
Rk iR A, B R 2 BRI 4Tk
PR (RIRSE 2013). HETAFFERT, PRIEFIRE R
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HROERACHLAI R 5 5L F(Zhang & Liang
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T B 7 1 R A RY TR PR AT 50 BREA
BRR, X A AR A T A R R o 2,
FEAREFAE BB P ERE 10 BRELAL PR (MAT1-1
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F CMS)PRAF T LM R A A Y BIG L s
AR, R ORI R
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PREAR A BAUHE — A0 A i B A Bk
(B IS ACEL AL B BT Y PDA AR5 5%
1.3 EHRRERLEE

PRHL PDA ~F-Ar F3EFRAIR 22, A
K CTAB 7:#2HUEF 4] DNA. &L DNA #ik
% 100 ng/pL 5 AR . KA MAT1-1 5|49
(5-TCCGCTGAGTTCGGAACAAC-3' ; 5-TCC
CAAGGCTCGGCTAAAGA-3)fl MATI1-2 B|4¥)
(5'-TTCTGCCAGAGTCATTTCCG-3'; 5'-ATATG
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CCGCTGCTTTCATCC-3") %} i H 3 52 Fir Y KL [A]
PEATP 18 544K 2 8 . 2x Rapid Tag Master Mix
(R IEMEREAE MR A R A |]) 10 uL, 514
(10 pmol/L)4% 1 pL, DNA #ifg 1 uL, ddH,O
7 ulo PGS 95 °CHIAEME 3 min; 95 °CAS
30's, 58 °CIEk 30's, 72 °CIEAH 55, 30 PMEH;
72 °CHEAH 10 min, ;=4 1%BEBEHEE I HL 1k T
TESEIE A% 2 58 (Bio-Rad A A]) T A&
1.4 BEHRGBRIEFF

WU B B TR CMI1-5 T8R0T A 2 b 5]
PDA i, #0516 25 °CHEFF 15 d, 2RF525 —HUHT#k
W RS 2B PDA SRR 7R 15 d, 3745
R, DR, mZRRE LR
1.5 EHREK. Fagit

BUF I B AR B2 1 mm FEFEET PDA
SEARE], G 25 °CRESR 15d, TS R
TR EAT RV 3R R bR AR R R
20 mL 0.05%MIRIF R AT 50 mL .08, T
WEdRY, AR MERG BG4
1.6 EHERS=EN

HE KA E S0 Chen et al. (2017)f)5 1 .
K PDA A b PRI 22, WIS . BL1 g #
AHMA 50 mL 7K, 40 °CZK¥##E 7 1 h, 12 000 r/min
20 5 min Jii, BCEEHETIEML(0.45 um), R
“LZHEE 1100 HPLC 5t (Agilent Technologies) )
FH 5 RO R 2 15 s (B3 A . Waters 23 F] Sunfire
C18 5 pum, #ishA: 10%HEE, JiEk: 1.0 mL/min,
FEWR . 35°C, K 260 nm)G i ALK A&
1.7 EHEEERLL. FRIEIMAEERS
ELEHE

A H AN [R] B AR 1R 4R AR 35 R R AR
PE, RERCACRE R S5 AU bR v B T
P R R i i T S RIS EAR L
(colony diameter rate)=55 L QR PR (E1R)/5—1X
FR(ER); P il (conidial yield rate)=55-E4%
AR )28 — AU AR 7 ) IR R B

Fo(cordycepin rate)=4F LA AR (HUF R 5 &)/
—RERRERER S &),
1.8 #EH

S KRR ] GraphPad Prism 9 #EE
B 28 T DA ¥ 8045 1 22 (Standard  Deviation,
SD)Z7R , FIFH SPSS(24.0)#H47 B K 2507 224347,
BARE 3 MEE, SitRENAKERE N
P<0.05 . -~ J7 K 5 FH DA#EA 752 e 289 Lo 461 i 4 25 53
Br, W E SIR PR 2 A S LR B4 A T 1:1
2 H(Zhang & Liang 2013).
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2.1 BAREKRKRERRERLEE

PCR Jyik%55E 5 PRIFEARIIBEAR I E] MAT1-1
1 MAT1-2 A BC RIS R, BRI & 2 R
A% 1A) . R PR I3 125 AR AT I SR F6 P i I
HH—~ o AL 96 R T8 LAY, ) PR 8 B S e
WIAE 0. 6. 12, 18 il 24 h HHIABEIS4C b4y H.
U — Ao BT, KA BE 1Y A B i
(B 1B). M\ 5 PR R 4350 53 B R it BR AR DA bk
TERRBEHLEERE 50 PRELAL AR T 722 Fe Y L DR A
W, Zeil PCR %ELEA AT AL, 4 MREE(CML
CM2. CM3 fll CM4)H MATI1-1 B4k
MAT1-2 Hffl kg 2, Hrp CM3 AUkl
8 ¥k MAT1-2 FRAEER(E 1C). TAE CMS I
B, MAT1-2 BRAERE R L MAT1-1 B R4
B, UG 7 bk MAT1-1 Baf @bk, AR
Fb 5 23 B 43 BT 2 B CM2 (7=6.84), CM3 (=
23.12)H CM5 (*=25.92) i Bl Zr S B4, 1M
CM1 (*=0.32)F1 CM4 (*=0.72)FF 1A 5 LA o
B HAEENRE, T 250 PR A
KPR & A MAT1-1 F MAT1-2 32 it B9 3 ] i
251738
22 BAREHKEK. FRMAERSEHER

FERR A RRBEALE RS 10 FREAFEFEFE(MATI-1
I MAT1-2 5 5 #H T a2k .
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Fig. 1

Single conidial isolation and mating-type gene identification of Cordyceps militaris strains. A:

Mating-type gene identification of 5 original strains. M represents molecular ladder marker. B: Germination and
growth characteristics of conidia at different time. Arrows indicate conidia. C: Mating-type of single conidial

isolates obtained from 5 original strains.
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W/, CM3 WA 2tk MATL-1 B R ik
M1 Bk MAT1-2 SRR P 7 LA 0 2
CM4 Bk H BAf0 B R B AR S 3 1 i AN s/ N5
A 1HE; CMS HA 1 Bk MAT1-1 BRARIEARFN 2 £k
MAT1-2 H76 P A R % ELAR I 25030/ (P<0.05,
K 2A). SRR BL, 5 R R g, 3t
11 6 & MAT1-1 FRALG PR 8 #k MAT1-2 FRAUER
PR BLAZ 258 Ak, b 4 BRI AR AR
EHEIN, 10 PRI D PR B A . AR
KR BSR4 MATI-1 I E KRS
MAT1-2 Bk Z 0], Wis AR REES

55 BRI R R e, AT 24 BRE
FR R R AR A H AR R I, Hoh 3 12 #k
MAT1-1 # 12 # MAT1-2 B9 % Bk (P<0.05,
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MATI1-2); CM2. CM3 Hil CM4 H 53 514 2 tk
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HEESREE BT, 21 BRAMER S EEE
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R SR B E B, 2 MR R R R
SHBE N CM3 ., CM4 Fl CM5 43514 7.
6 Fl 5 PREAAITR PR L R 2 i 5 T . TE IR
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Fig. 2 The colony diameter, conidial yield and cordycepin content of different Cordyceps militaris strains. A:

Colony diameter. B: Conidial yield. C: Cordycepin content. *Significantly different as compared with the
original strain (P<0.05). The same below.
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ARAEESR 705, S BRI R TRRE o B 1 H
6L PR R AR S B P V5 ARG, EAR Y A — AT
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Fig. 3 The ratios of colony diameter, conidial yield and cordycepin content of the seventh generation to those
of the first generation of Cordyceps militaris strains. A: Colony diameter ratio. B: Conidial yield ratio. C:
Cordycepin content ratio.
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i F AR, (B4 MAT1-1 B AR 78 B A%
FAE 0 255 TR R AR AT MAT1-2 BB Pk .
CM2, CM3, CM4 fll CMS5 451K 2. 3. 2
T2 R S0 TR AR B VR LA HOE S e, oy
7 Bk MAT1-1 Fil 2 £k MAT1-2 BAAI TR KK

geaEaR 710U, SRR, 3t
41 BRI R A L A B AR e, H
40 BRI A7 5 HUAE 225 T (18] 3B). CM1
H Pl MAT1-1 S0 bR 96 i LU AR i 25 (R T
& TR MAT1-2 SR 7% ; CM2 Fil CM4 Hr
AR B TR AR ) F i LU (A I IR T R R (H
J& MAT1-1 il MAT1-2 $Lf i ik 2 (0] 3 TC i 2% 22
5o CM3 Fl CMS5 435l 7 F1 7 PREA G BR
i PO 2 T R Rk

geasaE 70U, SRR, HEh
44 PRI DA REL RS B A B ARk,
SRR R R A HE R E TRRE 30),
CM1 ATk B R &R WE R 0.72, MAT1-2
PSR R R S HEAE 0.37-0.43 Z 6],
FART R EH; CM2 Fl CM5 H 4 B4 T ik it
PR O IWE R EINT R LR, CM3 Al CM4
HR A 7 RN 8RR AR B R R R S L R
T & kR

E— TR, 5 IR R RAR LU, A
AR HUR R i L AT kA AR A S
A 9 PREBAEEE, 7000 CM1 H 4tk CM2
2 kK. CM3. CM4 FIl CM5 H&F 1 8k, &8Nl
MAT1-1 Btk DL EEE 2 W A — Rk v A AN [F]
FRE AR, RGBS SRS, A AR
PR O SRR E My A 22 5 o

3 dtik
T PR (9 3R 40— F B AL AL A 5 Hh i
TE I P 3t 3k o 30, 857 - W A R PR AR AR TR 572

PR T Tl A i BA B 0 S B
RO M R oS LS TR, DA HOER

A
i

FPT i R BRT PR IR K 5 T MAT1-1 #l MAT1-2
T B9 EL A R AR (Lou et al. 2019; Lin et al.
2021) AWFFEARI 5 R R EMRTA 4 PR
MAT1-1 FERELFIE T MAT1-2 B, 5F0r5E
(2022)42 18 A B PR AR 73 B 1R i R R4 2R — 2
XATREE MATI1-1 ERTE A 8% F s A2k
7o A, BF9Esh 2B CMS #FkH MAT1-2 @
() LA R I8 86% (43/50), 2% BHAEA™ FII M HLU R
HRH MAT1-2 B AT LA G B34 b il 5 BRE bR
A 2 MREFEH MAT1-1 Fl MAT1-2 B e fl42230
1:1 (27:23; 28:22), WA KAASHEHY LA i 43
B, A 3 RRBARRACEC Y B A B B T e 43 25 3
%, HARIEMHRAAERERZES . ERHFQ011)%f
0 H RS T R 43 B 15 81 MAT1-1 Il MAT1-2 B2
TR LI 75:60, 6] KNS 55 (2017) X i HUFL
CM-HO7 ##k 7 5455 MAT1-1 fil MAT1-2 ¥4
IR LR 44:39, KL, R ERM 2 Fisg
P 2R TRT A L A5 2 9 T R S50 e R TR PR (R Ak
fEIELL 2 B S BE Y TR A% LA A i R AR DL 25
() 5 1 T L

R A FE I o B 53 By A AR 3 T W]
A MATL-1 I MATL-2 52 Jic 5 356 R () BA7 P ik
(Zheng et al. 2011 ; Shrestha et al. 2012; Wen et al.
2012; Kang etal. 2017; 2=/NXEF 2021 ; HfEp
8 2023), ABEFE T R ORARAS FRAR B AR A T
P, FEAN[R] B 18] 5 ) S U8 A A R TE B ok e o
— 0] K A TR T TR DN AR AR 1Y) 250 PR
kR, SFAUE A —FACHC A . WA fiiE
FAERIS A MAT1-1 Al MAT1-2 52 it 7 56 [K] )
PR TR AR , AN 35 R Ry < A AR SRR
FE AR L R R IR S 2 T, #4553
5 1) BRI TR AR P REJE 22 R PR AN 538 2o S A
BE LS A BT N B 96 B TR TR R 2 172 LA B A
TE 2 N E AR I, 7ESEBREIE 53 2
IR FE T 2AE B BB WA S AR U — 2
a1
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iy R RS (] R R 22 ) A A R 7 A AR
W) & AR R 2 57, X Rl — D bR 7 5
A ERLF0 TR R (8] 22 57/ 5 i 3B (Sung et al. 2006;
Kang et al. 2017; HhEZESE 2019; FPEIESE
2021) 2% ) E(2007)iE AT WFFE 9 A~ FRA PR P & U
AN LA P R =2 1) 7 - SR BE ) | TR VE TR AR S L
AR 225 AHFSE & BRI — AR H A AS ] PR
R Z IR, FEA . PR A ) &
W 2R . SRR LS, 24 BRip
T6LBA A 7 L B AR B AT T RE, RTRE R
MATI1-1 Fll MAT1-2 [ 3[R A7 243 1) T 0 A R Ry
PRI

FERA SR R R AR e P T, FRATT R
U5 R AR FLAE, 82% 1 Bt T AR 26 B A 7
(R R, 88% Y B fl H bk B R 5 i
OB 5825 T B DRI, 767 fFn s R 3 5 bR
J5 T, ARAREE IR T B B RS e R T Hh R T
PR o W R P RRAE AR AR 3 5 ARRIAT s BB (23R
BLG, [RIAS B 22 AR FE RS in . 77 FEL R T Al
TR O T R R Ak T R 1Y B R (R AR
2011; M3EESE 2022), MHXTFH AR, 5t
PR R 22 A A RS RGN L 77 fl ey A R R R
E TR, BLWIANESE A W AR GRS SR
7 RREMRE LB DL R W PR A R A IR
fb 3 b & B IR AL R P, CMIT H 43
MAT -1 H76 bR ™ f i Fo B B E LT MATI1-2
PR TR, FUR PRV B O R A S i
Ui B AN [F) 22 E 8 P AR AR AR fb R b AT R AA A 22
S, oA BRI RGN A R — 25

25 F R AHFSE N 5 BRI BT R B AR
BT E 250 BREAFIPERE, Hrb 138 #k MATI-1
112 #& MAT1-2 FLRLTR AR o [a]— ik AN ]
BRI R AR MR Z ], AEA G R RRR G AR
W& AT A 22 5, HOI0 B R i ARG 5%
IR AW L R TR R BT 5 285 S Sy i H B TR
IRk AT F ML 4 s B AL T A
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