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Revision of taxonomic status of several Isaria-like strains
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Abstract: [Background] Isaria farinosa with global distribution and wide host range is one of common
entomopathogenic fungi in natural environment. However, the morphological characteristics of many
species of Isaria are similar, which are easy to be confused only according to the classical morphological
identifications. For a long time, more and more controversies and confusions have emerged on the accurate
classification status of the strains identified as /. farinosa according to their morphological characteristics.
Recently, its phylogeny has proved multigenus. [Objective] To clarify the taxonomic position of /.
farinosa and explore the natural taxonomic status of the strains which were previously identified as /.
farinosa. [Methods] Six strains previously identified as I. farinosa were selected for phylogenetic analysis
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of five gene loci (nrSSU, nrLSU, TEF, RPB1 and RPB2) and morphological methods to reconfirmed their
taxonomic status. [Results] Through checking on the literature and experimental research, the phylogeny
of I. farinosa was clarified. The results showed that all the tested strains from different sources were far
related to the model strain of /. farinosa, but they are identical to a new combination species Samsoniella
hepiali. [Conclusion] In this study, the correct taxonomic status of 6 Isaria-like strains was revised as S.
hepiali by using the classical morphological characteristics and constructing the five genes phylogenetic
tree. To provides a reasonable method for the correct identification of Isaria-like fungi and scientific

guidance for further utilization of these strains.
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Table 1 Insect hosts and locality origins of 6 tested isolates

WkmS  HE KA

Strain No.  Host Locality

RCEF 0672 i TR A FE
Hemiptera: leathopper  Tiantangzhai, Anhui

RCEF 0696 [ (4111 LRORH5E
Lepidoptera Tiantangzhai, Anhui

RCEF 0881 #ifi e iUntaics
Hemiptera: cicada Guniujiang, Anhui

RCEF 0883 #ifi e iUntaics
Hemiptera: cicada Guniujiang, Anhui

RCEF 3666  (#111) YR
Hemiptera: cicada Guniujiang, Anhui

RCEF 3890 (¢ Hy) LR K

Hemiptera: cicada

Guniujiang, Anhui
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Table 2 List of specimens and the GenBank accession numbers used in this study

YrFh IR G5 FL[H 555 GenBank accession No.

Species Strain No. nrSSU nrLSU TEF RPBI1 RPB2
Akanthomyces aculeatus HUA 186145 MF416572 MF416520 MF416465 - -
Akanthomyces atteniatus ~ CBS 402.78 AF339614 AF339565 EF468782 EF468888 EF468935
Akanthomyces NHJ 6709 EU369110 EU369042 EU369025 EU369067 EU369086
coccidioperitheciata

Akanthomyces farinosa ~ CBS 541.81 MF416606 MF416553 MF416498 MF416655 MF416449
Akanthomyces lecani CBS 101247 AF339604 AF339555 DQ522359 DQ522407 DQ522466
Akanthomyces HUA 186131 MF416573 MF416521 MF416466 - -
pistillariaeformis

Akanthomyces tuberculatus BCC 16819 MF416600 MF416546 MF416490 MF416647 MF416444
Akanthomyces tuberculatus OSC 111002 DQ522553 DQ518767 DQ522338 DQ522384 DQ522435
Ascopolyporus polychrous P.C. 546 - DQ118737 DQ118745 DQ127236 -
Ascopolyporus villosus ARSEF 6355 - AY 886544 DQ118750 DQ127241 -
Beauveria bassiana ARSEF 1564T — - HQ880974 HQ880833 HQ880905
Beauveria brongniartii ARSEF 617T - - HQ880991 HQ880854 HQ880926
Beauveria brongniartii BCC 16585 JF415951 JF415967 JF416009 JIN049885 JF415991
Beauveria staphylinidicola ARSEF 5718 EF468981 EF468836 EF468776 EF468881 -
Blackwellomyces OSC 93609 AY 184973 AY 184962 DQ522325 DQ522370 DQ522422
cardinalis

Blackwellomyces NBRC 101409  JN941748 JN941393 - IN992482 -
pseudomilitaris

Cordyceps cateniannulata CBS 152.83T = MG665226 JQ425687 = =
Cordyceps farinosa CBS 111113T AY526474 MF416554 MF416499 MF416656 MF416450
Cordyceps fumosorosea ~ CBS 107.10 MF416608 MF416556 MF416502 MF416659 MF416453
Cordyceps fumosorosea ~ CBS 244.31 MF416609 MF416557 MF416503 MF416660 MF416454
Cordyceps kyusyuensis EFCC 5886 EF468960 EF468813 EF468754 EF468863 EF468917
Cordyceps militaris OSC 93623 AY 184977 AY 184966 DQ522332 DQ522377 AY545732
Cordyceps oncoperae AFSEF 4358 AF339581 AF339532 EF468785 EF468891 EF468936
Cordyceps piperis CBS 116719 - AY466442 DQ118749 DQ127240 EU369083
Cordyceps tenuipes ARSEF 5135T - JF415980 JF416020 JIN049896 JF416000
Cordyceps tenuipes OSC 111007 DQ522559 DQ518774 DQ522349 DQ522395 DQ522449
Engyodontium aranearum CBS 309.85 AF339576 AF339526 DQ522341 DQ522387 DQ522439
Gibellula longispora NHJ 12014 EU369098 - EU369017 EU369055 EU369075
Gibellula pulchra NHJ 10808 EU369099 EU369035 EU369018 EU369056 EU369076
Gibellula sp. NHJ 10788 EU369101 EU369036 EU369019 EU369058 EU369078
Hevansia arachnophila  NHJ 10469 EU369090 EU369031 EU369008 EU369047 -
Hevansia novoguineensis NHJ 13161 EU369093 - EU369011 EU369050 -
Hevansia novoguineensis NHJ 11923 EU369095 EU369032 EU369013 EU369052 EU369072
Hyperdermium pulvinatum P.C. 602 = AF242353 DQ118746 DQ127237 =

Isaria farinosa OSC 111005 DQ522558 DQ518773 DQ522348 DQ522394 -

Isaria farinosa OSC 111006 EF469127 EF469080 EF469065 EF469094 -

Isaria farinosa RCEF 0883 MW045180 MW045186 MW080837 MW080843 MW080849
Isaria farinosa RCEF 0881 MW045181 MW045187 MW080838 MW080844 -
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Isaria farinosa RCEF 3666 MW045182 MW045188 MW080839 MW080845 MW080850
Isaria farinosa RCEF 3890 MW045183 MW045189 MW080840 MW080846 MW080851
Isaria farinosa RCEF 0672 MW045184 MW045190 MW080841 MW080847 -
Isaria farinosa RCEF 0696 MW045197 MW045324 MW080842 MW080848 MW080852
Lecanicillium antillanum CBS 350.85T AF339585 AF339536 DQ522350 DQ522396 DQ522450
Lecanicillium aranearum CBS 726.73a AF339586 AF339537 EF468781 EF468887 EF468934
Purpureocillium lilacinum CBS 284.36T AY526475 FR775484 EF468792 EF468898 EF468941
Purpureocillium lilacinum CBS 431.87 = EF468844 EF468791 EF468897 EF468940
Samsoniella alboaurantiumCBS 240.32 JF415958 JF415979 JF416019 JN049895 JF415999
Samsoniella alboaurantiumCBS 262.58 AB023943 MG665232 MF416497 MF416654 MF416448
Samsoniella alpina YFCC 5818T MNS576753 MN576809 MN576979 MN576869 MN576923
Samsoniella alpina YFCC 5831 MN576754 MN576810 MN576980 MN576870 MN576924
Samsoniella antleroides ~ YFCC 6016T MN576747 MN576803 MNS576973 MNS576863 MN576917
Samsoniella antleroides ~ YFCC 6113 MN576748 MN576804 MN576974 MN576864 MN576918
Samsoniella aurantia TBRC 7271T = MF140728 MF140846 MF140791 MF140818
Samsoniella aurantia TBRC 7272 - MF140727 MF140845 - MF140817
Samsoniella cardinalis YFCC 5830 MN576732 MN576788 MN576958 MN576848 MN576902
Samsoniella cardinalis YFCC 6144T MN576730 MN576786 MN576956 MN576846 MN576900
Samsoniella cristata YFCC 6021T MNS576735 MN576791 MN576961 MN576851 MN576905
Samsoniella hepiali ICMM 82-2T MN576738 MN576794 MN576964 MN576854 MN576908
Samsoniella inthanonensis TBRC 7915T = MF140725 MF140849 MF140790 MF140815
Samsoniella kunmingensis YHH 16002 MN576746 MN576802 MN576972 MN576862 MN576916
Samsoniella lanmaoa YFCC 6148T MNS576733 MN576789 MN576959 MN576849 MN576903
Samsoniella lanmaoa YFCC 6193 MN576734 MN576790 MN576960 MN576850 MN576904
Samsoniella ramosa YFCC 6020T MN576749 MN576805 MNS576975 MNS576865 MN576919
Samsoniella tortricidae =~ YFCC 6131T MN576750 MN576806 MN576976 MN576866 MN576920
Samsoniella yunnanensis YFCC 1527T MNS576756 MNS576812 MNS576982 MNS576872 MNS576926
Samsoniella yunnanensis YFCC 1824 MN576757 MNS576813 MNS576983 MNS576873 MN576927
Simplicillium lamellicola CBS 116.25T AF339601 AF339552 DQ522356 DQ522404 DQ522462
Simplicillium lanosoniveumCBS 704.86 AF339602 AF339553 DQ522358 DQ522406 DQ522464
Simplicillium obclavatum CBS 311.74T AF339567 AF339517 EF468798 - -
Torrubiella wallacei CBS 101237T  AY184978 AY'184967 EF469073 EF469102 EF469119

TE: LIS SRS AR EALRES; A T PR S Rl — ZER PSR 1

Note: The accession numbers in bold font refer to sequences generated in this study; Strain numbers with T are ex-type species; — The gene

sequence was not successfully amplified
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2.1 IR EBRFSERHE
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PSR TR 75 S o AR i R TE . 25 °C %%
7, 7 PDA B3R5k EREvEBOE AR K, 14 d FIE
BT IA 36-37 mm, HiEFEHERAEE, YA
o, PSR B, AR AL S Y R R (R
(B 1A). WVEDZRN], HEPEEE AR 1B),

YRENGH, AR, AMRIEHAED], ¥ 1.4-2.5 pm,
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Figure 1 Morphological characteristics of strain RCEF0696 on PDA and MEA

[E: A-B: PDA B}iSR 14 d MBS IE A M ; C-E: PDA _EFIFRGRIRGHAAM T F-G: MEA E}i5F 14 d BT IE RIFIF 1A 5
H-J: MEA F#:FEGRIWFAEAART. FiR: A-B, F-G=15mm; C-E, H-J=5um

Note: A—B: Colony on PDA at 14 d. A: Obverse. B: Reverse; C—E: Phialides with conidia on PDA. F-G: Colony (obverse and reverse) on
MEA at 14 d; H-J: Phialides with conidia on MEA. Bars: A—B, F-G=15 mm; C—E, H-J=5 pm

RS BIRAE, A6, hilsERm<ER
2210 AR ERMEE 1F), RygRgHm, 55
B A 1G). WLREEH, Aok, AR,
B, FE 1.5-2.1 pm. FEAELEHIE 1H, 1D E
o E AR, — N 224, Bt
A 2-5 DHRAEA A, HAE[3.0-4.5(=5.0)] pmx
(0.9-1.2) um, HABRMHIEILIE, W FZH2E 4T i
— KA FER, (1.0-2.0) umx( 0.5—1.0) pm. 234
fF(E IHZR KA, EWH, YT MR),
YRR, [1.4-2.5(-3.0)] pmx[0.8—1.5(-2.0)] pm. B
TKTE MEA #5580 FA KB PDA ISR,
25°C 44 14 d HA2K%) 39-41 mm.,

AP R ST AT LA Y, RCEF0696 TR P

1t PDA Fll MEA }irdk FAE TR BLZEM . 3R 3 15
M, ZHIPEEN L farinosa (HETEIEZSHISCH[8]
th Samsoniella hepiali—3%,5 S. aurantia Mongkols.,
Noisrip., Thanakitp., Spatafora & Luangsa-ard. S.

inthanonensis ~ Mongkols., Noisrip., Thanakitp.,
Spatafora & Luangsa-Ard [ RVETESAALL, W5

RE#HEAMR, TR NGEE; RN
I. farinosa BRI AW/, f8F[F S. aurantia /)
il K/ NEIREE/NT S, inthanonensis. LA _FR] DA
i, BERBEERNEEESESIFAE,
PR ALEE R A TR AR A, R T
SAETEWHMX 5. WL, TESPTRALT
SRR AL AT SRS

%3 WRES Samsoniella [BHHIETH7E MEA 1553 & RIS ELEL

Table 3 Morphological comparison on research strain and relative species of Samsoniella on MEA

44 [ERL3IZ AR/ BT RGERS)  fT R/ flFIEIR
Species Colony morphology Phialide size (um) Phialide shape Conidial size (um) Conidial shape
(basal portion)
Samsoniella {8, IS E G [(6.0-)6.5-8.5 R ZHREE  [(2.5-)3.0-3.5(-4.0)]x  Zi5EIE
aurantia White, dark yellow on reverse (710)]*(2.0-3.0) Cylindrical to oval (1:0-2.0) Spindle shaped
Samsoniella {6, FHIAE @ [(5.0-)7.0-11.0 [RIAETE [(2.0-)3.0(=3.5)]% Y5 IE
inthanonensis yhite, colorless on reverse (12.0)]x(1-2) Cylindrical (1.5-2.0) Spindle shaped
Samsoniella 18, 51 GG TG (4.0-7.6)x(1.4-2.2) AL (1.8-3.3)x(1.4-2.2) 255IE 26 IRTE
hepiali White, white to orange on Cylindrical Spindle shaped to
reverse oval
Isaria farinosa ({5, T RIGE A [2.9-4.7(=7.0)] [BIFETE [1.5-2.6(=3.0)]x ila3A
White, orange on reverse (1.0-1.5) Cylindrical [0.8-1.5(2.0)] Spindle shaped
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AWFFRAHRAE 70 BRSO SCR Y 5 A
B A EE R R R AL TN . AE1%
PEREREALFE 305 2574 3LTT 4 406 AMEFEXT (bp), 43
M4uFE nrSSU 1 011 bp, nrLSU 847 bp . TEF 956 bp.
RPB1 701 bp. RPB2 887 bp. T AIC itk Hi Ak
FEBIAY R GTRHIHG, IZBERIZE G RENLR G , 1817
200 MR 4 AT ek, & 100 FRH—IREE,
DB R 2 o3 SRR - BIARTE 2SS 0.002 710,
ML S AR AR RIS, i HL5 BT 945 R HA M [H
FRFNESF AR 2 5 R R G0k B (B 2) AT LA
F i, G Samsoniella 16 TG HUERH PRI EREA
SR X 532K o Samsoniella J& -5 5 R
J& LR F—A K533, (B2 Samsoniella J& B i
MR, 1 H R SRR R T 98%. A
SR 6 MRS Samsoniella J& , Y S. hepiali
B ERE ICMM82-22 B —37, TSR 25846
K{E (Maximum Likelihood Bootstrap Values, BP)#
L3 J5 364 % {H (Bayesian Posterior Probabilities,
PP) L RN 100%. I, 25/ TR AR,
JRACH S RE N 1. farinosa WIBER VRN 8 5B TT
A S. hepiali.
3 ik ELR

HE A o 24 B S A R AL N A TTS
FEANHA TS, B [ 2530 2 Ry AR SR A 1TS
J¥ 50 N7 R A IV SRAL(L. tenuipes Peck)J T4, [RIRS
s SR A PR AT RE R — b A R R . ASBE
SEALIMAE T 6 BRI R AL E K ITS JF 41, 397E 550 bp
A, Hbfs 4 gRipglseatinl, 55 2 HRIGE
2 MHEFEZE Sl LA, 5 S hepiali B TRIPE Cs-4
ITS FH (535 EU328187) A, 1WA 1 4
WL ; M5 Cordyceps farinosa Fz{FFE CBS
11113 ITS JFFICEFS: AY62418)ZEFH K,
32 MR LS, AT, ITS JE40 0] AR IZZE L X
TRy A A A A DL L R AR A PO
I 2 P R AT W e e 01 75 B X 2 AN e 2
FEVERT, ARPEOFEAE A, B8 DLk b s i 5 F A

YRR AL A% A . SR Wang 5% = i b
X AR RS A TR TARERAS , bl i 4D 5 25
P. hepiali BH2H 5 B Samsoniella, f5 24N S. hepiali.
B B [ TR 1Y) 3 26 3 SRR, Samsoniella S&1E
RIS FAYIFEARIER -, WEREE—E0
ALY, TR R A m RS — AN
SR FROMEE . MK Wang ZEPIRGHRE, e
] 158 PN — R 0 D 5 2 Ry IS A oA 1Y) TR R A A T
RER E 0T 0255 Samsoniella .
APELIG L R RY], iy 6 PRIFEEE N
WP AR TR AR5 RS BN S. hepiali —3, Fl
Samsoniella W FLAWFIARRL; [FIE, @A HE 5 A4~
RNRGREER, KIXLEERY S. hepiali 37—
X, #I&T Samsoniella JHE H AR 373,
HIEY C. farinosa A FP 20 B2 ik, WRigE
BN T REREFIRER, Mk P E
BTN S. hepiali., HHT Samsoniella FEHEA 16 1~
B, 4Bk S. aurantia. S. inthanonensis. S.

alboaurantium Mongkols., Noisrip., Thanakitp.,
Spatafora & Luangsa-ard. S. cristata H. Yu, Y.B.

Wang, Y. Wang & Zhu L. Yang. S. tortricidae H. Yu,
Y.B. Wang, Y. Wang & Zhu L. Yang . S. antleroides H.
Yu, Y.B. Wang, Y. Wang & Zhu L. Yang. S.

kunmingensis H. Yu, Y.B. Wang, Y. Wang & Zhu L.
Yang. S. ramosa H. Yu, Y.B. Wang, Y. Wang & Zhu L.

Yang. S.lanmaoa H. Yu, Y.B. Wang, Y. Wang & Zhu
L. Yang. S. alpina H. Yu, Y.B. Wang, Y. Wang & Zhu
L. Yang. S. cardinalis H. Yu, Y.B. Wang, Y. Wang &
Zhu L. Yang., S. hepiali. S. yunnanensis H. Yu, Y.B.
Wang, Y. Wang & Zhu L. Yang. S. coleopterorum
W.H. Chen, Y.F. Han & Z.Q. Liang. S.
hymenopterorum W.H. Chen, Y.F. Han & Z.Q. Liang .
S. lepidopterorum W.H. Chen, Y.F. Han & Z.Q.
Liang; F FEHRWIEEH H (Coleoptera) . JHEHH
(Hymenoptera)F1is# H (Lepidoptera)™*" , AU AIF5E
B2 H (Hemiptera) B da (WRAT )24 A2 J& 1) 27
FE HVER . HETRIE R Samsoniella )7 EVE R 3
IR B B AR IR . SRR R A
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Cordyeeps tennipes ARSEF 51357 (— JF4153980, JF416020, IN049896, JF216000)
Cordveeps tenpipes OSC 111007 (DQS522559, DQS18774, DOQS522349, 522395, D(Q522449)
Cordveeps fiosarosea CBS 24431 (MFA16609, MF416337, MF416503, MF416660, MF416454)
Cardveeps funiosorosea CBS 107 10 (MF410608, MF416556, MF416502, MF416659. MF416453)
Cordyeeps cateniomnidarg CBS 132 83— MGO665226, 1425687, — -)
Covdveeps Jorinose CBS 1111137 (AY326474, MFA106554, MF416499, MFA166356, MF416430)
Cordveeps militaris OSC 93023 (AY 184977, AY 184906, D(3522332, D(Q522377. AY545732)
k eps kvusvaensis EFCC 5886 (FF468960, EF468813, EF468734, EF468863, EF468917)
L {a eprs cicoporae AFSEF A35R (AF130581 AF23053) EFAGRT7ES EFAGRRO] EFAGR01G)
Reanverio staplodinidicofo ARSEY 5718 (1468981, LIF408830, EF468776, LI468881. )
Beanveria hassiana ARSEF 13647 (- — HQB80974, HQRE0833, HQ880905)
Reanveria brongmiartsi ARSEY 6171 (—, —, HQS880951, HQB880854, HQ880926)
‘L Bearveria brongriartit BCC 16585 (JF413851, JF415967, JF416009, INO498RS, IF413991)
Akanthomyees tnberculatis BCC 16819 (MF416600, MF416546, MF416490, MF410647, MF416444)
Akeorthomyees fubereafatus OSC 111002 (D4522553, DQS18767. DQS22338, DOS522384, D522435)
Akenthomyees vedeatys HUA 186145 (MF416372, MF4106520, MF416465, —, )
Akenrihomyees pistiflariocfornns HUA 180131 (MIFA16573, MIF416521, MIF416466. —, —)
Akecirtiremyees farinasa CBS 541 .81 (MI416606, MIF416553, MIF416498, ME416655, MI'416449)
Akerihomvees cocerdioperitheciaia NI 6709 (EU369110, EU369042, LU369025, EU369067, EU369080)
Akenthomwyees aiteniatns CBS 402 78 (AF339614, AF339505, EF468782. EF468888, EF468935)
Akanthomyees fecani CBS 101247 {AF339604, AF330555, Q522359 DQ322407, DOQ522466)
897099 Sqmsonictla viemnanensis YFCC 1527V (MIN576756, MN376812, MN376982, MN576872, MN376926)
Samsomedla viomanensis YECC 1824 (MNST6757, MNST6813, MN5T6983, MN376873, MN376927)
Seamsonsetfer frepiofi [ICMM 82-21 {MN376738, MN576794, MN376964, MN5T6834, MN576908)
100/1| | RCEF 0672 {MW045184, MWO045190, MWOB084 1, MWOB0B47, —)
ST RCEF 0881 (MW045181, MW045187, MWOB0838, MW080844, —)
RCEF 3666 (MWU045182, MW045188, MWOB0839, MWOB084S5, MWOB08SD)
RCEF 0483 {MWO045180, MW243186, MWOB0827, MWOB0843, MWOB0849)
RCEF 0696 (MW045197, MW043324, MWO0S0842, MW080848, MW(080852)
RCEF 3890 (MW045183, MWO43189, MWOB0840, MWOB0E46, MWORRES 1}
82/ l__‘__ Isaric farinosa QSC 111005 (DQ322558 DQSI8TT3, DOS522348, DQS22394, )
100i1 Isaria furimosa OSC 111000 {(EF469127, EF469080, EF409003, EF469094, —)
R ‘_ Samsopiella atboanrantim CBS 262 58 (AB023943, MG665232 MF416497, MF416034, MF416448)
BV M irsomictla alboauransion: CBS 240 32 (JF415958, JF413979 JF4106019, IN049BYS TF413999)
W00/ Sermsonrctta afpma YECC 38187 (MNST6753, MNS76809, MN370979, MNS76869, MN376423)
| Scnsoniefte alpia YFCC 5831 (MN5T76754, MNSTOR10, MN3T6980, MNST6870. MN3T6824)
9071 Seumsomiclla cardindis YFCC 61447 (MN576730, MN376786, MN576956, MN576846, MN376900)
95/ |~ Sewmisoniella cardinalis YFCC 5830 (MN376732, MNST76788, MN376938, MN576848, MN576902)
Samsoptella arerantic TBRC 72717 (—, MF140728, MF140840, MF140791, MF140818)
10071 Samsonielio arrantice TBRC 7272 (— ME 140727, MIF140845, -, MIF140817)
Scemsonielfa antleroides YFCT 016" (MNS76747, MN5T6803, MN376973, MN376863, MN576917)
_i 84 N Scansomictia antleroides YIFCC 6113 (MN576748. MN376804, MN576074, MN376864, MN376918)
A 86/ 1 —_ ||| Scmsoniclia ramosa YFCC 60207 (MN576749, MNST76805, MN376975, MN576863, MNS576919)
gjﬂ/L.\'cm.’w.'uu.f.’a kummingensis YHH 16002 (MN376746, MNST6802, MN5T76972, MNS76862. MN5769106)
SewseieHlo tortricidee YFCC 61311 (MN376750, MNST6806, MNS76976, MNS76866, MNS76920)
Samsoiiella cristoig YECC 60217 (MNST6735, MN376791, MN376961, MN376851, MN576903)
Sepsonieller imthenonensis TBRC 79137 {—, MF140725, ME140849, MF 140790, MF 14081 3)
9oy |~ Semiseniclia lammaoo YEFCC 61487 (MM576733, MNS76789, MN376959, MNS76849 MN576903)
Scamseniclfo fennnaoa YECC 6193 (MN376734, MNS76790. MNS76960, MN376830, MN576904)
—i0.99 Hyperdermiwmn prdvinainn P.C602 (—, AF242333, DO1IST46. DQI27237, )
i _r_(‘urufrwpx Piperis CBS 116719 (—, AY466442, DO118749, DO127240, ELI365083)
Bluckwelfomyees psendomififeris NBRC 101409 (JN941748, INS41393, - IN9Y2482, -)
4r_Hn’ackweh‘:;m_rcc.\‘ cardinalis OSC 93609 (AY 184973, AY 184962, DQ322325, DQ522370, D()522422)

Gibellnda spNHI 10788 (EU369101, FU369036, EU36901%, EU369058, EU369078)
4':':}#:«!1”1‘(: puedchra NHI 10808 (EU369099, EU369035, EL369018, EU369056, EU369076)

91409
89/1]

NANETLOTAY

=0.83] |gy,1 CGikbelinda lonrgispora NH) 12014 (EU3G9098, -, EU30S01T, EU30S055, EU30%0TS)
641079 63:0 92— Hevansia novoguineensis NH] 13161 (EU369093, - ELI369011, ELI369050, -)
o [Hm'amiu aracturophita NHI 10469 (EU369090, EU3GC03 |, EUA6S008, EU36%047, —)
—/0.83 Hevansig novagrmeensis NHI 11923 (EU3GS095, LU3IGS032, LU3GI013, LU3SES052, LUILSNT2)

Ascopolyporns viflosus ARSEF 63535 (—, AY886544, DQI18750, DQI127241, -}
Ascopolvparus pobvelirons P.C. 340 (—, DQIIS737,. DQLIBT45, DQ127230, -)
Fgvodontivn aranearnm CBS 309 85 (AF339576, AF339526, DOQS522341, DQ522387, DOS522439)
Lecaseciliamr anniiflamm CBS 350 85" (AF339585, AF3395306, DQ522350, [X)522396, DQ522450)
Lecanicitiinm aranearnm CBS 726 733 (AF339586, AF339537, EF468781, EF408887, EF468934)
Torrhictla wallacei CBS1012377 (AY 184978, AY 184967 EF409073, EF469102_ EF469119)

Niwpticitlinm fenosorivenn: CBS 704 .86 {AF339602, AF339353, D(522358, D(3522406, 1Q3522464)
4‘jﬂnp!mﬁnw obclovaiun CRS 311747 { AF3393567, AF339517. EF468798, —. -}
Simplicittivm lomellicola CBS 116257 (AF339601, AF339552, DQS522356, DQS22404, DQ522462)
Qutgroup  Furpitreocifiiun liacium CBS 284.36" {AY526475, FR775484, EF408792, EF468898, EF408941}
4[I’m;m.rrew.‘n‘!mm fifacipun: CBS 421 .87 (—, FF46R844, FF468791, EF468897. FF468940)
0.1

86/0.99

2 IRE\EERCAMNHESSHET S A EEMEEBEERABIHHNRZLERH

Figure 2 Phylogenetic reconstruction of Samsoniella and related species in the Cordycipitaceae obtained from S genes

sequences based on Maximum Likelihood and Bayesian analysis

T A4 3 B ORISR s SRR, AT RTE S AR A28 I H (BP) , Ji 2 DL 5 B2 (PP) ; 19 ALY S :558(>50%/0.5)
SRR, KRR T SCRER R 100% (31 1); RRFASEAIER; T: U

Note: Numbers at the significant nodes represent Maximum likelihood bootstrap values (BP) and Bayesian posterior probabilities (PP);

Statistical support values (>50%/0.5) are shown at the nodes, bold lines mean support of the tow analyses were 100% (or 1); Scale label
presented distance scale; T: Refers to the ex-type species

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



AR LRI SRR B M (0 20T

4563

EANFPREE 5, i, A s ifE
R EIEEI )2, BRikes 250 R R e H
(Araneida) 8RS , I8 HB NS FIAES RS 15
s A3 P2 2 AT LM T ) B R
Y ARSI AR TE T B SRy R S A A
e, BFREIRIEA S, 4R ARSI s B
[F)SRAEH . AR 2F 32 HAEE e R Ry TR ik,
BB B U R RS S, O IR
TR FIF FIZE AR BRI A48 5

REFERENCES

[1] Pu ZL, Li ZZ. Insect Mycology[M]. Hefei: Anhui Science
and Technology Publishing House, 1996 (in Chinese)
W, FE. RREEEM] S ZRRHT R
#t, 1996

[2] Samson  RA.  Paecilomyces and  some  allied
Hyphomycetes[J]. Studies in Mycology, 1974, 6: 1-119

[3] Hodge KT, Gams W, Samson RA, Korf RP, Seifert KA.
Lectotypification and status of Isaria pers.: Fr[J]. TAXON,
2005, 54(2): 485-489

[4] Kepler RM, Luangsa-Ard JJ, Hywel-Jones NL, Quandt CA,
Sung GH, Rehner SA, Aime MC, Henkel TW, Sanjuan T, Zare R,
et al. A phylogenetically-based nomenclature for Cordycipitaceae
(Hypocreales)[J]. IMA Fungus, 2017, 8(2): 335-353

[5] Sung GH, Hywel-Jones NL, Sung JM, Luangsa-Ard JJ,
Shrestha B, Spatafora JW. Phylogenetic classification of
Cordyceps and the clavicipitaceous fungi[J]. Studies in
Mycology, 2007, 57: 5-59

[6] Luangsa-Ard JJ, Hywel-Jones NL, Manoch L, Samson RA.
On the relationships of Paecilomyces sect. Isarioidea
species[J]. Mycological Research, 2005, 109(5): 581-589

[7] Mongkolsamrit S, Noisripoom W, Thanakitpipattana D,
Wautikhun T, Spatafora JW, Luangsa-Ard J. Disentangling
cryptic species with  Isaria-like morphs in
Cordycipitaceae[J]. Mycologia, 2018, 110(1): 230-257

[8] Wang YB, Wang Y, Fan Q, Duan DE, Zhang GD, Dai RQ,
Dai YD, Zeng WB, Chen ZH, Li DD, et al. Multigene
phylogeny of the family Cordycipitaceae (Hypocreales):
new taxa and the new systematic position of the Chinese
cordycipitoid fungus Paecilomyces hepiali[J]. Fungal
Diversity, 2020, 103(1): 1-46

[9] Liu ZY, Liang ZQ, Whalley AJ, Yao YJ, Liu AY. Cordyceps
brittlebankisoides, a new pathogen of grubs and its
anamorph, Metarhizium anisopliae var. majus[J]. Journal of
Invertebrate Pathology, 2001, 78(3): 178-182

[10] White TJ, Bruns T, Lee S, Taylor J. Amplification and
Direct Sequencing of Fungal Ribosomal RNA Genes for
Phylogenetics[A]//PCR Protocols[M]. Amsterdam: Elsevier,
1990: 315-322

[11] Vilgalys R, Hester M. Rapid genetic identification and
mapping of enzymatically amplified ribosomal DNA from

several Cryptococcus species[J]. Journal of Bacteriology,
1990, 172(8): 4238-4246

[12] Rehner SA, Buckley E. A Beauveria phylogeny inferred
from nuclear ITS and EF1-a sequences: evidence for cryptic
diversification and links to Cordyceps teleomorphs[J].
Mycologia, 2005, 97(1): 84-98

[13] Castlebury LA, Rossman AY, Sung GH, Hyten AS,
Spatafora JW. Multigene phylogeny reveals new lineage for
Stachybotrys  chartarum, the indoor air fungus[J].
Mycological Research, 2004, 108(8): 864-872

[14] Liu YJ, Whelen S, Hall BD. Phylogenetic relationships
among ascomycetes: evidence from an RNA polymerse II
subunit[J]. Molecular Biology and Evolution, 1999, 16(12):
1799-1808

[15] Katoh K, Standley DM. MAFFT multiple sequence
alignment software version 7: improvements in performance
and usability[J]. Molecular Biology and Evolution, 2013,
30(4): 772-780

[16] Stamatakis A. RAXML version 8: a tool for phylogenetic
analysis and post-analysis of large phylogenies[J].
Bioinformatics, 2014, 30(9): 1312-1313

[17] Ronquist F, Huelsenbeck JP. MrBayes 3:
phylogenetic  inference  under  mixed
Bioinformatics, 2003, 19(12): 1572-1574

[18] Tamura K, Stecher G, Peterson D, Filipski A, Kumar S.
MEGAG6: molecular evolutionary genetics analysis version
6.0[J]. Molecular Biology and Evolution, 2013, 30(12):
2725-2729

[19] Huang B, Wang CS, Wang B, Fan MZ, Li ZZ. ntDNA ITS
analysis of Paecilomyces farinosus isolates[J]. Chinese
Biodiversity, 2003, 11(6): 480-485 (in Chinese)
WE), ERR, EiE, #ES, FHE. BHUTEMA
nrDNA ITS 53-#7[J]. A9 £ HEE, 2003, 11(6): 480-485

[20] Dai YD, Yu H, Chen ZH, Yang JY. Genetic differentiation of
an entomogenous fungus Isaria farinosa in Yunnan,
China[J]. Mycosystema, 2015, 34(1): 38-52 (in Chinese)
KA, Bk, BRAR, HRE. v iA BEmER A
WA MEBTIET]. WYI2EIR, 2015, 34(1): 38-52

[21] Chen WH, Han YF, Liang JD, Tian WY, Liang ZQ.
Morphological and phylogenetic characterisations reveal
three new species of Samsoniella (Cordycipitaceae, Hypocreales)
from Guizhou, China[J]. MycoKeys, 2020, 74: 1-15

[22] Lorch JM, Lindner DL, Gargas A, Muller LK, Minnis AM,
Blehert DS. A culture-based survey of fungi in soil from bat
hibernacula in the eastern United States and its implications
for detection of Geomyces destructans, the causal agent of
bat white-nose syndrome[J]. Mycologia, 2013, 105(2): 237-252

[23] Meyling NV, Schmidt NM, Eilenberg J. Occurrence and
diversity of fungal entomopathogens in soils of low and high
Arctic Greenland[J]. Polar Biology, 2012, 35(9): 1439-1445

[24] Dai YD, Yu H, Yang K. Identifying a sporocarp-inhabiting
fungus Isaria farinosa and analyzing its molecula
phylogeny of ITS sequence[J]. Edible Fungi of China, 2013,
32(5): 46-52 (in Chinese)
FOKAR, BEEL, #d. 1 PR E R R4 R

SGEE M. HEEHE, 2013, 32(5): 46-52

bayesian
models[J].

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



