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Re-description of two entomopathogenic fungi in Hirsutella Pat.
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Abstract: [Objective] We studied resources, diversity and taxonomic information of the genus
Hirsutella. [Methods] We identified two fungal samples GZUIFR-dj14 and GZUIFR-dyl from
Guizhou Province, which parasitized adult of Cercopidac (Homoptera) and Dioryctria splendidella
(Lepidoptera) through morphological characteristics and phylogenic analyses based on tefl, ITS and
28S rDNA sequences. [Results] The two fungi were identified as Hirsutella changbeisanensis and
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Hirsutella leizhouensis. [Conclusion] Two new fungal isolates were studied with their information of
hosts, habitats, molecular sequences and phylogenetics.

Keywords: Entomopathogenic fungus, Hirsutella Pat., Taxonomic research, Information supplement

Wt BAE (Hirsutella Pat.) & 5 0% R B i
FE U EE R —, HICrERR e T A e
H (Hypocreales)ZkJE H #iF}H(Ophiocordycipitaceae) ',
F 1892 4F Patouillard™ LAV B ¥ B Hirsutella
entomophila Pat fENEEAF A ZBLOE, ZEE
GO AN B i . B EfE REHF) 2, T8
90 MR NER H. uncinata Seifert & Boulay 435
T TEAJB R I ZERPIH H. piligena Bourdot
& Galzin EITFEEYSN, LR BAH 70 45,
AR 3 B, AR 12 B, AW
WRAYAT 3 AP 2 RS HA G YE R L X A
SORBRHER . AN, B sk
RIZR, SR BT, AHES, HorFh
AT PR BIE TR s A A e
fil, —BEEIE . WEDE . 8 . BIPEEEHE,
HTAE BATA (sl e R

BB AR FL A IR R T R ) I A AR AR
B FoH g AT R S EL R I 2R
HR 28 SR e I 2 e Je — St H B U A= 4
B AT B A . PR BHAReRT ', 5
Hh, ZE BT R ZECE AR R AIY BB ) Tk
BB, THREIEARM T2 E R E LGSR,
DKL A= 3 P 0 Jo N 245 At o R B
N2 5P S S

PEBAE DT IET 20 H22 20-50 £4E4X0H],
Petch Z&Xf 4 BHAT 7 RKEMIE, K/aiE T
25 R, (HYE R R HA R A A
il = U4 4R 2% B BB XbmAs | i LU G SCiR 2 A
B, EF] 70-80 4%, LU Minter 25 A RR AT
e DRt DN RN L AVANEE: AW S K= =5 ALl
21 ik, EWAMTHEERE 5 2EE B HE
AHXFR L, 22 R el I Fh i 438 . Simmons 55 X
K[ 46 MPCBAMHTT T IR SNE RIS, JFEE
TISFHERGEHNXNZE T T REL T, W

K Fm TixE s FeE R, (HEAX I 2RE R
Bl AR AT S R FEL ),

SR YT EL ) A 4 2 582 o U B A
RERBVF, BUKSE DNA HdEmAS gL E
R WAESE R . ESFHESE) RGN, 153
PRI — AR Z BRI P A AR IR, AN 2k
AR IR G 2R Z BV BT
fE. MEANTE, 3 F A AR DL A AL Ak
PRAMEG 2 A 2T I, SRS AS
73 R IE XS W B L ) B SEATS IR BAT B A S PR
X, R F RG A FE S S M5 LUl
Hirsutella JE WL G R N R G LB RMHET
FRT S . HHET, Hirsutella JEAAVFZYIFITELS
R P TP 0 3 2R A5 B e B sk I A
ARy | iR HA T R R o B AR L B
PEALH T EU A bR e R 0 TP HIME B 4 X ER 4R
JE ST MR IR BE . B, X Hirsutella J& 2.
U Fl ) B IR RN O3 st A 2 AR B A AN E A
WHBLIR) , R R Z 2R LR I AR W BT IR 5 I LT
R B 5 i

TEXT 5 A8 VL L SR A AR XA T e A
IR A AR, 23 R A B A AR A TR IR}
(Cercopidae) — Flt i W F1 #3 K4 W (Dioryctria
splendidella Herrich-Schaeffer) il H i FLEbRAS, Xf
HAT T %8, A E R K Pl
E 4 (H. changbeisanensis) 1 55 M # & 1 (H.
leizhouensis) . FH T X AP EAPR A AR A
PRIy E gk HIRUR 2R A5 R sk, ik
XX R T TR SRE . Blfg . Bk
PEIR NS>8t 225 B 7E.

1 RS H 3%

1.1 #8
111 ARZAR: BRAS 1R A SRMNE T BT B 2R PR
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PIX (28°11723"N, 107°51'35"E), 2F 3 M [F# H Ik
WA} (Cercopidae, Homoptera)—Fi i H . brAdhi
& GZUIFR-dj14, >RAERFER 2016 4F 5 H, Bk
43 GZUIFR-hir1 60527 54 5 BARARAE T3
R2F EL I R IEAESE P (Institute of Fungal Resources
Collection, Guizhou University, GZAC), FpA 2 3K
B oM A A S L Ak 3 (26°15'46"N
107°30'52"E) , af &y i 0 H 8wk B LAY IR
(Dioryctria splendidella, Pyralidae, Lepidoptera),
FrA G5 h GZUIFR-dy 1, SRAEBTA] S 2014 4E 5 7,
FIES 54 GZUIFR-hir140506, 54 5 bR IRAE T
TN R H R R T(GZAC)

1.1.2 EFERFERXFIFLEE: PDA H5ESMH
SCHR[I3TRCH . #IA0E . Zhs . KMk . FLR. A
IR HOI B AEA AN b e, [ 2454
Atk 2= XA PR vl s I DNA 42 HU R &
OMEGA" Fungal DNA Kit, %[ OMEGA Bio-Tek /3
Al 62 B4 BKS000, SE[E OPTEC A Al ; 434
Hi 5% S-3400N, H X HITACHI A+ .

1.1.3 &K MEER: RIKE 0.025 g, IR
10.000 g, f14HR 10.000 g, Hl 20.000 g, Z&iHEK
10 mL. Fcil 78 J5 FAUZ B4t iE 5 25 F

1.2 FH&

1.2.1 ZMEMEBEESBSESR: olind ik
WK T e, F 75%0) BRI B bR AR SR 1
3-5s, PEWTAF EEE HNERAS, RN BRI 2
POSETCH . SAPUEREERR 40 U/mL, FEHR
40 U/mL)) PDA A I, BhEGERA N SEI A T R
AR MR 7S, 7E 22 °C F 13 20 d J5 WELH
TR B O A o SR Al AL 1 TR 75 DR A7 2
5, SCHE MRS S 239 GZUIFR-hir160527 Al
GZUIFR-hir140506, 7£ PDA §i#3k Fi g T4
L, BEFRAAEN: JEME 12 h, BBKE 12 h, 22 °C,
20d.

122 XFRMBEMPAEBEENE. HEWHREE
BTN G2, 95%TEME 5 s 5, I
Jeft 3 min DUE, D6 RGPS, H

F 4 s 5% (Scanning electron microscope, SEM)E
SLRE A AL PSR Cao ZE PR T I:0EA T, WA
g, BIA PDA B55R%E EHRE 1 om® 24 AR,
F 4% R 4 °C IR, IR ER S o
(137 mmol/L NaCl, 2.7 mmol/L KCI, 8.1 mmol/L
Na,HPO,, 1.5 mmol/L KH,PO4, pH 7.4)H{k 3 X,
R 10 min; 4351 30%. 50%., 70%. 90%. 95%.
100% ZBEFATIZERIBOK , 9% 10 min; [ /K5 {8 ]
HIG A CO, THEFES, FJami 4 TR REE T T
pUEZS sl

1.2.3 DNA RY$2EX. PCR ¥ KM M PDA F
B ERIECE 22 0.05-0.10 g F-F DNA AY#EHL, KA
FLA DNA B & 32 U4 DNA, Bifl)5 DL LE
JLHY] DNA b, weA&51xt it 236 H Ty
IR 14, 514k (1) 983F H1 2218RPHIT refl
P14 5 (2) LROR Fl LR H T4 184 28S rRNA JE[H
(3) ITSI I ITS2ZVHF9 4 ITS rDNA. PCR =4
i% ¥ Invitrogen 2> R 4liAL A0

124 ETFZEAFINERKZAE ST WPL
2% BioEdit T AT TALIE , 28 Sequin F{4-4
5 HEAE GenBank JKEUE %5 J¥414 BLAST J&
TERAUE R T 84%A9HI T S I8 BRI tef1 1TS
F128S rDNA 3 MR FHI(EE 1); FA#fTZEI
Xt Sequence Matrix 1.7.8 #{FPfHE, Eut
JMODELTEST 2.1.7 i1 74 1 AR 1R B et 24
LA Cordyceps gunnii Berk. 4N, F MrBayes 3.1.2
FHERGRTI, 1877 50 JT1C)E B 5 25%MREAR;
5 6 FH FigTree 1.4.2 gw Rk FA A

2 ZRE54M
21 KAWFEEMSZMmmMm  E1

Hirsutella changbeisanensis 7.Q. Liang  Figure 1

HARE S K EIE2Z, TR A, RARTE
PDA HiFidk FAE KRGS, 20-22 °C 557 20 d J5 &
% HA% 7.8 mm—13.0 mm; E7ERMEFEE, SR
A, hGRASEFHL, W2eMmt, S8R, Bl
KA, BHERE, ARESURAEZET4 . HLE
BH OGS, B8 1.8 um=3.5 um; A HEE A THZ
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x1 RARFESNAAFTIRE GenBank ERS

Table 1 Sequences and GenBank accession numbers used for phylogenetic analysis

Sztfes ITStDNA  28StDNA  fefl tDNA Sztfes ITStDNA 28S rDNA tefl rtDNA
H. leizhouensis KY415573 KY415580 KY415587 :H. thompsonii var. thompsonii KM652177 KM652131 KM652014
H. changbeisanensis KY415578 KY415586 KY415592 :H thompsonii var. vinacea KM652194 KM652149 KM652028
H. nodulosa KM652165 KM652117 KM652000 H. citriformis (Delphacidae) KM652151 KM652103 KM651987
H. liboensis KM652163 KM652115 KY415588 :H. citriformis (Cixiidae) KM652153 KM652105 KM651989
H. leigongshanensis KY415574 KY415581 KY415589 iH. citriformis (Psyliidae) KM652155 KM652107 KM651991
H. satumaensis KM652172 KM652125 KM652008 iH. thompsonii (Eriophyidae) KM652179 KM652133 KM652016
H. tortricicola KT368152 KY415583 KY415591 :H. thompsonii (Tetranychidae) KM652188 KM652143 KM652024
H. lecaniicola KM652162 KM652114 KM651998 iH. thompsonii var. synnematosa  KM652193 KM652148 KM652027
H. illustris KM652160 KM652112 KM651996 iH. rhossiliensis (Heteroderide) —~ KM652168 KM652121 KM652004
H. kirchneri KM652161  KM652113 KM651997 ' H. rhossiliensis (Criconematidae) KM652170 KM652123 KM652006
H. versicolor KJ524678  KM652150 KM652029 H cryptosclerotium KM652157 KM652109 KM651992
H. guyana KM652158 KM652111  KM651994 Ophiocordyceps robertsii KC561978 EF468826 EF468766
H. uncinata KJ524691 KJ524712 = 10. stylophora JN049828  JN941449 DQ522337
H. subulata KM652176 KM652130 KM652013 O. acicularis JN049820  EF468805 EF468744
H. necatrix KM652164 KM652116 KM651999 O. ¢f. acicularis GU723765 DQS518757 DQ522326
H. minnesotensis DQO078757 KJ524703 = O. xuefengensis KC631800 KX090288 KC631791
H. gigantea KJ524679  KJ524700  JX566980 :O. cochlidiicola AB027377 KJ878884 KJ878965
H. cf. haptospora KM652166 KM652118 KM652001 O. sinensis HM140631 KU239985 EF468767
H. sinensis KM652173 KM652126 KM652010 O. macroacicularis AB968402 AB968418 AB968576
H. strigosa KM652175 KM652129 KM652011 ' Cordyceps gunnii HM140630 HM140633 AY489616
O. myrmicarum JX566963  JX566967  JX566973 - - -

Ve - KPS

Note: —: No sequence.

FEFRILAFEIE , MK, (6.5-20.0) pmx(1.8—5.4) pm;
] EARAK, (8.1-18.0) pmx1.0 pm, HAFHE 7 E
2-3A/NE, el s EER . AR, B
U, U 2GR , (4.0-7.0) pumx(2.5-3.5) um;
SRR, BB, frEIE 2RI,
(6.5-8.5) umx(4.5-8.5) um, — B F— LT

AHERL KA

A F: FME, rfwg, PR,

B AR A . GZUIFR-dj-14 5 A< S 43 25 #k
GZUIFR-hir160527 $AA7F 5t M K2 B 1R 5% s A
ST 0 (GZAC)

X PR TARACR A

MycoBank: MB 819473; GenBank: KY415578,

KY415586, KY415592.
The insect covered with grey and white hyphae,

without synnemata. The fungus spreading slowly on
the PDA agar medium under 20—22 °C and diameter
to 7.8 mm—13.0 mm after 20 d; the colony is covered
with irregular, dense bulges and grey white sparse
flocculent aerial hyphae. The colonies margin is
embedded in the medium, much dark pigment secreting
into the media make the back of colonies show black.
Hyphae hyaline, smooth early, and wart found on the
surface of old one, septate, ca. 1.8 um—3.5 pm wide.
Conidiogenous cell phialidic, mononematous, and borne
perpendicular to the hyphae, basally inflated, cylindric,
(6.5-20.0) umx(1.8-5.4) um long, tapering to a
slender, verruculose, with narrow neck 8.1 um—18.0 pm
long, 1.0 um wide; phialides formed directly from the
mycelium end, single or occasional branched
phialides with 2—3 in a whorl. Conidia ellipsoid or
orange segment, (4.0—7.0) umx(2.5—3.5) pum, usually
embedded one or two in a conspicuous mucous sheath,
(6.5-8.5) pmx(4.5—8.5) pm.
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B 1 KAWLKEBEZFEM~HMAMLE GZUIFR-hir160527
Figure 1 Colonies and conidiogenous cells structures of Hirsutella changbeisanensis GZUIFR-hir160527
TE: A RMPEELZNEEAUA; B, C. PDA B3R BRI 20 d RN, B NEKIEN, C NEKE; D. E. F: )&
R T AR AAE s G H 1o ST - fgn e f s A /7. #7R: A5 5mm; B, C24 10 mm; D-H

2710 pm; 14 5 pm.

Note: A: The insect of Cercopidae coated with hyphae; B, C: Colonial morphology on PDA agar medium for 20 days culture, B for the
positive of colony, C for the back of colony; D, E, F: Conidiogenous cells structure and conidia (LM); G, H, I: Conidiogenous cells and

conidia (SEM). Bar: A=5 mm; B, C=10 mm; D-H=10 pm; I=5 pm.

Teleomorph: Unknown.

Host: Homoptera, Cicadellidae; Cercopidae adult.

Holotypus: GZUIFR-dj14 and its asexual stage
isolated strain GZUIFR-hir160527 were deposited in
the GZAC.

Etymology: The species is named for the locality
of the specimen.
22 FEMHERTEMM  E2
Hirsutella leizhouensis HM.Fang & SM.Tan  Figure 2

MARRPEABRAORHZ, TAMR™
5 IZWAE PDA g gk EAKGEE, 20-22 °C R
20 d B & HAR M 12 mm—16 mm; &% 1E R 51 £,

ke, RARLCREOE, RUBEFERSER,
HIRAF SRR G, AERBE, ViEEekR,
1.0 cm—1.5 cm; P7E S5 FRILAE AR, &R
FERTICT B, 75 O N R R R R 22 o
SR, B8 2.3 um=3.0 um, YEIFaiEPE, AR E %
EETHZLE, SH2ZSEEMSEM, AN
HAE, YR 22 T ] EEIE RO AR AL
B M. A RURMIRIAE, IR, 2hisiRg
HNAESTE, JHEIReREH, K 13.0 pm—25.0 pm,
FEFRTE 1.8 um—3.6 um; B RUFHHEEHETE, SETEA
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TP, bR ], SIRHER, 4K 18.5 pm=30.0 pm,
BEER5E 1.2 pm=3.6 pm. AETRABTREAE.
FAHEFILR, A 13 M0k, A 4 4
ST ICE, REIEEATEIR, AU,
(2.0-3.6) umx(3.6-5.4) um; S3A T HER .

AVERTB: RH,

A BEHH, #R, RERe; BEEH,
WA}, AN

B FRA . GZUIFR-dy-1 #R A< K /% 5 bk
GZUIFR-hir140506 3R 47 T 5 MR 2 FL I BT A
FERIR .0 (GZAC)

W PR ARAR A

MycoBank: MB355465; GenBank: KY415573,
KY415580, KY415587.

The insect coated with villous and white hyphae,
without synnemata. The fungus spreading slowly
under 20—22 °C on the PDA agar medium and diameter

to 12 mm—16 mm after 20 d; the colony is covered
with irregular, dense bulges and creamy white

flocculent aerial hyphae. The colonies margin is
embedded in the medium, much light brown or brown
pigment secreting into the media, the pigment
diffusion circle larger, 1.0 cm—1.5 cm; the surface of
the colony showed crack-like groove. Hyphae hyaline,
smooth early and wart found on the surface of old one,
septate, ca. 2.3 um—3.0 um wide. Phialides arise at
direct or acute angle to the subtending hyphae and
some of them opposite or directly formed at the top of
hyphae. Two bottles of terrier type were formed,
A-phialides, lageniform, middle part suddenly tapering
to a twisted neck, width of base 1.8 um—3.6 um, length
13.0 um—25.0 um; B-phialides, 18.5 pm—30.0 pm long,
subulate with barely inflated base, 1.2 pm—3.6 um
broad, tapering to a slender, verruculose and twisted
neck; Phialides single or occasional branched with
1-3 in a whorl. Conidia ellipsoid or lemon-like,
(2.0-3.6) umx(3.6-5.4) pm, usually embedded in
mucous sheath.

Teleomorph: Unknown.

Host: Lepidoptera, Cossidae,
castaneae Hiibner; Pyraloidea, Dioryctria splendidella.

Phragmatoecia

2 BN EBEZIFEMZREEH GZUIFR-hir140506

Figure 2 Colonies and conidiogenous cells structures of Hirsutella leizhouensis GZUIFR-hir140506
TE: Ar AR L AAAMEIR A B C: PDA RiFRJERIFE 20 d JRIE A EIF , B AEYEIET, C NI H; D, E. F: S0 RMET
I F PRI 5. R AN Smm; BHAIC A 10mm; D, E. F 4 10 um.

Note: A: Infected Dioryctria splendidella specimens on a pine; B, C: Colonial morphology on PDA agar medium for 20 days culture, B for the
positive of colony, C for the back of colony; D, E, F: Conidiogenous structure and conidia (LM). Bar: A=5 mm; B, C=10 mm; D, E, F=10 pm.
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Typus: GZUIFR-dyl and its asexual stage
isolated strain GZUIFR-hir140506 were deposited in
the GZAC.

Etymology: The species is named for the locality
of the specimen.

23 RBPEEIMN

Pl JE UL Cordyceps gunnii Berk A A 4MNHFS)
HEMRGERKBEME )T KRB 4 S A
thompsonii, H. citriformis . H. sinensis 1 H. nodulosa,

Y5 Simmons ZERIBFST SIS RA—FC, Hd A

Hirsutella subulata
Hirsutella nodulosa
Ophiocordyceps cf. acicularis
Ophiocordyceps cochlidiicola
Ophiocordyceps acicularis
Hirsutella lecaniicola
Hirsutella cf. haptospora
Hirsutella rhossiliensis (Heteroderide)
Hirsutella rhossiliensis (Criconematidae)
Ophiocordyceps stylophora
1007 Hirsutella sinensis
Ophiocordyceps sinensis
Hirsutella uncinata
Hirsutella illustris
Ophiocordyceps macroacicularis
Ophiocordyceps robertsii
99 L Ophiocordyceps xuefengensis
Hirsutella guyana
3¢ Hirsutella versicolor
9 Hirsutella strigosa
10 Hirsutella citriformis (Psyliidae)
Hirsutella citriformis (Cixiidae)
100 Hirsutella citriformis (Delphacidae)
— Hirsutella kirchneri
—— Ophiocordyceps myrmicarum
Hirsutella cryptosclerotium
Hirsutella minnesotensis
Hirsutella necatrix
Hirsutella thompsonii var. synnematosa
Hirsutella thompsonii var. vinacea
Hirsutella thompsonii var. thompsonii
90| Hirsutella thompsonii (Eriophyidae)
Hirsutella thompsonii (Tetranychidae)

Cordyceps gunnii

98

52
96

—
0.05

76 _E
99 g1

Hirsutella liboensis
Hirsutella satumaensis

leizhouensis 5 H. tortricicola < Z %I REETE H.
nodulosa 733, X —KREMHEBRIES Erydt
()RR A 2 R A S0 EL AT IR sl IR 25 4, TR R
BRE I SIEEFEEAME &
5 H. tortricicola Z A1 X JIFET H. tortricicola
AR g, oA, Rk,
(2.7-3.6) umx(1.4-1.8) um; 1Ifij H. leizhouensis ;=
i 4 A SRS, g A A A A R B O IR
changbeisanensis WERE) H. nodulosa 7y, {HIH:

s H. leizhouensis

4 GZUIFR-hir160527

99 — ®GZUIFR-hir140506
Hirsutella tortricicola
Hirsutella leigongshanensis

Hirsutella nodulosa clade

Hirsutella sinensis clade

Hirsutella citriformis clade

Hirsutella thompsonii clade

E 3 E# GZUIFR-hir160527 #1 GZUIFR-hir140506 & HtBX#EF MrBayes 534 tefl. ITS F1 28S rDNA 3 N&
ERFIBEANEN RS S R
Figure 3 Phylogenetic tree based on tef1, ITS, and 28S rDNA combined datasets of GZUIFR-hir160527 and
GZUIFR-hir140506 related species
TE: KEWISREUERR Bootstrap fH; 2Bt 0.05 FKIRFH 2253 M50 3T,

Note: Number at notes present bootstrap percentages (based on 1 000 sampling); Bar=5% represent sequences divergence.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2622 AEY) 4R Microbiol. China

2017, Vol.44, No.11

Bootstrap B A 76, F HizM AR TR,
HERAK , s AEMTFAK, 5 H. nodulosa 533 AT
WL 2200, 5+ FREKRE oivit—PHIE T H
changbeisanensis ¥ H. leizhouensis 5 HABY R ) X
AMEER .
3 i

o PO R A RS TR L B A (A
changbeisanensis) i #i, Ho 25 F 4[]8 H i —Fp it
g, ABAL T RE AR T RSB A, WA RS 5
HWH SIS, IR H EREAIRA D Lk
AT AR B EREARA DT F o0 A HIREE, &
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