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Biological Characteristics and Domestication of a Wild Cordyceps
chanhua

LIU Chao, TIAN Xuelian, TANG Shixiang, YANG Caijing, HAN Lihong"

College of Biological Resource and Food Engineering, Qujing Normal University / Yunnan Engineering Research Center of Fruit
Wine, Qujing, Yunnan 655011, China

Abstract: Cordyceps chanhua is an important Chinese traditional medicine and food, that has important application
value in the development of green functional food and new resource drugs. Taking one wild fungi Chanhua collected
from Qujing of Yunnan province as the experimental material, the biological characteristics and artificial cultivation
conditions were studied for the purpose of domestication and cultivation. Based on the morphological anatomy and mo-
lecular phylogenetic analysis, a wild ascomycetes was identified as C. chanhua. The biological characteristics and do-
mestication of C. chanhua strain were studied by single factor experiments and orthogonal tests. The result showed that
the branch stalk of C. chanhua was orange yellow or yellow white, (8.0-28.0)mmx(1.5-3.0)mm, and the conidia was
oblong, (4.0-8.5)umx(1.5-3.5)um. The optimum temperature for the mycelial growth was 24 °C, the optimum pH value
was 6, the carbon source, nitrogen source and mineral salt was sucrose, yeast powder and magnesium sulfate respec-
tively. The results of orthogonal test based on three factors under the optimum pH value and temperature showed that
carbon source had the greatest impact on the mycelial growth, followed by nitrogen source and mineral salt, with range
1.21, 0.39 and 0.13 respectively. Therefore, the optimal combination of factors for the mycelial growth of C. chanhua
was sucrose 20 g/L, yeast powder 2 g/L and magnesium sulfate 2 g/L. The artificial cultivation of C. chanhua utilized
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the 1 : 1 mixed medium of wheat and rice, and the harvest cycle of fruiting body was about 40-45 days, and the average
dry weight of each cultivated Chanhua was about 9.56 g. The external morphological characteristics of artificially har-
vested C. chanhua were significantly different from those of wild fruiting body. The fruiting body was yellowish to light
yellow, with few branches, 1.5-5.0 cm in length, 0.3-0.8 cm in width and 0.1-0.2 ¢cm in depth. The sporangium bundles
were covered with dirty white flocculent or powdery conidia. The screening of excellent strains and optimal culture condi-
tions of C. chanhua would provide a theoretical basis for its study on the diversity of germplasm resources, protection and

utilization.
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i 4¢ ( Cordyceps chanhua) ¥ & HfE. T
16 WA EL 4wty RIRE 4 S R R,
HAE BTN B RE YRS ) FRAft (A
TN HE ) IO TR EE . ER A
fERREZ KA 2020 4E55 9 S A, B AN T R:
IR R WAL T ARG R B ERE, Ok AR R
LRI MR B S — >k R L R
b R, MR AR HE T RAE P R R . WA
T MEFRY LGRSy, WMEAE . A
WRBENTER . WRiT . 28, HERBEA P
B Az W AE 5 N T8% 3% F 52K 0 22 Fh 24 L D 20CHH
B, HASTR]RE 37 B RS [R) 3R () WAL AR 7= 9
WENFE, AEIF LN OIIREE AR R
(B IR 2500, HAT, 29 20 Fhob a0 R YR e
iy by izt

BT ARG Isaria cicadae M/EBAIE2- 4 ,
C. cicadae YE 2} |. cicadae HyA4 PEHII ) 43T 4= 4y
2FHE B, WEJE ( Cordyceps) FlFE i il &
(Isaria) ¥IAZ R, )80 IEHA FE
TR R R A T AR AR, A A0
HWATE RS RFEMG T RGE 5, #R AL
FE XL A PR A e B AR A Sy R B o B
1 i Fh——W4E ( Cordyceps chanhua Z. Z. Li, F.
G. Luan, Hywel-Jones, C. R. Li&S.L. Zhang ), X
ARG T WAL R A 2y, [RIAF BB S Y “midE”
ATRESE— AR, DT R AR % 1 & A FH AN
B Fh SRR PERIE ST SR (AL EH S SR B A R T
JERS LR IRIG 0, HE2W R, FRFREMA,
TR T 220K, JEWEEWH, (247~360)umx(1.5~
1.8)um; MR E O ERERE, HEMTEK
WK, (6.4~13.8)x(2.1~3.1)um"'", SR B A= lif
WMAN TR EES L HA —EER, (1
FWEEE R . I EY RS AR R

WAL B BRI WA, (H 3 A WAL 5 U5

e B A WA TR 22 2 IR 1 S A 80 B 2
PR H T AT R GERIBETE, e 7 g 4 DX
PEGEIEA TR ASZ >, ARSI T
RS F AW AR, %R A 2 pg e i — bk B
A R PEAT YR S AU B R bR Al A
XA A R AN B DI 2 AR E A TR I
DAy R Wy h 22 ARV RIE ST L ol B B R AR A
T ) FH B 2

1 #RlEAE
1.1 ##

LR — R EF A B (CREES: hlh1945),
K H = MR (24°59'N, 103°96'E, ik
2412000 m ), F:H 4 DNA #2BGR7 & A bt @
B AEMBARGRAF ;45 F A Y5 52 550 W
At B & AR A RA A,

12 FHik

12,1 Axassgmie (1) WHESE. A
AL E s, WEFANRAE 1y fif du ik Bk b
P 2 AR RS IR I AR AR, TEARORAE T
i VT2 B 2 e e SR A ) SRR 5 R R A 5 v
Lo BUAFI RIS T4, HIFER T8, T
DNA $2EFIFR A EL

(2) Kige sl 4 o LG FREE . #AHE 20 ¢\
HEAM 2 g Bl 20 g BERR —&HF 0.5 g, B2
B05¢g. 4iE X Bl 10 mg, EAZE 1000mL, H
SR pH. WRIREEFREL: WA 20 g, AWK 2 g,
R &4 0.5 g BRREE 0.5 g 4E/E K B1 10 mg,
FEAE 1000 mL, HAA pH. T SR8 K
AN 121 'C K 20 min,

(3) PRAFBEMRIES ML, ME B A di w7
SLARBIEAR . RN SRR, AR S T SRR
WA % . P2V T % B E,
IR S .
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TELR OB R AN TR B 3R AS 1 T S AR A
DNA. JFEMA51% 1TS1f ( 5-CTTGGTCATTT
AGACGAAGTAA-3') Ml ITS4 (5'-TCCTCCGCT
TATTGATATGC-3" Vo 54 3 UL 1 3 Fhbp kLY 1TS
FBt, PP ER: 95 CHUEYE 3 min; 95 CARE
30s, 50 CiEBk 30s, 72 ‘CIEff 45 s, 35 PEH,
72 CHRZLIEAH 7 min, $ PCR 7Yk 24 TAY
TARC Lt et A7 BR 28 ®l B4 7% o ff H RAXML
v.7.2.6 B, BETERRAPBREWERFELEN,
HRAGEE R 1000,

123 WeRAyFHunmy RS
AT bR, MERRRIGIL, AR 22 AR YRR
FEPEHER L

(1) BRUEXT P22 A K B 52 . LUAS Jin 7 2
() JE A % 75 3 A 25 O IR, Rl T 0 R S
Wi 2P0 PTIETETE R . SN . AR AT,
WEES D 20 g/L, pH KN 6. K EHAAZ 5 mm # 22
WM EERE R 6 cm WM L, 24 ChEEEEFH
10d, MRS 3 MEE ., WAl RE, &
RKUEE . MEIF DR E 22 ERKIEN, W5 2 Kl
FH AT A R R 22 A KT, IR SISk
WiKIEA

(2) BB 22K . LIS A R
() JE Al 1% 35 3 A 25 OO IR, R U 0 iR o T
Bk, SO R . S . ERE AR R,
WX 2 ¢/L, pH M 6.

(3) THLERXT R 22 KW sEm . DA kg
TUEUBPORIBR PR B R SE AL B IR I O A LI IR, R TG
PLER 7 0 R EE . B — A . BPRES
TR ek . BRIREEFIBRIRE , WAL N 2 ¢/L, pH
6,

(4) AR pH X ZA K BIRZM o B FERl S
FREGEETApHEE (4.5.6.7.8.9,10),
AT 223557

(5) ANRNREXTE 22K B, K5 R
JEVEE 7T BB (15,18,21,24,27.30,33 C),
AT 223557
124 BedREiAhis B3R5 fF LR
PR X A b, X R AR R 22 AR K R
FEEAMFHATIESS RS (£ 1), FH=ZHEK =KF
T il pH AR, DURIE . ZIEFICHLER R
SEA R T I 2SR, B bR E 6 MR,
B I AL WAL TR 22 4 K i e AR 97 2

Tab. 1 Orthogonal test (three factors) of mycelial growth
of C. chanhua
K% Factor
7KSF N /=Y i’\
Level TR AR ToHLER
Carbon source (A) Nitrogen source (B) Mineral salt (C)

1 A 2530 Tt PR %

2 EX R HA M WL — 24

3 CK1 R TRARES

125 ATHZRE WRIKEMSE: BEEY
5 mm B E PR 247 100 mL AR 3G 95 5
f=fHF, 150 t/min, 24 CHEOEIRZ IR 6 d,
HH AEE 9.0 cm \FE 6.5 cm AU B PEEA 40 g
INERIFORLA 1 2 1 IRA RS, /K 60 mL, i
SBEET, 121 CTRE 20 min, SEKE 3 K,
BHEHERD 5 mL BB 5 RO WOA R R, A 10
i, BT 24 CREFRAR G B IR A SRS A
1.3 HIEAIE

fdi 1 SPSS 19.0 3 i AT B B e 153 Hr
FERL R R FIE S0 7 220, P<0.05 {32
S

2 HER55W
21 YITEE

3 o WS BT A1 SR B BT i UREAR AR, RIS AH
SEANRIE 25 FRAE P 0 G254 . DAt S
A K iE T hMRE A 2B OEZ 5N
T EFIAEAE A, SRS B A A, (8.0~
28.0)mmx(1.5~3.0)mm; A ¥R A6, FBREA
PO AE IR B DR P O 254, A TS R AR
SR AT RIETE, EEE A AR,
(4.0~8.5)umx(1.5~3.5)um ( & 1), FF LI FIEAFE
ik, B HA AL 4 S igE (C. chanhua ),

BF AR AR B WAL S L 43 B TR R RN T
F ARG 1 LR 5 e A A (JGS150713)
1) 1TS b BLTE R G0 & B WM R — 7 1 534k
SF, IFRAT 100%3 475, G5 R B RFEA
WL (C. chanhua) (&l 2),
22 BHRERKK

WAL B 22 6 R R R RS R e A i, 1
AEREEMEZE A —E25 (F2, B3),
WA R 0k AR KRR, K¥mAF, W
T H R HURORZZ 2R A om0 B 2
(CK1) Bigedk; fEH MR LA KRS, K
P 2E. CKI HZBEAEAERK, HEZEREER
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Mk 30d, CKI1 A2 s IR BT 22 253 1
Wi OE, Hanshil (K3), H5W%
A R I B, T E B AR AR VR R TR

AN ) R X DA R TR 22 A K A B

W,

A: BPAEFIE; B BFAE TSR ERFRMEEAE N ER T C: W LEmN LML LT
A: Wild fruit body; B: Conidiophores and conidia in chain of wild fruit body; C: Conidiophores and conidia in chain of cultured mycelium.
B 1 #EFLEMEmED

Fig. 1  Fruit body and microscopic structure of C. chanhua

0.1

100

90

Cordyceps neopruinosa MT000712

81| Cordyceps ninchukispora FI765255
99|t Cordyceps parvistroma MT000710
Cordyceps chiangdaoensis KT261393
Cordyceps morakotii MH828333
Cordyceps araneae MT000702
100| ' Cordyceps brevistroma MT000709
Cordyceps kuiburiensis MN099708
m{ Cordyceps militaris IN049825

Cordyceps militaris IN049825

Cordyceps inthanonensis MT000707
Cordyceps chanhua h1h1945 strain

Cordyceps chanhua JGS150713-1 TEL Type
100| Cordyceps chanhua h1h1945 fruit body

87 65 Cordyceps chanhua JGS150713-1 ANA Type
Cordyceps chanhua h1h1945 specimen
Cordyceps farinosa AY 624181

Cordyceps cicadae HQ880826

Cordyceps cicadae LT220698

Cordyceps cateniannulata OL684601

Cordyceps brongniartii IN049867

L Cordyceps cateniobliqua MH861560

Blackwellomyces cardinalis MH862928
100 Ophiocordyceps sobolifera AB968409

Isaria sinclairii KU933437

Tolypocladium dujiaolongae KF696558

Nectria cinnabarina HM484697

TR A Sy AW T A K 306
Materials in bold represent samples used in this study.
B2 ETFITSEIRASKRAKUAEZHMENREREN

Fig. 2 Phylogenetic tree based on ITS sequences using the maximum likelihood algorithm
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Tab. 2 Effect of different single factor on mycelial growth
of C. chanhua

B % W 22 AR WK
Condition Factor Mycelial growth rate Mycelial growth
of culture (mm-d™) vigor
{73178 TR 3.03+0.08° -
EX 2.57+0.08" T+
CK1 2.45+0.01° ++
AL VE A 2.12+0.08° ++
gl 1.93£0.03° +
Gkl 1.93+0.03¢ T+
ERIL 1.00+0.05¢ =+
AR e B 3.04+0.05° .
R 2.58+0.03" .
i AR 2.57+0.08" .
CK2 1.78+0.03° +
ERiR 1.77£0.03° +
TR 1.52+0.03¢ ++
R 0.82+0.03¢ +
THLE:  mEREE 2.67+0.03° ++
WhEfR — 4 2.65+0.05° ++
T B2 5 2.63+0.06 ++
CK3 2.12+0.03° ++
T ER gk 2.10+0.03" +
T B2 BF 2.12+0.03° ++
it 1R 2.12£0.03° ++
pH 10 0.58+0.08" +
9 1.10+0.09¢ +
8 2.15+0.13¢ T+
7 2.82+0.03° ot
6 3.10+0.05° -
5 2.83+0.05" .
4 0.85+0.05° ++
i 33°C 0.17£0.10° +
30 C 0.42+0.10¢ +
27 °C 1.67+0.03¢ +
24 °C 2.80+0.09* ++
21°C 2.38+0.03" ++
18°C 2.37+0.06" ++
15C 1.20£0.05° +

o RN A K KRB, ++RRM2AK
BRI, KB, +FRWLAEREE ALK K
B8, RR/ING AR EER B3 (P<0.05), CK1. CK2. CK3
SRGRAINARIE . AU A TCHLER 14 B mh B R 3

Note: +++ represents fast and vigorous growth of mycelium,

++ represents moderate growth of mycelium, + represents weak
growth or no growth of mycelium. Different lowercase letters rep-

resent significant difference (P<0.05). CK1, CK2 and CK3 repre-

sent the basic culture medium without carbon source, nitrogen
source and mineral salt respectively.

FERERERY R SR B AR e, KBy, 22T
HEEBZIR, HXCAEAN. R . CK2. &
L MR RR g ; LURE NRIRE, W24 K
el HR Hm s, DLURUIb B IR R B Sy 0I5 1Y) T
LI . FRRIEZEAL, P 22 R I Fh 2t 2
B BN, GAHELAEREEREKR, 1
SEAER IR AR (2, K3,

ANFETHLER X B 2 A KN, FHLTEL,
BREREE . BEIR 4T . BLERES R CHLER MY Ky 77 3t
FAEKEERN, HERARE,; EmRRL. i
FREE BB G 38 AR KR, HE R AR
HHT G 2 AW TR 224 K s 25 5 3
LR K BUE A S 1E Bedd TTHLER Mo
fReEE (£2, K3),

AN[F) pH R B 22 A2 K i 3, Y S<pH<8 I,
W2 A A, B AR IR 22 0 R B PR B
MR AF. pH R T 6 FIMRT 6 BF, BE% pH 34 &
FIRRAG, P22 K R 35 2 B a5 a3 pH ol
6 MR 22 AERKHEE RN, KEELF, HaiEng
B, BHE RIS pH (£ 2, EI3),

PR 22 A R R T B TR T, 15~33 Ty
ReAEAC, (EAS[RIRLE 2500 T 1 Tl 22 4 K A7 AE
WEER FERER 6 MREME S, REMT
24 CHE, P 22 A A< o R i Ik 8 344 1 i 2 i b,
WL %, WEmT 24 CH, WaAKER
Wz, AR AR EEEIAE] 33 CHY,
WAANFAERK, 24 CHRIFT, WEKBRLF.
AR, BRI, B N RIEEE (% 2,
K 3).

23 WEKEZRKE

PR ZR R R, WA KRS pH N 6,
BRI R 24 C, FEBLAAFT % 3 AN FE I
RIEFTHLER A BEE 3 K, 7 = W&
=KW Lo(3HIERS RS (% 3, K 4), BIEHIH
ZIK, R 1.21, ULBHRRIE 252w e AL 1R 22 74
KmEZERNER, HUChEBEMTHLE . WSE T
AIAL, PR 22 K IR R R . AR ATC LR
O3 R REAE . EERER RIBREREE . T 22 AT R,
R FAEEK, 3 R R B &2 RKCh
WRUE>ZF RS TOALER , X 5 1E 38 3R 50 25 - 10 B0
Br—20 (£ 3, £ 4), FERM-BEEPR -4
AT, MR 2 E KN, KB, A5 E
b (E 4),
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Ap: FEWE; Ay FIEME; As: CKL; Ay WIETEVEN; As: S5O0

ZAN P A
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Ao BRI Ave HHU; Bre BERHES; Bo: PN Ba: WSROED;

A

Bs: CK2; Bs: Sfb%; Be: fiMR%:; By JRE; Ci: WEREE; Co: WA AWM ; C;: WIRES; Ci: CK3; Cs: BiMREL; Co: WRIREE;
C,: Wilg##l; D~D,: pH N6, 5, 7, 8, 9, 4, 10; E~E;: 24°C, 21°C, 18C, 15°C, 27°C, 30°C, 33°C,

A;: Sucrose; A,: Maltose; A;: CK1; Ay: Soluble starch; As: Fructose; Ag: Glucose; A7: Glycerin; By: Yeast powder; B,: Peptone; B;: Ammo-
nium nitrate; B,: CK2; Bs: Ammonium chloride; B¢: Ammonium sulfate; B;: Urea; C,: Magnesium sulfate; C,: Monobasic potassium phos-
phate; C;: Calcium sulfate; C4: CK3; Cs: Ferric sulfate; Cq: Zinc sulphate; C;: Copper sulfate; D,-D;: pH 6, 5, 7, 8, 9, 4, 10; E,~E;: 24 C,
21 °C,18°C,15°C,27°C,30C,33C.

E3 AEREZEFHELEKNII

Fig. 3 Effect of different single factor on mycelial growth of C. chanhua

®3 MURLEKEIXBERNENSHT
Tab. 3 Direct-viewing analysis of orthogonal test of my-
celial growth of C. chanhua

A Factor ML K T2 K
W5 AL TCHLER . Mycelial ~ Mycelial
growth growth

No. Carbon  Nitrogen Mineral (D)

source (A) source (B) salt (C) rate/(mm-d ') vigor

1 1 1 1 1 3.08+0.04 +++
2 1 2 2 2 2.83+0.03 -+
3 1 3 3 3 2.50+0.03 ++
4 2 1 2 3 1.98+0.03 ++
5 2 2 3 1 1.924+0.03 ++
6 2 3 1 2 1.73+0.02 ++
7 3 1 3 2 1.724+0.02 ++
8 3 2 1 3 1.72+0.02 ++
9 3 3 2 1 1.37+0.01 ++
T, 25.25 20.35  19.60 19.10

T, 16.90 19.40  18.55 18.85
T; 14.40 16.80  18.40 18.60

X 2.81 2.26 2.18 2.12
X, 1.88 2.16 2.06 2.09
X 1.60 1.87 2.05 2.07
R 1.21 0.39 0.13 0.05

TE: WAKEESR 6 REZNTHHE; T3R5 n KT L
PO T 22 A4 KRB N AN 3 Xo F27R nKSF b i I 22 P 3 A KHRE
R s +++FRR LA KHEE TR | KBRS, ++FRT 2270
KB, KE—.

Note: Mycelium growth rate is the average value of six repli-
cates; T, represents the sum of mycelial growth rates at the n level;
Xn represents the average mycelial growth rate at the n level; R is
the range; +++ represents fast and vigorous growth of mycelium,
++ represents moderate growth of mycelium.

—

1~9: IExm %S ([ 3),
1-9: Test number of orthogonal test (same as Table 3).
B4 MTHLEKWERKE
Fig. 4 Orthogonal test of mycelial growth of C. chanhua

24 ANI#iE

WRAEAE /N FIIOKEL 101 IRG MR R b
AER AR, TIMCRIRINZA D 40~45 d, B4
ASFRYCR WAL T2 9.56 g0 N TAETIL
ARWAAE TS5 B LR T SRR SN S R ]
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R4 BUHZARKEZIREERNTESN
Tab. 4 F-test of orthogonal test of mycelial growth of

C. chanhua
Ap 5 NIES
P ay 0
) e
Fl yorm AmE B
. S ¢ dr Mean F Signifi-

Variation um of type square cance

source [l squares
16 IE AR Y 2.654 6 0.442  183.429  0.005
T I 2373 2 1.187 492.184  0.002
A 0.249 2 0.125  51.737 0.019
ToHLER 0.031 2 0.015 6.364 0.136
TRz 0.005 2 0.002
Mt 42.139 9

. R=0.998 (4% R=0.993 ),
Note: R*=0.998 (Adjusted R*=0.993).

BARE, FEARRREORIRES, KLY, W
SES PR 3R D, B 1.5~5.0 cm, BE 0.3~0.8 cm),
JE 0.1~0.2 cm; FEFEHRANE TS 100K B0 K
RO T; B3 BESAIEL, AR
KDY, & AERIR, (3.5~8.5)%(1.5~3.0)um
(K1, B5).

-~
R
<

B 5 ATLRBEMENTFIERS
Fig. 5 Morphology of cultivated fruit body of C. chanhua

3 g

S A R TR R A R AL 2 R TE A Y R TR
Bl FH B = A R ) B R T A, B2y
FERI B . %@ MY B R IETIT &

FIFHEAE T AR, AR TR BRI 2
FEVEDTS ) A S T AR, R | T
RN A R R A, Al TR R B B R
{H A R A FH TR b R ek T L TR) AR T e
RNA, RFE MK KR IIEE, F050 R AFE RS F]
MomEEmEAEEMERER, M2k
Atk IR 410, At TR E A 4 R 25
HER, &F 1500 2908 H D7 s, BiAESE R 4]
257k 36.9 Mb, & [H g i 2 1 8% O R
HEF, SRR ERAKEDZIE 285, £H
HEA RS2 e R F AR A
RFETE S HRIE . A B E R4 7 7 9145 5 Tl B A
FE MR P HOR R R A A 1 R
RAIL A4, 5 HBER IR JCH WA G, B AN
AR EA — i Hh B SR T R S R
AR A 4 T B P & PO

A MNE AR L 2000 m 11 2 Fa A AR
TARAF—RREPA R, WA A SR SEE
IR IR A 22 Je N T ARG 7 SR I SN0 25 45 44 A
N R s+ SR A AL, 3 ITS R B S
AR LS LR R BN RERFT L, A
HUES R 2GR T i, B HAEREE
WAL . T RAREF AR AR TR AR S =, A
T G E WAL T 22 AR P IR R B, FLER SRR
Wi REERMEN . G A, A
ARCWAAE Dbk ) B . AR SO R, Wi
AWCHE 2 GG A KIRE N 24 °C, H&i& pH N 6, &
EIRUE . RN TCAILER 70 3 R R . LR AR
FREE, BRIFEXS B 22 KK, HUCh &R,
ToHLER XS B 22 A Kz s /N BT ABFIE R, Bk
W R TCHLEE XS B 22 A KA W m, 5
FRIRE L B R 25~28 °C , ik pH L Fi A 6~7%71,
SRRSO ST B A — 3, e MR AS [ TR AR Y 3 77
P SERISSE YR

WAL HA EmE TR R HNE, PR e X
BN TARRE TR T R ErST . AR AR 2 it
WAL AN RR B, WP ST T AR AR 1Y 5K
IR BE R T2 R R, AR T Pk &,
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