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Influence of sugars on the yields and virulence of Ophiocordyceps sinensis

blastospores
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Abstract: Chinese cordyceps is a traditional valuable resource for food and medicine. Artificial cultivation
of Chinese cordyceps requires high-quality blastospores of Ophiocordyceps sinensis. In order to obtain high
yield and virulence blastospores, the effects of the media containing different sugars on the yields and
virulence ( survival rates, fungal retention rate and mummified rate of the infected Thitarodes larvae) of

0. sinensis blastospores were determined. Two O. sinensis strains were cultured in the liquid media with
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different sugars for 30, 45 and 60 days, respectively, and the blastospore yields were determined. These
spores were used to inject the 6" instar larvae of T. xiaojinensis, and the survival rates, fungal retention
rates and mummified rates of the infected Thitarodes larvae were obtained. The results showed that
blastospore yields from different media was significantly different, with highest yield obtained from the
medium containing maltose. Larval survival rates were not different by the injected fungal strains and larval
strains. Fungal retention rates and mummified rates of the infected Thitarodes larvae were influenced by the
blastospores from different media, but the survival rates were not much different. The fungal culture times
significantly affected the larval survival and mummified rates, and the blastospores from 30 d cultures
produced significantly higher rates than those from 60 d cultures from the maltose-containing cultures. The
temperatures also significantly affected the survival rates and mummified rates of the injected larvae, and
the larval survival and mummified rates at 10°C were significantly higher than those at 14°C and 18°C. The
results provide a reference for producing high-quality . sinensis blastospores and increasing the

mummified rates of the injected larvae.

Key words: Chinese cordyceps; Ophiocordyceps sinensis; Thitarodes larvae; artificial cultivation; media
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containing sugars

LM R N B R R G A E R R — W
%%} Hepialidae 2y Ht, 78636 S T IEALAY 40 U
HWEHEW TFEMNEGESHEM (Sung e al,
2007; Loet al. . 2013) . fh T ELKE 025 T 25 A
M, ZMBRHFRAN “DH=RE" (NS EH
& mER) Z— (Loet al. , 2013; Gao et al. ,
2014; Liu et al. , 2015; 354145, 2016; Zhang
et al., 2017; Chen et al , 2018; #F H W5 &,
2019) o A MUE B FE TR 3 000 m DL ERYHE
B (Yiet al., 2011) , AR, AfF5%
g, Wi, BRI AR ( PRV,
2001) o BEE “WEHE” AR K, ARERH
it 2 BT B, 73 B SR A2 RN A 7 1 B
WA & H B AT WifE ( Zhang et al. , 2012; Li
et al. , 2016; Hopping et al. , 2018) . ME—E£FRE
AR ERANTER (Xia e o, 2016; EF
£14F, 2016; & HW;SE, 2019) .

2 MU R R — PP G IR EL & ( Dong et al.
2011; Dong et al. , 2012) , J: 72§ 3= i i ik B o 07
SRR TR DT E 3 ~4 4, L ERFRHE
1~2 4 (%W, 2007; Tao et al. , 2016; Li
et al. , 2020) . SETENSE T, AREEA
AR OIS BRI, 04 4 B R T SR Y
ANTLE:E (Caoet al. , 2015) . g gk B d AR 1E K&
MR A N T 37 (B FG AR H BE, 20145 Tao
et al. , 2016; Liet al. , 2019) LI Fi FHA& di 7 B
TR i I 0 ) HOBRAT IR S B AR A R (5K
Ik %5, 2013; Zhao et al., 2014; Xiao et al. ,

2018; i H W54, 2019; Li et al. , 2020) . HHi,
2% B TR I 28 A A R0 B 16 2 TR g
IRkl RS M L, AR T g R
(EFIZE, 2019; Liu et al. , 2020), TH#TH
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I, ARAT O H X Wh 0 gk 4 T B m AR S Y
AT (Liu et al. , 2020)
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B3 g, EKEMMRE 1.5, 4% B,0.02 g,
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A), ) oA B RO I 22 N 2R AR A kAT
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FHATMEE ST A e 3 N EA, £
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1.2 iRigeH4h HAYIESE

SEEG T R /N R 6 ¥4 YL Fl GG i &
FI R R 4B s o8 T L 00 = 0 9%, 1R SR
AL (Tao et al., 2015) , 6 #4h dUH] T 1 4¢
S
1.3 IEEmLHRNER

DATCTR PBS 2 v igs 1 i T WAL B 15 3] 1 2 2 46
FHEE g 10° A4 /Lo i SR UL i 8 0k 4 G ik
B (EFAE, 2019; Liu et al. , 2020) o ATk
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TE5F I (%) s 8 0 4 B 23 391 ¥ T 10°C . 14°C L 18°C
i g AR 60 kAl 3 AEE (3
180 3k) o F 30 d MELFIC RL) HAFTE R F 60 d
NRER L S5 41 H A7 R A4l LR UK

S IBCESS IS 30 d B4l 2l bk s 225 28 G
RIS, T AR T UEE Ik EL AR A
AT, PR R EE.
1.4 Zit59Hm

B LY E £ driEiR (X £SE) Ko il
FH SPSS %4 ( IBM Statistics SPSS 25.0) 43#7. 4%

HIEAr 4 ( Normality Plots with Tests) FllJ7 22 5%
£ ( Test of Homogeneity of Variances) HJZ(HE#E47T
FHHE T 22081 (One Way ANOVA) 3 3575 22471
WFZES, WK Tukey JEHATZE LA XFTA
P BRSO B W AT IESEG S ( Kruskal-
Wallis test followed by the Mann-Whitney U test £
%) o BFEKFREN P=0.05,
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Fig. 1  Growth curve of blastospores of Ophiocordyceps sinensis

(KD) in the media containing different sugars at 9 ~13°C
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Fig.2  Growth curve of blastospores of Ophiocordyceps sinensis

( QH) in the media containing different sugars at 9 ~13°C
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(KD and QH) in the media containing different sugars
at 30 d at 9 ~13C
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18.868, P =0.063) . KD EFkMfEd® (K9 -
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Fig. 4  Survival rates of the Thitarodes xiaojinensis ( YL and GG) larvae challenged with Ophiocordyceps sinensis

( KD and QH) blastospores from the media containing different sugars after 30 days
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Fig. 5 Fungal retention rates of the Thitarodes xiaojinensis ( YL and GG) larvae challenged with Ophiocordyceps sinensts

( KD and QH) blastospores from the media containing different sugars after 30 days
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Fig. 6 Mummified rates of the Thitarodes xiaojinensis ( YL and GG) larvae challenged with Ophiocordyceps sinensis

( KD and QH) blastospores from the media containing different sugars after 30 days
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Fig. 7 Survival rates of the Thitarodes xiaojinensis ( YL and GG) larvae challenged with Ophiocordyceps sinensis ( KD and QH)
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Fig. 10 Survival rates of the Thitarodes xiaojinensis ( YL and GG) larvae challenged with Ophiocordyceps sinensis ( KD and QH)
blastospores from the media containing different sugars after 60 days
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Fig. 11  Fungal retention rates of the Thitarodes xiaojinensis ( YL and GG) larvae challenged with Ophiocordyceps sinensis
(KD and QH) blastospores from the media containing different sugars after 60 days
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Fig. 12 Mummified rates of the Thitarodes xiaojinensis ( YL and GG) larvae challenged with Ophiocordyceps sinensis
( KD and QH) blastospores from the media containing different sugars after 60 days
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2.5 SEFHEEFEEFNLHEEFENRIES  3.612, P = 0.065; 18C, F,y, = 1.618, P =
4 HFREENG 0.260) o EHEHMAMET, AS[E]EEE B P b b

DEFREE A RARNE AR MR T 30 d FWAERT AR E ER
(KD 1 QH B#K) LA 10°4>/mL ¥ 3 7 5 /N 4 i i (R2) o 10°C N By W 5 M 2 HUAE TG R AR T 14°C .
AR, BT A HUE T 10°C . 14°CF 18°CHY;  AN[F) 27 Az 46 15 77 I 6] X6 3 5 F %) W
18C % 30 d MAFTERILE 1o fER—RET,  BAIHALE10°C, 14°C, 18°CF F 30 d (AF I RAF
T ETES R 230 dv 45 d. 60 d 19 KD i8J& QH  fE225% (10C: F,4 =9.820, P =0.000; 14°C:
PRIPR, T B o o 3R A 4 BT 30 d P AETE Y F,,=12.793, P=0.000; 18C: F,. =26.403,
TwFEE (K1), AI30d: (10°C, F,4=0.966, P =0.000) , 30 d {4 2FAE A 55 55 B RS IS /Y
P=0.454; 14°C, F,, =1.109, P =0.401; 18C, Wi B A 40 HRAE T R B LT 60 d Y. PRI, ANTH]

Fyy=1.594, P=0.266) . 45 d: (10%C, F;4 = A UL R R R I 25 B i 7E AR W) ) 5% 05T 1 7
0.664, P = 0.597; 14°C, F;y = 2.446, P = Folr /N I 0 5 R A3 % (ELR [R) A 33 3 B sl
0.139; 18°C, F;5 =1.411, P =0.309) . 60 d: EERER ST E /TS AR N R4
(10°C, F,4 =0.401, P =0.756; 14°C, F,, = B

F1 SEFWEFREEFRIOA 45d. 60 d HEHEEE (KD M QH Etk) FEH/NEIEHE =
(YL GG BF) EARRERETHEEE
Table 1 Survival rates of the Thitarodes xiaojinensis ( YL and GG) larvae challenged with Ophiocordyceps sinensis

(KD and QH) blastospores from the maltose — containing cultures after 30 d, 45 d, 60 d at different temperatures

AR (d) Bk AL P AR (%) Survival rates
Culture times of blastospores Fungal strains Insect strains 10°C 14C 18°C

YL 71.67 £4.19 aA 52.22 £1.47 aB 49.44 +5.80 aB

K GG 80.56 £4.55 aA 62.78 £5.80 aA 63.89 £9. 88 aA

30 YL 77.78 £4.01 aA 53.89 £6.55 aB 47.78 £2.00 aB

o GG 75.56 £2.00 aA 60.56 +3. 89 aB 55.00 £3.47 aB

YL 70.00 £ 1. 67 aA 58.89 £5.80 aAB 46.67 £1.92 aB

0 GG 63.89 £4. 84 aA 45.56 +3. 64 aAB 39.44 £5.30 aB

® YL 63.33 £6.74 aA 58.33 £3.33 aA 51.67 £2.55 aA

ot GG 69.44 £2.00 aA 54.44 £2.00 aA S51.11 £7.22 aA

YL 53.89 +4.84 aA 40.56 £1.47 aA 23.33 £2.89 aB

0 GG 61.67 £11.34 aA 45.00 +3.47 aAB 25.00 £5.09 aB

0 YL 64.44 £8.07 aA 36.67 £1.67 aB 23.33 £6. 67 aB

ot GG 62.78 £1.11 aA 47.78 £3.09 aB 36.11 £3.89 aB

T X8 (AR R 2RISR ) LA —4T (TR E TR T) /NG 4l i i R kA7 05 22
Mo INEFRFIRFE ST, REFRFIRFE 1100, ARTHRFRRZEREE. FF. Note: ANOVA was performed
on the survival rates of Thitarodes xiaojinensis larvae in each column ( same culture time of blastospores at the same temperature) and
each row ( the injected larvae cultured at different temperatures) . Lowcase letters are used for the analysis of the same columns and
capital letters for the analysis of the same lines. The columns or lines with the same letters indicate no significant differences. The same

as below.

2.6 SEFEEFBEFNLATEFEXHER  OH) EHWIEHELH (YL R GC) & 10°CHfEE
4 BB R R0 REHET 14°C, 18%C (k3), 14CHN18C T pr
ZERAIHTRII S MM A AR (KD A HRAERR 00 AN [ R i 4 U R
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R2 SEFHEFREEFRIA. 45d. 60 dIZHEEHE (KD 0 QH Eik) EH/NSIEHAH (YL GG RF)
EARBETHEERERAESNER
Table 2 Analysis of variance analysis of survival rates of the Thitarodes xiaojinensis ( YL and GG) larvae challenged
with Ophiocordyceps sinensis ( KD and QH) blastospores from the maltose-containing cultures after
30 d, 45 d, 60 d at different temperatures

AT RFRIE] (d) IR 4 it AR FAH P1H ZE5trE
Culture time of blastospores Fungal strains Insect strains F-value P-value Significance
YL F, , =11.400 0. 009 *
KD
GG F,=1.959 0.221 -
30
YL F,,=11.975 0. 008 *
QH
GG F, , =10. 881 0.010 *
YL F, s =10.185 0.012 *
KD
GG F,,=17.490 0.023 *
45
YL F,o=1.632 0.272 -
QH
GG F,s=4.754 0.058 -
YL F,  =20.736 0.002 *
KD
GG F, , =6.067 0.036 *
60
YL F,,=11.747 0. 008 *
QH
GG F, ¢ =20.673 0.002 *

i EBRAEREES, - BFRAMIELEZS . Note: Significant differences; — No significant differences.

®3 NSEHHH (YL GG RER) HEHZFEEREEFRI A, 45d. 60 d ¥EHEFEHE (KD # QH E#k)
FEAFFEF10C. 14°C. 18°CT 60 d HEHRZE
Table 3 Mummified rates of the Thitarodes xiaojinensis ( YL and GG) larvae after 60 days at 10°C. 14°C. 18°C
after challenged with 30 d. 45 d. 60 d old Ophiocordyceps sinensis ( KD and QH) blastospores cultured with

the medium containing maltose

AT TFHFRIE (d) Fik AL TES fEm (%) Mummified rates
Culture times of blastospores Fungal strains Insect strains 10°C 14°C 18°C
YL 25.56 £2.78 aA 0 aB 0 aB
KD
GG 37.78 £4.34 aA 0 aB 0 aB
30
YL 25.00 £4.41 aA 0 aB 0 aB
QH
GG 36.67 £3.47 aA 0 aB 0 aB
YL 22.78 +4.34 aA 0 aB 0 aB
KD
GG 22.22 £4.75 aA 0 aB 0 aB
45
YL 27.78 £1. 11 aA 0 aB 0 aB
QH
GG 27.78 £3.38 aA 0 aB 0 aB
YL 18.33 £4. 19 abA 0 aB 0 aB
KD
GG 8.33 £0.96 bA 0 aB 0 aB
60
YL 0cA 0 aA 0 aA
QH

GG 20.00 1. 67 aA 0 aB 0 aB
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Fig. 13 Mummified rates of the Thitarodes xiaojinensis
(YL and GG) larvae at 60 days at 10°C after challenged with
30 dv 45 d and 60 d old Ophiocordyceps sinensis ( KD)

blastospores cultured with the medium containing maltose
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