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HE PHARBEIEHGFRA THAMRME, BRRGEFRRERL A2 XA REEHY
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PERIX —FH ) AR, o RIHER R A T T 2AFHAFZ AR, ZX R T AR A
FoTARAAFIMRK, W T BN A RN R F 77 ik BT EARLLER, LREFE
o F M F AR R W RAT AR, B AR A R A F N ELADNAM S LA, BTRERE
FIEOHNEHARAFRSHRELARNALRARER, WL RAFR S AR SR R F IR
MR T 209 R B ok, MAELARIFORA, BB RIKFTREF ZHAMNEFFEE
X9, ERFTOHEEN. RS T RAAFHAROFE AR LB T EE RIK, TEMTERTY
AFAFLE AN ZEEFALELAREERAERFTHHE R, XL TRAEZARLER L
FARIFZ NG —HRAESZL O FH.
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Genetic Heterogeneity of Natural Cordyceps sinensis with

Co-existence of Multiple Fungi

Zhu Jiashi'**, Wu Jianyong'?
(‘Department of Applied Biological and Chemical Sciences, Hong Kong Polytechnic University, Hong Kong,
Division of Life Sciences and Health, Tsinghua University Graduate School at Shenzhen, Shenzhen 518055, China,
3State Key Laboratory of Chinese Medicine and Molecular Pharmacology, Hong Kong Polytechnic University, Shenzhen 518057, China)

Abstract Natural Cordyceps sinensis is a precious traditional Chinese herb and has been used as a folk
medicine for hundreds of years for promoting health, combating diseases and facilitating post-disease recovery.
However, the debate on the anamorph-teleomorph connection for Ophiocordyceps sinensis fungus has been
undergoing for decades. Direct evidence is still lacking for the hypothesis that Hirsutella sinensis is the sole
anamorph of O. sinensis. Some indirect evidence was derived from molecular systematics studies using either
microcosmic or macrocosmic techniques. This paper reviewes the C. sinensis molecular systematics publications
and discusses their experimental designs and methodologies, data analysis methods and the results. More and more
new data from microcosmic molecular biology studies demonstrated the multiple genetic heterogeneity of the C.

sinensis genomic DNA pool, indicating that natural C. sinensis contains multiple fungi and multiple genotypes
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of O. sinensis, forming a natural fungi-insect complex. The fungi that differentially exist in the caterpillar body,

stroma and ascocarps of C. sinensis undergo dynamic, asynchronous alterations during C. sinensis maturation.

Macrocosmic analyses with using density-weighted algorithms demonstrated the dramatic differences in the integral

molecular marker polymorphism in the different compartments of C. sinensis, and the dynamic alterations of the

molecular marker polymorphism during C. sinensis maturation. All these results from molecular systematics studies

supported the hypothesis of an integrated micro-ecosystem for natural C. sinensis.

Keywords

natural Cordyceps sinensis; PCR amplicon heterogeneity; mutant genotypes of Ophiocordyceps

sinensis; Hirsutella sinensis; Paecilomyces hepiali; microcosmic and macrocosmic molecular systematics

RARA U B IR I BHONAN R 24 5 2, 2K
TR T UEAMRAE . BT va T o B . AR
PRI UG UE T A HU B B R SLRA T KT AR
FEAEPUE Z DR RARA i B pg i pp &
AR 2l & U B A TR 7T 44 Cordyceps
sinensis (Berkeley) Saccardo®, & HUE Hp LT
200755 44 4 Ophiocordyceps sinensis (Berkeley),
He 2R —HEEE ARSI AR A
SCHR A A A E B B (Hirsutella sinensis) &4 HUE
FBE [ ME— o PR B58 i BarseghyanSE A,
V] 25 0 R L A 96 ) Ay A R BT (1) G P 2R
GenBankel 22 Fi 58 A2 ik R A8 & BT BT 41738 0 O.
sinensis. {EWY) HY) /253 R RRE I
SRR T A TE R JT, AR R A I
RS IAE R b ] 4 Cordyceps sinensis. M Hip=
T R e SRR 3 500K LA F P e 1Ly e e R Ry ol
g D B e i A . SRR S
LA REAH R, Bk 24 HU - B 254 Ji i 7y 2 IR b
i

JUHAER, A4 JUE R O. sinensisi) 7 AR5
WA . T E R AR A S R ) JE AR
(P2 i) 2 o o812l H Hu%s PV . “Attempts
at cultivating the fungus to produce fruiting bodies
have consistently failed.”I24> | 2% 5 Wi AR SRAFHf o2
A R G MR B R, B R e IRURERR IG5
I (Koch's postulates) 5t Jil & H 5 HAT PE 1S4k N
Tk @HR g 5. 2R P (postulated
anamorphfi & Jo Y &Rk N LR FReki e fh B s
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A= gt 2R A FIESRER S (2) 7%
TP HRES 5 (3) 701 FR G827 1) 6 AN O

BFFE e840, RT HAR S 2 B S AR
A, SECLE B, SLRIEE SRR L.
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T T 0 R T TR 0 2 141, R
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VL M SRR R S R S R 1S4 T KL
HEIE.

BRI T RGCEWIFUEY], A h 5%
PR BT AL | SRR ) sk AL
B At L WA sl B I 0 B 130
9 22 FL B 6011141620301 i i AT D261 T A
B AP A b 37/ 1 90 Bl B R 2L
A 2% T 5 7 ] B 3 B T A L 5 B T X
Fo BV, A HUEL R AR %D TR
BRI A U O, simensis, A1 4 5 2 (1 R I
W22 SAPAE , BUA AR A A i B R L
FORHIL ARRIS R A g 100202190 gty s
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NTREFWMRTTETEANE, F—K
L RAPD(random amplified polymorphic DNA)%)
ThRd 2 & e M AR, WE R Y 181 %
M FEARZE T, o3 AT A TR 1 2 4R AL B2 R 2 26
KER, WH T YR R AL i s, RIAH 5+
J55 0533381 SS9 5 v 34 B 4 2 1 4 DA 4 g PR
Ve N DI B 2 S VE (restriction fragment
length polymorphism, RFLP). 34 i BiK & 2 &4k
(amplified fragment length polymorphism, AFLP). JT*
BIEE S PE 14 X 4, (sequence characterized amplified
regions, SCAR). V¥ #L A M7 (cleaved
amplified polymorphic sequence, CAPS). DNAY 1%
Feglil (DNA amplified fingerprints, DAF). fiij 8.7
5 82 43 HT (simple sequence repeat, SSR)Fffj H.HE
S AR X 54453 M7 (inter-simple sequence repeat,
ISSR)Z0547),

T R G EWT IR TOU LR 2 T A% b
A RNA[F)nrDNA (nuclear ribosomal DNA) 1] A ¥4 3%
[8] % X 1TS(internal transcribed spacer) v BF41), i
W E Y I R GE o0 2 AL . BEAE 5 AR
FRIHE, SRR AN PR T KEIRE S TE
RS UREPNEE RS Rcee VA E RYNS o7 1B /T YA o = SN a4
PESR A% e o, T el ) LU A ) BRI 5 A
WHE. GenBankH i (1) 4 £ A 2 1) 4 i 5 R4
KR I 4x R AH 2y 145 BAT B 120 dfr Ak 2 R AR
R FH] . MeAh, ITSH BT 5ibE. 7+ Fi%
S0 BREIPERG D)4 AT . SouthernElid 2842 DL J¢
GenBank 3/ (A5 B A2 At - & L 2 i
(RITIOMAJE G 1011,2022:202932391 | BA RS IR 22 25 T (single
nucleotide polymorphism, SNP)J5 i35 [K 73 4% H]
OB R A R AR LR SAE , RILT 2 Mo AR ik
2t B B 1022272832390

AN B BE 53 1 R G WU | — A
W, HoFNFE . AT LT A AR W AR o #T, bL
ECREARTH] R SR AR L TR O R, (A E FEAR
W — B ) 53 SR A . TR 2 RS
HAE TTS 7 51 W7 BT 1) 43 S8 2 Ay o Tk 14
HHX—Z WA S 2RI 5, ITSIFAIAL SR
N2 B AR AR T B A B LA B g, 45 AITS
W 1R 8 SR A A o, )2 80BN B4 ) 4
Wo AR OM AN 20 53 1 28 G827 STk, 73 B 3
WH iR sE i 25 1

1 ZRHEEQFREAFZHUARPGT
TR IR RN
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HERE . R Z NI H PCRE T ¥ HAR,
52 Hw 1 R 20 DNAH H A FhE 55 5 1 11 DNA
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PO (AR R R
1.1 RAZXHEEITSHETBFHE TRRME

19994 LIk, 1 2 4w & HE FLITS v Bl 7 18
R o FIATFTT (4 U FORE AR (K R B I TR) A
BORSATE) UK o [ B B A7 1, D4 b v [
Wl Bl A H BT R ) G AR B8 X — o
Wi E AT AR BEAR 2= F AN A R R 4y B Ak %
LR, A RN A 514, RARA RE R ITS
¥ T RTNEAZ R

W 51 PCRY™ 1 1~ 5 i) J5e 7% A HA 1) 471
SV AL AAEAE I DNAZL Y o AR X 284 43
A R T4 U R AL B R R 2 DNA, ifi
SEFRECIEY 1Y I 36 R0 B [ B0 E DNAZL 43,
gh R AT AT DL S0 R I DNA R 4R 45 7 14
%o REW PCRY G A R AHE : ()& R K
B 2 PR YIAEANRB A 1 22 AP AE IR IE . 1w 1
A AT A U BN ] R A AN D R gl A
1 2B PCRERFE NI 2 58, )T 51 5 AN
FL I DNARTHT Z1 (0 [R5 55 (3) L 2k R 41
i REAAAE B A SN ER)TPY, SEEA T
BRI P 51 AR 3 DUER ) 22 57 5 (4) L8 L
FEPIZH DNAAE#E S [X AT e AF (EDNA R R 45— %,
S 5| ) 5 R 1) 45 BT A1 B A, B BUE Ak
B, B 3G K AR H AR A&l 14> TR 2 Ak
M 2086 5 (5)PCRY B4+ W HeJE 15 DNA = 2 465 14 —
%, T ; (6)PCRY 1 1] GEAT 2 Fl DNAZL
5%, AU AN SR AT — 45 7 510 1 22008 6 4 386 - 4% iy
1) 22 70 53 ek 1) 2

20044 Ji5 (1) SCHR 43 4R E T K FH e I e
B LI PCR, AR EEPCR. “touch-
down” PCR. LB 5 MEHRE Southern E[lid 4448 Al
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PRI B D14 38 - RELP /) A 4500 1 AW 2 50K, il
S A BT R AR AR - R TTSH 1Y 7 ok Hi v
L 25 80 o AP T . AR R B 1R R LAt
FLR 7 41| 10-1:2123.299950 i i AR 25261% F ITS 44
F o I N H A A % 4B (single-strand conformation
polymorphism, SSCP), M PG F1PY J11 R 4 U
B (FEASCK A IS TR RS RS ANTE ) R IR . AR AT
JE B ITS Fr By 3 -7 o th 2220 374N & (1) 90 2 A
I ITSFP I AR EAN AT 35 TR (I E B 741 . Stensrud
A5 ORI 20074F LA GenBank 3CJZE H g ) 3414
BRI P LLG , 228 IR T wl b - ik ak
MassARRAY SNPJit il J [K 73 1 V5 M7 1 A e AT
VU TR 3 KA (5 H 22 6 )1 K AR ) I A HU B L1 JAs 1
B PR IR ITSH™ 3 1 rhoRs Hh 32 /b 7 4 U BB 58
ARFERIAY A0 HE 5N e fU AR BE P Y (24~ GC oy
FEERIAY, 34~ AT 25 56 ERT288 ) F 42 20 24> %0 e 1)
e 13 G AR KL [N Y 1022242729320 GenBank H1yE i) 2
2 e e 1 SR 2 U BB T A1 3R Cordyceps
sinensis(IH % )&% Ophiocordyceps sinensis(20074FJ5
I EEHT 20U BR T 5 AB067721 3 54 i IR P54
(Z97%) 1A % GClmfa BEM 74148, i1 Bf 4t
[l AL 2= A 34 O. sinensis 4 1558748 AT fay 54
5 (FE 1): (1) AB067740/7 5145 = A 5 T (= 97%)
K 19741 (AB067739. AB067740. GU233806-
JQ753314. JQ900171. JQ900172. JQ900177.
JQY900179. JQ900180. KC305881. KC305882,
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KC305888. KC305889. KC3058904 KJ729098);
(2)55 AB067744F7 5147 i [ Y E (99%) 1 124N 471
(AB067741. AB067742. AB067743. AB067744.
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AB067749. AJ786590. KC305891F1KC305892);
(3)EUS555436 81 KJ720572, [AlJME 98%12°32, Fast
Minimum Evolution(pairwise alignment) 2543 #7
Ry gt () A A ] ST A BRI R T - AT O 2 5 A1
R HUHE (ATHE ) GCH 25 24 3> 51 (GCHE ) (18 2)
GCHE W it A% BE 25/, 36 n] WA B0 T b i, &
1115 GCHE O. sinensisZ [A] 11545 FE 25 B /N1 AT
BEE GCHEZ R EE W Trichoderma harzianum
KJ175255( 2)52, ifif ATRER S BLLAS 204 AT-
bias(B)F1AT-bias(C)JE /N ; T55 AT-bias(A)
IR AT R ATHE . AT-bias(B) 7% P (1177 41 [] 95

PEIE97% LA L, (EATSIE 24N 43 - AT-bias(B1)HIAT-
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THEPFIIFNA B E R R g 2 R R,
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RGO I (1) 45 S HF G o b 4 T H R A e
B NG ER RGN E UL, FIAR SRR
] e 6 it A S B R M — TG P A A 400 5 4
EORX YT 2 o001 U AR LR A5 TR A B
FUH N B2 B FAL, LALRAIE 4% T A5 1) R B 52 2 B 4%
R YR A A R AR

B G 4 SR A ] 7 Hh A B CRRAR I (1]
FR R S AN TE) AR U FRUNTS 41 2 FEvE,
AR TS ES . ~MERARE B E LM
BB TR, o AT A AB0677443E K Y
B TG R U AR RN DY )1 e A U R
S ERL TR R ZE RN, O ATHY GU2338065E (4]
2 (RPABO67740%0 )b o A ATIARAS: th GC i £y 55 A1 24
o E BB ITS A, HARBEFT R 7R 1 3L R 2
2RI ST A AN [F] 1) 23 AR A I LA RS R
RGP HE . SCICIRTE TN B W 22 “H TRl G .
K “H" BRGSO, H AT
e 110 35 DR 28 Jeg 5 SRR 368 1) GC i £ 55 AT 78 4 et
HRR I <R R AR WA AR R, Ay
IRAHE 333,
12 ITSHEEBFPHEFHNZHEZHEEEREL
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BT A MERITS v BV AR 731 5 ik, 3%
AT v [ B B A0RE SR 5 |9 PCRARAS ITSY 1 1
(~440 bp)!'**1, GC ey F K1 284 v [H 9 B f(AB067721
HARER)E294~299B HE X A7 B A EcoR 1RG4 i (1]
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1 100
AB067721 (1) TAGAGGAAGTAAAAGTCGTAACAAGGTCTCCGTTGGTGAACCAGCGGAGGGATCATTATCGAGTCACCACTCCCAAACCCCCTGCGAACACCACAGCAGT
AB067744 1) C A—A——T T T—T—-T GCG—C—C-C————
Ab067740 1) A T A—A-—T T T—T——-T ATA—T—-T-T-——-
EU555436 1) —T-—-T-T-———
Consensus ™) GGAAGTAAAAGTCGTAA AAGGTCTCCGTT GT AAC AGCGGAGGGAT ATTATCGAGT ACCAGTCCTAAACCCCCT GGAATACTATAGCAGT
101 200
AB067721 (101) TGCCTCGGCGGGACCGCCCCGGCGCCCCAGGGCCCGGACCAGGGCGCCCGCCGGAGGACCCCCAGACCCTCCTGTCGCAGTGGCATCTCTCAGTCAAGAA
AB067744 97) —— CG CG CT-G T-GG T A-CGT-—A-C T
Ab067740 (101) ———- TA TA————CT-A T-AA T A-TAT——A-T-————T—T———
EU555436 (15) ——— TA TA————CT-A T-GG T A-CGT——A-T-————T——-T————
Consensus (101) TGCCTTAGCGGGACCGCCCTAGCGCCCTAAGGCCCGGACTAGGGCGCCCGCCGGAGGACCCTTAGACCCTCCTATCGTAGTAGTATCTCTTAGTTAAGAA
201 300
AB067721 (201) GCAAGCAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCA
AB067744  (197) A-——T- T--T A—-T-A TA-——A--G———C—C6———A-G——————G-A——GT——-T-
Ab067740  (201) A——T T-—C A——C-A TA—A--A——C—C6——-G-A————A-A——AC——-T-
EU555436 (115) A—T T-—C A—C-A-—-CG—A-—G—T—TA—-G-G————A-A—AC——-T-
Consensus  (201) GCAAGCAAATAAATTAAAACTTTTAACAACGGATCTCTTAGTTCTAGCATCGATAAAGAACGCAGCGAAATGCGATAAGTAATATAAATTACAGAATTTA
301 400
AB067721  (301) GTGAACCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCACTCTGGCGGGCATGCCTGTCCGAGCGTCATCTCAACCCTCGAGCCCCCCGCCTCGCGG
AB067744  (297) A——-T A T-T-C-A T A G T-C—T-——C-TA—————————CG———
Ab067740 (301) ——A——-T A C-T-T-A T A A T-T--T-—C-C6——————————C6—~
EU555436 (215) —A—-C A T-T-T-A T A G T-T-—-T-——C-CG——————————TA——
Consensus (301) GTAAACCATCGAATCTTTAAACGTATATTACGCCCGCTAGCACTCTAGCGGGCATGCCTGTCCGAGCGTTATCTTAACCCTCGAGCCCCCCGCCTCGCGG
401 500
AB067721 (401) CGGCGGGGCCCGGCCTTGGGGGTCACGGCCCCGCGCCGCCCCCTAAACGCAGTGGCGACCCCGCCGCGGCTCCCCTGCGCAGTAGCTCGCTGAGAACCTC
AB067744  (397) C A C A C C—A-T-——-C-———-C0G————————ACGCAA———-TA-TA-—————
Ab067740  (401) T A T G T T-—A-C———-C~——-CG-—————--ACGTG6-——--CA-CG—————
EU555436 (315) T T G T C-——A-C————-T-——-TA-—————ATATAG———TA-CG———~
Consensus  (401) CGGCGGGGC CGGCCTTAGGGGT ACGGCCCCGCGCCGCCCC TAAACGCAGTAGCGACCCCGCCGCGGCTCCCCTACG AGTAGCT AC GAGAACCTC
501 600
AB067721 (501) GCACCGGGAGCGCGGAGGCGGTCACGCCGTGAAACCACCACACCCTCCAGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAA
AB067744  (497) ——-TA-G-——G————-——GG-C——————-A-AA-—A-TATA——C-CTG———A T A C———
Ab067740 (501) ———-CG-A-——G-—-—-——GG—-C——————-A-AA--T-TACG——T-TTA-—-A T A T
EU555436 (415) ——--CG-A-—-A--—————TA-A——————T-CG--T-CTAG—
Consensus (501) GCACCGG AGCGCGGAGGCGGTCACGCCGTAAAACCACTAC CC TCTAGTT ACCTCGGAT AGGTAGGGATACCCGCT AACTTAAGCATAT AATAA
601 686
AB067721 (601) GCGGAGGAAAAGAAACCAACAGGGATTGCCCCAGTAACGGCGAGTGAAGCGGCAACAGCTCAAATTT
AB067744  (597) —————
Ab067740  (601) T—T: TT A T—T————T-—————AAAATCTAGCCCCCCTACG

EU555436 (467)
Consensus  (601) GCGGAGGA

ABO6772 141X GO fo HE DAl 71 A AU W 37 o )
“PAAR IR, AR I 7 1 TR o

(T EHE) . AB067744. AB067740F1EUS5543648 6340 AT HE 4]

Al B 5.

ABO067721 represents one group of GC-biased O. sinensis genotypes (including H. sinensis). AB067744, Ab067740 and EU555436 represent the 3
groups of AT-biased O. sinensis genotypes. Hyphens indicate identical bases, and spaces denote unmatched sequence gaps.
El 4ARERFRINLATEHITSFSI LS

Fig.1 Alignment of 4 groups of mutant O. sinensis ITS sequences

D)o 129947 siC—T i 5AL, AT fi ik A 4 2 T
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B, &3t PCREGEEY 4, T 5 H HAU7E DY )1 e e b
DRI AR AT FEREA (7 A 1~2 om) AT
m¢gmMom#M¥ﬂw&mu%%Kmﬁ%E$
[l e B ); AN EcoR TEEH ) AT i £ 35 PRI R T
YA Bl AT A HUR B R (R A U
6 AMIRAR, T K E3.5~4.5 em, AT T BT 6 T i
(PIIEK 1) SR il A U B 6 HORCRAE, T IREK
JE>5 em, )T G N T3 4L, %) EcoR U
(1 GC i o 784 v ] s = 0 170 T R 7 184 102
T HER P 7 RELPRY U6 20 F 5k 4 48 S 5%
P8 A B AR AR LL AR 1, BRATTY
H Southern E[I10 3442 74 %2 1143 M1 DU 11 B 58 Hh X R4
1) R AR A HUBE T 5 DRI 4] v i 201 5 A O R 8 A U B
TR AR L. & dUE RE A LRI 41 DNAZE EcoR 1

TRALBE S, N FH B RRE S PE PR (3% GO oy 284 v [
B T AN W WAL 75 75 17 91 100 ) 1E4T Southern B Id
HeAgOMN FRATTR I, W AT A . GC ey B
] 48 6 0L R AT i £ 28 2 U BB 1) rDNA 7y BOHAF
TA R R IE A T, A5 A B R e R A
W ZE AR A, JLAE Y R A dUE B R R R
ML AERE s (K13). B3 A WoR S
J e i) DY )1 S DX SR B P R o A& HU T - e
(7R 1~2 em) T AT £y 28 4 H 538 oy 4
e, AEEHUAR T LA 1 GO Ry B [ 4 B
AH B2 o Bl A 2% U B IR ol 38 (Rt 2 U B RE A
TOoHAR R, FHREKE>S om, J R, TE K
?Fél%%) GC i foy B9 T 5 1 B a8 g n , (R &
AT AT I 5 200 4 HU BB, AR AN 2 e v AR
sy AT i £ 280 B DO Al pAe b R g ,
PR GO B e AH 2, 2% 8 B ERE 5 GCin o Y
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Q Ophlocordyceps smensxs(deIAB067739 1)
s Op. is(dbjlAB067740.1)
° Ophxocordyceps smensxs(gleQ900179 1)
Ophiocordyceps sinensis(gblJQ900180.1)
© Ophiocordyceps sinensis(gblKC305886.1)
© Ophiocordyceps sinensis(gblKC305889.1)
/@ Ophiocordyceps sinensis(gblKC305887.1)
>® Ophiocordyceps sinensis(gblKJ729098.1)
5@ Ophiocordyceps sinensis(gblKC305883.1)
® Ophiocordyceps sinensis(gblKC305890.1)
k4 Ophiocordyceps sinensis(gblGU233806.1)
® Ophiocordyceps sinensis(gblKC305881.1)
1@ Ophiocordyceps sinensis(gblKC305882.1)
"o Ophiocordyceps sinensis(gblKC305888.1)

4 ©® Ophiocordyceps sinensis(gblKC305884.1)
o @ Ophiocordyceps sinensis(gblJQ753314.1)
AT-bias © Ophiocordyceps sinensis(gblJQ900171.1)
& Ophiocordyceps sinensis(gblJQ900172.1)
( AT=46%~5 5%) AT-bias ( C) ‘ © Ophiocordyceps sinensis(gblJQ900177.1)

$ Uncultured endophytic fungus(gblEU555436.1)
© Ophiocordyceps sinensis(gblKJ720572.1)
ol Opl'uocordyceps smensxs(db;lABOGﬁAl 1)
emblAJ786590.1)
e Oplnoccrdycqws sinensis(gblKC305891.1)
AT-bias ( A) > Ophiocordyceps sinensis(gblKC305892.1)
. © Ophiocordyceps sinensis(dbjlAB067744.1)
° Ophmcordyceps smensxs(dbleBO67742 1)

se Op is(dbjlAB067743.1)
> » Opluocordyceps sinensis(dbjlAB067747.1)
» Op is(dbjlAB067745.1)

O Oplnocmdyceps sinensis(dbjIAB067749.1)
x o Opluocordyceps sinensis(dbjlAB067748.1)
dbjlAB067746.1)

P
d i is(emblAJ309358.1)
le 0pluocordyceps sinensis(gblJQ900166.1)
oe Ophiocordyceps sinensis(emblAJ488273.1)
© Ophiocordyceps sinensis(gblKJ175210.1)

L ] f‘ hi d: i i "Al’1001§§ [)
.

GC-bias © Ophiocordyceps sinensis(gblEU545179.1)
v @ Ophiocordyceps sinensis(gblEU545180.1)
(AT:3 5%~41 %) o d Ophiocordyceps sinensis(gblJQ013106.1)

WVe Ophiocordyceps sinensis(gblKJ175200.1)
¢ Ophiocordyceps sinensis(gbIEU570929.1)
® Ophiocordyceps sinensis(gblEU570930.1)
© Ophiocordyceps sinensis(gblGU246273.1)
5 ® Ophiocordyceps sinensis(gblGU246279.1)
® Ophiocordyceps sinensis(gblGU246278.1)
e Ophxocordyceps smensxs(gblKJ175227 1)
) jIAB067713.1)
@ ° Ophxocordyceps sinensis(gblKJ175204.1)
© Ophiocordyceps sinensis(gblJN049854.1)
5® Ophiocordyceps sinensis(gblEU570939.1)
5 ® Ophiocordyceps sinensis(gblEU570948.1)
© Trichoderma harzianum(gblKJ175255.1)
C Ophiocordyceps sinensis(gblEU570933.1)
‘o Op)uocordyceps smensxs(gblEU570934 1)
® Oph bIAJ488265.1)
: @ Ophmcordyceps sinensis(emblAJ309359.1)
© Ophiocordyceps sinensis(emblAJ536570.1)
© Ophiocordyceps sinensis(gblEU821606.1)
° Opluocordyceps smens:s(gblKJl75208 1)

n-$ is(emblAJ488253.1)
5 e r\‘k' dyceps sinensis(emblAJ488239.1)
. ® Ophiocordy i AJ488242.1)

ve Ophtocordyceps sinensis(gblJQ717369.1)
s Ophiocordyceps sinensis(gblFJ654226.1)
5 ® Ophiocordyceps sinensis(gblEU592033.1)
.+ ® Ophiocordyceps sinensis(gblFJ654221.1)
> ® Ophiocordyceps sinensis(gblFJ654208.1)
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»® Ophiocordyceps sinensis(gblKJ175213.1)
» @ Ophiocordyceps sinensis(gblKJ175195.1)
2@ Ophiocordyceps sinensis(gblKJ175214.1)
9® Ophiocordyceps sinensis(gblKJ175215.1)
! ® Ophiocordyceps sinensis(gblKJ175211.1)
I Ophiocordyceps sinensis(gblJX050171.1)
° Opluocordyceps smens:s(gbl] F320822.1)
blAJ243778.1)

? .)- o dyceps sinensi AJ413181.1)
© Ophiocordyceps sinensis(emblAJ413184.1)
,» @ Ophiocordyceps sinensis(emblAJ243979.1)
» 7 e Ophiocord is(emblAJ243980.1)

>0 Ophlocordyceps smensns(gblHMl3Sl67 1)

> @ Ophiocordyceps sinensis(emblEU570959.1)
© Ophiocordyceps sinensis(emblAJ243775.1)

. ® Ophiocordyceps sinensis(embIEU570954.1)

¥ @ Ophiocordyceps sinensis(emblEU570936.1)
° Ophxocordyceps sinensis(emblAJ245559.1)

© Oph is(emblEU570952.1)
® hmcordyceps smensns(dbleBO67721 1)
,® Ophi p is(emblAJ488243.1)
© Ophi dyceps si is(emblAJ488270. l))
> @ Ophi dyceps si i blAJ488241.1
&' ,“e Ophiocord is(emblAJ488248.1)
L ° Ophxocordyceps sinensis(emblAJ488257.1)

) ‘Ophiocordyceps sinensis(gblHM595986.1)

M FINCBI GenBank BLAST#24i[JFast Minimum Evolution(pairwise alignment)5i%. 177 b AT fy & AR 4 U SOp i, 34N A 4L AT-
bias(A). AT-bias(B)FIAT-bias(C). AT-bias(B)53#% X HAT-bias(B1)FIAT-bias(B2)W A4 LM e T 75 GC i 5L PR B 4 HU B B [ P 41 B
Analyzed using Fast Minimum Evolution (pairwise alignment) algorithm provided by NCBI GenBank BLAST. The upper part shows the cluster of the
AT-biased genotypes of O. sinensis, branching to 3 clades: AB-bias (A), AT-bias (B) and AT-bias (C). Clade AT-bias (B) is comprised of 2 leaves, AT-
bias (B1) and AT-bias (B2). The lower part shows the cluster of the GC-biased genotypes of O. sinensis.

B2 £ EERTEFRBEITSFIIMIREHLXER

Fig.2 Phylogenetic relationship of mutant O. sinensis ITS sequences
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Stroma Caterpillar

Maturation stages: PreM M PreM M

AT-biased genotype ——p

GC-biased genotype =

18S internal control ——  S—_—_E

- ——

Caterpillar Stroma
PreM M PreM M

18S internal control — (= D -_

P. hepiali =——s

Je P L R P R R R S P R A A T L 1 RIS R R R AR AT, A R L AR R 18S PR A AL

PreMF R A A HUL 5 MRS AR U

Upper-left panel: hybridized with the H. sinensis-specific probe; Upper-right panel: hybridized with the P. hepiali-specific probe. Both Lower-right and

Lower-left panels: hybridized with the nonspecific 18S internal control probe. PreM refers to premature C. sinensis; M refers to mature C. sinensis.
E3 SouthernEMiE RN ZFREEHATIEF X REEFHDNAL FREMERAREY ST
(B 3CHEK[10], 21 American Journal of Biomedical ScienceiF AJ)
Fig.3 Southern blots of O. sinensis rDNA in the stroma and caterpillar body of C. sinensis during its maturation

(reference [10], with permission from American Journal of Biomedical Science)

TR 47 AR B g, A e ATl £ 8 AT 1)
SRR A N T GO R R B o e i i 400 T
R4 U AN A FE AL P A AR A S
AT {5 B 4 B g AR AL, (K135 18, #7838 4 0
RN TR FRIG AT I £y 74 4 e 53 80 3 ] g LA i
WIRFAE . 337 RFLPKL K . SouthernZ% A2 K46
FTSNP I 73 TR 50340 R B, AE A BB R 1) 3G
T, BN BRI 5 A e D] 70 A v BT W R o i A
T JRERN T RERLIRAT () 2 e R IE M ISl A . R
)25 [ A, 110-21-2427-2932 W\ S8y E SRR, P
Y0P AATAE ) AT 75 70 4 U B8 T TS 4 1 52
BRI 5 h M v e R, $275 JLFE 2 DNA )
ITS i BEak AR T [X 38 A7 7F DNA 5 2 45 k) — K6 52 5% i)
PCR, sl ITSY 141 1] GEJE & DNA gl 254 —14 %
S M0 U R g o 24271 A U BT Rl R B TR 2 B
FEANRIAL R IR EE ) AR RD sh& ARt bt i 2
T m A U R T R s o i) = 1 B A A4k
1.3 HEHEBREERENF

Hu%% BHRIE T [E 4 A Col84) Bk 4 SE A
HIMFEER . AT, %A 2R BT KR & U
AL B T ORARA B Fh AL AE (1 2
SRAG B PR 70 A HURT BT P 1) HR A A DR R A TR 3
B i SR, ABARAE AL Z R LR R, FEURR
A U B R A SE DR 2100 P ) 5 B R (2 AE A I
HAZ ), PRI 122 20 4 JLATE 0 SR s AR AR 4 i BT 4
FE DAL e 5k 6 A 1 G C i 27 3 TR 28 o 6 0 B
01 JE PR 2R 00 s 13361, - A H BT A PR A4 00 7 1]
J7 BB R 5 B0 5 s (1 6 AR e T RAR A
B AL DNAM Z J0 5 0, GO far 84 o [H

B BT 51 R A HU B A B R AT i — /N
ZSCHEAZ I 7 51 (ANOV00000000) ! AN f 57
GenBankIS s [ 22 it AT- i fay 55 DA 3 4 B BT BB TS
F B AT SCHER) o
14 ZXHESHREIBERMNEREFAR

Hu% I 5 — GO fr B2 P (B 4 B A Co18
IF R GO R TPER 1Z 7 B A TR 7 X IR 4
B EO AL B RILT 6 972N & (1 4uhis
FEPRL T Xiang S5 PTG DY 1] € 5 b DX I CRAR
T R AR A AT ) & HU B B0 AR A A5 AR 11
BN R I T 34 2894 KL HHE 7 4 i SE K 7 471
(F45% 17 2304057 7 F117 059 S FE), Jirf26 3284
AREIERE, 7 961N AH R . Huf5 P, N H
InterProScan K AF 4 Hr A= 5L AT 41, e 72 2291
FIRMRIARIA W LR 1] Xiang S5 CHRGE, W,
H InterProyk 3 AT s 251, 58 T 7 229Kk
. BA DR R P H] . b nr WL, RIRA
H B R SR 2 T I S DR BT T Al Ak ) R — JE R
TR0 A e BT T 1) 4 S DR 4 4 i 1) (RS AN 0 1) ) Bk
DAL, X e g 22 45 J R, RARA U Birp
WAL A RE R E A2 SRR
IR, A A HU R ) b e R v A R R (REARIE T Y
JUFEE HLX 5 AR BCGRAFEA T JE KL 1~2 om; BOAFEA
FIEKE >S5 om, TR AR T 2K I - JE L ) 4
141 2 A PEAE A H AR 7 R R BRI DR 1)
ALY, BAR Xiang 2 PTR S0 A d 2 pTin
FEA B CRIRAS, A B4 2 ST PR, (R
— PR IX R A HUR ) R A R T BEAT AT S AR A
3 21 g i R TR 3 08 BB PR KR B (R B 28 A8 A



RS RREZ MR R LRI EM D 75 it S e 291
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Primer: S31 OPB-01
AC Hs AC Hs
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2 1 BT 2 LA R e T A T 22 AR BRI DY 4 DNA H - PCR
AR« ACH /IR FREAAC HURL ) AL Hs o P [E 4 AU R 22 £
The genomic DNA used as the template for PCR was isolated from the
ascocarp portion of mature C. sinensis and from H. sinensis mycelia. AC
refers to the ascocarp portion of mature C. sinensis, and Hs refers to the

H. sinensis mycelia.

El4 TRAEHEEAL F KL 5 4S31(ZE E)FIOPB-01 (A )

RAPD PCRY - F (S £ XHk[33], & (EEKRFZFHR(E
Fh)) 1A
Fig.4 Agarose gel electrophoresis of the RAPD PCR

amplicons with using Primers S31 (left panel) or OPB-01

(right panel) [reference [33], with permission from Journal
of Peking University (Health Sciences)]
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U v b ik R TR ()T DNASH . R4k
A7 B A AR 2% S T TE o kR BT A
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The cluster tree for the PCR amplicons of all 10 primer RAPD gels™ was constructed using the fully quantitative density-weighted, parametric

algorithm provided by SPSS 10.1 software (Complete Linkage method of hierarchical cluster analysis).
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Fig.5 Integral cluster tree constructed using the fully quantitative density-weighted algorithm
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