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Two new recorded species in Cordyceps sensu lato
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Abstract: [Background] Cordyceps sensu lato was an important entomopathogenic fungus. [Objective]
The entomopathogenic fungi and its allies from Southwest China were investigated. [Methods] Specimens
were collected from Xishui and Huaxi in Guizhou province, and the target strains were isolated on PDA
media with antibiotics in the laboratory. Then these strains were identified by the morphological characters

Foundation items: National Natural Science Foundation of China (31460010, 31860002); Doctoral Fund of Guizhou
University of Traditional Chinese Medicine (3043-043170023); National First-class Construction
Discipline in Guizhou Province (Chinese Medical Science) (GNYL[2017]008); Engineering Research
Center of General Higher Education in Guizhou Province (Qianjiaohe(2015)337)
*Corresponding author: E-mail: Cordyceps@yeah.net
Received: 23-05-2019; Accepted: 21-10-2019; Published online: 29-11-2019
EE&TH: EXARRAIES (31460010, 31860002); B rp B2 K241+ 3845 (3043-043170023); SeMl & 22—
TR H (GNYL[2017]008); StMHE B & T TR H.CH H (B85 (2015)337)
*BIE1E&: E-mail: Cordyceps@yeah.net
ks HE: 2019-05-23; #EZ HHA: 2019-10-21; MKEEHAZHBHH: 2019-11-29



BT aE: T SRR R R

711

and phylogenetic analysis of ITS rDNA sequences. [Results] Five target strains were obtained. Strains
GY1113, GY90809 and GY90810 were very similar to the original description of Beauveria malawiensis
in morphology and clustered into a subclade with the sequences of B. malawiensis in phylogenetic tree;
strain A1997 was consistent with Cordyceps lepidopterorum in morphology and it was closely related with

the type sequence of C. lepidopterorum in phylogenetic tree; strain A1972 was very similar to the original
description of B. caledonica in the morphology and clustered into a subclade with the sequences of B.
caledonica in phylogenetic tree. Therefore, these strains were identified to three species, B. malawiensis,

C. lepidopterorum and B. caledonica, respectively. [Conclusion] B. malawiensis and C. lepidopterorum

are new to China.

Keywords: Beauveria, Cordyceps, Morphology, Phylogeny, New records
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FIEH BT T RE BRI AR, BEFEFIR |
EIET- IR . EATLA Uk rh 3Ry . A0y
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HRIORT I ORL R LR 7R R GE, IZE R A4 5
J& + % W ] (4dscomycota) , FH& 5% £l
(Sordariomycetes), A JFEH H (Hypocreales)i) 1L B F}
(Cordycipitaceae) . 2 HE R Ophiocordycipitaceae) .
% FATEFH Clavicipitaceae) 5 BHO BT, | SUHY H
TR EE AN A W E B Ophiocordyceps
sinensis (Berk.) GH. Sung, J.M. Sung, Hywel-Jones
& Spatafora, Ui HL & Cordyceps militaris (L.) Fr. .

WATE Isaria cicadae Miq. F T B HE, BFE
o3 IR R S B (R R I e B AR SE , f5ian
WA BT Beauveria spp. MBI Metarhizium
spp. 25 1 B BT D

1878 4, HAF|2##H Saccardo XJ4-H B
Cordyceps sinensis (Berk.) Sacc. i 17E %, ZRNF
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FUHT, 754> fit FAGE T 800 Al L R (f1
}& Cordyceps ' Ophiocordyceps) iy 24 B 57 25

J., mAKECHRIENA L 200 FF (http:/www.
indexfungorum.org/Names/Names.asp, 2019 4= 7
30 H), AT EZMBIA FHZM . EIT IR
T B X R A R R AR SC FLR BT PR AL, 70 257
) S ATER, B A1972, A1997 . GY 1113, GY90809
M GY90810, ZILASANFALI > T RGE AL G %
FE, A3 IR Ag 22 FAB T Beauveria caledonica
Bissett & Widden . b $i 4 [1 1 [ Beauveria
malawiensis S.A. Rehner & Aquino de Muro J% i ##
H ® ¥ Cordyceps lepidopterorum Mongkols.,
Noisrip., Thanakitp., Spatafora & Luangsa-ard,
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1.1 EHHSE. BERERENE

2 BT i PSR B vk, G B
FERREUPRAS [ D 22 S0 A BT PDA P-4l
b, 2541 °CH53% 3 d, BEKE IRAFPATRTE TR AR
W03 B B TR ARAZERD B AR BT PDA A |,
25+1 °C Ki% 14 d, FHBE W RBORA T L 4 2
LSRR 2238 L SR )5 BT AR T R T fO0 ™
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1.3 DNA {2El. PCR ¥ #&F0F
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W P22, RAEE RS WHESRIE S, %
HE ECPSE R 4] DNA $2H0RR S FEET T DNA $2H).

PCR ¥¥4: ITS Sy ¥R A9 1TS4 A
ITS5P7 . PCR & i & (25 pL): #E4Rk 2 pL
(10-100 mg/L), 514 ITS4 F1 ITS5 (0.4 pmol/L)¥
4 1 uL, Master Mix 12.5 uL, ddH,O 8.5 uL, PCR
B 452 94 °C 5 min; 94 °C 1 min, 50 °C 1 min,
72 °C 1 min, 35 PME¥; 72 °C 10 min, ¥ #4511
FEIRGIN 2 LB S Ok

DNA JllJ¥: PCR j=#4A4: TAY) TR (FE)
e A BRZA w2l AL AN 7 J5 ARAR 41, 26 T AR
J&, F GenBank 17 He X FIEMF 515 .
1.4 FILMFRZELE S

%% Mongkolsamrit 2510 [ {E 15 J8 J i 72
J& ITS 4 5k A1972. A1997. GYI1113,
GY90809 1 GY90810 /¥4I 7£ GenBank H' BLAST
RYZE R, FELIIREEELE Purpureocillium lilacinum

(Thom) Luangsa-ard, Houbraken, Hywel-Jones &
Samson N4, 28 MAFFT V7.037b! HEFT %51 e

X F T IE & MEGA 6 #4485 V)5 , f- 470 Fasta
# X o MrBayes 3.2 47 D1 - 3r 4 B 2
(bayesian inference, BI)ZMHr*, %4 Modeltest 3.71**!
R B AR AT B AR BR ) GTR+G. i [F] 22 5 e
KR H 4y A b R 22 5% (gamma-distributed  rate
variation), JAA AR 8, HRSHOIEIA
{8 *H MCMCMC (Metropolis-coupled Markov
Chain Monte Carlo)¥:iz% 10 000 000 1%,
500 FRIBCRE 1 70, MAS BN IREA & 35 25 000 1~
MREAS 5 A3 BB, F TreeGraph2 "4 7 .
[ B ZE 8K/ MEGA 6 "R A e KARI#R (maximum
likelihood, ML) 1 000 ¥X Bootstrap 6 jiF#4) & &
Gk B

2 HR540H
2.1 HEFRICRMBIRISHIL
(1) SHYERER 1
Beauveria malawiensis S.A. Rehner & Aquino

de Muro, in Rehner, Muro & Bischoff, Mycotaxon
98: 140, 2006

: o‘ 8 07

E1 Si%AER GY0809

Figure 1 Beauveria malawiensis GY90809

T A YRR ; B-C: PDA B35 b TA T4 M0 IE I A5 1 5
D-E: F=fgith; F: /-4 fF. 8K : B-C=10 mm; D-F=10 um.
Note: A: Infected insect; B—C: Colonies on PDA; D-E:

Conidiogenous structures; F: Conidia. Bars: B—C=10 mm;
D-F=10 um.

PDA 53t [, 25°C TAK 14d, HEER
Alik 40-42 mm, AT A, AERZE6, B
SRR, W R R SRR . YR T ]
W, BIRWLL, S, 8L EW, RIEDLH,
$E 1.6-2.3 pm. S AOAMMERA B A, FEERERIE
2.3-3.1 um, ToERMTpe, H—mpyaifiRaity, &
AFNE . AR, (3.0-3.7)x(1.1-1.4) um,
EW, JokE, REOLH

WFFEARAS SRR - >R F ARIR XA AUS 52 M B 17
P27 B (N26°23'0.49”, E106°40'47.37")%t IR AZ bk
PIASRLTE 2, AF o R H B0 | S H R A
A HMN B, e ER GY1113. GY90809
M GY90810, FEAMRAET 5t M K2 HIE TR
FIf(GZACQ),

i RN, BHATT; =, fRlmil,
() HPEHRE 2

Cordyceps lepidopterorum Mongkols., Noisrip.,

Thanakitp.,  Spatafora =~ &  Luangsa-ard, in
Mongkolsamrit, = Noisripoom,  Thanakitpipattana,
Wutikhun, Spatafora & Luangsa-ard, Mycologia

110(1): 247, 2018
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2 BHAERE A1997

Figure 2  Cordyceps lepidopterorum A1997

e A: YURRYE I B-C: PDA B3k EAYTEVE Ay IE A 1A 5
D: =M ; E: 4T FRR: B-C=10 mm; D-E=10 um.
Note: A: Infected insect; B—C: Colonies on PDA; D:

Conidiogenous structures; E: Conidia. Bars: B—C=10 mm;
D—E=10 pum.

PDA Hi3#3 |, 25°C TAK 14d, EEEHE
Alik 56-59 mm, AR Z A6, B%, MHAER,
PR T B KR 7 A0 S IR A, VR T AR IR
o, W58 1.4-2.3 um, 47F&, EW, Jtir. o4
PR AR BBl 23 AN R SRS AL I BR
e, LB, B — B 5 S
2.8-4.0 ym. SrEHIFIER, Gk, REOGHE, 2
MR, (7.5-10.2)%(3.0-3.5) pm.

WFSE TR : R B 5248 38 ST 2K 220K 5 AR
{471 IX (N28°29'56", E106°24'31")5t 1R S piAti kL
wE, FENEEHEMNER, 3R E
A1997 . TE A DR A7 T 5 MR 27 EL TR 9% 5 0T 5% i
(GZAC),

o)A BN, 2IKE
22 EMFByRSHER
HE=ZHER 3

Beauveria caledonica Bissett & Widden, Can. J.
Bot. 66(2): 361, 1988

B3 FHIEZAER A1972

Figure 3 Beauveria caledonica A1972

e A YYRHYE HL; B—C: PDA B53R3E b AY Y4 AY IE M A I 5
D-F: j7fightty; G: 43E#F. #7R: B-C=10 mm; D-G=10 pm.
Note: A: Infected insect; B—C: Colonies on PDA; D-F:

Conidiogenous structures; G: Conidia. Bars: B-C=10 mm; D-G=
10 pm.

PDA Kigfdk b, 25°C FAK 14d, WK HER
Al3A 6673 mm, JCAMT A, KAEWZHEG, M
SER, WIETPRIE TS, BRERKA, 5
FIREM, WKETHIREG, BREL, 2k, 55
ke, B, KEOCH, 95 1.8-2.5 um, = HIZNHL A
SRR, HEERIE , 2.3-2.8 pm SR B RS IEK,
(6.1-13.0)x(1.1-2.2) pm, D@k, H—%mrank
HEREEH, BN, ARTFRATE, 2,
B, ok, FEE, (1.9-3.2)x(1.2-1.5) um,

WFFE AR : R A 50N 4 18 S I 7K EL STk A 4R
T3P X (N28°29'56", E106°24'3 1"t I TR A8 i b
T2, A O E F R, S B AR R R R A1972,
PRIFPORAE T 50N R 2 EL A R IR F S BT (GZAC),

OV SN, SRR W, BT,
23 RFELABESH

ST 32 N3 TR ITS Bidk4E, @it
I3 2 (BI) Al KA SR 1 (ML) M A R 48 % B A
IR, PR ISR RN SR, 25 ERE
BIFREWE 4). Hi, Hfk GY1113. GY90809
1 GY90810 &5 Hydir 4 11 4 A o o e B HAth B bk
DL 2R R (ML/BI N 99/1) R — 0375 bk
A1997 5 B R R AR A At B ik LU
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A1972 (MK956906)
g7/1|Beauveria caledonica ARSEF 1567 (HQ880816)
Beauveria caledonica ARSEF 2567 (HQ880817)
Beauveria caledonica ARSEF 4302 (HQ880821)
' Beauveria caledonica ARSEF 8024 (HQ880818)
Beauveria caledonica ARSEF 2251 (AY532003)
~/0.65Beauveria caledonica ARSEF 7117 (HQ880820)
go/1|Beauveria loeiensis BCC 23105 (FJ459785)
|Beauveria loeiensis BCC 23104 (F1459784)
\Beauveria loeiensis BCC 23107 (F1459786)

5 Beauveria amorpha ARSEF 2641 (HQ880808)
\Beauveria amorpha ARSEF 4149 (HQ880804)

\Beauveria amorpha ARSEF 7542 (HQ880805)
Beauveria pseudobassiana ARSEF 7242 (HQ880793)
(7| Beauveria pseudobassiana ARSEF 3216 (HQ880794)
58/0.891°| 'Beauveria pseudobassiana ARSEF 3529 (HQ880795)

Beauveria brongniartii ARSEF 2831 (HQ880778)
‘|Beauveria brongniartii ARSEF 7516 (HQ880766)
Beauveria brongniartii ARSEF 10280 (HQ880771)
Beauveria majiangensis GZU12141 (MG052642)
\Beauveria majiangensis GZU12142 (MG052643)
Beauveria asiatica ARSEF 4850 (HQ880787)
Beauveria asiatica ARSEF 4384 (HQ880785)
Beauveria asiatica ARSEF 4474 (HQ880786)
76|-L_érgmmverm bassiana ARSEF 1040 (HQ880758)

62/0.9%

Beauveria bassiana ARSEF 300 (HQ880759)
-Beauveria bassiana ARSEF 1564 (HQ880761)
| LBeauveria bassiana ARSEF 7518 (HQ880762)
‘|Bea1n'eria australis ARSEF 4580 (HQ880788)

Beauveria australis ARSEF 4598 (HQ880789)
Beauveria ausiralis ARSEF 4622 (HQ880790)
{Beauveria varroae ARSEF 2694 (HQS80802)

ia varroae ARSEF 8259 (HQ880801)
|Beauveria varroae ARSEF 8257 (HQ880800)
82/0.72 __Beaveria diapheromeriphila QCNE 186272 (JQ958599)

10071 Beauveria diapheromeriphila QCNE 186714 (JQ58603)
Beauveria acridophila QCNE 186726 (JQ958605)
ia acridophila MCA 1181 (JQ958607)
99/1Beauveria locustiphila HUA 179217 (JQ958609)
'Beauveria locustiphila HUA 179218 (JQ958606)
goy1| Beauveria hoplocheli B121 (KC339687)
—{Beam'eria hoplocheli Bt99 (KC339698)
Beauveria hoplocheli Bt96 (KC339697)
-Beauveria malawiensis BCC 17613 (HQ880824)
Beauveria malawiensis ARSEF 7760 (HQ880825)

927 GY1113 (MK956943)
Beauveria malawiensis IMI 228343 (DQ376247)
GY90809 (MK956945)
GY90810 (MK956942)

Beauveria gryllotalpidicola BCC 19481 (FI584321)
'/%[Beamwia grvllotaipidicola BCC 26300 (F1459787)
By

66/0.78 eauveria sungii ARSEF 7281 (HQ880815)
\Beauveria sungii ARSEF 7279 (HQ880813)
61/0.7671[3/0-8¥ Beauveria sungii ARSEF 7280 (HQ880814)
/1 Samsoniella alboaurantium CBS 240.32 (AY624178)
'Samsoniella alboaurantium CBS 262.58 (AY624179)
[Samsoniella inthanonensis TBRC 7270 (MF140759)
[Samsoniella inthanonensis TBRC 7916 (MF140760)
570.83Samsoniella aurantia TBRC 7271 (MF140764)
[Samsoniella inthanonensis TBRC 7915 (MF140761)
Samsoniella aurantia TBRC 7272 (MF140763)
'Samsoniella aurantia TBRC 7273 (MF140762)

_{jcardy(‘ep: tuberculata BCC 16819 (GQ250012)

— Cordyceps tuberculata OSC 111002 (TN049830)
Cordyceps javanica TBRC 7260 (MF140744)
Cordyceps javanica TBRC 7262 (MF140746)
Cordyceps javanica CBS 134.22 (MH854719)
Cordyceps cateniobliqua CBS 153.83 (MHS61560)
Cordyceps morakotii TBRC 7275 (KT261388)
100/1Cordyceps morakotii TBRC 7276 (KT261390)
84/0.94 (Cordyceps cateniannulata TBRC 7258 (MF140753)
Cordyceps cateniannulata CBS 152.83 (AY624172)
gg/1|Cordyeps fimosorosea CBS 107.10 (AY624184)

Cordyceps fumosorosea CBS 337.52 (EF411219)
Cordyceps fumosorosea CBS 375.70 (AY624183)
Cordyceps tenuipes TBRC 7266 (MF140742)
Cordyceps tenuipes TBRC 7267 (MF140740)
Cordyceps tenuipes TBRC 7265 (MF140741)
100/1 {Cordyceps coleopterora CBS 102.73 (AY624176)
Cordyceps coleopterora CBS 110.73 (AY624177)

10%

A1997 (MK956041)
Cordyceps lepidopterorum TBRC 7263 (MF140765)

Cordyceps lepidopterorum TBRC 7264 (MF140766)

Cordyceps takaomontana BCC 12688 (EU807996)

Cordyceps blackwelliae TBRC 7256 (MF140736)

75 Cordyceps blackwelliae TBRC 7255 (MF140737)

Simplicilium lamellicola CBS 116.25 (AJ292393)

Simplicilium lanosoniveum CBS 101267 (A1292395)

Blackwellomyces cardinalis OSC 93610 (IN049843)

Blackwellomyces pseudomilitaris NBRC 101409 (TN943305)

-T5\Blackwellomyces pseudomilitaris NBRC 101410 (IN943307)

1 Purpureocilium lilacinus CBS 284.36 (AY624189)
100/ Purpureocilium lilacinus CBS 431.87 (AY624188)

B4 BREREREBXHHET ITS rDNA F5#EER
REREWH

Figure 4 Phylogenetic tree of the target strains and its
allies constructed from ITS rDNA sequences

e A G EUE S A ML/BI FFR4UE ; AR RFTR
TR R T ARk

Notes: Statistical support values (ML/BI) were shown at nodes;
Scale label presented distance scale; T: Refers to the ex-type strain.

FHRML/BI N 78/0.95)REM— 14 %5 Hkk
A1972 LA X HR(ML/BI 2 99/1)5 95k% 2= IS
BETRR S HAB TR R B R — 03 I RGER
BTSSR SFFAWIIE 5 AR 1 5 HARR 3 4
FIAYSE R
3 WikESR

R SR AT TR R bRl R4, H R
MR A AERT, I E T TS SR A YIBR
FRE, IR BRI B s R,
R R TLTR e HLTE R FL A, U2 AR
AT S R T AT R SETER,
JR AR 0 R B TEARAME AR VIR IA
Rz Y, P E R A AR A
ZRIH{E R Beauveria amorpha (Hohn.) Minnis,
S.A. Rehner & Humber™®” , Beauveria sobolifera Zuo
Y. Liu, Z.Q. Liang, Whalley, A.Y. Liu & Y.J. Yao"!,
JA% = F & I Beauveria caledonica Bissett &
Widden®®, th4E 1B Beauveria sinensis Ming J.
Chen, Z.Z. Li & B. Huang™, 25 [C. (1184 Beauveria
lii Sheng L. Zhang & B. Huang™', WkA: 1B

Beauveria araneola Wan H. Chen, Y.F. Han, Z.Q.

Liang & D.C. Jin®, BR# (1B Beauveria
bassiana (Bals.-Criv.) Vuill®¥ | i & 1 18 &
Beauveria brongniartii (Sacc.) Petch®!, Beauveria

loeiensis Luangsa-ard, Tasan., Khons., Thanakitp. &
Somrith.” | JFEIT. (B B Beauveria majiangensis W.H.
Chen, M. Liu, Z.X. Huang, GM. Yang, Y.F. Han, J.D.
Liang & Z.Q. Liang[34] , 5B HIER Beauveria
yunnanensis Z.H. Chen & L. Xu**)FI{ 11 {8
Beauveria baoshanensis Z.H. Chen & L. Xu!*®!,

o fr 4 (B B (Beauveria malawiensis) N
Rehner ZE5HEE I — ST 00 28 800, LB
SESVRRIE A B AT 1) 73 A= 485, BB 1Y 20 A 96 145
KRB A . Bk GY90809 7 f 41 it Ay Bk
B, Ay 24K, 5 DA gE R r R R R
(IMI 228343)WHFIET 431 &, BRI A+ K/
(3.0-3.7)x(1.1-1.4) pm 5 # X B ¥k (3.7-4.5)x
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(1.3-1.9) pm fF7EZE S H 5 E R GY90809 A FE
E—E M ERE GY1113 Fl GY90810 /A fF Rk
IN Ay B R (3.8-62)x(1.5-1.8) pm  Fl (2.3-3.8)x
(1.3—1.6) pm,, [T, S 4 AR B A 20 A f 1 R/
AR, LT ITS 1DNA JFHIM RS LT 4
Mrig s, Btk GY1113, GY90809 1 GY90810 5
Tl iy 24 11 A R TR Pk TMIT 228343 J% Hofth W ik 74
DL SZHBR(ML/BIL g 99/1) B8 i — 437 .
M, RELRE LR EFLEENEER, Rk
GY1113., GY90809 1 GY90810 >y Th 4 (i fE= i .
Chen Z5*015crb AT 3 AR R LA, 3R A 147
IR S RLAE PR R — o E e

IpAE 22 B (B. caledonica), A Bissett £l
Widden T 1988 4E4RIE 1 #7702 octY, Hifpil
R REAE BT TR ZERATE, Sk, K
N B E OB R AR AL, [(249)3.0-5.0(-6.5)]
[1.0-1.8(—2.0)] um. £k A1972 /A1 N IRATE ,
25, (1.9-3.2)x(1.2-1.5) pm, 570K 2% FIE
A HBE ARSEF2567 Wik dEw #alr. MiLF ITS
PO RGE R B s, Wtk A1972 58
Pk ARSEF2567 K AR A% LA 32 4% (ML/BI
OINREW—4r3L, W, RGEKRE 5T HE
TEARFLREMZER, HAR A1972 NFRHE 22 AR,
h— BRI

g ¥ H B B (Cordyceps lepidopterorum) 5
Mongkolsamrit 2458 Y HT/32E BoT, HAR
PR(TBRC7263) ML B KEAE Sy HAT S o A X7 Hu 45
B, BAEISRERTE , 43 A7 TR (6-10)x(3—4) pm.
R A1997 [RIFEEAG S A 24, AR
W ERIE, 2AEMFHEIE, (7.5-10.2)x
(3.0-3.5) pum S8EH B d BB EERTR IR W)
Ao T ITS 1DNA P ARG LT 0, itk
A1997 58H# F R BB bk TBRC7263 K& 55—
Pk TBRC7264 LU 5 3-8 38(ML/BI Jy 78/0.95)5 4
B— 3. W, RERT I SCRib 875w
Z50%, BIVERTRR A1997 M H due [ R DL g
H R fiaE, R 5 d oy — b E st
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