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Abstract: Strain degeneration occurs often in Cordyceps militaris during subculture and long-term
storage at low temperature, resulting in a decrease in yield and a great loss in income. In this study,
normal strains and degenerated strains due to long-term storage at 4 °C PDA slant and continuous
subculture of C. militaris were observed to survey the morphological variation of fruiting bodies,
colonies and mycelia and sporulation capacity of conidia. The nuclei, mitochondria, reactive
oxygen species accumulation in cell, and lipid droplets in blastospore were observed by staining
method, and the content of cordycepin, adenosine and ergosterol in mycelia was analyzed. The
results showed that most of the phenotypical variation of degenerated strains caused by long-term
storage at 4 °C PDA slant and continuous subculture were consistently displayed as: the decrease of
fruiting body yield, the presence of adhesive and knotted hyphae, significant decrease of conidia,
increased level of reactive oxygen species, reduction of mitochondria in the mycelia, mergence of
dispersed and small lipid droplets in the blastospores into large droplets. There is no color change
after being exposed to light for the colony of degenerated strains caused by long-term storage at
4 °C, whereas color change is unstable during the continuous subculture. The number of nuclei in
the mycelia of degenerate strains undergoing continuous subculture is reduced whereas no change
in that undergoing long-term storage at 4 °C. The content of cordycepin, adenosine and ergosterol in
the mycelia of degenerated strains of long-term preservation was reduced by 58%, 41% and 70% as
compared with that of the normal strains, but the ergosterol content of the degenerated strains of
continuous subculture was unchanging. Microscopic observation of adhesive and knotted mycelia,
and staining the mycelia by nitrogen blue tetrazolium (NBT) to detect the reactive oxygen species
are easy to operate and not time-consuming. This method can be used to detect the degeneration of
C. militaris strains on a large scale. Mitochondrial and lipid droplet staining can also be used to
identify the degenerated strains. The commonly used method of judging the quality of spawn by
color conversion after light irradiation needs to be cautious. Obvious degeneration of the strains
usually appears in fourth generation during subculture, so the strains used for cultivation should be
selected within three generations.
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W H ¥ Cordyceps militaris (L.) Fr., )& 14
1] Ascomycota, AR H Hypocreales, HLHE
Bl Cordycipitaceae . HELJE Cordyceps, JE=—FIH
SR AR, EREIER TR, 4
W E I E ST, 2018 453Kk [l S A pe i
90 559.7 t, 2019, 2020 4E4EREE 10 J7 t A4,
SR, W R R TR AR TR AR A S 5 T ORI R T A
KR, PR RN, X
RS (FEESE 2011; faleLrZE 2012).,

KT If B PRR ML R B R 2, inZ
FIEIE VEREAR, 2800 % DR ISP ZHE . B R |
Ji A o 5 AR (AE 32 E 2003; Sun et al.
2017; FEBAE 2019); X & MGLRHR BT 5
WA (0 RE I R (PRI R 55 2010); 2 e Al
ML N F S I AR, IR T IER R K E A
WEILR(THE 20205 L5EAE 2022); Zekifkss
o AR B b Y RS AT R e i R R A )
2z —ZE5A 5 2022); WHRILE 47T
SEHCHY S A= W) Al 4 5, Wit AR A 3 B 1
T3 A T ATl MAT1-2 1 FL AR U3 i,
FH A0 R DG 3 TR N A2 e 780 05 R FE R b i FR v
D EEFHGITEE 2022); 4000 A WA 56 KL A
Atg13. Atgl8. Atg22 Fl Atg22-2 FikmTriRik
Rk E TR E A 2019),

A B9 4 b T Ak AU 77 bk IR AL kR
1k, BRZWAIEFRZ I, WPRVKFE R IO
SFEEMGR I, A PDA BHEHKHA 4 CHR
FHCORIE B ARG IR BB R T PR TS, BF
SR R R AR AR ALRRE , MARAREE SR FIvKAR 1
IR T R RAR A ) FR e e A v T4k L A
R R rp SR A RR AR i, AR A P
AR, I ARG L BLR AL S B

1 AR5 %®

1.1 ik Ek
U BB RR 521 Al AR 7= FEEFP, 2016 4F
6 H 20 HRH 10% H MRAE48 ik T80 CiA

fRIRVKAE , 2021 4F 6 J 3 HEUHTESL, WS
fbF BE Liu et al. (2018)W 5 3047, 1AL A B #E
FBE IS LA K RAF . BRE 521T 3+
WEBRIFRMEMK, T 2017 4F 10 ARASE
A A SRR AR R (PDAYRHAT, 4 “CrkKAfH K
TR, 2020 4F 11 HiEfefEdkds, RIEKD
2R b, T Ak IR A R AT 1532A S 4iall
Ay FHEERR, B 1532A TH 24 HHER T PDA OF
Merbts, HERR 10 d 7ERETE NS 0.9 mm 4L
PITFLIEM 25T PDA B5355L, 20 CHB4k
R¥EFE, e, sralbrich 1532B, 1532C,
1532D. 1532E. 1532F #il 1532G.

1.2 E%. FEAEESEKREE

B R 521, 521T A4k AC RS 5% 10 B Bk
1532B-1532G HA4% 0.9 mm 2380 T PDA
A g, 20 CHREEREFE 20 d, A A
VR AR A K SR 500 Ix SR E:
7% 3 d MEL TRV 5% i . Z B8 Guo er al. (2016)
() 7 VA T P B SR B, o A A b o
PREFMEE, G AR BRI AR ORI
1.3 EZESWEMTERFITH

PR PE 521, 521T A4RCRE IR B Pk 1532B-
1532G HA% 0.9 mm FWZHEFF PDA Fli b
o, EFE B 223 2 em MM K B 538,
20 CHREERESE, FER 2B 12 BF, B it
17 i 5 W22 (Nikon Eclipse 80i).

B RR 521, 521T A4k QRS 5% 10 B Bk
1532B-1532G B4 0.9 mm #2553 T PDA
SEAR P, 20 CHEGEFE 20d S5, 500 1x DGR
Rig% 3d. 10 mL 0.05%0 I e AR # 22, 22
MBI E 50 mL B.08 0, A 20 #i
P ER IR 15 s, 3 J2 54T 15 I
AL FUEW, BRI BT, B 3 A
Y E R,

1.4 BZLLZERR . dHRRAZ R SFE R FRE A4
B
& 22 28 KRR K F Mito Tracker Green FM (34
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ZRAEVHARGRA"HATY A, —H R
(DMSO)#%fi# Mito Tracker Green FM, [ig & ¥k &
1 mmol/L G, F-20 CLRAFSH, B
FiR £h 2% vhi75 MR (PBS) i B £ 200 nmol/L F T
Yett, 35 B 5 IR G T 22 1 35 B R iR T Y A
Yt 30 min, PBS ZErii nfisk 2 WG90 R
5% (Zeiss IMAGER A2)M%% .

AIAZ R 47,6- K IE-2-ZK JE 05| (D APT)
(A6 5 B R A AR BR 9T R ilE AT Y
.0.01 mol/L pH 7.0 /Y] PBS 2% M % fi: DAPI,
Be B R 20 pg/mL B TAEWR, 1 A 55 3: 05
22T B RN 5 pL e, BTk
B INER

A IR SR e 2 A0 [k T A TR
(FE B A BR A Al g s . IUE R 0.9 mm
P22 RAERD TR SR RN, 150 r/min #EERE
F% 4 d JE b UEARAS ZE AR T RIF IR . N TR RS
B, BEEWE N 0.1 mg/mL B TAEW, ZA4:H
FRIFRGRP AW 1:31RE, BRAAWRITIR
A0, PG TSR .

1.5 HEZLEHFELEUR

PR 223 PR s 0 R RIS DY (NBT) (bt
A FEAE Y FR A R Al DCFH-DA i
PSR AR T (P st B 9 TR 5 9T ) 7 o
Tk o BOP AR SR 30 & 4% 0.9 mm [ 22 B
FlF RS FR LN, 150 r/min BEERESE 4 d,
B AR T 22 1K 3T ] PBS 22 phii vpk 2 Wk, 18
¥F 0.3 mmol/L NBT Y= iRMFE 1 h,
PBS ZZ M vk 2 IRZ 1k I Je AR (Nikon
SMZ18)M I ; il DCFH-DA &4k
MEREE, R4S PBS ZE 0k 1:1 000 Fifke,
=20 ‘CilENARAEES F o KB A TR 22 1 26 3% iR ik
TR P E R 30 min, B THO6 R ME
Rk -3
1.6 H#£HER, REMZAEHESE

OB 0 2 S % bR i NY/T
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2116-2012. 0.5 g B 22 fA& kK 7K 80 mL,45 C
R HEEL 30 min JE VK E A2 100 mL, 205
B 3f L 0.45 pm AKHIERE, HPLC A6 H v
R & &, K4 f: @354 Luna Omega
5 um Polar C18 100A, sl : 10%H fE, ik
1.0 mL/min, #3: 35°C, JHK: 260 nm,

22 £ HS B 2 R R IR A (2021) 1Yy 15 o
U 22468 K 0.1 ¢ T 10 mL &4, i gz
2y 8 mL, B T, 50 CHAHEH 30 min,
W 5 A EEE 2, A YUAIER g, HPLC &
D2 ff SR it o R 50 T liAH : 95% H % ;
P : 1.0 mL/min; A1 : 40 °C ; PEFEIAFR ., 10 uL;
KiK. 282 nm,
1.7 B

ST SR ] SPSS 22.0 #£4T ANOVA 4iit
4387, Graphpad AT ¢ Kr B IF-AE ], Eadnss
RUSE B RO, AR 3 MEE,
it @ F K BOE S P<0.05,

2 BERERM

2.1 E%. FEAESREKREELR

PRE 521 #1 521T )G, WIEIESESK
K521 HIE BABHAL, S21 T AR (K 1A);
TSR IS, H 521T T2/ HAE
i . RAERTE, MIVBLEIRL 53, AIE S
MRS, FS ™ 5 i 2 PR (E 1B, 24),
I B EEIRL, 521T WA Kl R
FH KT IEH #22(P<0.001, & 2B), {H/4#17
Fede i E T bR 521, [UCNERE 521 B9 7%
(K 2C).

AACIE IR AR 1532B #0057 LRG0,
1532C. 1532D W IMNEAT 4, 1532D Lt
MG, 1532E. 1532F NiRE M, 1532G
i v A (] 1A), AR RS TRV 20 (0 R
BA—, AHMA, 1532B Ml 1532C 091524k
AT 2SR, 1532D-1532G T~ 5244 & 1 14
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FEAR(R 1B), Fociiff f bl gk Bos e = 1532D e R(3.0x10" AN /AF4R) , 22 J5 Bl & 464X
W%, & 1532E BESR T REIRRELRER(E 2D). WESE R Z L, B 1532G bR
1532B-1532D W24 KA TR E 2, N 33x10° P EH(E 2F). M TSMIELSHER, 1532D
1532E-1532G A=K B R EH (K 2E). 46 LRI HRMA, MNFEMEEKE, 1532E
BRI R A A0 7 B RS RE n  e  f Ra FEUR B B 1% R ARR Ak o

521 521T 1532B 1532C 1532D 1532E 1532F 1532G

1 FAEREEMREERFIAES A BHEES; B: FEKIEER. trR=3 cm
Fig. 1 Cordyceps militaris colonies and fruiting bodies of different strains. A: Morphology of colonies;
B: Morphology of fruiting bodies. Scale bars=3 cm.
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2 WBHELEEKTFEAHE, BLEKEEMIEBRTHR A D: FRAEHE; B, E: LA
K, C. F: AMEMTFEL *P<0.05; **P<0.01; ***P<0.001. R[FR/NEFEFRIR P=0.05 K V225 W%
Fig. 2 Weight of fruiting bodies average growth rate and number of conidia of different strains of Cordyceps

militaris. A, D: Weight of fruiting bodies; B, E: Growth rate; C, F: Number of conidia. * P<0.05; ** P<0.01;
*#% P<0.001. Different lowercase letters indicate significant difference at P=0.05 level.
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22 BLMEUE

FRIAR 521 BZZ KA HLANA 5T | Akl | 28
Ui, 22T HESI AL (K] 3A); 521T
P22 Wi Z4(F 3B). Z=ELHLEN(E 3C). MHE RN E
R 22474518 3B, 3F), WA, i
NPT (B 3D). ARIRKE IR0 B BRI & 4K
RN 22 KR B 2, R R,
i TR 22 AN 25 U o TR 2R BR3P RE R TS A

Wi . A AR ET AR B (B 4A-4F).
23 HLFEMERE

NBT 58Sk i i A o F I, 3 3l 25 6
(R TR F DB 17 1 4R 1 R 221 DL (Lara-Ortiz et al.
2003), PagiREIEE 521, 1532B-1532D
B2 IR E (M, 521T. 1532E-1532G SiR%E
8, TRk DA R 0 T 22 AR R AR AL TR R 1Y 1T 22
RN R T B ZIE A A 5).

El3 BEHES2IFMS2ITEHLEAME A HbE521; B-F: HHE521T; B, C: WK MZEL;
D: WZNAEWR; E. F: WLEHEARGERITE. $rR=10 pm

Fig. 3 Mycelial morphology of strains 521 and 521T. A: Strain 521; B—F: Strain 521T; B, C: The ruptured and
twisted hyphae; D: Efflux of cell inclusion; E, F: Adhesive and knotted hyphae. Scale bars=10 pm.

B4 BRIBFERELFES
Fig. 4

1824 EHIFIR

A-F: 1532B-1532G W£EA. #rR=10 um
Mycelial morphology of different strains of subcultured Cordyceps militaris. A-F: Strains
1532B-1532G. Scale bars=10 pm.
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521 1532B

X

1532E
5 SEAEEZ NBTEE FrK=1.5mm

1532C 1532D
1532F 1532G

Fig. 5 NBT staining of Cordyceps militaris mycelia. Scale bars=1.5 mm.

DCFH-DA J&if 8L s R 7], et
Je SR AT R B 5 1 T A R E L (FNIE S
MRUTAE 2015). B 22 e 0 BLEk 0 08 AR T Ak
521 ez RESR AT, MAE 521T Wik
ZrorAn, IR, RUVE S IE A
Tt AR TRTAR B 2200 T AR i o A A R B in
B4, 1532E. 1532F il 1532G MR 204
EIRRR IS LR A (K] 6A). DCFH-DA
TRET et NBT Yo 22 31 A R A AR fh a3
AL BRI AR 2T R S R 2 TR
AR T A
24 ZZRIREE

PPk 521 TR 22 4 S Ze b (AR B e e 8, T
521T IR 22 R AR A3 A s i o AR AR 85 3% T bk
1532B-1532D 1 2 N £ ki ik LM 8 22 57,
1532E. 1532F W] WAk A% P i /b, 1532G
SRR E KR D, WA R AR BN, 2k
VR A0URE Bt AR N 38600, R =X R Ak PR T
22 N ERLAR B 98 (K] 6B).
2.5 YRR E

PRIPR 521 1 S21T P 22 PN 4 LA 43 A () P
B4, dRCHERR 1532B-1532D 4 il k%K Il 2%

5, M 1532E HAUG AT WA A ANIE, 1532F w224
A W S ek (B 6C) , 4 A2 (A8 A 4 1 1 A8 A
LR A MEL R 1B AL AR B B i 2= — 2 KA RE
L2 3] B S A A A% AR AL
2.6 fEiEe
JRMae P ajalmRaf, Wk 521
AT BT ECRE 2 | AR L S
BAEAM AT, BRSPS 521T
AR R B /MBI RLG S KRR ]
25 AR K (B 7)), 4R #K 1532B-1532D
I RG T R L2 5, 1532E-1532G g SR &
Wb, oy B S B AT (7, R
RIEJE ZEA TN IRTH & A B2k, HK
J01 08 98 RN Ak AR 85 37 5 S R Ak 1 B TR A2 b 3
FHTA] o
27 R4HER BRENZAHBEIENE
521 Wzzrh R | R MEMBERES &
KT 521T, 521 Wb mEEgah
S21T 9 2 514 (& 8A). 521 T 22 R Fn A f
(S B4 5 BB 1.45 mg/g A10.53 mg/g, i
521T T 22 vh R AT AN 22 A 1 WP 2 5 &= 4 il oy
0.86 mg/g #1 0.16 mg/g (X 8B. 8C), BALFE#L
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521T P22 R IR RN ZE A B I B e
WD B T T 58%.41%F1 70% (Kl 8A-8C).

RARTRE R 1532D 22 h R R E TN
(AW | VSRR ST (A N E R W 1 39

521

521T

1532B

1532C

1532D

1532E

1532F

1532G

6 HLFEME. KhikMmpizLeaNE
P =30 um

£ 0.25 mg/g (K 8D), IRiF & AR E N F I
R 8E), 55 6 Rk 22 d R MR AT & R
1B R T 48%F1 66% , 1HZ ff {5l &
Bl 8F).

@

MT DAPI

c WZZNTETER: B BZZKIA; C: WA

Fig 6 Fluorescence staining of reactive oxygen species (ROS), mitochondria and nuclei. A: ROS in mycelium;
B: Mitochondria in mycelium; C: Nuclei in mycelium. Scale bars=30 um.
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N WD &7 a5 o 0 A (O
=30 , . 5 :
521 521T 15328 1532C 1532D 1532F 1532F 1532G
7 WHELEEGEELEEWE FRR=10 um

Fig. 7 Lipid droplets of blastospore of different Cordyceps militaris strains. Scale bars=10 pm.
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3 0 < 0 m 0
521 521T 521  521T 521 521T
D E F
g.ﬁ 0.8 a e 3 a % 0.6
= 3D
£ 6l b E |r g
5 ¢ 5 2|l b . 5 04
S 04l s s s
q £ 3 d =2
= £ 1F e 202
c>)\ 02 F 8 ﬂ %
5 5 o
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8 < g 0
QD U QL O DO LR A
NV sV AV AWV AV AN AN A AgeN
\c;‘) \c;‘) \g;) \(.;) \&;’3\6") \c;? \g:‘) \g;‘) \c;’) \a;") \(.;’) \‘;
B8 H«mEZ. REMEZAEESE A, D: H¥EXE; B, E: Ifff; C. F: AN

Fig. 8 The content of cordycepin, adenosine and ergosterol in mycelia of different Cordyceps militaris strains.

A, D: Cordycepin; B, E: Adenosine; C, F: Ergosterol.

3tk

TR B AR A B R A7 AR Y B
A M B IR PR ARG IR e vh 5 R AR R
b FLX BB AL AT B2 Y, 5 807 B H T R 8
{77 M 3 52 B R AR 2R o EL AT G T U R T AR AR AL
ORI FE K 22 B T TE AR AR IR iR AL T Bk, (B K
AR T SRR A RATRE , AR5 4k

RBEFR BT 3 R ZEJAR A s AR Ak )5 ™
A RS AR AR Y R AR R A 0 R TR R AR
AR S0, % A T R R fb T BOR RS 2 B
HEAMEM.

AT e A S AR T PR e R 4 AR 8 5% 3k
(AR AL TR PR P 22 5 B B 3 A MG 2 | TR 2283
FTEEMEAR(E 3. K 4), I MEEQ2019) 258
A 5F(2022) e WL EE BB 4K PR TR 22 53 B3 2 1
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MG, LR AT A A8 B R G , AEiR
A A RR R 22 Al H W, IRl 4R AR TR B
B, RERHM Z, RERBRER(E 3. E 4),
Rtk A 2= B RE OL R, i WA 1R 22
JE T BURG 1%E FIFT 25 0T DLAE A Ak 1R Bk B 4 501
Tz — o TEVETE RS )7 T, IR PR A bk R
HEETE WA A sk . AR R,
AR RAE AR R R h e B A TR
ARG e 1B AR A QIS SR Y R B QRO R
B IR(EERZE 2011), FeATIAN ARG
PR BRIV — 2 7 A T AR Ak, (H 2 LB €2 1 8 I T
Al BEr A TIEfL(F 1B, 1532G), FitAd™
rheg T A ) DG €8 00 I TR AR UL 25 10 O
B, PIFPR AL RAR R 22 AR K B R I, 5
THE(2020) A 78 A — B, (BAEZE[EEE(2007)F1
T B AE (2011) P 5 AR A Ay i H B TR PR A IE
R R AR R, T RE A [ R R R A TR
HA RS0, 22 K AR B AR iR 1
PRI HIWAnfE . IRICRAR DA 22 B R | IRT
T AR 55 P 5 o B PR IR (B AR 20185 X AR %F
2020), FEAHIEFE AR PR 16 B Pk A A TR
PIZER, dRCEE SR R A R AR R R | IR
S R A AR S B A M R
AR RS i R (K 8F) . D IR Ak T8k ) 2ok
PRHCEE B B0 (] 6B), 552258 4 45(2022) FE 4k
P35 T3 56 AR TR Pk b SR AR B S /D i 25
SAHTR] 5 b ARBR Bk A ER AR T U A1 A% 43 A N
57, T A R 1 2R A TR AR 4 A% 4 A A DL BH
ARAK 5 2 AR TR I DR T A LE R DA R4 5T P 25
A3, TR AR B AR R U 2 IR AR A, PRk
ARG B 0] LU T 1R A0 TR AR A 001

E AR BRACAE T 0 M U AR BRI BR AL T
BIAPAE , WG AU R R s RS2 P R A
I Js N7 3 D) AT RE S 0™ EE % 40 H 45 493 (Zorov
et al. 2000), SARARNE R G VA" B B FEE
IR, LIRS ZENE AR E, HLRK& DNA
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Fe#% DNA W75 %) 52 B4 Ak 451 1 (Yakes & van
Houten 1997; Kim et al. 2007). IR A5 A4
FAR R RV R 22 N s M S s T IE R
PRIRR , 3 ] AR SR fh R AR 2 b (A B30 B S 0 A 1)
VR FEARAS R DT . AR RN S AR ) T 55
220K BT T IR AR S A AR TR A
A HAEFCGIEE 2018), A& 80 AT RE 2 5
TEVEE R AE AL, TG P AR R A A 550+
RIS AR AR, F WS L T B A2 A5 A A #S S B
P D TEPE R R (Li et al. 2015), W5k
AU B RE AR B IR 0 B R R A AT O B
%, HHARAWREZ K, WEEHET, Bk
PAPR H 21> B W DR Ak T v 2R R RS (R
2020; ZIEAE 2022), TEMEEGIEMER . AW
P AL O B R R Ay S B
eI HRLR RIS A A i AR BAR AR, ax HoH AR
KA TR R A Rt — B0 i SR A ik
HsE R R AR, AT DU TR AL TR R 0 R R
Mo KA NBT XRAKRE SR 223k YL, HAE T
PR R, AT DL T A R AR e iR
A0 B R U7 225 19 7 468 7 3 o T P SV S 20 PR 1 1)
IEH AR AU R AR N AELE , Bl 15 SR 1)
FEA TG VAR B I I A B AE 2020), FER
NBT 4 €875 1 176 18 Ak TR AR I Dby T 2 15 SR I 1]
BRI 22 BRUE VR UCBORN Y € ], 7 i o B 5 A
HH i o3 B D T P AR 7 A AT RE 230 HE % T bk
R AAE

B, OSSR 22 02 75 W IURG  FNF T4
NBT XPRARIE R 23k e (o, HAERIR . R
B, AT LA i R B R AR 7 R AR R PR
VRT3 s A0 SRR 00 T Zobifds | g e
ot AT DR R A R S 5k . S 4, At
I8 R PR TR AR M SRS DU AC T f A BH I 9 R fb Ry
i, IFSEMTE AR TR 22 . A 2520 2 Az AH N 1)
Ak, DR A 7 R R N AR AR AR AR 57 3 AR
DA
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