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FHE: [H A 10 29 bk B A FCBR B PR E A7 43 2 2 % 52 I 07 8 th 6 W8 K3 B\ Bemisia tabaci B A5 v 5 /1 1 B 1k
U5k LR A B A 5 J% ITS X TEF [X. Bloc [X 38 Bl /5 51| AR LA 23 BT 5 7 B AR, SR P IRETE I i B0 R 0 A EL K
F . (453129 pkHUE BT 26 BG5BT Beauveria I, HH#k SB003. SP665 Fl SP670 #: % & J& T-#
HHE Isaria; FIF TEF [X 551, Bloc [X /#51|. TEF-Bloc Bt & P IR RS A B W, 4550 EoR 29 ME kit
F5 24 ¥RERTE A1 B. bassiana- 2 PRE IR AR B. pseudobassiana 1 3 TRIANFERER AL I cateinannulata .
L 2 A TR T e B At R B 0 1 T 2, AN [ B AR B0 JI AN R B 1x10° mL ! (9 - R T TR A EE R
H 2 WA 7 d, BUERRE R E RN SP433, HRCN SB009, 73518 87.37% Al 82.93%. (4518 IAM 7t /] Ay
U I R SR AL B LR, T70E HY (0 R B0 IR Rk SP433 A1 SB009 T A EU I A B VR $R A B %
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Identification of 29 strains of entomogenous fungi and
their toxicity to Bemisia tabaci

CHEN Zhonggqin', LIANG Wenlong', HUANG Liping, SHEN Binbin
(Key Laboratory of Bio-Pesticide Innovation and Application of Guangdong Province/Engineering Research
Center of Biological Control, Ministry of Education/College of Agriculture,
South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To identify 29 strains of entomogenous fungi and select high virulent strains against
Bemisia tabaci. [Method] Identification of fungi were based on morphological analysis and genetic homology
analysis of sequences in ITS, TEF and Bloc regions. The fungal toxicity to B. tabaci was evaluated by the
immersion method. [Result] Twenty-six of 29 entomogenous fungal strains had the characteristics of
Beauveria and the other three strains of SB003, SP665 and SP670 were identified as Isaria. Phylogenetic tree
was constructed using TEF region sequence, Bloc region sequence and TEF-Bloc combined sequence, which
showed that 29 strains included 24 strains of Beauveria bassiana, 2 strains of B. pseudobassiana, and 3 strains of
Isaria cateinannulata. The mortality of the 2nd instar nymph of B. tabaci increased with the increase of spore

concentration, and the pathogenicity of different strain was different. The 2nd instar nymphs of B. tabaci were
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treated with 1x10° mL™ spore suspension for 7 days, and the SP433 strain had the highest lethality rate of
87.37%, followed by SB009 with a lethality rate of 82.93%. [ Conclusion] This study can provide a theoretical

basis for the classification of entomophytic fungi. The highly pathogenic strains of SP433 and SB009 were

screened out, which can provide a reference for the biological control of B. tabaci.

Key words: entomopathogenic; morphological identification; molecular identification; Bemisia tabaci; virulence
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Table 1 Information of test strains
[ SRFEH SRAE S 8]
Strain Sampling place Sampling time
SB003 WAL FH AR ZEMR X Shennongjia forest area, Hubei Province 2007-07
SB004  H A RIKTT 2 HE H AR RS X 2007-08
Maicaogou nature reserve, Tianshui, Gansu Province
SB006  Hi & I B [m1 ik i MIEAE L H AR RS X 2007-08
Lianhuashan nature reserve, Linxia Hui Autonomous Region, Gansu Province
SB009 VU )14 BB T 7 2 X SC3R B Wenshuyuan, Qingyang district, Chengdu, Sichuan Province 2007-10
SB010 =44 B W T Kunming, Yunnan Province 2007-09
SBO15  Ji I 44 #5EE 17 Hebi, Henan Province 2007-10
SB026  VUJIA Ak % T 5% B A 28 2007-07
Fengtong village, Baoxing county, Ya’an, Sichuan Province
SB032  Hh[EFFM I KHIKEAT Tiandiyuan waterfall, Jeju Island, South Korea 2008-07
SB035 B AN 4 B B Shiping county, Honghe Prefecture, Yunnan Province 2009-05
SBO36  PNSE L IR DX IS UK T B R R e 1 2009-08
Xinbalhuzuoqi, Hulunbuir, Inner Mongolia Autonomous Region
SB037 ST Hf X% 2 L IR 2009-08
Zhalaitqi, Xing’an League, Inner Mongolia Autonomous Region
SB038  ASEH F i DX AR B I e e 2009-08
Zhengxiangbaiqi, Xilinguole League, Inner Mongolia Autonomous Region
SB039 S FA X BT B 50 22 0 [ R G E AR IR X 2009-08
Helan Mountain National Nature Reserve, Alxa League, Inner Mongolia Autonomous Region
SB041 WS IR X B AR ) B IR it 2009-08
Zhengxiangbaiqi, Xilinguole League, Inner Mongolia Autonomous Region
SB043 P H G XA A 2 2009-09
Gu village, Bomi county, Linzhi, Tibet Autonomous Region
SB050 I HAT M T Az 1 Baiyun Mountain, Guangzhou, Guangdong Province 2009-10
SB051 ] AR FE T )1 £ Longchuan county, Heyuan, Guangdong Province 2010-05
SB057  HME & ILE J5#E £ Fangxiang village, Leishan county, Guizhou Province 2010-07
SB062  EE VA X B R A A 201008
Gulaben Aobao Town, Alxa League, Inner Mongolia Autonomous Region
SB063  PASETH H i DX BTz 35 B BT 22 1Lk A L 2010-08
Harau, central Helan Mountain, Inner Mongolia Autonomous Region
SB671  mEEBLEIRIG R R R F G B 2009-10
Zhenyuan Yi Hani Lahu Autonomous county, Yunnan Province
SB672 R 11 RIS Gulangyu, Xiamen, Fujian Province 2010-09
SB673 44 1E PN 4E 7 £ {R A4 Baohe town, Weixi county, Diging Prefecture, Yunnan Province 2010-09
SB674  JTARAET N AR ALK SRR RS R A B 2010-10
College of forestry and landscape architecture, South China Agricultural University, Guangzhou,
Guangdong Province
SP016 WAL AR ZEAR X 22 1l Laojun Mountain, Shennongjia forest area, Hubei Province 2007-08
SP031 HR A8 A T 78 B £ A IVA Dongliugou, Sunan county, Zhangye, Gansu Province 200708
SP433 A ZE T EA X IR DURT S si A1 i 2009-08
Yakeshi, Hulunbuir, Inner Mongolia Autonomous Region
SP665 A AEMERRIR B A kER 2 [ 7Y R 2009-09
Xiling Palace, Erlu Park, Chuxiong Yi Autonomous Prefecture, Yunnan Province
SP670 1648 B B AR Toad Spring, Yichang, Hubei Province 2009-10
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ITS F %1, Bloc %1, TEF 41 PCR ¥ 1)
KB 517, VR4 51015 B LK 2. PCR N AK
F0N 25 pL K &, H i ddH,0 10 pL, 2xTag PCR
StarMix 12 pL, FFU#514%% 1 pL, DNA B4R 1 pL.
ITS ¥ #44644F: 94 °C 5 min; 94 °C 1 min, 55 °C 1 min,
72 ‘C 1 min, 35 MfE¥F; 72 °C 444 10 min. Bloc
14 2%4: 95 °C 5 min; 95 °C 30's, 54 C 305, 72 °C 80's,
40 MG ; 72 °C %EA# 15 min. TEF ¥ 1 4 1F:

TEF R H &% PCR 4 37720, 95 °C 5 min; 95 C
30's, 66 °C 30's, 72 “C 1 min, B MEIF IR KR RE
iK1 °C, 11 MEH;95°C 305,56 C30s,72 C
1 min, 35 ME; 72 'C SE#H 10 min. ¥f H #1557 K
ANEERE S AL O ik SRS AR IR 2
BHEA R A = #EAT 7 5100 5E « KA Geneious
BEAT 9 P44, HEAT Blast FAMAUMEE 2, SR
4 MEGA 7.0 195 KRG AR

# 2 B4 EE DNA B PCR 15|14

Table 2 PCR amplification primers for entomogenous fungal DNA

771 Gene sequence 514 Primer 31 W17 5)(5'—3") Primer sequence
ITS ITS4F TCCTCCGCTTATTGATATGC
ITSSR GGAAGTAAAAGTCGTAACAAGG
Bloc B5.1F CGACCCGGCCAACTACTTTGA
B3.1R GTCTTCCAGTACCACTACGCC
TEF 983F GCYCCYGGHCAYCGTGAYTTYAT
2218R ATGACACCRACRGCRACRGTYTG

123 kA AFEL A EANE  FPDA F
W EREFR 7 d 5, 7857 ) A U o AR A T
0.05%(¢p) M-IR—80 T KPEML, FiHE, 7RG, i
P8, FH R BN TE B, IR RER R, C 1 R
1x10° mL™" 787 B VF W, FEMREAL 1x10" mL™!
T B

Wy A R B 2 W AR AL R R T
Bt 4 (98 7 Bm b, 30 s JEEUH, A E AR
TFa, Bt e b TR IR A, AR
JE O FEFLALE S, HEE R IR E, BT AT
SAEFE R, IR ONEEE (27£1)°C, JEH 14 h
J6:10 h i, AHXTRE (75£5)%. LA 0.05%(p) M
—80 LW /K NEAXR, BN HES 4 %, B4
HE 100 kAR T 7 d Ja R A B A8 T
FHACFIET L, THHAET 2,
1.3 HUEAE

K SPSS17.0 5 Excel # {43k 4T $i s Ab # K
41t 43 HT, Duncan’s AT 7 75 S VEAS TG

2 FRETH

2.1 HEHENESFEWE
21,1 RAARAMABZTLS HHREE 10 KoM
520 PDA Rr 97 s b % bR B V& 1 TR THD A 75 T
TEAEE (E 1),

Pk SBO03 B ¥4 2 1, Hh S AR T 22 i,
] S S R 229800, AR, T T B, B RSP AR

AR (B 1-14 1-2); WPk SBO04 B ¥ 2 U IRA
A, RS IR, A E A (] 1-34 1-4); Btk
SB006 1% 7% B 28 EARA AR AR, A1) Ay ik AR
(K 1-5. 1-6).

Bk SBO09 B 74 2 28 B4R, R A 6, B TH A%
B (B 1-7. 1-8); T SBO10 1 % H 28 BARAL
KWK, HHLGEHEIR, Riio A, 100G 6
(K 1-9. 1-10); BRI #k SBO1S B & B 28 BRA R AR,
NG TCHE, WA BER T A, J5 0 E
WA 1-11.1-12),

Bk SB026(E 1-13. 1-14) H & LA EHE R
Pk SBO15; Bk SB032(K 1-15. 1-16)- SB036(F] 1-
19. 1-20). SB037([& 1-21. 1-22). SB038([& 1-23.
1-24) WA WA RSB, d A w22 R B
Fa, SRR R R R R, W& EREIR, AR
4%, R A G A6, BREPFRATE, A,
PPk SB037. SBO3STR ¥ A Wil ; Witk SBO3S(KE 1-17.
1-18) W& A ERA K AR AR, R TH A A, 1 1 £ 45
W,

FFk SBO39(E 1-25. 1-26). SB041(/& 1-27. 1-28)
PR 78 ZUIR, R TH A 6, TR A Bk SB043 K
78 10 d W& BB AR, W& 28BN, H
T 2R B (K] 1-294 1-30).

BRIk SBOSO T 7% HH 2k ER AL Mk AR, 2K i
t, FEFR A A ER B A (8] 1-314 1-32); Wk
SBOS51 B v& HHZEIR, J5 PR AR, hia) ™ g 5
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Wi 52, 252 20 P HRUAR TR 1A S BORTIOR L1255 77 61

R, 0% E9ER, W IE UK, 35 % s o (K
1-33, 1-34); Btk SBOS7 1 ¥ HH L EARZ R AR, 14
GRYE, W H BRI A (K] 1-35.1-36).

Bk SB062(/& 1-37. 1-38). SB673 (& 1-45,
1-46) B LA [F SB032; Btk SB0O63 (& 1-39.
1-40). SB671 (& 1-41.1-42). SB672(& 1-43.
1-44) A1 SB674(1&] 1-47. 1-48) W & 45 [F] SB050.

Bk SPO16(/& 1-49. 1-50) V&L A%[H SB043;

Bk SPO31 B V& I ZRBIR, R A0, T 1H IR 3%
ty, SBGRTBIR (K 1-51. 1-52); Fikk SP433(/& 1-53.
1-54) W& A5 [F SB032.

Btk SP665(& 1-55.1-56). SP670(/& 1-57.
1-58) B & BRI S AR 2 8 Bk, [ 4t
AR 2 AR, R, g A, T
P8 (B BR 35 0, REFRIL AR AR .

1.2: SB003; 3. 4: SB004; 5. 6: SB006; 7+ 8: SB009; : 9. 10: SB010; 11 12: SBO15; 13, 14: SB026; 15. 16: SB032; 17, 18: SB035; 19, 20: SB036; 21. 22:
SB037; 23, 24: SB038; 25, 26: SB039; 27 28: SB041; 29, 30: SB043; 31, 32: SB050; 33 34: SB051; 35.36: SB057; 37, 38: SB062; 39. 40: SB063; 41, 42:
SB671;43.44: SB672; 45. 46: SB673: 47, 48: SB674; 49 50: SP016; 51+ 52: SP031; 53+ 54: SP433; 55. 56: SP665; 57 58: SP670

B EHRHEELS (GRAER, BHARE)
Fig. 1 Colony morphology of strain(the odd number showed the front and the even number showed the back )

2.1.2 FFeEesENE  Hik SB009 T
EINEAIEERY, 1 EHAZ 1.8~2.2 um (& 2a).
Pk SB026 Hffl 2 UMK, i+ B AT 1.8~2.4 um (] 2b).
Bk SBO38 7™ fHl 40 i (1) B R 2K, Ffiufl “Z27 Y

h, AT H BRI AN, fi 7 B 1.7~2.6 um
(K 2¢). SBO41 - FIEIRFIK/NE SB009 LhAk 2
oL, fF BRI, B NIEERTE, BAR 1.6~2.5 um (&
2d). SPO31 f-FH B, A MEE, fil1 K/
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1.3~1.5 um (&l 2e). SP665 434 T HE A LI 43 4
KATAN—, BEFBADNE [ TN R, A2 28 B B S (1) 3950
o3 AT BRI B, 87 BAT 1.4~2.2 pm (& 26).
213 AHEAKZEFE HERRHNSEREREKESE
T3, BRI 3 d), BRI ER ERER
AR, HAk SBO10 A1 SPO31 U E 2 KT 25.0 mm,
ik SB038. SB035. SB039 [ EL42/N T 20.0 mm,
A R B () B 75 ELAR N 20.8~24.3 mm, Rk IE] TC B
7S WA B IR M K, BRI TR B
SEHE N, W ARKE IR 5d B, H Pk SB0O10. SB032,
SP031.SB006 [ % H A KT 35.0 mm, Bk
SBO10 [ 7% B4 & K, N 37.9 mm, B #k SB039

55 SB035 1 V& BELAR /1N, AE] 25.0 mm; 1577 7 d B,
B V& ELARIE 40.0 mm LA B B AR o5 A B AR I —
e, T B bk SB035 5 SB039 KB 7% H A2 H1 A 3
30.0 mm; 5537 9 d I, Btk SP031. SB010. SB006.
SB032. SB671. SB062. SB037. SB672 14 ¥4 EL1%
15 50.0 mm M LA B, T E# Pk SB035 I # & BEARATIA
F]30.0 mm; 7% 10 d B, Bk SB010 5 SP031 &
15 60.0 mm LA I, 437528 62.7 1 61.3 mm, K IHE
L Hbk SB041. SB039 A1 SB035 1 ¥4 BL4%
ANF) 40.0 mm, Bikk SBO35 & B4R 9 & Hikk
W VR LR /N, AU 30.3 mme

a: SB009; b: SB026; c: SB038; d: SB041; e: SP031; f: SP665
E2 EHEFEEE

Fig.2 Spore structure of strain
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4 SB035 - .- SB037 —-#- SB039 —w— SB043 ~@ - SB673 -—4r—- SB674 —-0— SP031
--s-- SB036 —ou— SB038 --o-- SB041 ..A . SB050 —-~- SP665 —-#— SP0l6 - -w-- SP433
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Fig.3 The growth rates of entomogenous fungal colonies
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Wi =5, 45 20 PR VAR SR A 5858 KOG TR EUH 2 63

214 E#HRFIRET BFEKRTRENE 3, 29 il
Wl E AR ER . b, Fik SB032
FE A B R K, H IR IR 4 i SB039. SB038.
SB004. SB006. SB050. SP433. SB036 £l SB043, 7~
EY KT 10° mL ' P fERDKN SBO03 A
SBO41, F=fid A E] 3.50x10" mL ™.
22 HEHENTTFENFEE

# ITS [X. TEF [X. Bloc X [{] 75 Hf 5 )5 2 4
ITS4. ITS5. 2218R. 983F. B5.1F 1 B3.1R 5|4 /F
H11, ITS [X K1 F B~ 550~600 bp, TEF [X A 1 000 bp
KA, Bloc X A BN 1500 bp %247, 78 GenBank
L BEAT BLAST EEX, bl B 0 AR AR S 10 B ke
SR WA 4, A0S ol & T Bk B R

BRI 18 B RPR B A TR A

BRI 29 FRE R0 1TS %1 TEF /751 f1
Bloc J7 %2R F St KALSR LW L KRG R B M
(B 4). ITS JFAIEM R K W (Kl 4a) 53N
2 K938, 55 1 53 SCONIRIFEERE R Al ARSEF 6242
R E#k SB003. SP665 1 SP670, (A1 AT 48 &1
H R IR 5 2 RSO BB R E, 24 PRt
REK S CHEE B A R BRE B 2R R, ek
P, (H Pk SB039. SB041 5 Strain E51 2%
B 19030 NBEERAEER

TEF [FHIM N RAKEW (K 4b) 708 3 K
G35, B 1 4y SO AE () 43 3, Bk SB003.
SP665 il SP670 5 itk ARSEF 6240 255, NIk

R3 HEEEM~REY

Table 3 Spore productions of entomogenous fungi

S PR /(x10" mL™) [sl7S PR /(x10" mL™) [sl7S P ER/(x10" mL™)
Strain Spore production Strain Spore production Strain Spore production
SB003 3.25+0.59f SB037 9.86+0.69abcdef SB671 4.64+0.71ef
SB004 14.2742.63abc SB038 14.78+2.06ab SB672 8.35+1.72abcdef
SB006 13.65+1.59abed SB039 16.38+2.83a SB673 5.15+1.10def
SB009 9.42+1.19abcdef SB041 3.48+0.47f SB674 6.61+1.75bedef
SB010 6.72+1.92bcdef SB043 11.16+1.48abcdef SP0O16 4.04+0.49¢ef
SBO15 8.29+0.74abcdef SB050 12.64+3.07abcde SP031 9.32+1.73abcdef
SB026 9.19+1.73abedef SBO51 6.54+0.47bcdef SP433 12.54+2.36abcde
SB032 16.56+1.59a SB057 9.30+0.37abcdef SP665 5.5740.89cdef
SB035 3.84+0.56ef SB062 6.02+1.76bcdef SP670 7.26+0.49bcdef
SB036 11.23+2.66abcdef SB063 7.88+1.59abcdef

D& R B B FA AT R R H AR B %% 8% £ 5% 2% (P<0.05, Duncan’sik)

1) Different lowercase letters indicate significant differences in spore production among different strains (P<0.05, Duncan’s test)

=4 HXE4 ITS X\ TEF X7 Bloc XAIFFILEXT4ER

Table 4 Results of comparing the ITS regions, TEF regions and Bloc regions of test strains

ey

AR B RS Accession number of strain

Fis ITSIX TEF[X Bloc[X

ITS region TEF region Bloc region
R 18 A Beauveria bassiana KX901309 JQ867178 JQ867116
BRTE BB B. bassiana AY531976 JQ867172 JQ867106
BRTE (B B. bassiana KX901310 JQ867171 JQ867109
R 1B 5 B. bassiana GU233705 JQ867157 JQ867118
BRTE BB B. bassiana GU233701 JQ867151 JQ867125
ERAU BB B. bassiana AY883691 AY883788
R 1B B. bassiana KU725693 KU725706
B ERHY B Beauveria pseudobassiana MH259852 HQ880999 HQ880727
BBk B B. pseudobassiana LC163567 LC163595
INEERE R A Isaria cateniannulata GU734760 GU734758




64 RGO K 23 (hitp://xuebao.scau.edu.cn/zr) 41 %
a: ITS region b: TEF region -~ 28882 7
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Ham Wi =5, 45 20 PR VAR SR A 5858 KOG TR EUH 2 65

o Bloc JFHIMEMRG R EM (H 40) 70N 2 K
933, B 1 SONRERTE B T ARSEF 1855, F884
FTLE 5 32, 5 R I 2 HFk SB039 F1 SBO41;
552 3Oy 3 AN R NER AR . &
] R SCRF R AR T 50%

TEF-Bloc [ 2 K W (Kl 4d) S5
BE[R Bloc J7 AR K R B RHRAREL, B ESCFFEA
—F, AR S & R R A E — 2
23 HEHFEINEHENSINE

AN TR FE PR 45 B PR T 1 BV VRO RN L 2 6
H 7 d B0 E S5 R WAER S, S B RAE ] — Ab B

BN, BOLRAAEZE R U 2RO 1x10" mL™
i, B Ak SB039 MIEUE R i & (72.77%), HikZ&
SP433 Ftk (69.03%); 2411 BIFBN 1x10° mL!
i, Ak SP433. SB009. SB050. SB036. SB043 [{]£
EEIR 80% UL b, Bk SP433 [ BUIE K i
(87.37%), BHLEH /M) 72 Bk SP031(52.85%). [F]
— BEARANEIR L, BUAEFR I A 0 VRO ) 3
Jn FE 1 R SB039. SB063. SP031. SP670.
SB671. SB035 fEFfF&IZM N 1x107 A1 1x10° mL™
N AEERER B H 7 d SR RAR A BUER .

x5 TREIRENATEZRLEEBE 2 #0350 7d TR

Table 5 Mortality of the 2nd instar nymphs of Bemisia tabaci infected with spore suspensions of different concentrations

for 7 days %
Pk Strain 1x10" mL™ 1x10° mL™ Pk Strain 1x10" mL™ 1x10° mL™
CK 9.43+0.58d 11.73£2.00d SB043 47.67+4.00abc 80.33+3.93ab
SB003 56.43+3.45abc 60.06+2.68bc SB050 49.47+1.47abc 81.30+4.86ab
SB004 55.23+5.85abc 75.23+5.49abc SBO051 59.67+4.17abc 70.8745.90abc
SB006 51.03+0.54abc 72.33+6.90abc SB057 51.67+3.55abc 76.00+2.34abc
SB009 67.93+1.68ab 82.934+2.88ab SB062 35.8143.54¢ 63.34+3.93abc
SB010 47.90+4.42abc 70.20+4.94abc SB063 68.03+5.46ab 71.40+2.03abe
SBO15 64.30+7.27ab 77.07+4.95abe SB671 59.80+1.12abc 59.50+9.22bc
SB026 51.77+4.15abc 67.80+3.0abc SB672 44.67+6.17bc 62.43+7.28bc
SB032 56.57+2.95abc 77.69+3.88ab SB673 53.23+5.62abc 70.53+2.57abe
SB035 53.07+2.37abc 59.99+2.77bc SB674 67.20£7.04ab 77.20+2.70abc
SB036 55.33+6.36abc 80.67+4.41ab SP016 54.47+8.25abc 72.07+4.82abc
SB037 50.17+7.69abc 74.00+3.21abe SP031 49.43+2.13abc 52.85£1.00¢
SB038 48.03+6.08abc 70.87+5.90abe SP433 69.03+3.76ab 87.37+0.43a
SB039 72.77+2.14a 73.13£5.20abc SP665 49.70+4.65abc 64.90+3.26abc
SB041 50.33+4.36abc 70.33£5.42abc SP670 65.77+0.50ab 72.40+1.56abc

DAB R L RS R R B 8 R R Fl B Ak 08 8073 1 £ 5% 2.3 (P<0.05, Duncan’s )

1)Different lowercase letters after data at the same concentration indicate significant differences in pathogenicity among different

strains (P<0.05, Duncan’s test)
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