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The re-study for morphology of Ophiocordyceps sinensis and
Hirsutella sinensis
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Abstract: The stroma of Ophiocordyceps sinensis showed a morphological diversity in major occurring
areas of Ophiocordyceps sinensis in Gansu Province, a few samples have 2—4 stromata per endoscle-
rotium or form dichotomous stroma. The morpha of developping stroma of Ophiocordyceps sinensis
was systematically researched by transplanting culture. The ascospores germination of O. sinensis and
the morpha of Hirsutella sinensis were observed. The results show that the fetility part of stroma obvi-
ously produces the alternation of contraction and expansion during the stage of ascospore ejection, and
the culture of Hirsutella sinensis has two kinds of different color conidia, colorless or near black ones.
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ENRVE Uk s, U R AT, EAE,
2, HITE, RN, M, Win A, %
ek, 8RR R AR & iU BRI A B KA
ZIHIDT S, A SCHkIC B T ] — T AR

2 W R TR T E e, R E R R
Y, AR SRR AR A PR JBIA
IR ERERCREN

M SRR FoR U, A B B R A F b
EARZE L, F PG R, 2R E 7Y L
VU 3K B hHE LAY R A L X, A T R
SR VEE . . . . HON A (X)) MG
R IX JEIUR L AP BN SR e FE By 22 v (0771

Vi, ] 114 e Sl R 2 25 PR 1 AN [ (7 4 e BT R
& BA BRI ZE 5, JE IR AR H i A A
(Cordyceps crassispora M.Zang et al.). Hlf B
(Cordyceps gansuensis K.Y.Zhang et al.), e HE
(Cordyceps kangdingensis M.Zang & Kinjo). Z4hH
¥ (Cordyceps multiaxialis M.Zang & Kinjo). JETA/R
H B (Cordyceps nepalensis M.Zang & Kinjo)3¢ £ 14>
A BT ABIRR O B R R A B YOG
F AT AN, Hoax O WOIE 4 & U 7 B R
FYAUSDE

HR AL TR B st Sl m et e 5
PG Z2 04 Ly b i AT B b, R e At 2k B AR
i L AR i HON A RUE R 8 A X, A U R
AUAEIT i 8.1 t, TR A N 19 2% o 38 e i
HHR AR 90% L4 LT,

10 3 o A BT A R B R Y 1 R A B H TR
PR b E 8 B A Hirsutella sinensis X.J. Liu et al. )
LU, LR 78 & Bk By 2L,
REMIE 7 & R Z s EEAEA EEREESS
FEPE; ISR B TE 7 9 A0 7 S I, & U B RE 1 )3
FIZEER AR B A Aa AR AL, b R B E A AR R R A
7 7 A Jo A A R PR RN Y A 9

1 MBET%

1.1  Ophiocordyceps sinensis FrHE5 & K F FEF
S ER

T 5-6 A, AHMNE &R E B 37 XA H R
T B IR DX RUR WL G B oR A B BARAE, W

ZIF MR TR
1.2 EFE@EL)

SPPDA: 4% 200, KT m1lwf 4 20, &
F 2, #i%0E 20, B 12, HK7K 1000 mL;

PSA: 4% 200, HEHE 20, 3R 12, AKK
1 000 mL;

PDA: 4% 200, #i%HH 20, Bifs 12, HkK
1 000 mL;

PD: TH4EE 200, HZHE 20, k7K 1000 mL,
1.3 Ophiocordyceps sinensis TR FiAAYF R
PU1 24

WCSE B AR G Y TR, G K R
430 T8 R SR AT PSA AR I, 15 °C—20 °C
SRS TSR, BORBEAR, 08 i R O
I
1.4 Ophiocordyceps sinensis FFE & & i1 F2 W 22

AR E TR R E BT E ) 4 em=5 cm
AR N AR ) — R/ O 42 O AR 95405 8 B P TR
¥), BT HAE 20 cm W+ 4B, B 3-5
PR, BEREGS L, REF RN, &I
AR A TE HON 8 ROl B B Al P - 4 0t 53 e
A RS E (LM, TR 1550 m; I IR & IR
18 °C—28 °C)HIH 4 H ’a M AR Mk 27 bt 52 Fir (1)
REEE R (A 1E, R 2 936 m; 630 E] iR
17 °C—24 °C)[] A 47 .
1.5 Ophiocordyceps sinensis FrHERYHAHEH

DA g ik RO AL, SR FH R R A 20 B
VRN T A A AT o B R R . KRR AR R T
TR KA, K A K 5 mm 1B, 75%
CMEFREHETFIG, KWKk 4-5 ), HKKEIE
4Em T TE K4y J5, BCF SPPDA -4l I, 20 °C K
I%, HHEE, KB ERE &N H4t, 60d )55
e,

I3 B (%)=( 47 B 2% T Y bR R 0 bR R S
$0)x100,
1.6 Hirsutella sinensis Fo7SWMBN S FEWF
K¥E
1.6.1 FEAYEL: X408 [ HN H R & 23U fpr e
1 8 A E B B 4 B BR (Cordy-001—Cordy-008) i1 7
TRAWEL, ¥ 2 mmx2 mm B 22 B 4% R T PDA
1 SPPDA A |, B 15°C—20 °C BREHE: 3% 40-60 d,
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WCSR R VR IEA, #3R W 0P 8 10 & 4 4R A
ol KU, 78 PD WK SR B, 20 °C.
120 r/min, $53%30d, B 1 mL 55327 T PDA %
M b, 20 °C RS A0F R RS 21 d, B AR F AR
O3 HE AT B A 6 A P AR SR R

1.6.2 DTFEMFELE: TEPEMEK Cordy-007
(2006 4E43 25 A HA ekl 094 U5 R £E PDA V-
|20 °C HigE 20 d, WIEREZM A AT, R
Universal Genomic DNA Extraction Kit (KiZEF ) T.
FEA PR $2H0 DNA, % E AT Y 1TS4
(5'-TCCTCCGCTTATTGATATGC-3")Fl ITS5 (5'-GG
AAGTAAAAGTCGTAACAAGG-3")¥ 14 ITS 3 [H .
MR ZALSE: 10xbuffer 2.5 pL, 1.5 mmol/L MgCl, 2 L,
2.5 mmol/L dNTPs 1 uL, 20 umol/L 5#14% 0.5 uL, Tag
DNA polymerase (5 U/uL) 0.2 uL, #itl 1 pL, ddH,O
#NE 25 uL, W2k A4 95 °C 5 min; 56 °C 30 s; 72 °C
1 min; 95 °C 30 s; 56 °C 30 s, 72 °C 1 min, 35 MEH;
72 °C 10 min, PCR J=¥12¢ 1.5%Bi NSRS FELIK, 7F
SEHMT RS T EERE TP U E B 55717, BB RE I
OGRS (KREFEAY TERARA )ik, H

pMDI18-T # AR I T 50, LS L i = Wbz
A KWAATIE DHSo, WA T %A X-Gal, IPTG. Amp
) LB VA [, F 37 °C Kigread ik, BHLPkIE s
IEAT VR H%E PCR %2, WAk bl A 7 Bt
I BE R /INZ 600 bp)o HEBUBHME: 7 B A4 TR 36 K
HRAEY TRARA T 54587 hitp:/
www.ncbi.nlm.nih.gov $ ¥ £ £ BLASTn 43#7

1.63 RFEABRMME: M GenBank IR ¥ 5
JE TR A8 A U R R A G B AR Y ITS1-5.8S-
ITS2 J¥ 41, >k H BioEdit #4782 ¥ 5N HE P 43, H
PAUP4.0 3 it 47 K B WA, FIH Tree View 3.0
IR G L B, FFHEIT 1000 YK Bootstrap A5 o

2 5R505W

2.1 Ophiocordyceps sinensis TFE. FERRTE
BFRES

F A A SR A Y, M 6, K 38 mm—78 mm,
TR H, A4, AIZEER(13-24) mmx(3-5) mm,
A HRAE T, DEE 2-4 DT REBECT
JEAGIRL, DECOR S RL(ET 1),

D

E1 SHEEFEMESSHEMN
Fig. 1 The morphological diversity of the stroma of Ophiocordyceps sinensis in Gansu Province

TE: A-F: 74 24 AT TR BN & RE B G 77— AT MR A R B 7R =10 mm.

Note: A—F: Born 2—4 stromata per endosclerotium or formed dichotomous stromata; G: Specimens with typical characteristics, born one

stroma per endosclerotium. Bars=10 mm.
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FHESTTM O, RADCREA, FHARUE 200
I, (316.8-504.9) umx(148.5-267.3) um; THE4HK,
(247.5-420.0) umx(7.4-10.0) pum; BHHTRFH T
FAF 1-4 1 FH IR A B TR AT E 6,
LIY, MANHL), —imelmumasR, HEHE, 7k
%, 23-49 PR, BASF R i i R TR
REA R, M+ AW, (163.4-368.0) umx
(4.5-7.5) um (¥l 2A—E).
2.2 Ophiocordyceps sinensis 10T & 45 5.

HER ST T RAMT, o, LY, 2k, M
¥1%7, 24 h J5 (20 °C) A LA 51N K (B 2F-H),

WA T PSA AL 15 °C—20 °C i, FHMBT
T4 8 RIFIRHI &, 15 d B &Rk 80% LI . i F£
AT K, AH AR A0 R [ X B 1) AN R g i
P, (R AW Z(E 21-K).

WA EKIE T 15 °C-20 °C ¥ 37 1Y 7 4 1
T8 15 RIFWREI A, NIEKE 2, B s
AR, 5 23-25 KPP ARl T, TR

TREFFGE 24 h AR TIRE, AE L™ M
Prifr
2.3 Ophiocordyceps sinensis X% B i3z

2 M B R R Y T B IR B 1 T v i
P 2N, BRIGE 4-5 d, LREEF g4
I A , TR TR, BEE
10-12d, TR TR T HEHI AT HFE2) 15 d,
TE U TR AT UL 3 AT 2838 s B A0 4 ik A2 A (18 3).
HEEVE, BREEE 12-15 d, PR, FHRMmFH
SHITT R 2y 25-28 d,
2.4  Ophiocordyceps sinensis FRFERILALN 53 5

20022008 AFMH R A BN AYFS M, Bt 2
T RBSERAE T 138 Mr& = RRR AT 1414
SyEs, b 127 MO A A AR, 1L AUE R 2
BEANT R, BT HE R ARHERAREE b E 3R
1 Hirsutella sinensis [ 5355 %1k 50%-100%; 4=A 2
B R B A 4 A R T R A R R R TR
B4 R GE 81.8% (55 1),

B2 ZXREEMTFHES.

FEBMTFRTFEBTFHL

Fig.2 The observations of perithecia, ascospores and the germination of ascospores for Ophiocordyceps sinensis
T A AR R TGRS E), B-B: ARG T3BT, A0 TR 0 TR A TR LTk, F-H: 3
SHT YT HIET, 24 W FEAK S ANME K (20 °C); I-K: 7E PSA AR L1, 15 °C-20 °C, #97 8-15d, FEBTHE A WL, i TZ
AHILEA K, (A AN W) X B A [y ey g, (HAF MORIIAL. $R R A=500 pm; B=350 um; JLE=100 pm.
Note: A: Mature perithecia (stained by lactic acid fuchsin); B—E: Ascospores of naturally shooted off, ascospores which shooted from same

ascus still got together; F-H: Nonuniformly inflated ascospores, after shooted off in 24 h, 20 °C; I-K: Ascospores germinating in 8—15 days
at 15 °C—20 °C on PSA plate, germinated ascospores curved in the diverse directions at different segment, but ascospores never breaking up.

Bars: A=500 um; B=350 pm; others=100 pum.

http://journals.im.ac.cn/wswxtbcn
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B3 ZHEETELARAXEMNROMSUEEEM, 2008)

Fig.3 The morphological observations of developmental stages stroma of Ophiocordyceps sinensis (in Lanzhou, 2008)
TE: Ar 4y 4 B BT )8 (2008.05.15 SR 42 A HONER M) B: WZERIFIR K, WIS E N TR @RI F 5 d); C: TR
IR K, FREFEHEEM™AFREET 8 d); D MM T, AW EFREOHERIEE 10 d); BF: TRE 7N
T, TE— KA A ] A S (AR F 13 d, EBET 1A 9:00, F 8 T F4F 4:00); GH: T2 T AT T, RAH
DR E AR ZHNEFECE@ BT 16d,19d); I FREH LMW, BAELEIFRTEFE AER@BREST 25 9.

Note: A: Young stroma (digged at 15.05.2008, from Luqii in Gansu Province); B: Fetility part began to developping (cultured 5d, after
transplanted); C: Fetility part obviously inflated, perithecia were densely formed (cultured 8d, after transplanted); D: Mature stroma, maza-
rine ring was formed at sterile apical part (cultured 10 d, after transplanted); E,F: Stroma during ascospore ejection stage, the fetility part
of stroma obviously produces alternation of contraction and expansion in one day (cultured 13 d, after transplanted. E: photographing at
9:00 am, F: at 4:00 pm); G,H: Stroma during ascospore ejection stage, mazarine ring was showed metallic luster at sterile apical part
(cultured 16 d and 19 d, after transplanted); I: Gadually declined stroma, saprophytic fungi began to grow on it (cultured 25 d, after transplanted).

F1 FRZXHEEHADEREASBEER

Table 1 Isolation ratios of Hirsutella sinensis from different samples of Ophiocordyceps sinensis

} _ e e R AN Bl gt
A 75 RSP A HEK R AR B[] . - Percentage of Hirsutella sinensis from different sections (%)

Sample No. Location Altitude (m) Time sLll)I::lci?rrlser(l) <& N % J=XN
Stromata Endosclerotia Totals

1 3 il Maqii 3500 2002.05 38 68.4 —* 68.4

2 ikl Luqii 3900 2002.05 48 87.5 - 87.5

3 fig il Lugqii 3500 2006.05 10 90.0 50.0 90.0

4 i Magqii 3500 2008.05 15 80.0 33.3 87.0

5 3 #l Magii 3550 2008.05 7 100.0 28.6 100.0

6 ikl Luqii 3900 2008.05 6 100.0 16.7 100.0

7 K Xiahe 3500 2008.05 4 50.0 10.0 50.0

8 KL Tianzhu 3100 2008.05 10 25.0 75.0 75.0

- K.

Note: —: No tested.

http://journals.im.ac.cn/wswxtbcn
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2.5 Hirsutella sinensis o7SWMEBEMH FEMZE
KE

S0 E B B MR PDA 53R 5E Hiyw]
IEF AR A=, AAERKEEE, /£ PDA P L,
15°C-20 °C MBI T AR 45 d, Wk HARB/NT
15 mm, PR, $0%, KBEEEH6O, REOA
ST IR, 7= A B (O B G 48 (R B ARG SR
b, RNFEEROEEES . O£ R fEE 17
TEBR 2 5 (] 4)

1E SPPDA F-A | 15 °C—20 °C #4537 40-60 d, 7~
A CNMNEY T, J3FE, FEREE AR, e
FUMOE, ARSI X, (19.9-74.7) pmx(2.0-5.0) pm
[F-31(38.3+12.1) umx(3.2+0.8) pm]; 43471+ BT,
TEsER A, FIE. KEE SR ZimE, 4. R
A 2-8 N TAE TR FEAEg T, TafT
(6.3-10.0) umx(2.5-5.0) pm [F 4 (8.1£0.9) pmx
(3.0£0.5) um], 1T (6.3-13.0) umx(3.0-5.0) um
[F341(9.3+1.7) pmx(4.0+0.6) pm]. 4+4:71F7F [k
7K 20 °C ¥55%, 24 h FFIRE /&, 40 h filF i A ik
5%—10% (& 5).

Cordy-007 (GenBank *# 5t 5 JF320822) &5
Ophiocordyceps (GenBank % % 5
AB067721.1, AB067716.1, AB067715.1, EU570952.1)
) 18S rRNA #43F %1, ITS1, 5.8S rRNA ., ITS 2

2R, K 28S rRNA #8435 4 Al IR 135 99%.
M4 1TS1-5.8S-1TS2 X ¥ 44 & Y Cordy-007 5
XREENRZEREWILE 6,
3 it

A mF Ry E Y REE Ophiocordyceps
sinensis AF 4= Wi g ik Bl Hepialidae W51 /& Hepialus
B gy o5 7 A 1 A Rt &l B3R R B i 1Y T
4 A B A RO, Al Rk S A o e ] i R o
MAT R ARG AT T, W8 T b B AT 5 i
JEE 62 AFparHEH ARS8 Parahepialus. TG
PRk JE Ahamus . YEWKJE Hepialus J2 418 1 J&
Thitarodes %5 4 A~J@h, Hrpliguk)E 1 # . T
ISR 18 Bl EIKJE 1 AR AR IR)E 40 AU,
H A © il i % A S AT i th JC IR BRI Ahamus
luquensis ., ¥l TCIA MR 4. maquensis. [ JIRTCH

sinensis

B4 HEKEAEZEMSREESE

Fig. 4  The characteristics of colonial morphology and conidia-production of Hirsutella sinensis
W A-D: HE B AR AR5 IE A (TE PDA I 15°C-20 °C, BIFIFE 45 d, FiFEM E%£=60 mm; A: Strain Cordy-005; B: Strain
Cordy-002, C: Strain Cordy-006; D: Strain Cordy-008); E,F: v [E 4% &l [ b k7 5 (78 PSA AR | 20 °C, BHGIEFE 21 d; E:
Strain Cordy-2, A=A H #k; F: Strain Cordy-004, © K& 7= i & #R )R =200 pm.
Note: A—D: Colony morpha of different strains (cultured 45 d, on PDA plate, 15 °C-20 °C, in the dark, plate diameter=60 mm; A: Strain

Cordy-005, B: Strain Cordy-002, C: Strain Cordy-006, D: Strain Cordy-008); E,F: Conidia-producing capacity of different strains (cultured 21
d, on PSA plate, 20 °C, in the dark; E: Strain Cordy-002, having no conidia; F: Strain Cordy-004, producing plenty conidia) Bars=200 pm.

http://journals.im.ac.cn/wswxtbcn
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gk A. menyuanicus . B ICIHUEIR A. yushuensis |
HWED Sk Thitarodes armoricanus 17 {5 G 1% T
cingulatus %, H:H R T6 16 08 59 AN 1] UK TG 14 0 3
R H A R A BN B AR PEmL . AR —
WA FR AT, % R R AR/
22 52 e LB DA TR A R AR Y R/ INRI B P . — Bk i,
A ER A BRSO, A, 2
JAE RN 43 A JAE ) 7 A R AR T T AR A KR A
MIIETE, TEFRE, 95% A i ikl 248 43 A7 DX 3+ J3 4k
A5, W RN A PR BOA R B RS, EE [
— LKA [RI3BE Im]  AS [ AA le 23 JF J8 78 4 AN Tl £
KW FEARWE I, BT RAESEBRER T 2 F 1
BF RO A R FARRE, WX —RORE, 21
JAE RN 3 B T A 77 AR W2 5 2 R R R A R 2R TE G .
AR 1 A 7 REARRE, RS TR T
F 18 ARG, HLL 2 AMH 4 A 20 T

T KN B Jr 5L A 1 B S A A R Y 22
S Sk Qg 4 550 m B9E DRIAEIL I R R R
FRREE, TR T 1T 35(310.0-350.0) umx(4.0-7.0)
um, 7 ERRBEECT A 51-9320 SR [ H R h Y
AW R $E T K/ R (163.4-368.0) pmx
(4.5-7.5) um, BAPEEL 23-49, 78 T4 73 GHY, F
JAE T 2 re A B A A 4 K AR A

AR, ARG FRAEF, L6, &
B, £, M5, 24 h IS4 SR, T
R, Pas R T2 RGP s & i
WIS ) R R 2 4OERR, 2 d 5 B
bl

I3 B A H O H R 4 dU 7 BAREE ) v E R A
DRIAR, Bk IR R AF R 76 40 M 9 T8 SRR AE 5 © A
B PPEAR — 5, RREM R, Iia 20 E bk 7
SPPDA .PDA FIl PSA }5 7R3 [ ¥a] p= A4 Jo 6, i R

Fig. 5 The morphological diversity of conidiophores and conidia of Hirsutella sinensis

W AL RAMETETHE, P2 A0 RN 4 A 7T TR 25 (6 SPPDA AR L, 20 °C BEIGE53% 4060 d); J: 20 A= F0 776 E Sk sK 40 h 61513

KAR. BRI A, D, J=20 pm; B, E-1=30 pm; C=50 um.

Note: A—I: Morpha of conidiophores, conidiogenous cells and conidia, showing the details of phialides and conidial masses (cultured 40—60 d,
on SPPDA plate in the dark, at 20 °C); J: Germed conidia at 20 °C 40 h in tap water. Bars: A, D, J=20 pm; B, E-1=30 pm; C=50 pm.
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Ophiocordyceps sinensis (HM595977)

- Ophiocordyceps sinensis (EU

Cordyvceps sinensis (AB067718)
Cordyceps sinensis (AB067715)
76 Cordyceps sinensis (AB067716)
Cordyceps sinensis (AB067721)
Ophiocordyceps sinensis (EU570940)
Ophiocordyceps sinensis (EU570950)

91
Ophiocordyceps sinensis (EU570952)

Ophiocordyceps sinensis (EU570915)

Ophiocordyceps sinensis (HM595975)
98

Ophiocordyceps sinensis (HM595976)

L Ophiocordyceps sinensis (HM595983)

~I
x

59 Cordyceps sinensis (AB067743)

100

|' Cordyceps sinensis (AB067747)

[
<
S

1 Cordyceps sinensis (AB067742)
/2

Ophiocordyceps brunneipunctata (GU723777)

—
=
(=]

T

it dd o it o (TNOYOTQ
irsuielia minnesolensis (DYv/o

Hiventolla minnoen toneic (ER104144
LI 174914949

100 ———— Ophiocordvceps sphecocephala (GU723779)

Ophiocordyceps sphecocephala (GU723778)

Fusarium lateritium (AF310980)
10

6 {KkiE ITS1-5.85-1TS2 X F 5 Cordy-007 5 X HEEH RF L B H
Fig. 6 Molecular phylogenetic tree inferred from the rDNA-ITS (ITS1-5.8S-1TS2) sequences Cordy-007
(obtained from this study) and GenBank nominated as Ophiocordyceps sinensis or Cordyceps sinensis
W X EEE R R Bootstrap R 50 10 SZ R 4K $55 WO E AR GenBank J7 415 AR RS ERR I ILIEE.
Note: The confidence values of 50 or above from 1 000 replicate bootstrap samplings are shown at each node. GenBank accession numbers
are shown in the parentheses. Bar: Distance corresponding to 10 base changes per 100 nucleotide positions.

http://journals.im.ac.cn/wswxtbcn



1738

Biths AR

2011, Vol.38, No.11

o 6 1Y o AR A, HLIR G0 7 I AR B gl
I BB, A 56 1 Y LA AN [ R
PRIGA R 25 5

9 Bl Hirsutella sinensis ##k Cordy-007
(o> F AP F 5 e 85 R R, Cordy-007 5 4¢ U
Ophiocordyceps sinensis N [f] — ¥ #, Hirsutella
sinensis 15 1453 25 28 F 1 2L H0 - 1Y 30006 267 f A P
K E B Hirsutella sinensis Bl /& Ophiocordyceps
sinensis B JoPERL

F 5T 45 A PR EIE A U 7 FOR v [ B A 2 A
FHEWIEEZHE, SIEEZ A R 57K
V-0 25 R R — P ST

2 & X
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