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Abstract: The systematic position and scientific name of “chanhua”, an important cordycipitoid
mushroom has long been chaotic. Because its teleomorph was unknown, it has long been
regarded as Isaria (Paecilomyces) cicadae named based on a Brazilian specimen. The
teleomorph of this taxon was recently discovered from Mt. Jinggangshan, Eastern China. In the
present paper, the teleomorph and anamorph of the species were studied morphologically and
multigene-phylogenetically, the hypothesis that /. cicadae was a species complex was
demonstrated, and “chanhua” was verified as a new species in the genus Cordyceps of
Cordicipitaceae and then Cordyceps chanhua was proposed using the ancient Chinese name
“chanhua” as its epithet. Stromata of C. chanhua are light orange to light saffron, ovoid,
476—-602x222-319um; ascospores are filiform, 246-360x1.5-1.8um and part spores are
6.4-13.8x2.1-3.1um. Conidia are long ellipsoid or cylindrical, 3.5-10.5x1.5—-4.5um.

Key words: Cordyceps chanhua, teleomorph, Isaria cicadae, species complex, phylogeny

KILLR, 3 B 2245 H | e i 4>
FAr R AR — B A TIRELIRES . Harse 5t
ZINEWAE L Miquel 1838 SR B P bR A
i 4 0] Isaria cicadae Miquel, X - F A
ZE IR . BRI AR A A — B R K
PSR- AL POp=a e K DAL OPEI] T VS
B ILAE A N K Cordyceps cicadae Massee
(Massee 1895) 1A . cicadae FrAA T4 RY 1T K H
(Wuetal. 2019; Zhaetal.2019); KI5z HASL
sz, BN H S E/NBEEL Ophiocordyceps

% EFHR

sobolifera 1] Jc P 8 T #% #X A Cordyceps
sobolifera (#1957, X 1974);
R RIS (74 “Mfe” ) MG
M>%:H Cordyceps cicadae Shing(=Tolypocladium
dujiaolongae Y.P. Cao & C.R. Li) 2% (ZEMIR
1975; Z5EI 2007); BbAh, H NG
1ERE /MR L EE Cordyceps kobayasii Koval 175
P (zZha et al. 2018). 7t GenBank 1, &
BRZ ERE) TS 75 LA BRI 5 FE A
P, (EMELE NTEYERL, 1E Isaria JRBIE
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B R ) — A 2 R (UK R &
2016) JE, EERGKEHCTLMIAIE .

KEZRFREEAFER 25, HE
20154E 7 A 13 HATEVLHHX L KB . A
Se bR A b R AE A R e, et
RS R E w7 5 1R 32 1 245 F i Ae —
B, FFHEEZEUUMEKRM Isaria cicadae
Miquel Z % I VEARHEIA (1R %5 2014),
25 Miquel (1838) Ji $fiid 1 Fu A o AR FL
f&] B 1Y) 1. cicadae RAFIERE « T FH: X Ll A A
KBRS DREMND T RE 4
WEFE, AMA BT e Wi AE 1 4 R A
T H A BT 9% B A A 9t 70 A0 ) B2 1 ol
I. cicadae W2 FEVE. & &M LAEH &1
I S

1 M5 %
1.1 EEFEMR

A HERRIRRIE T EARA, AR
W RR 4 2l 55 729 L r= g 44
1.1.1 fE 3 b A . R S R T A AT
Platylomia pieli Kato 3 7 . 1GS150713 5 1%
5 A, WEEMKFRE, Hd 1 K
(JGS150713-1) [FI B A 7 8 0 £ 4 2R
JGS150725 5, L2 H, yFEm BA T A
TR
1.1.2 Bt B M. BAICI273 5, WA A
JGS150713-1 - JE 4r B o 44k 5 A 3
Czapek-Dox Fl PSA 35772 I, 26°C 1575 14d.
1.2 RGAXEHR
1.2.1 DNA $&HL. ITS 5 A1 5 FE[K 7515 4
JFF: AR BBV R, R I K
MeSE, KA CTAB ik (/4% 2005)
HUis DNA. ToPERUR 423800y g5k, DIHL
ECURETR, BERPE SDAY BEIREE, fFE4
K S PREC A 75 0 S 2 AR RG J , BER
A P IE AR SDAY B %L |, 1597 5d )5,

VIR 22K F] CTAB VAFRHUE K14 DNA.
ITS /541 % LSU. SSU. RPB1. RPB2 Fl TEF %
5 N A BT PCR FIEAIN R . %
White et al. (1990) )75 i%i%+F 1TS4/1TS5 H
TP 18 1TS; =% Vilgalys & Sun (1994) K]
J7i£1E#E LROR/LRS FT LSU. NS1 Fl NS4
I+ ¥ 1% ssU; % Castlebury et al. (2004)
(1) J7 %1% 3% RPBIA/RPBIC Fil T 1 RPB1;
%7 Rojas et al.(2010) ) /7 %% £ RPB2-5F/
RPB2-7cR FI T ¥ 1 RPB2; % Rehner &
Buckley (2005) 7%+ 983F/2218R H
T 1 TEF. X PCR Master Mix (Promega)
(1) 50uL 7&K %, PCR J B2k 275 AH B SCHiR
AT, WKHE PCR 45 SR IR K B AT 18 Y
TR, PIEFEYIE 0.8%E5 g kR i HL kRS
MEHE G542 TAY TR () KA R
AN EE
1.2.2 ZRERGERE M AEF XL
bR AR BIH Y] 43 2547, 255 Sung et al.
(2007) LK &£ (2016 ) F1 Mongkolsamrita
etal. (2018) HJ#RkiE, M GenBank IEHUFR A
Cordyceps cicadae W] 4 NEEF 1 MNrA
Isaria cicadae [P BERRIP) ITS AL SURIHAh 5 J
K S %), GenBank M — £ Isaria
sinclairii B P 1 1TS 5, DL KL HE R
Cordyceps WAt 22 AN 8 61T 23 N
¥k (C. jakajanicola 4 2 DNEEE) W) ITS A7 4
MHAR 5 A AP I T 2R RARKE
G NIEE— P EETE A S 8 R B
¥5 0. sobolifera FI KW EL (HLFRA A 025 200
%) T. dujiaolongae (ZEFEK 1975; Li et al.
2018) MRGIKBRFR, HIEH BN R
R R E B Ophiocordyceps sinensis & —™
WK Z AL JUF 5. SR MUSCLE v3.8.31
(Edgar 2004) Xf 6 M i HEAT 2 FP 51 LL X,
XpAREAS AL B A AR RE RN f5, A
SequenceMatrix 1.8 ffJJ7vk (Vaidya et al.
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2011) X ITS F1 5 ANFEK F AT P =
JF AR o
Him AL ALFE 30 Moy R HLIT i 38 MR

CE AN LA R, 157 2% DNA 75
[ 6 A7 s S, FHAr TS 723bp. LSU 911bp.
SSU 1 295bp. RPB1 698bp. RPB2 1 016bp i
TEF 968bp; JT ¥ KA 5 611bp (3R 1),
1 776 MRS, Hd 3 696 AMEE M,
1518 MAZIME S 55, 397 A B IE 2= 5 A
18 Fl 1Q-TREE (Minh et al. 2020) #fFf, F
Fl & KAISRE (Rehner & Buckley 2005), LA
W EE B H M I 58 Bk 40 M IR 5% Nectria
cinnabarina YENAMNEE, ¥ ML KRG KB W .
BORUARIEH 1 000 YR EE 3RS H %S
R, AR EAEREEA 1 000 Ik SH-aLRT
far oAl T RIS BE . 48 1Q-TREE 1H5,
153 B BA 2 R DL Hn {5 BN (BIC) fRid
AN TIM3+F+G4.

2 HERG0H0
21 ZNBARGEENH

30 MrZREITHY 38 MNEFE 6 7 AR
GUREMIHIRER ML REH (- 1D 7
R RN, XL A (JGS150713-1
TEL) FI14rE#k (JGS150713-1 ANA) ST
WA R 2 () WA AR PR B fR BAOOL LA
100% 1 3 FF 2 I B R R L ) — AN o)
X -BA001 [P 43 K 4 7 41 2 iz =) E
JF 2011 4 3 H 16 HA#H P. cicadae 2 %
R B, X—0XEhbFs)
M GenBank 4R RHATH] (KRS
PRINA53245) AR T IR E L2124 H
LA B AE ) DNA KR

MARGER ]I, s B RIA 2
WEPE PR /N B R ORI B O A S 30D
ANE T WELE TR LR /N R T4k H
BRL, MO O e 8iE) WAMUA R

98 EFR

THERL, LA TR E T2 R, &R
B — BT E

FERGR R, BEAE 7y 30 5 Hofth & DL
B[] C. cicadae WML T 515y KL )]
P JLIL B AK C. cicadae RCEF HP090724-31
(Kepler et al. 2017) X Hi% N 82%, LXK
5 (2016) HRIEMI =R YHICYY 101 (1)
KATLZRIT T T3 T TR EIAA R 22
1 ¥E Cordyceps jakajanicola . 11t 5 Sharma et
al. (2018) #RIE K% 4 WPk GMSL 114 A
Rehner et al. (2011) i )55 [ B & ARSEF
7260 AHFE I . XM RS K E FIEH T A AR
FIESCH 1 R (ZEIERSE 20200 BRI
JFi5E, Bl Samson (1974) 44 i) Paecilomyces
cicadae F14AX) N ] Isaria (Paecilomyces)
cicadae (Luangsa-ard et al. 2005) s&—/M¥J
MEE#E (species complex).
2.2 FASHEIR

T RE EFRER s et 2
[FJLL S5 BA0OL Ptk IA] 85 TR AT R AR
RFIE—2K

P ST
Cordyceps chanhua Z.Z. Li, F.G. Luan, Hywel-
Jones, C.R. Li & S.L. Zhang, sp. nov.

MycoBank MB835243

T s DT SR R AT AR &K —
M EIRFE B EGRAE O, 2 IR B
AT RGR A S B A T 22 1k 1-8 NEA
o AT AR RIS R AR R R AR AR R
THEFPEAE, WOPE, SMEERZE, FEW,
K 476-602um, % 222-319um, LlAj%. T
RILEEW, FFAE, FIREKTHEE, Kk
I 235-380pum, T 2-3um. TEEHIT 8 1,
e, 2R, TtiE, K 247-360um, %
1.5-1.8um, WiZLhk 6.4-13.8x2.1-3.1um K1
.
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Table 1 List of strains and their GenBank accession numbers of sequences used for phylogenetic analysis in this study

YiFh [Esk7 7 Fe i GenBank &5
Taxon Strain Origin GenBank accession number
ITS LSU SSuU TEF RPB1 RPB2

Beauveria ARSEF 1478 B HQ880764 HQ880836 — KJ523140 KJ500427 HQ880908
bassiana Brazil
Beauveria BCC 16585 ®H JNO49867 JF415967 — JNO49885 JF415991  JF416009
brongniartii Thailand
Cordyceps EFCC 8260  #hilH — EF468807 EF468953 EF468855 EF468910 EF468747
bifusispora Korea
Cordyceps TBRC 7253  ZFE[H MF140739 MF140705 — MF140774 MF140798 MF140825
blackwelliae BBH23883 Thailand
Cordyceps TBRC 7258 eS| AY624173 — — — MG665236 1Q425688
cateniannulatus Thailand
Cordyceps CBS H [ B AY624173 — AY526466 — MG665236 1Q425688
cateniobliqua 153.83 T Guizhou, China
Cordyceps cf. ARSEF i [ — EF468819 EF468964 EF468867 EF468921 EF468759
ochraceostromata 5691 Korea
Cordyceps TBRC EES KT261393 MF140732 — — — KT261403
chiangdaoensis 7274 T Thailand
Cordyceps ARSEF B [ HQ880826 — — HQ880898 HQ880970 HQ881017
cicadae 7260 Korea
Cordyceps GMSL 114 WE T LT220698 — — — - LT220790
cicadae Portugal
Cordyceps YHICYY 101 " [E =7 — KP743160 KP743168 KP743140 KP743147 KP743152
cicadae Yunnan, China
Cordyceps RCEF o SN ES ) i AF368801 MF416552 MF416605 MF416496 MF416653 MF416447
cicadae HP090724 Guangxi, China

-31
Cordyceps CBS pisEs AY624177 JF415988 — JNO49903 JF416006 JF416028
coleopterorum 110.73T Ghana
Cordyceps CBS P+ AY624181 FJ765253 — — GU979973 GQ250022
farinosa 1111137 Denmark
Cordyceps CBS244.31 #®/K*= AY624182 MG665230 MF416609 — — JQ425690
fumosorosea Ireland
Cordyceps BS105.73T N4l AY624185 — MN296399 — — —
ghanensis Ghana
Cordyceps BCC79817 ZR I — MN275697 MN296395 MN338485 MN338490 MN338480
jakajanicola Thailand

>

=5
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Bk 1
Cordyceps BCC79816 EES| — MN275696 MN296394 MN338484 MN338489 MN338479
jakajanicola Thailand
Cordyceps TBRC 7260/  Z[H MF140744 MF140710 — MF140779 MF140803 MF140830
javanica BBH 40412  Thailand
Cordyceps ARSEF 8058  #%& 1 GU734764 — — — — GU734750
kintrischica Georgia
Cordyceps EFCC 5886 i [ — EF468813 EF468960 EF468863 EF468917 EF468754
kyusyuensis Korea
Cordyceps 0SC 93623 EH JNO49825 AY184966 AY184977 DQ522377 — DQ522332
militaris USA
Cordyceps TBRC EES| KT261390 MF140731 — — — KT261400
morakotii 7276 T Thailand
Cordyceps EGS W G - EF468846 EF468991 EF468900 — EF468795
ninchukispora 38.165 Taiwan, China
Cordyceps AFSEF WRFIE — AF339532 — EF468891 EU369083 DQ118749
oncoperae 4358 Australia
Cordyceps CBS e — AY466442 — DQ127240 EU369083 DQ118749
piperis 116719 Panama
Cordyceps ARSEF Fp ] 5 JNO49826 AY184968 AY184979 DQ522397 DQ522451 DQ522351
pruinosa 5413 Guizhou, China
Cordyceps BCC P eS| F1765285 FJ765252 — — — F1765268
takaomontana 28612 Thailand
Cordyceps ARSEF EH AY624196 JF415980 — JNO49896 JF416000 JF416020
tenuipes 5135T USA
Isaria BA-001 Hh [ 22 18 MT555325 MT555409 — MT637810 — MT637807
cicadae Anhui, China
Isaria sinclairii ATCC 24400 *? KU933437 KU933411 — — — KU933431
Nectria G.J.S. EH HM484697 HM484753 — HM484770 — HM484660
cinnabarina 91-121 USA
Ophiocordyceps QHO09 201 [ i JQ325080 JX968029 JX968024 JX968004 JX968009 JX968014
sinensis Qinghai, China
Ophiocordyceps NBRC Hh [ 22 18 AB968409 AB968422 AB968395 — AB968551 AB968590
sobolifera 106967 Anhui, China
Tolypocladium YPC-2013 Hh [ 22 18 KF696557 — — — - —
dujiaolongae TEL Anhui, China
Tolypocladium YPC-2013 Hh [ 22 18 KF696558 — — — - —
dujiaolongae ANA Anhui, China
Cordyceps JGS150713-1 A [HE YTV MT192488 MT239107 — MT268246 MT268242 MT268244
chanhua TEL Jiangxi, China
Cordyceps JGS150713-1 HH[HEIT P MT192487 MT239106 — MT268245 MT268241 MT268243
chanhua ANA Jiangxi, China
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Nectria cinnabaring G.).5. 91 121
— Tolypoclodium dujigolongae YPC 2013 TEL

L Tolypocladium dujiaolongae YPC 2013 ANA
Ophiocordyceps sinensis QH09-201

{ Isaria sinclairii ATCC24400
100 Ophiocordyceps sobolifera NBRC 106967

Cordyceps piperis CBS 116719
— Beouverig bassiana ARSEF 1478

L Beauveria brongniartii BCC 16585
Cordyceps javanica TBRC 7260 BBH 40412

_E Cordyceps cateniobliqua CBS 153.83 T
100 Cordyceps kintrischica ARSEF 8058
Cordyceps oncoperae AFSEF 4358
100 { Cordyceps kyusyuensis EFCC 5886

100 Cordyceps militaris OSC 93623

100
Ophiocordycipitaceae
100
Cordycipitaceae 100
100
88

46

Cordyceps chiangdaoensis TBRC 7274 T

— Cordyceps morakotii TBRC 7276 T

100 E'E Cordyceps ninchukispora EGS 38.165
100 Cordyceps pruingsa ARSEF 5413
Cordyceps farinoso CBS 111113 T

99

Cordyceps cateniannulatus TBRC 7258
£ Cordyceps cicadae ARSEF 7260

g9 Cordyceps cicadae GMSL 114

100

Cordyceps fumosorosea CBS 244.31
Cordyceps tenuipes ARSEF 5135 T

78

{ Cordyceps coleopterorum CBS 102.73 T
59 Cordyceps ghanensis CBS 105.73 T

Cordyceps takaomontana BCC 28612
— Cordyceps blackwellioe TBRC 7253 BBH 23833

— Cordyceps cf ochraceostromata ARSEF 5691

0.01

Cordyceps bifusispora EFCC 8260

1 Chanhua [

Cordyceps cicadae YHICYY101

Cordyceps jokajanicola BCC79816
Cordyceps jakajanicola BCC79817
Cordyceps cicadae RCEF HP090724 31
Cordyceps chanhua JG515013-1 TEL
Cordyceps chanhua JG515013-1 ANA
Cordyceps chanhua (“Isaria cicadae BA001")

58

1 AR (JGS0713-1 TEL) FIFME! (JGS0713-1ANA) EHEEHMMMHZMNERZELE XA

Fig. 1 Multilocal phylogenetic relationship of the teleomorph and anamorph of Cordyceps chanhua to other

cordycipitoid species.

FROAE PR+ 1 i AR Hh S A i I A
K H 13 MR (B 2A), TERSRHI; A
I AT N BE EACH s BT VR B, AR
ekt . B EEME—EKEEGZ
ORI R, A B 3 3 (B A B f,
TR E R EM S, K 9-38mm, T 2-3.5mm),
i {8 VR B €, TR CH 6-25 /MK 30-80mm.

B 2—6mm [ A 2 R X Tt A DR B T AR
R B - AL 0, B ARG R B AR
T WRTSEAE I Y Bk 4 6 1) BORH: 1
W, BhEHMNER EKEAER, £
FEAOE B #E v, 2F FEARSR R 50 Bls A4 78 5
A P 22 H R B I

W% : 24°C NfE Czapek-Dox }57gdk I
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()

2 BETERORETS A, B: KA SR T EAMAR R K IR A (A) FIFARA (B): C: WA T HEMIRA,
D, E: TREYHHS; F: PBHMAERNTFEL; G BH MW TFEALZHANR; H: 75 1K TEHBET; ). T
TR AT L M: PSA REFRdE B AR TR EEAE AR Ny ARAS B SRAE f RE
MEEAER T EM T O AR EIEA ¥ P BUEANFIEM T

Fig. 2 Morphology of Cordyceps chanhua. A, B: Fresh (A) and dry (B) specimens with both stromata and
conidiophores; C: A specimen with only stromata; D, E: Stroma in detail; F: Subimmersed perithecia; G:
Pseudo-immersed perithecia under coverslip; H: Asci; I-K: Ascospres; J: Part spores from broken ascospores; L,
M: Conidiophores and conidia in chain on PSA medium; N: Conidiophores and conidia in chain from specimen;

O: Immature chlamydospores; P: Mature chlamydospores.

14d EL12i5 49-55mm, 1E PSA B2t | 14d  TEUEEERIMEMIK, WA G. HLE
HARIE 60-72mm, B H O ER G, BRI, oFE, BEOEHE, LOEY, % 2.0-3.0um.
HUIRMROEdR e, WHsEAt; B 2EMTERR2 By 2-5 AR AR
HBOKERIR, ot R R KRS A G RANI s A bR 8 22 9 Bk I
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K, Y R 2 yEE R, Bk
LR AR AL A S0, A8 SR AEIR A HI . 58
0.5um, 4.2-7(13.5)x2.3-3.5(5.2)um. 241
TIE R IA R B, BB, AR R TR R
e, MiimelR, ZXIFK, B2 M, 3.5-10.5x
1.5-4.5um, K42t 2.4 (2.2-2.8). fEELREH
Yy LE s EIEAML T, AR, B, B TREUN
¥, HAYM, RS, 13-26.5x3-12um, £
G G RERE BRI, R, BAT
6-18um, i, HR|; P ER asBE BERAE
B R BE O NIRRT
1559

B bR A JGS150713-1, & F . AT
Platylomia pieli Kato ([F3#H: #F}), K H
TLvEE X B BATAR, R4 114°07°, JB4E
26°34’, ¥EHk 961m. KA [E] 2015 4 7 H
13 1, REN: FEFNI. BEAbRA K557
Y ORAFAE W VL2 A= i B2 0 52 e A
AR AZE (ZBAH).

A FRiAYR: chanhua, BEAERITCTHEE,
WA, YR H A TGS A TFB(E LMK,
Cordyceps chanhua 7.Z. Li, F.G. Luan,
Hywel-Jones, C.R. Li & S.L. Zhang, sp. nov.

Stromata solitary, simple from dead
cicada or from rhizomorph, with fertile part
orange to saffron, stipe light orange to light
saffron, and base light yellowish, cylindric or
flattened clavate. Perithecia partly immersed,
ovoid with single-layered hyaline wall,
476—-602x222-319um.

Asci hyaline, cylindric,

Hamathecia absent.
capitate, 8-spored,
235-380um long and 2.1-3um wide when
mature, ascospores smooth, filiform, hyaline,
8-spored, 247-360um long and 1.5-1.8um
wide, breaking into part spores, 6.4-13.8x

2.1-3.1um.

Colonies attaining a diameter of 49-55mm
on Czapek-Dox and 60—72mm on PDA after 14
days at 24°C, pale yellowish to yellowish,
villous, with clear rings or radial lines. Reverse
colorless. Synnemata pale yellowish, consisting
of many erect or slightly curved branches
emerging from front part of cadavers, especially
from head; the branches cylindrical with
tapering tip before emerging from soil and
gradually branching into clusters of 6-25
30-80mm

2—-6mm wide; stalks yellowish when fresh and

branches after emerging, long,

dark brown after drying. Conidiophores
consisting of verticillate branches with
whorls of 2 to 5 phialides. Phialides 4.2-7
(—13.5)x2.3-3.5(=5.2)um,

globose, oval or occasionally conical swollen

consisting of a

basal portion tapering suddenly into a thin
neck 0.5um wide. Conidia in dry basipetal
chains, one celled, long ellipsoid or cylindrical,
mostly symmetrical, rarely curved, 4.2-7(13.5)x
2.3-3.5(5.2)um.

clavate, cylindrical, reniform or egg plant

Chlamydospores solitary,
shaped, unicellular, 13-26.5x3-12um, with
wall mostly smooth when immature, ellipsoidal
or spherical, dark brown, 6-18um in diam.,
and spinose with a navel when mature.

JGS150713-1, on

cicada Platylomia pieli,

Holotype: bamboo
Kato (Hemiptera:
Cicadidae, collected by Fenggang Luan, in a
bamboo plantation in Mt Jinggangshan,
114°07’ E, 26°34’ N, 961m above sea level,
13-07-2015. Type specimen and dry culture
stored at ZBAH, Zhejiang BioAsia Herbarium,
Zhajiang BioAsia Pharmaceutical Co., Ltd.

Etymology: Chanhua, cicada flower in

EFR 103



FIRE F /SHTAEXNREREEMSHENHRRI EEAREREEEMENLIIRGE

Research paper

Chinese, an ancient Chinese medical fungus,
originating in Leixiao’s Mr. Lei's Preparation
Method, written in 5th century AD.
2.3 ELEIAFARYEEER

MTFBEEIEA BE, AR5 /R
Cordyceps kobayasii Koval ( =C. sinclairii
Kobayasi) #Hftl, {HIL 475-602x222-319um
¥ 370t /MR LR 270-330%180-195um
K M 235-380x2-3um (17 2 Lb /M bk i
(1) 150-200x8-13um 4. WK, EAIAR
[F] — A e

WY K] DNA LA 2 it 7~ £ 1A%
Hr, K& 250-310um, JFiEMER, B
[ JE R ELARAN. 1um B RO RO I, T 748 o 2
REHIR: Foor A7 e ge /N, A,
EATTRAR A

FAh, XEHESE (2011) ERER CHUEL
J&—FA, wiARER AR —30 AR E X
gt (2012) HIFIR, XSG SRl B
RRGLH KL A T F5C 676-718.5x
338-402um, LK T WAL, (HIGT#M T K
NS, 43P 2-3x1-1.5um, /T
1. Rk, XA R EH 0 Cordyceps
cicadae-SM AY Liu & X Zou A~ AL STk ) o
AR,
3 W

Miquel (1838) f#ii& 1] I. cicadae [1] LT
B AR LT/ 8, I AT IR A
A, 4l BT T 1 E B . T Samson(1974)
1E¥ H2H A~ Paecilomyces cicadae I}, Hii#
Y 25 IR S A5 1] 72 AR 48 X6t At By 465 1) H
AP RR A LSS, DR AN 7T 38 G 1 S bk 17
TR HE ) AR AR B PR, 451 A A 1 v R
AR, =Hr A m m AR R E
M58 = HF AR A2 25 il (0B % | A v T

104 EER

HIHEi&, P. cicadae )54 #1F 3.5-8.0x
1.5-3.5um, M5 HM M EZHES.
Cunninghum (1921) f5i8# P8 == 17 1. sinclairii
)53 A 9T K 7-8um; T Kobayasi (1939)
MHEARFRAFEIR 1. sinclairii 75347 FAX
EmE, KA 5.9%x2-3um;: 5 Koval ffiid
TCARPRA] 6-7x2-2.5um [A]Z WA K. JL
AR 3 AR A7 L2 B % s 1 XL
AT Bk R T, K/ 3.5-10.5%
1.5-4.5um, ik, LM EATFHERES
FEMEAX Ao FEAE BT 70 R AR,
(LE{RYRSIEINIZE | E VAT UEZ W AW [ W I LD 273
(R I ACURR 1 b BE R i 4H 5 v LABR AR s (HAE 73
T, BEZARRGEKE B E SR
RIS BEAE, WALEAT . WA
AR E XM E SRR — D, SJEX
FRINET AW 1. cicadae JTALLFR A 5T A]
RE 2 Ak 2200 i HBE 2 I Fh K

g bk, 2 AREKEUEE RN,
Isaria (Paecilomyces) cicadae 5B IRNTE T )
DLW & IR id 8k, (HIGR2 E &L 2
DNA Fp B #RZR I H — 5E H9 22 FEVE AN S o 1
BMES AR SR, XA U452 IZ INAT )
BE LRI R SR, HAHMEEER
Samson (1974) £E& AR HLIX 4345 AN [F] 1T
AP RFAE T A3, FFER — Y PhEAS [F] 1
X AN EAR A XFE R AR S 2 T BT & 1
AT XU AL R iR ) . AR A 7T A 45 R
B 7E [, 76 H AT E B 0% -METR LARS I
AL B SRR XL, AR BRI A8 A )
M KB 2 R A S B, R AT
REt & A & Fh 4, = B ic 4 YHICYY 001
FIT PR & RCEF HP090724-31 432 fr
k7 L — B A

Ji 7= BT P 25 S v SR MR R Isaria
sinclairii (Berk.) Lloyd #% Samson (1974) ZH &
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"N Paecilomyces cicadae, 1Eith 5% H# A i)
iH, ¥R HA, ERERKFLEETREY
TERORAFA KEE SN 1. sinclairii FIBRAS o
RYEA S, 7E GenBank H A AT A 5 i 22 Al
H A1) 1. sinclairii 731, R 64 2% 21| Suh et al.

(2016) LLiZ#4 AL ITCC 24400 THHE (57
HARFD B3 ANFA, B2 B RN
H/NERAE i, HAX g MRS
PAE VRN — IR D7 s (2388 45 2020) BT
A K. R ER X L FR A S B v = 4
R 1. sinclairii 752 R —PFh? 5E YR
I. cicadae &3 NE—1Fp? AHH 70 H b E Al
% X HIFRA S 1. cicadae & 15 NIE—4)Fh?
Fik—25, Samson (1974) ZH&7E 2T
S IAD (BRI 1. cosmopsaltria. W1
B AU 1. cryptotympanae). FEMFH (BHEHR
#d Isaria arbuscura) FAAEPNFR (UG T BLUERHE
WA Isaria harioti) 5 I. cicadae BX I. sinclairii
A — P r 2t F & 1 cicadae
complex RJHEFE &G WRLEFh 23X L6 ] K AE
KR W LW T — kXTI cicadae/l.
sinclairii 2 FEVE 8] BRI 78 A 22T 18

o E JE Cordyceps 5 H B W &

Beauveria 53 AW/~ Clade HISZFER AN AN G,
RA 69%, 1M HEJE N IR R IR 53 B >C
FERTEAL, A 48%A1 46% (1), X
LS LR E & (Cordyceps sensu stricto) 1F
NERWETEIKIAA L, M EZ RN Z
A7 55 7 FUEE 1) SCHF
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