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Species Diversity of Cordyceps Sensu Lato in Weishan, Yunnan

ZHAO Zhi-yuan*?, WANG Yuan-bing™2, WANG Zhi-gin*?, TANG De-xiang'?, GENG Yu-peng*",
YU Hong*?"

(1. School of Ecology and Environmental Science, Yunnan University, Kunming 650091, China; 2. International Joint Research Center for Sustainable

Utilization of Cordyceps Bioresources in China and Southeast Asia, Yunnan University, Kunming 650091, China)

Abstract: In order to reveal the status of Cordyceps sensu lato resource in Weishan County, Yunnan Province, the
species diversity of Cordyceps sensu lato was studied based on field survey, morphological observation and
multigene (nrSSU, nrLSU, EF1-a, RPB1 and RPB2) phylogenetic analysis. The results showed that there were
341 strains of Cordyceps sensu lato collected from 5 plots, belonging to two families and five genera, including
seven suspected new species. The hosts of Cordyceps sensu lato were Lepidoptera, Coleoptera, Hymenoptera and
Dermaptera, respectively. The dominant genus was Cordyceps collected 7 species 215 strains, and C. militaris was
dominant species collected 93 strains. The species diversity and richness of Cordyceps sensu lato were the highest
in plot of Red River Source and the lowest in plot of Xiao Jizu Shan. Based on the accumulative curve, it was
indicated that most of Cordyceps sensu lato had been collected in Weishan area. So, these would provide the basis
for protection and sustainable utilization of Cordyceps sensu lato in Yunnan Province.

Key words: Weishan; Cordyceps sensu lato; Species diversity; Resource investigation
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BRI, BAEZENGAMENY, fEEMPE
WFF A, Bk A 1B (Beauveria bassiana). i [K A
fE % (B. brongniartii)%% (B H BMT S ARG
Je SRR AR e EEAERE. BT R
MR L, RETEREEGE S MR R
PR, PERE A4t ARk CIRIE R R L4 100
J& 800 & Fh, HHKELAH 40 £ 8 400 RFE, 1E
MR E 2 AN EAEEENER . —, i
BRI AN = TR U 2 A B R
BUHA, AR SO0 B B SR 2 FE VAT T4
A, KL 52 FhlE, REREE R —A
YT o FE R 2 S B ARE T R 44 A 10 Fh
TR, R RFR @I 52 LAENHRGE %
Boa ML X 6 P BE B, Hod 1 ROy E
sk MERAG GHUBIAL B . A AR e S A
SR RAMRKKR, KT AR X A5
TR Z FEPERE AL, o] DLRE Ufdh T AR R AR TS R
Gurh MEYF AR . BAT, AR HBEEIF K
LA IEFEGR AN BT, X O R R AT A v
A 5 MO X O R4 5%, T DU IR 5 & 3T
KA R R EFEREEEME R, M ERREY
B ¥ TR AL R AR B

KHE A G ING T =8 P, Tk
2000 m, FEDILMYE, HAVEILE. K.
RN, WA, 4R E4) 1053 mm,
=S iz LU NI = 3 A ET) Y= PR =Y s AL i &
BN B PE R, A T 2 LA TG & AR,
SEEVT AL ROK R 1) 507K 0e, I HEA P
1L I (1 P I Ay [ BRiAT i —— O Rk . S
Hhy X W #ry 2R SRR, SRR 16.7°C, F%
N 2] 812.6 mm-100, R HMEF I S . 4=
IR ) A8 25 A LA B 5 () R SR AR A, i
by X BB B R A AR A TR G ) b B AR A R0 AR
AIREE, RIUL s L X A0 =+ & W Y fh 2
E

ARHFFEF 2019 4 7-9 H o BITESL L HL X AR
P AR B A b AT R R R R A
W REWNE R ZEERGKE IS e,
K o 22 REE R oA X A0 R 20 B AR I % B IX
BLFP ZAEE, BT S il 4 T AR 1L e X
BEEE R, DU T A% Xt SRl R A
Y AT R, O HUE BRI DR 4 RN AT R 4R 4 it
ZHMH

1 MBI 75

1.1 A% XA

LB F R AR BT o A T, Ak
99%55'~100°25" E, 24%56'~25°32' N, 4 B
2183.01 km?, (LA S4B 94%, RAFE
IARMAERE IR L X AR AR 2 N RIRBR, DU
HARFNET FEVR MO EE, 2 A= RFA (Pinus yunnan-
ensis) M ARF (Quercus linn). & JIUH (Alnus cremasto-
gyne). #%#k(Juglans regia). 7= 1L#4 (Ficus altissima)
A4 111 #4 (Pinus armandii) 41 &M,

1.2 Ji:

FRACKE 2019 45 7-9 A4rlEsR X
p/ i == N | 1 e iSO =TT ST TN CY S TR
SRR AR RS B AR o HUBE AR AR AR
HIEARN R ASE T SO I T SE A BR
ot Tr, SRAVESESE ., HaES, EEE A
KM/INVESE N R&E . REMARA BB L, N
KA MBS, T 4CUKFNRAT

BEHRASE R RIS T o e
W77k, RECFRMT4y 87k, A8y Bk MR
HERVEAT M B T R AR E R B
EARATE(YHH), aifh 7 BRI R T oM E
R 7= RAT H 0 (YFCC) o

Vith TR E f# F PDA 15 97 3L 7E 25°C
NHEEFR IR, RPUESUE M Z EEF (nrSSUL nrLSU.
EF-/a. RPB1 fll RPB2) & 4t & & 43 #7111 J5 14114151,
Y REDF . TEAMERAIRET LA A
TR ZERRAE . K] CTAB LR HUS B £ (1)
DNA X} 5 /MR Fr Bodh4T PCR &1 f5, H 1%l
PR FRSHEAT F RSN K 2y BH SR EL TG 2% (R i ik
BHIMAEHEAR (L) ER AR AT . RS
AW FL06200, 7F GenBank H e R 2R I N B R
(1) 5 MEEF PP, X AN Ji R B AR B 7 513647 L
XF, N RRBRITB, f)at 5 AN SRR EE
AT HEHE R4, L Trichoderma deliquescens Al
T. deliquescens 1E N4h2EHE, F RAXML 3 14-3t17 %2
R RGRE T, WERG KB W (K ESAR),
HE SR 2 25T, B JR IR R R R AR R
MERERERGR BN .

VIR 2R BT o 2RI SO
H Py R B B HCE AR, YRR E SRR 2R
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fad. B ELARECMIL A ETE 4, H RStudio (1)
Vegan FAFALFEAT Si vt 40 2230, A3 (relative
frequency, RF)$5 % (L1 i [X SR 45 ) = Ffr He B4 ot 4
HIZHB X RS A b o AU R L (similarity
coefficient, Cs)*% ] Sorenson A itH: Cs=2j/(a+
b), FH, jIEBIAEHL A 1 B R, a fe—
ANFEHLI B EE A AL, b F8 5 — R RO A AL
H 24, FH EstimateS 3 fF1HE A 7Hr ACE Fia £l
Bootstrap 544, LAIRISY P EE & BE(S). @i
Excel £ il 25 (L 30 X A B i P pp 28 11 it 2k (species

accumulation curve).

# 1 Bl E R

Table 1 Investigate plots in Weishan County

2 SRR B

2.1 HEYFEE

AV A IR U 341 vk, Vb4 e siilith
X 20 FheE, FET 2 B 5 &, 0l RER
(Cordycipitaceae) '] HL %i J& (Cordyceps). F{EE & -
Samsoniella 12k g1 FiRL(Ophiocordycipitaceae) £k Bt
i [ (Ophiocordyceps) 1% 3k %% J& (Polycephalomyces)..
Hl/ 7 FonEER R, BT 28 4 8, H,
2 P E)E . 2 Fb Samsoniella. 1 fh% k@ 2
e B R ER 1, # 1),

FEH 2 a4 AHXHRIE 1% TR HRTY
Plot Longitude (E) Longitude (N)  Relative humidity Vegetation type
#3211 Weibao Shan 100°2128.872"  25°10'44.328" 72 HEEREM AR Evergreen broad-leaved forest
24101 Zijin Shan 100°3'38.628" 25°27'55.116" 65 L AR Mountain forest
/NFG 2 1L Xiao Jizu Shan 100712'17.2476"  25°9'3.1788" 62 JEUFE AR Deciduous broad-leaved forest
ZI3J% Red River Source 100°16'31.6128"  25°28'33.546" 77 £ FE MR AR Mixed coniferous broad-leaved forest
TP M Weidong Forestry Station ~ 100°13/52.1724”  25°17'7.1268" 66 £k Coniferous forest

2.2 HESATRE

FLILHL X CRAE R 341 BRABEL, HRl%E R 13
PR EIFP AN 7 FREEALH R, Hoh s 0 9 Fh(73
BR), o iz X S B 21.4%; K41l 8 FH(53 #E), &
15.5%; /MLl 9 Fh(25 ¥k), & 7.3%; ZLIAYE 13
Fli(125 ¥k), 5 36.7%; PRI 8 Fi(61 #k), &5
17.9%. HA S5 (C. tenuipes) FIERT (18 1% 78
5 AMEHLIS A A . ST WA EE 4. Berger-
Parker {I%4 ¥ . Shannon-Wiener £ ¥4 %1 . Pielou
WIS e s D X AL V. . JERTHRE S
ANFEHL R R 2 REVER B, i X R R
FEMER R, RAFBIM BB, 8 R
JE(LFAE ) 0.63, FKLE 215 BR), RIAF R
BAESRBERN 0.27, HRET 93 1), HEHFE
WAEBEREH . SWEH. BEWEMEEE RR, E%E
ST H o XS B ELA Bl 22 B I 2 BT SR B,
b PR 13T Y5 R B A o 22 A 4 55 1 (Shannon-
wiener fR4CN 1.76, WIFhFEE N 13 #), ZFEME
B AR A A2 B 38 H /NS 2 1 (Shannon-wiener $8 404
1.60, ¥IFhFE LN 9 ).

FIR AR 22 550(Cs) ok b e s 1 L b X AN A f
i [ ) e BEA A2 R AR AL . AR 3 WAL, il

HX 5 ANFEHL A, 20T -5 AR ) A AL
Him, A 0.38~0.64; £ 5 ILFE kb 5 Z0 Y5 R )
VIR AL E B, Cs ik 0.64; /MR I 554 11FE
Hi S L TARARI A b ) B R R 2H R e o
i, Cs A 0.58; MMi/MGE1L5E BRMGFEHE Cs
A%, 4024,

2.3 MEYFhRIThLk

Wb B2 vt i 2 2 i I B e A = 2 1T 8
VIR B AR, 2 VA AT 70 RE M A b 28 An
Yokh = B ) BEAR T RS, AR T # L AR Ph
M~ AEAN R 5 ANHIE SR b R R A ol o A B
FIFH EstimateS #ATHE AT T S HIX U 2
FEPE 2o 7 0L Rl R 2k

RIEV R Bt d 25 A EstimateS #4151,
ACE {51 Bootstrap {8737l v 21.16 1 22.72, K
T X B TR A 21~23 Fil, Al AR AT E
ZAE T H L HIX 86.96%~95.24% () Hi %,

3 FHe MR

RHFFEEIREY], BLHXHA F 5 AR
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Beauveria amorpha (351" 1l 15]) ARSEF 2641
Beawveria bassiana (BRAL I 2]) YFCC 9047#
91 |[|Beauveria bassiana(3K il |11 1%) ARSEF 1564
98 [ Beauveria acridophila (2345 1R ) HUA 179219
96 |- Beauveria varroae (FLUG"1{81%) ARSEF 8257
~Beauveria asiatica (W "1 14) ARSEF 4850
o [Bemn"err'a australis (W LA ARSEF 4598
Beauveria araneola (W [T 14) GZAC 150317
W R Beauveria brongniartii (i 1 4) YFCC 9050%
D2\ Beauveria brongniartii (i FC 1B ) ARSEF 617
Cordveeps brongniartii (11 [G 115 13]) BUB84
Beauveria caledonica (SR U 1#) Arsef 2567
Beanveria blattidicola (WEME 1 4) MCA 1727
100 | Beauveria pseudobassiana (LERALI L) ARSEF 3405
{b‘emrverr'a pseudobassiana (JUERAL I MELE) YFCC 9048%
oolpBeauveria sungii 40,1 I'1{E #) ARSEF 5689
Beauveria scarabaeidicola (40, 1~ [E4) YFCC 9049 *
Cordyceps farinosa (FyFEH{) CBS 111113
Paecilomyces cateniannulatus (FFHEFE 44{1) CBS 152.83
Cordyceps cateniannulatus (FEEFE H 1) YFCC 9042%
Cordyceps cicadae (Wi #14{1) RCEF HP090724 31
Giprdveeps tenuipes (1L %) ARSEF 5135
Cordyceps tenuipes (I L) YFCC 9041*
Cordyceps sp.l YFCC 9045%
?%0 Cordveceps fumosorosea (FUIH (fUl 4 f{1) YFCC 9044%
Cordyceps fumosorosea (U (b 4i{l) CBS 244 31
100 Cordyceps cateniobliqua (FHEH: 44{1) CBS 153.83
159 1Cardveeps cateniobliqua (FHit# 4 A1)YFCC 9043*
Cordyceps caloceroides MCA 2249
Cordyeeps sp.2 YFCC 9046%
Cordyceps pruinosa (B 11 5) EFCC 5197
37 Cordyceps pruinosa (#8115 NHI 10627
100 100 rCordyeeps militaris (W L) OSC 93623
Cordyceps militaris (I 1155) YFCC 9040%
Samsoniella sp.2 YFCC 9051*
100 Samsoniella sp.1 YFCC 9050*
?)-6 Samsoniella avrantia TBRC 7271
85 ||[lSamsoniella aurantia TBRC 7272
Samsoniella inthanonensis TBRC 7915
66 -Isaria farinosa OSC 111005
Isaria farinosa CBS 240.32
100 Pelveephalomyces yinnanensis (1 23 45) YHHPY 1006
Polveephalomyces sp YFCC 9053*
)phiocordveeps formicarum (W LH) YFCC 9057*
Ophiocordyceps formicarum (B H157) TNS F18565
Ophiocordveeps sp.1 YFCC 9058*
1op—Ophiocordyceps nutans (3% 11 5E) YFCC 9056+
09 Ophiocordyceps nutans (335 HUED) NBRC 100944
OOphiocara'yceps crinalis (5 ILHE) YFCC 9055%
Ophiocordyceps crinalis (%115 GDGM 17327
Ophiocordyceps unilateralis (.M 1155y YFCC HU1301
Ophiocordyeeps sp.2 YFCC 9059%
Ophiocordyceps konnoana EFCC 7295
Ophiocordyceps highlandensis (i )25 U8 YFCC 9054*
Ophiocordyceps highlandensis (i 528 1L 55) HKAS83206
Nigelia martiale (WH# 7% 25215 14) BUM 713
‘,ﬁEﬂdmm‘a chlamydosporia (31 JEE) CBS 103.65
Metapachonia bulbillosa (B 51 1% v JE ) CBS 247.68

Trichoderma stercorarium ATCC 62321

= Trichoderma deliquescens ATCC 208838
0.050
L

[=}

100

10

Cordycipitaceae

Ophiocordycipitaceae

Clavicipitaceae

Outgroup

B 1 #TF 5 AMRERE(OrSSU.  nrLSU, EF-Ia. RPBL il RPB2)MEMISE (LM X M R R EM. * RESLHIX.

Fig. 1 Phylogenetic tree of Cordyceps sensu lato from the Weishan country constructed by the analysis of five-locus (nrSSU, nrLSU, EF-/a, RPB1 and RPB2)

dataset. *: Collected from Weishan area.
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Table 2 Statistics of Cordyceps sensu lato specimens

Bt J& i
Family Genus Species
A ) I L EL C. militaris
Cordycipitaceae ~ Cordyceps UM HE C. tenuipes
WEHE ST C. cateniannulata
AU C. cateniobliqua
UMWtk HH C. fumosorosea
Cordyceps sp. 1
Cordyceps sp. 2
EEHE BRffl (18 B. bassiana
Beauveria R B
B. pseudobassiana
4T A ER B. sungii
#i IC B B. brongniartii
Samsoniella Samsoniella sp. 1
Samsoniella sp. 2
2k R} ES N Polycephalomyces sp. 1
Ophiocordy- Polycephalomyces
cipitaceae R B 2 O, highlandensis
Ophiocordyceps

K HEL 0. crinalis
I3k HUEE O, nutans
U O, formicarum
Ophiocordyceps sp. 1
Ophiocordyceps sp. 2

FE He
Host Number
%3 H i Pupae of Lepidoptera 93
% H 4 HBkUT Larvae or pupae of Lepidoptera 59
5% H . Adult of Coleoptera 9
ik F AN H Bt Lepidoptera and Hymenoptera 48
4 H %l Larvae of Lepidoptera 3
%3 H i Pupae of Lepidoptera 2
%3 H 4t Larva of Lepidoptera 1
59 H R B4 B Adult or larvae of Coleoptera 40
538 H R BN Adult or larvae of Coleoptera 9
%38 H 4h k. Larvae of Lepidoptera 5
48 H E.H Coleoptera 3
i H 4 R Bk4T Larvae or pupae of Lepidoptera 2
%39 H 4 thsldd Larvae or pupae of Lepidoptera 3
3% H 4 H. Larvae of Lepidoptera 2
i 44t Larvae of gill beetle 2
%% B E . Lepidoptera 6
1% B Adult of Pentatomoidea 1
4048 B H - Adult of Formicidae 13
VRIS R Adult of Cercopidae 12
#43# H 4h . Larvae of Coleoptera 28

R 3 FALHX ) O R AR A

Table 3 Diversity indexes of Cordyceps sensu lato in Weishan County

FE s YFhEE B Shannon-Wiener 1% Pielou 5] 54k

Spot Number Species richness Shannon-Wiener index Pielou evenness index
#3211 Weibao Shan 73 9 1.68 0.76
41l Zijin Shan 53 8 1.76 0.85
/NI Xiao Jizu Shan 25 9 1.60 0.72
2135 Red River Source 125 13 1.78 0.70
TZR#k¥ Weidong Forestry Station 61 8 1.72 0.83
B 25 PO BRI 5 AMREL, AR RIS ST
& 9ol FEH DL CATT R ) B AR ORGP IXCREL, DU SE P4
| PRWSELLI M DX R A HRE KRR, AR VOB IER AR
= e W 2 = BT o1
£ ol HURL 341 Bk, %€ 20 FhliE, HAA 7 FhEEA
E Frdh, srnlsR)E T R RS . Samsoniella
E 5r N ey S| SR N [
% AR RN 2 S m e g .
=0 i 3 PR 6 AUHFFRY, Sl X AL R A

Ff:Hh it Number of plot

B2 gl X d i 2R £
Fig. 2 Species accumulation curve of Cordyceps sensu lato in Weishan

County

REGIR, H YR SR, DR E R
Ko AU HRAEEPE L8 L X R /.

B B LR AR, R /NS LD ) ERELAY)
P22 FEVERLAR, MR RE 58 LS AL = i H i
PRIRER, B LI K BB Sl 50 AN R K 2 2 30
FACER AR AN R A DG, BbAh, RN FEPE R
HNEARCIRURES RN iehi & F A =y SHEK/F LU oy P L
TR, RN H RS, BIE
TZHBDOMAS AN ) R 2 R, NS iR
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Table 4 Similarity coefficient (Cs) of Cordyceps sensu lato among plots in Weishan County

Pt AR L 4l RGN BHEMS
Spot Xiao Jizu Shan Zijin Shan Red River Source Weidong Forestry Station
#F 10 Weibao Shan 0.44 0.47 0.64 0.58
/AR L Xiao Jizu Shan 0.58 0.45 0.24
41l Zijin Shan 0.48 0.63
2135 Red River Source 0.38

MV K2 G HAL T 4848 4553, AT
PER, R BAR, BRAMEEFEAKX,
DRI 1223t DX 1) S D 22 AR PR A PRIt R
& HAFAEN N TIBAR. AUrFAR. BHA:
Y2 FETER R ) E AR S RGN L,

Ll X RE IR AR IR, %R
MR, HFORE, 5RERESE 27%.
I ER BN SR, A A R R
X, BABGERAESLL, WMRRAES RS R
VR SCE M R e R E AR . A, MREA R
IR, FAT SRR B2 25 R AR e, & 2 5
Wy, HAEGBE T S U AR R
FRAEEQAEEM, TRENHTES. 'ihM
TR . AT ORI, i iRk A AR
TR e A H YRR, EERHE TR
MR MR, & R R UL IR AR, AN
[ A 358 T i R B AR S PR 22 O, R B
KNG FHRNLAE AT 31 DO 2829, A
TAEAN R A BERE e, ZLUTRRE H R o 2
i, (HES AR AL, T A, FIRE
FEAZAE I B R 2 R A, A R H i R
FERUINHE G, FE RV 2 DK B K
THE, FEOZHIE R ISR, HEE R .

S 1Lyt DXL B 2T R b 5 R P S L R
() R RIAABLEE B, ARALR BN 0.64, RHIH
P SR B R S ONARL RIS /NG LD S R
IR RH A LR K 0.24, R IIPTHL )l
FHABLRE %o AT RE M EE R 25 1) P8 2 BE RE DR e H K
I AT AR AL SRR AU, T A H X B A H
HBERMESS.

FUSBX ) REFRIR AR T REMN =
R B AR SR RN Oy =R R E
At [X ) R SRR A BE T AR, AR
A A SR 1 XA SREE AR, S 2 )
BT R ORI AN AT KR SR PR AL T B AR . th T A

YU AR FE R ORE Vi Bl B R R B 3 ) AR A A
B, R 2 3 s SR R A R et R R AN 2 TR
FURMIA X R U B 0 ZE A AR B JE X
TR Y A X1 T B R I TR e 0 5
Kt

S50
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