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Identification of the pathogen causing a natural epizootic of white muscardine in
treehopper Tricentrus sp. in a tea plantation, and analyses of population
genetic diversity and its pathogenicity
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Fuzhou 350013, Fujian Province, China)

Abstract: To identify the pathogen causing a natural epizootic of white muscardine in Tricentrus sp. in
a tea plantation and to evaluate its potential for controlling tea green leathopper Empoasca onukii,
cadaver samples collected from the tea plantation were subjected to isolation, purification, and culture.
The taxonomic status of the pathogen was determined based on morphological characteristics and phylo-
genetic analysis using combined sequences of Bloc, RPBI1, RPB2, and TEF genes. Population genetic
diversity of isolates from different hosts was analyzed using 12 SSR primer pairs. Six strains derived
from hosts in Membracidea and Cicadellidae were selected to evaluate their virulence against the 3rd
instar nymphs of E. onukii. The results showed that the pathogen causing the natural epizootic of white
muscardine in Tricentrus sp. in the tea plantation was B. bassiana. The B. bassiana populations exhib-

ited a high level of genetic diversity, with 100.00% polymorphic loci, a Shannon’s information index of
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0.73, and a Nei’ s gene diversity index of 0.39. Among the four B. bassiana populations from different

hosts, the genetic differentiation coefficient was 0.38 and the gene flow was 0.54, indicating limited

genetic exchange among populations. A total of 89 isolates were divided into 31 genotypes and clus-

tered into three groups at a similarity coefficient of 0.68, with group III accounting for 76.40% of the

isolates and representing the dominant group. Strain JCPX121 exhibited the highest virulence. After

treatment with a conidial suspension at a concentration of 1.0x10* conidia/mL for eight days, the cor-

rected mortality rate of 3rd instar nymphs of E. onukii reached 80.66% and the median lethal time

(LT,,) was 5.90 d. In summary, strain JCPX121 has the potential to be developed as a biocontrol agent.

Key words: Tricentrus sp.; white muscardine; Beauveria bassiana; natural epizootic; genetic diversity;

virulence
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€. Rehner et al. (2011) F i Bloc #% 3% A [8] B [X. .
RNA R4 i 11 7 K3 (RNA polymerase 11 largest
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polymerase II second largest subunit, RPB2) Fl %% 5
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45, 55 [F UVP 2wl 5 3730XL 3 i A, 5 [
ABI/A ] ;1CC50 W B i, A8 kR Al .
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FE o F10.05% Tween-80 R M SDAY -4 e/ 4%
PRI BT 5 114) 7 A 0, BC vk B2 R 5.0 1071~ /mL
MFEF BRI . BEPR AR 25 I 3 mL F6 B 7 W o
SIE T4 30 mL SDY WRIAREFRIEH) 50 mL =
o, T4 25 °C 150 r/min 2504 R 555 d.
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2l Raeder & Broda(1985) J7 15 4 B 4% B AR 1R JE R
24 DNA, DLtk i B4R , R H Bloc 5 K 51 9 B5.1F/
B3.1R (Rehner et al., 2006) . TEF 3& [X 5| 4 983F/
2218R (Rehner & Buckley, 2005) . RPBI 3 [H 5] ¥
CRPB1A/RPBICr (Castlebury et al., 2004) 1 RPB2
J K 5| %) fRPB2-5F/fRPB2-7¢R (Liu et al., 1999) #"
BN F A, 51 2 e A R (i) A R
oy Al A . 25 uL PCR §7 4 {& & : 2xPhanta Max
Buffer 12.5 uL .dNTP mix 1 pL. | F##5[494%2 uL.
= A . DNA R4 1 uL £ 20 DNA 1 uL . ddH,0
5.5 uL. BlocFENF5 1 TEF FH T4 1 PCR S )i
P25 152 B Rehner & Buckley (2005) ; RPBI 3L [H ¥
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(1999) . K 1% BEREAk I LUK PCR P 1) 64T
I, SR FH B e RS ) o ) LA alidb , BUT 91 %
ZHIMAEDEAR (L) A RA R HTIT .
Bloc .TEF .RPB1 11 RPB2 FE[K J3 31 (1) 1 235 S 43 57
HE 32 2 NCBI [ 3t , #) J] BLAST 7E £k T B (https://
blast.ncbi.nlm.nih. gov/Blast.cgi) XF H: 5 51 #E 17 L %F
0T o VAU B 5 Cordyceps militaris F1 I HL B 4E
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Cordyceps cicadae NHMEE W AT 53 B ARAT (W T
Bk 5 R N 2 2 AL I Y 3 o AR 2 A
(Zhang et al., 2012; Robéne-Soustrade et al., 2015;
Imoulan et al., 2016) # 1T RG K & . 1]
MAFFT 7.471 545 T R G0 % & 53 B i T A ik
#) Bloc .RPB1 ,RPB2 Fl TEF &K ¥ 5 43 B A 54 4
PR LT, SR HH trim AT 1.2 3004 50005 B A PR L X 235
TR ORAT XS AT 7 128 5 SR H] Mega 7.0 BRI 12
A2 4 FE R RST8] B4 B8 Bloc \RPBI
RPB2 . TEF 7 A7 e PF 4% . FIH 1Q-Tree 2.1.3
AR A N %) ModelFinder D) REXT Ef B 09 P 911264 7
X5 AR LA SR RS, . A H] 1Q-Tree 2.1.3 5k
T, R F e R AR A0 e R 48 & & R, (A sffiff FH
UFBoot Fll SH-aLRT {4 X} R 48 & B W (1) 43 S A 7
PEAS, PR SRR o3 R 10 000 1 1 000,
123 REZR ARG ERERE AR SR
R AN [ 2 R U5 R TR TR R BRI AR 46
¥4, R SSR 43 F-HRic %) 43 5 R R E A7 36 K 43 2
¥ JH Ba06. Ba08 ., Bal3, Bal5. Bal6. Ba20. Ba22 .,
Ba23.Ba24 .Ba25.Ba26 fil Ba28 3L 12 X A {E H 4 &
£ SSR 5|4 (Meyling et al.,2009) % 1.2.1 43 &5 1 B4
FREAT PCR Y71 . 10 pL PCR # 4 {4 & : 2xMix
Buffer 5 uL .MI13F/F/R 5 0.2.0.1.0.3 uL, 4 DNA
1 uL, HAFH ddH,0 #h 2 . PCR [ 1 244 : 95 C i
AR 5 min; 95 °C7AE 305,52 CCiB k305,72 CHE
130 s, 20 PMEI ;72 CLAEMF 10 min, HLPCR Y
B BT 3730XL FE F AL B AT R BT,
PA GeneScan-500LIZ 431 & W bn 2 BabR i, K H
GeneMarker 2.2.0 4270 B SSR & v 3L K K /h, BT
P87 3k P B ) F Je st % 2R PE ST o
1.2.4 FE=H ARO185%% R A S SRS AT
% JH GeneMarker 2.2.0 5%t i H 14 2567 3 A
BRI TE R . I PopGene 32.0 A 1HHE A
(7] 2 = A 5 3K -FEL P 3 B o PR ORI e 5 B2 0 B
A Nei’” s FL K Z FEP4: 48 % . Shannon {5 B 45 £ Al
2 AA 433 [N [R] 2 SR PRk At 1 4
PRFRRE % A R Bk LRI AL AL 1 28 st A4 A
IESFESHL
1.2.5 FHE= AR a8 5%% R A R ESH
FIH NTsys-pe 2.1 54T 89 Kk 43125 bk A AH
LU B, R AR IIACA - 535X A 3 B T AR A T
RAIHTS
1.2.6 % B AR F D Get i A Ay el 2
FETRESIEGER 533 T3 3 T HL

J 75 S R A MR AT wE R Y 6 MR TR RRAE R it
PRRE , 0052 X A5 /NG WA B ) o X 6 MR TR AR
3R 2 SDAY VAR L, T 25 CA&M T B R+
15 d, FifiJ5 DS BRRR ST Al B o3 i B o AR 7 10 g,
F£H10.05% 1 Ji-80 JA R HE B 1 s 1 AARAH HL B il ik 138
A 1.0x10/mL ) 74 1 HIE M 100 mL, k¥R
RS O AR A, 2009 ) 0 72 TR AR XS 255 /N - i 1) 25
T3 VRIS KR SR AR DR T, 20 TN
[Fi) TR R (14 98 - B TP W IR 9 30 s, BRUER J 4 AR 1
PIAETE T, FARBET , PRI LA AL 2 | L SDRMA AR
o AN S R E AR . B R SR AR
FE AL /NGB 3 5 20k (1 AN EE ), FRARIE
FRE A 39K, LT 0.05% I -80 ¥ W HH IR 1130 s 1
AR AL /NG 3 5 R X B R
TR (25+1) C AMXHEE 90% JEfEH12L:12 D
PN AR AR . B H L R A SE T O,
S FE L, A8 BB TR (25+1) ¢ AHXT
TBEE 90% G JE ] 12 L2 12 D A TS 54 510
Bi9%,7 dJE BT WA SR A P b R R 22
T A B, T A BRSBTS TSR TR A
FOMRIEET R, Bt IESE T R =B SE T
RN BET R ) /(1-XF IR AL T ) x100%, 2K
JH probit J5 A/ Nk BOEE R LT,
1.3 #HESH

K SPSS 17.0 44 785 538 , b Tukey 2
IR T AR . 225 YR ET
XPFET - R IEAET R 7 S I 5% Ty A

2 BRESMH

2.1 FE=RAEEERFERNS S
AR U FEAS 3o Al A 3R A 89 MR R Bk, Horp
H =il Fa e 53 B8 T2 AR, 55351 JCPX010,
JCPXO011,JCPX015.JCPX018 . JCPX020~JCPX023 .
JCPX026~JCPX028 . JCPX031~JCPX033 ., JCPX035~
JCPX039.,JCPX042 ., JCPX044~JCPX048 . JCPX050
JCPX051 . JCPX056~JCPX058 . JCPX061 . JCPX063~
JCPX065 . JCPX068 . JCPX070~JCPX072 . JCPX075~
JCPX082 ., JCPX084 . JCPX085 . JCPX087 . JCPX088 .
JCPX090 . JCPX092~JCPX097 . JCPX100~JCPX102
JCPX104~JCPX107. JCPX114. JCPX115 #I
JCPX118~JCPX122; H NS4 H 1431 10 BRI £k,
i 5 43 %] S LWPX013, LWPX019, LWPX034,
LWPX054, LWPXO055, LWPXO073, LWPX083,
LWPX086 . LWPX091 F1 LWPX129; [ [ 31 K - i
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Fig. 1 Colony morphology, conidiogenous structures, and conidia of representative strains
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STESAAHI O MRS SERFL B RIRAE— L 1E, FHX 8O RRTA PRI S5 IRt IR B. bassianas
0.1 WG HEL Cordyceps militaris ARSEF5050 (NA, HQ880901, HQ880973, HQ881020)
—————————— WIE W [saria cicadae ARSEF7260 (HQ880757, HQ880898, HQ880970, HQ881017)
o9 B EBE B. hoplocheli Bt121 (KM453968, KM453956, KM453965, KC339704)
B EEE B. hoplocheli Bt96 (KM453974, KM453950, KM453959, KC339709)
3 BEEBE B hoplocheli strain Bt129 (KM453973, KM453951, KM453960, KC339706)
BRAEE B hoplocheli strain Bt99 (KM453975, KM453949, KM453958, KC339710)
100 e dk B B. malawiensis ARSEF7760
DR (BB B malawiensis ARSEFA755
oo PN B B. sungii ARSEF7043 (HQ880742, HQ880883, HQ880955, AY531948)
NS B B. sungii ARSEF1685 (HQ880740, HQ880881, HQ880953, AY531899)
o YRS B. vermiconia ARSEF2922 (HQ880753, HQ880894, HQ880966, AY531920)
K22 BB B. caledonica ARSEF2251 (HQ880750, HQ880891, HQ880963, AY531912)
00! 5422 S BB B. caledonica ARSEF1567 (HQ880747, HQ880888, HQ880960, AY531894)
ﬁ{ WERFL B B. pseudobassiana ARSEF6229 (HQ880730, HQ880871, HQ880943, HQ881001)
WERAEEB B. pseudobassiana ARSEF1855 (HQ880727, HQ880868, HQ880940, HQ880999)
o 2 EBE B. amorpha ARSEF7542 (HQ880736, HQ880877, HQ880949, HQ881007)
LT EEE B. amorpha ARSEF4149 (HQ880735, HQ880876, HQ880948, HQ881006)
oo LM BB B. asiatica ARSEF4474 (HQ880717, HQ880858, HQ880930, AY531936)
T BB B. asiatica ARSEF4384 (HQ880716, HQ880857, HQ880929, AY531935)
R EEBE B. brongniarti ARSEF7517 (HQ880698, HQ880839, HQ880911, HQ880977)
KEEE B. brongniartii ARSEF985 (HQ880699, HQ880840, HQ880912, HQ880978)
ﬁﬂiﬁ‘g%’ B. medogensis strain2898 (KU994836, KU994835, KU994834, KU994833)
B4 BBE B australis ARSEF4598 (HQ880720, HQ880861, HQ880933, HQ880995)
ool B575 EIfBE B. australis ARSEF4580 (HQ880719, HQ880860, HQ880932, HQ880994)
ZER AR B. /i RCEF5500 (JN689373, IN689374, IN689370, IN689371)
Out 3% (1 B B. kipukae ARSEF7032 (HQ880734, HQ880875, HQ880947, HQ881005)
FLEHEE B. varroae ARSEF8257 (HQ880731, HQ880872, HQ880944, HQ881002)
0 B K 3 BB B. varroae ARSEF2694 (HQ880733, HQ880874, HQ880946, HQ881004)
LWPX073
JCPX076
[JCPXIOZ
JCPX061
JCPX031
Fcpxoso

100

100

||HO
101

10

100|107

—_

100

100]

JCPX057
JCPX021
JCPX101
JCPX038
\EJCPXOIO
LWPX034
JCPX092
JCPX047
JCPX023
FJCPXOS‘S
JCPX080
(BRAEEE B. bassiana ARSEF1848(HQ880696, HQ880832, HQ880904, AY531904)
{W@El‘iﬁ B. bassiana ARSEF1811 (HQ880696, HQ880837, HQ880909, AY531901)
IRAL MBS B. bassiana ARSEF300 (HQ880690, HQ88083 1, HQ880903, AY531924)
IRTUSMERS B. bassiana ARSEF 1478 (HQ880695, HQ880836, HQ880908, AY531890)
IR7 MBS B. bassiana ARSEF1040 (HQ880689, HQ880830, HQ880902, AY531881)
e
LMPCI2
MPC15
MPC14
IRFUEMEE B. bassiana ARSEF751(HQ880694, HQ880835, HQ880907, AY531954)
BRFAEEE B. bassiana ARSEF7518 (HQ88069, HQ880834, HQ880906, HQ880975)
FRFUEEE B. bassiana ARSEF1564 (HQ880692, HQ880833, HQ880905, HQ880974)
JCPX090
LWPX054
MPC10
JCPX118
2TiCcPx065
LWPX129
LWPX019

9
JCPX122

97,

9

=)

CHANPX
JCPX096
LWPX055
JCPX044
LWPX013
JCPX071
LWPX086

0

“JICPX056

B2 EF Bloc.RPBI .RPB2. TEFEX&F 5%

130

MPC11, JCPX094, JCPX039, JCPX026, JCPX095,

CPX033, JCPX032, JCPX035, JCPXO011, JCPX106,
JCPX028, JCPX067, JCPX048, JCPX027, JCPX018,
ICPXO075, JICPX046, JCPX072, JICPX020, JCPX045,
PCPXO063, JCPX037, JCPX042, JCPX036, JCPX068,
JCPXO051, JCPX070, JCPXO015, JCPX058, JCPX064,
LWPXO091, JICPX104, JCPX088, ICPX121, JCPX115,
ICPX114, JCPX107, JCPX079, JCPX119, JCPX066,
JCPX100, JCPX085, LWPXO083, JICPX084, JCPX078,
ICPX097, JICPX077, JCPX120, JICPX081, JCPX087,
JCPX082. JCPX105

CRARKMUAEHE IR EEAKRMBXEERERNRELEN
Fig. 2 Phylogenetic tree of 89 isolates and related Beauveria strains constructed using the maximum-likelihood method
based on combined Bloc,

RPBI, RPB2, and TEF sequences
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2.3 IMIKBABEMNESSHEER

89 BRER T 11 1B BR BT R 22 12 X SSR 51 9 1 3t
7431 53.00 2 AP A, 89 MRIATHEFI AR SSR
S 613 B0 2 ST 8 25 F R, A T 2.00~
10.00 /22 i1, P-4y 4.42 M 4 F1 ] Bal6  Ba22
F1Ba23 51 ¥ 4 1 15 2 (1 Z S VAL S D AN

2.001; A H Ba26 51 ¥4 B4 45 2 ) Z2 8 ML i i
2%, 710.00 (3R 1), 89MREAKRAIILIN 245 AT
0~0.08 Z [A], *F- 1124 0.02; HIEE A 5 AT 0.09~0.63
2 [8],F-¥4°4 0.39 ; Shannon 15 B F8 5T 0.18~1.25
Z 8], 314 0.73 ;Nei s Je R ZREMEFEEU T 0.09~
0.63 Z 0], 34745 0.39(F£ 1),

F1 Z 1231 SSRE| Y EE I MKAABREKRNSTERER

Table 1 Polymorphism information of 89 Beauveria bassiana strains amplified with 12 SSR primer pairs

=10 SFOCEREC AMCHOERE WA BIEAEIE Shannon %‘Eﬁéiﬁc Nei ’_s’ HEH DR
Primer Number of  Effective number Observed. Expected. . Sham.lon. s Nei’s gene diversity

alleles of alleles heterozygosity  heterozygosity  information index index

Bal5 5.00 1.65 0.01 0.39 0.75 0.39

Ba20 7.00 1.68 0.00 0.41 0.93 0.40

Ba28 8.00 2.36 0.03 0.58 1.25 0.58

Ba24 4.00 2.71 0.01 0.63 1.09 0.63

Ba06 3.00 1.59 0.02 0.37 0.68 0.37

Bal3 3.00 1.59 0.01 0.37 0.65 0.37

Bal6 2.00 1.45 0.00 0.31 0.49 0.31

Ba08 4.00 1.61 0.05 0.38 0.62 0.38

Ba26 10.00 1.59 0.08 0.38 0.92 0.37

Ba22 2.00 1.55 0.01 0.36 0.54 0.36

Ba23 2.00 1.09 0.00 0.09 0.18 0.09

Ba25 3.00 1.67 0.05 0.40 0.63 0.40

F) Mean 442 1.71 0.02 0.39 0.73 0.39

24 AEFERBHRAAEFNSEESHESE
AABRA AR P IR R %) RN 55 7 35 PR B
4.42 GRS A 171, W 245 5 4 0.02, 5124
A=A BN 039, 280 45 H 7 %835 100.00% , Nei’ s
N Z FEPEFE B 0.39, Shannon 15 B 15 %81k 0.73
(2)., AN[FEZFFHRIFEABRA A EFE AR B 2

FEVEACP AR —E 22 57, o LWPX R 1 15t 4% 2
FEME K P e 5, Nei” s 55 K 2 RE M8 B0 0.49,
Shannon {5 B 35 5 0.84, MPC FhE 1Y 35t 1% 2 REPE
KR 2, i CHANPX Ff R 9 15 4% 22 B 1 K 7 fe
fl(F£2),

R2 ARFERBENRBAAERMFHNEESHENE

Table 2 Genetic diversity of Beauveria bassiana populations from different host sources

UM A T & E A Shannon  Nei’s#&[H — ZENE
. Rk P RGO WA MERGE FREER SEMEER Ao
. Sample Observed  Effective Observed Expected Shannon’s Nei’s gene Percentage of
Population . . . . . . .
size  number of number of heterozygosity heterozygosity information diversity = polymorphic
alleles alleles index index loci/%
LWPX Fiiiff 10 3.00+1.81 2.33+1.10  0.03+0.06 0.51+40.22  0.84+0.48  0.49+0.21 91.67
LWPX population
CHANPX Fhfi 1 1.08+0.29  1.08+0.29  0.08+0.29 0.08+0.29 0.06+0.20  0.04+0.14 8.33
CHANPX ppopulation
JCPX i 72 333192 1.37+0.35  0.02+0.02  0.24 +0.15 0.46+0.27  0.24+0.14 91.67
JCPX population
MPC Fiii 6  2.42+0.52 1.68+0.30  0.00+0.00 0.42+0.12 0.64+0.20  0.39+0.11 100.00
MPC population
JMA Total 89  442+2.61 1.71£042  0.02+0.02 0.39+0.13 0.73£0.29  0.39+0.13 100.00
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2.5 REIFERIERS B ERENFEZEEHIT
251 AREER e A A S AR A

4 4~ BR AL AR TR R RE 9 3815 o Ak R AN T
0.22~0.69 Z [f1] , SF-34 4 0.38; Z£ K7 A~ T 0.11~0.91
Z[8], 4449 0.54., CHANPX FhfEE Al LWPX Fl B |

JCPX FHE A CHANPX A Z [A] A 15t 15 71k R 85003
514 0.23 F110.22 AR T8 B2 3 A IS 0.25 , K IIRIF
ZIRAFAERCR A% oAk s HAR A Z ] 85 3k
FREE T EEMEEIE 0.25, AR Al AL
EI/NF 1.00, BRI 2 AL A A (£ 3) .

R3 TEFEREFEHHAEBEAMBENEES N RENERR

Table 3 Genetic differentiation coefticients and gene flow of Beauveria bassiana populations from different host sources

PR LWPX Fiff CHANPX F ¥ JCPX Fjiit MPC Fpfi#
Population LWPX population CHANPX population JCPX population =~ MPC population
LWPX Fif LWPX population oAk 0.83 0.65 0.11
CHANPX Ffi#f CHANPX population 0.23 skt 0.91 0.29
JCPX i JCPX population 0.28 0.22 Rk 0.43
MPC Ffi#£ MPC population 0.69 0.47 0.37 ok

XF L b AR B R, X 2 5 BE s AR 3 A R B o RORFIE 1 B LU#K . Values above the diagonal repre-

sent gene flow, and values below the diagonal represent genetic differentiation coefficient. **** indicates comparisons within the

same population.

2.5.2 FAPBERIMEAE —H E A IR S
AABRA R AP RE A i —2UE A T 0.20~

0.82 ZZ[A] , -4 0.50; 4 A BR A AR B Ah R A0 184
FEEATF0.21~1.62 Z [8] , 444 0.78 (R 4) .

R4 FEFERFEHKAE S EREMENEEERSEERLE

Table 4 Genetic distance and genetic identity among Beauveria bassiana populations from different host sources

P LWPX Fii CHANPX Fiiff JCPX Firitf MPC Fhif
Population LWPX population CHANPX population JCPX population ~ MPC population
LWPX F##¥ LWPX population oAk 0.82 0.57 0.56
CHANPX Fli#f CHANPX population 0.21 ek 0.20 0.48
JCPX Fi## JCPX population 0.57 1.62 ook 0.39
MPC Fif# MPC population 0.58 0.74 0.96 ook

LR T8 Rt —BUE X AT B st A5 R B s o ORI E A B L3, Values above the diagonal repre-

sent genetic identity, and values below the diagonal represent genetic distance. **** indicates comparisons within the same popula-

tion.

2.6 S9RIKFAERRKMBESH

89 MRERF 1A AT R AR AL B 31 SR, Fogy
25 BRI ER 1 AR TR L, A 41 BRI A 2~6 1k
PR R, A7 1 AN JE DR 21 BRIE A A, A 143
PRI FH 29 BREARF L (1 3) o f0 7 6 BR LA ERIRRIT
3SR A AN R K A A T B R
62.92% , R ASYCRA TR R AL I RURE 2R . 89 B
BRAEL AR A TR PR AR LR BN T 0.60~1.00 Z [ .
WAL AL R BON 0.68 1], 89 BRI MR R ASTE AL 3 4~
W S 43 32, 43 0 R 43 32 1L 43 3 TRy 3 1L, 43 514
T 17 4T 68 BRI , JUHOR 73 3 AL 5 1Y T R K
H7 G TR PR A1 76.40% , 2% W12 4% Bl BR 96 11 18 T A
A 52 BB S 0 P A B A | B IR 35 A% 5 T 1 A
%, S A5l = ik [ SR UEA T FED 2 R 1 I L)
Ho XU REET 1R ERFEMFEE (AR
JEIARMR A BR B i b3S, T S AL T 4R AR

FORVEAERE, 2 S A& T 3R 37 ERTEM A
Mo FW 89 BRI R IR I A 58 4% I TF ok
JE 53 RIS X IR AR — il F i (3 SR A T AR
I 2 R A el R ER A6 LB TR R S AF R AR G
PEAK(E3).
2.7 HBEEEIFNRH RS S

6 PRERTEL 1 5 AT PR NS 255 /N Wi ) B AR A
I3 25 5% (P<0.05, 3 5) . H ARk JICPX121 X 4%
JNER I B ) Feo , VR SR 1.0 10%>/mL A1t
TRIEMAL TR 8 d BT, A5/ Nag it i) B4 IEFE T %6
1 80.66% , LTy, >h 5.90 d; F# £k JCPX070 1 JCPX036
X2 /NG I R ) 3 )R ., LR R 1.0x10%4>/mL
PIAFBTFIRALEE 8 d B, A5/ Nk - ) SR 1AL 1 B
T2 5N 66.79% F147.17% , LT, 5351 4 6.65 d il
8.09 d; IMi & £ JCPX080 . JCPX104 Fll CHANPX130
X 25 7N I R ) 7 A 2, LR B R 1.0 10%1>/mL
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AT B TP IRAC B 8 d J5 , B/ NER M) B IEAE. TR AR 21.00%(F£5) .
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Fig. 3 Cluster analysis of 89 Beauveria bassiana strains
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&S5 otkIKABEEXMIF/NEIHT M ENETH

Table 5 Laboratory virulence of six Beauveria bassiana strains against Empoasca onukii

e BOTRR e . . BOETIT 95% FLlE X ]
S@tjjiﬁ(; Cumul.ative Co’izi:%%ﬁﬁf/% Regejsj ﬂﬁiﬁion Median lethal time ~ 95% got}ﬁdence x
mortality/% LT,/d limits/d

JCPX036 50.00+£2.98 ¢ 47.17+4.21 ¢ y=—4.01+4.41x 8.09 7.28-9.63 4.70
JCPX070 68.33+3.33 b 66.79£2.77b y=—4.11+5.00x 6.65 6.18-7.29 2.86
JCPX080 11.67+1.67 ef 6.84+3.42 d / / /
JCPX104 20.00+2.89 de 15.54+5.00 d / / /
JCPX121 81.67+1.67 a 80.66+1.89 a y=—4.15+5.38x 5.90 5.52-6.34 4.49
CHANPX130 25.00+0.00 d 2091+2.41d / / /
IR CK 5.00+2.89 f - - - -

PR R . [FSVEAE AR NG FRER RN R AR B2 Tukey 2 1 L BOAKIR 22 57 .35 (P<0.05) . y: 5t
TR xS T B . /FRIZ R IR IESE TR T 30% , ARVEATEE 3 [01A 5 RS B LT, T3 s -SRI i dli . Data

are mean+SE. Different lowercase letters within the same column indicate significant differences among treatments according to

Tukey’ s test (P<0.05). y: Mortality probability; x: logarithm of time. / indicates that virulence regression equation analysis and

LT,, estimation were not performed because the corrected mortality rate was lower than 30%; — indicates no data available.

3 iTig

VT4EAH , Bloc .RPB1 .RPB2 Fl TEF %L K P3| AN
AR S 2 M R TR B A A B A 3 T (Zhang et
al., 2012; Robéne-Soustrade et al., 2015; Imoulan et
al.,2016) , 17 EL B2 F T4 DXl 11 £ 7 A
BEE AT . B, Serna-Dominguez et al.(2019)
FIH TEF 1 Bloc 3£ ¥ 34 1 55 V5 FF BRI 5 A
[ o | B A A A BB Y 44 Bk R T A E
Ry 3R AR 1 A5 TR R AR 96 AR R 5 Castro-Vasquez et
al.(2021) FI ] Bloc .TEF Fl RPB2 JE B G5 A v 56
N I R R 22 A5 S ISR 1 1 T 4 D kA
15 TR RN 954 22 1L T ; Wang et al. (2026) K F Bloc
M TEF SE P8 538 1 B b R B X RO &
FHER AT A% R S 1 FVE RN . R A B
TEIE A5 S (1 3 filh I, e T Bloc .\RPBI .RPB2
I TEF 22 55 5 73 Bl B 2% b =) i 3 B
P14 T AR 9 D DA 6 R kA AR, i — D IR T
TXLEEL A 81 7 R TR B A 4 v B A 8 o

SSR AR & — It AR AR ICH AR, T4 X
S P P R B R ) 38t 1 22 R 1 20 BT (Meeyling
et al.,2009; 7 i & 55,2013 ; Serna-Dominguez et al.,
2019) . Flhn, 3T 19 X SSR 519 43 Hr &k e k7w
H PFE — DA PR RIS A v 432 1
PR FP R 11 35 1% 2 85 M = (Meyling et al., 2009) ; 3 Il
E 45 (2013) | FH Ba06 . Ba08 il Ba23 % 9 X%if SSR 5|
Yk A RS R LU 55 EEAAAR 23 B RY 102 AR IR
PR PR R 0 8 3 1 A T R BRI Y O & BBk A AR
A i A7 AE 77 S LA 5 Serna-Dominguez et

al.(2019) #1 ' Ba06 . Ba08 Fll Ba28 %5 14 %} SSR 5 | ¥
AR T 28 VYRR T 43 RERTE AR R R K
Y FEPR 7R 5 JEF 15 XF SSR 51 W st A% 2 e bE i &l
FR, H o E R X KK S H B AT A
3 B 1) 51 RRERA AR PR TR AR 1 B4 2, B
177 B A9 £ %43 2 (Wang et al., 2026) . ASHF5E
¥ FH Ba06 . Bal6 . Ba08 F1 Ba28 4 12 X} SSR 5| ¥+
KA 89 MRERA 1A PR PR 43R 31 A SE A 7R, 2
AR RS R AR R 2T Wik
UESE T Meyling et al. (2009 ) FF % ) SSR 51 9 & 43 #r
BRI PR R A 2 HEE AR T
AWFFEEE R o, BR A S B LWPX Rl 19
Nei’ s J: K 2 045 2081 Shannon {5 B #8505 T
Hofth 3AFPEE, AR R [ WSS R, BT
DLIZ R e B 38 A 22 REPE KO T RES IR 42 H A4S
A 1 SRR B B T A AR A 25 S R G . FE B
1 ORI B B, T 205 T34 A 6 TR AR AR B 8 FRL A
- dg b 7T R ) R A T R A A 0 (AR R
£5,2025)  XFHERE R TG AT T BB s B AN
[ A 5L 1) R AT R R, DT — s P 4R v 1%
FRRE R84 2R . ARBIFGE 45 5 0 7 BRI (1 53 7
JCPX FPFE Rt AL 2R A BAIC IR AE E2E)
=) A i e R R 35 4% 27K K- 7T B
55 =30 oy WA= T A A TR PR (R BRI AR A AL
U OE S S N 1 S he P ST RN Sl (L N e
B A BR TR AR SR Ry — A S Ah , R AN [R) 27 &2
KR AR IR A6 1 58 A P AR A 45 2 S A 4 A, BIVAH
[F] 2 = A 158 Ay sk A 1 5 R T R S ISR S A AR
TR —ZF E TR RIS R B R IR e . T A 25
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(2002) A5 K IRERA R A R PR B AR S OC R 55
FRIRTCH, GARMREE R -8 £ ARESAE
BRI R R Y T I LS M SR R (2R3
B 2011) , HAMEESh AR bl 77 R EESS # 5 50
AR T ek [R) B R AT AZEAS [A) 77 B [ e 6,
A M ARSI RS (T FE 54 ,2004)
XL AR A0 3R R TR B8 T 4 )38 1
ANFE AL, IR AE— R B L HEsh R I & A st
3 A W N o W E PN T DB VIR O NG 275
U L A BRAG 158 AT BARR 4 R TR AR B R
53 3 1L E 25 bl v Rk e s A o B3 B i kA B 4R
B A MPC10 HIMPC11 43 51158 Sk 4332 THI143 3 101,
5 L PR AT 2 1 4 P AR P 2 5 2 S o, i
FI AR e 58 77, e 45 e 77 2 9K ) 1T AR it
PRI A =28 )

ARFFRBEESTERE R, L MEEF T
76.40% I HEATR AR , S22 A5 el Bk B A I 4
XL  IZ A 2% bl — ) 7 i P R i A
FR R AT BRI T OCHEA (L, DA TR R R T
s TR LA T R B3R — 2 B 13 ) DA 27
BAAED , 2 R A R 0 DA S8 A 86 5 1R e 1
o AW E SR WoR, B =R A -y
B JCPX 121 PR (& T3 3¢ D X 45 /NGg i1 3 %
BRI BT ST (LTy,<6 d) , ZEWIZ 03I R R By
PRAT R HA B Al 8 1 KT, BB A AR e A5 el
SRR S22 1S K i SO il % o N 7 e s e
=0 R R, L R A T AR
AP A I 2 A XA A ) TR A R AR v R S A
Rz R AR GRS 5 S AR R L TR RIS BB
SR 43 52 TUL ) 1 B4R DR 78 ok G AR UK A T
TR B BRI, A FT R 7E A% el £ R — 2 A fl e
B PR B OTIE UL D7 M AT R AR, N
ICEA T 1SR 8E T, i 2 Al 0 A5 Fel > H
T SN YA 3 o Y R R A PR A 2
Grir it — W .

AHIFGE AT 3 A R R R L LU 6 R BR
0 P 5 TR B A P 2 1 1 AR A/ Nk A B
HY R AR JCPX 121, 145 R 55 Poprawski et al.(1985)
FMZEIA IR AE (2015) $2 H 19 MR UG 27 = sl HO 2R
A3 V1R S HEJ TR X A U A R R R
TGP S — B, B8 ) AR JICPX 121 5 R4
S5 (2014) 4 i JTUH: % B A 55 2 7 18 #% RCEF4687
X 25 /N W 8 75 ) KT ARARL, S 1Y LT, 29/ T
6 do ZEPEE— IR E I AE S RS, S/ NaR I

S P R A Rt RN R A SR R B ) — G ol
WA A0 R B T AR JCP X121 FF A A B
BRI, AT BRSNS A /NG i AR (R AT S B 5
JUE ARG T 5 K =0 A SR TR I
o JirL D BRA U A, D125 4R 7R TR e st f% 2
FEME, TiiE | BRI R . SR8 KRS
FEI AN A7 28, 4545 JE R 4 24 T Bt — A i pr ek £t
PR R AN R A5 Tl AR B8 B 27 = 8] B AP s A8 S5 Ak
ML 5 X3 B8 #k JCPX 121 FF i H [) i FH AR5, 1A H:
ST A AR BE A3E B vk o SO A S bR AR B
W2 ERR TR ICPX 121 5 45 bel HoAth 2% €2, By 452
FE Tt 1 DR RGO A i DA AR W B iR A% O 1
A/ NG AT P B 1 BRI R AR R 22 A
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