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Identification of whitefly pathogenic fungal strain IfB01
and optimizaton of sporulation conditions

ZHANG Bowen, ZOU Chunhua, DONG Tingyan, HU Qiongbo
(College of Agriculture, South China Agricultural University, Guangzhou 510642, China)

Abstract ; [ Objective ] To identify the taxonomic of IfBO1 strain, which was isolated from tobacco white-
fly, and to optimize its sporulation conditions. [ Method] Identification of IfBO1 strain was based on mor-
phological analysis and genetic homology analysis of ITS1-5. 8S-ITS2 rDNA sequence and B-tubulin DNA
genes. The effects of culture medium, moisture content, pH, amount of inoculation and metallic element
on conidial yield were studied. The sporulation conditions were optimized according to the above-men-
tioned effects. [ Result and conclusion] The morphological structure of IfBO1 strain was similar to that of
Isaria fumosorosea, including colony morphology, conidia and sporulation structure. Analysis of ITSI-
5. 8S-ITS2 rDNA sequence and B-tubulin DNA sequences indicated that IfBO1 strain shared similarity o-
ver 97% with Isaria fumosorosea and Paecilomyces javanica. The strain was identified as I. fumosorosea.
Basic media and their ratios, moisture content, pH, inoculum dosages and metallic elements could gener-
ate significant influences on the conidiospore production. The sporulation quantity of each gram of corn
flour and wheat bran mixed medium was 6. 07 x 10° , which was the most suitable medium for sporulation.
When the ratio of corn flour and wheat bran was 5:5, the moisture content of the medium was 42% , the
inoculation amount was 6 mL bacteria liquid of each 20 g medium, the highest spore quantity was a-
chieved. A wide range of pH from 5 to 8 could be adapted. However, metallic elements did not seem to
promote sporulation, on the contrary, magnesium, iron, sodium and calcium could inhibit conidia pro-

duction.
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B (1% Isaria fumosorosea J&—F i ULAY
AEN=RE ) -Reys NS E kR SIS IN SIS IRVEASIN !
WH S E A, T T BRI H Ry EE A [
HA B R WAz R R
YoE BotE AR i A N MR e T
TSATIE ST A% B AR B5f 1y Aphis spp. /NSE Ik
Plutella xylostella 375 . Pieris rapae 25535 FE b AR
SR BCRTE , X i Tetranychidae W IHA TR (4 75 I
BRI E Bemisia tabaci JEEH AR, B 5 Q AW
R RGN fE R AR 35 L, A e il iz Ui A
I iaE AR B G R B, A
3 R AR b 43 B 0 22 1Y) S L BBC AR e A 7 5 TR PR
IfBOT 3§ B YKy T AT B0 1 4 il B8R, I o A= 1
FAEMRIE R 1.0 x 10" mL ™" BEX 2 #5257 BBt R i it
81% ,2.5x10° mL™"' 5 1.25 mg - L™ "8 d ZBRIR &
TERIN B RGR 3 87% LA L. o1 T2 bk R 30 HE 5 iy
PN, EE VBRI T T e T
LA ME , REIZ TR PR L BN I A 77 i Ry 35 55 2 T 1)
[ A e o 7 4 25, S LA 7 4 I R R

1 #R5EGE

1.1 s

IFBOT BEAAR AR I T, H (] S8 55 53 0 O e v o
58 , 45 CCTCC M 2012400.

Z2HR EKR FOKE 3 G 55 AR A 5
TR X A 55 11T 37 5 A IR 3% R 4k NaNoO, 2 g,
K,HPO, 1 g, KC10.5 g,MgSO, 0.5 g,FeSO, 0.01 g,
FEHE 30 g, Bl 20 g, 7K 1 L;PD 3555 7K: D445 20
g, M%jHE 10 g, 7K 1 L.

1.2 7%

12,1 FBAFWE S IBOL FE AR AR Fh ) 4
AT A T A R SR AR 25 C &1 T R
7 d, WS N E L SRR I TRAR K, R
BRI S 875 N o (0 R R AN DR (L AL

1.2.2  ITS1-5.8S-ITS2 tDNA Fo B-# % & & 1 I B &
AT F DNA $2 500 & (DP3112, Jb 5t i 48 itk
WIHARA PR \]) £ Bt o Ak & DNA, 1TS1-5. 8S-
ITS2 rDNA [f 5408 PCR 219" k. 1TS1 (5'-TC-
CGTAGGTGAACCTGCGG-3") #i1 IST4 (5'-TCCTCCGCT-
TATTGATATGC-3") ( 1) MR AEYHAA R AF G
). PCR KWK & (25 pl): 10 x Buffer 2.5 pl,
25 mmol + L™'MgCl, 2.0 pL,dNTPs( 10 mmol - L")
2.5 pL, B RS (20 wmol - L™") &1 pL, DNA
Bt 1 pL, Taq [§0. 5 pL,ddH,0 #pZE 25 pL. 375
4::94 °C 3 min;94 C 45 5,50 °C 45 5,72 C 45 s,
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35 MEH ;72 C ZEf 10 min. Zifk [ P R HE )
TR A A HR 2 w4700 . I )77 371 BLAST {8
FAAAHEE R W ARSC 51, i Cluster W 472 8
4 LX), 78 MEGA 5.0 H #4 @ Neighbour-joining
(NJ) BZGe k&M, It Bootstrap 3 H7 #E AL B £2 &
PE, #1000 K.

BT 2 1 3 [ [ P 23 A PCR 514 Bila

(5'-TTCCCCCGTCTCCACTTCTTCATG-3") 1 Btlb (5'-
GACGAGATCGTTCATGTTGAACTC-3") , ¥ 35 5 14-. 94
°C 3 min;94 °C 1 min,58 °C 1 min,72 °C 2 min,35 />
PEPR ;72 CHEA 8 min. HABAL BRI |-
1.2.3 AL FRTHHm BT DA E
+ FOAB R + KA + FOKRM, & FRIL 20 g A1 R}
(RA I P AR B DR EIRA) , i 10 mL
IR, SRR A, 36 A 250 mL =Sl 3 0 & s
ZRIRKm & . BEAE AT 3 IR

PP B AR 59 B AE R TBOL R bk 23 AE
TR B E KB PD BEFRIRT 2l 1 x 10°
mL™" 25 C4&/FF 150 v+ min ' K535 3 d, % 5 mL
PRV 2 [ A s 95 56, B 2 15 R4 v 25°C i i %
7 10 d, R 5 ¥ B SR W B, 5 0%, 8001 AT, I L
g B5R ), A 100 mL 0. 05% (w) i 80 ¥ UK, 4k
DR AT, IR O e A= 967 B, 453 1
g IR IL ) o A AT i
1.2.4 BHARRK SKEBHET L2ELEA
pH *f =ia g% MY 1. 2. 37 Byl IR s Rk
Ak + BN R IR IR 5 2.

BC B A2 4k« FoAB R A 1:9.2:8.3:7
4:6.5:5.6:4.7:3.8:2 9:1 5Lt 0 NMab I &
AP 3 K, SR SRR B 1. 2. 37 (4R Rl 1 R
S R E .

HRAF B 77 R L 1 45
5t SIS IR AR SL 5 2L g

3B E S K (w) 24 32% 37% 42% 47% |
52% \57% W ks 3¢ 4k, B AL PR 5 3 I, Je Ak B
g 1203 ByHERh KR S R E .

TEREFR AN 3 4.5.6.7 .8 mL R, B4 AL
PREAT 3 UK, G SR AL B 1. 2. 37 A B R ST
P AE .

1520 g HAZEk + F AN (50 5) B ge Kb oS
fin0.2 g MgSO, . FeSO, ,Na,SO, .K,S0, , CaSO, , X} I&
HATI, AP E S 3 K, JEgiab B “1. 2.3
RN B 7R S E I E

W3R pH R 5.6.7 .8 A1 O 4t 5 AR 5
SERLFRON L. 2. 37 ByHRD K ST .
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1.3 HiEaiE

R SPSS V17.0 AR, A1 KRBT 220k FlRE ST

HOAT 0% 5 10 5
2 ZRERMH

2.1 EHk B0l P RFERE
2.1 BAFHE EARFSEEL EYEELEA

o, R R R IR I R, TR AR R, 7 A
Ja L, ARME KA, FHIRBE M0, 55 14 d Wik ER
(46.70 £1.30) mm (& 1A). B 22 J% 7= #2544 T &)
1B, 2253 b, TCEEW], 9ifE (3,30 £0.52) wm; 43k
HFAE K (10. 83 £2.34) pm, 55(2.94 £0.37) pm; /=
fsb 2% e E A 3 ~ 6 AN, HURE JE R ERIE 5
WREERE K, ) 40350, A4 (10.90 +1.86) pum, 5E
(3.36 +0.32) pm; 3 EfFE I, O, RIE 24K,
K-(5.61 £0.76) pm, $5(2.01 £0.23) pm, 55 B
B K ERIR.

Vi

A: IBOIRHIEAS; B: WK™ L.
K1 IBO1 FMRIE A4 E

Fig. 1 Morphological analysis of IfBO1 strain

93

2.1.2 1ITS1-5.8S-ITS2 1DNA #= B-#t % & & 4 B
ITS1-5. 8S-ITS2 tDNA J [ Fl B4
RN Y AR W 2, 78 o 5 29 0 580 Al

320 bp.

2000 bp —»

1000 bp —»
750 bp —»
500 bp —»

250 bp —»
100 bp —»

2000 bp —p

1 000 bp —»
750 bp —»

500 bp —»
250 bp —b
100 bp —»
M: DNA Marker DL2000; 1.2 ITSI-5. 8S-ITS2 rDNA PCR #3724 ;
3 4:B-AEEEELE PCR P =4,
&2 PCR H KA
Fig.2 PCR electrophoretogram

ITS1-5. 8S-ITS2 rDNA 4 T3 388 y= 4y 28 22 ,
HPF3: 576 bp. ¥i% B 7 51#£38 GenBank , DNA J7
S EMLHEE B R R, H 5 1 PR o
Isaria fumosorosea ( % 55 FJ765015) £ 1 #f JIUi: )
T %% Paecilomyces javanicus (% 55 AB263744 ) /& &
AHALL. DL IBOT FEkk S 40l 5 25 B (40 7 7 S —
BT DL AR, B LA 7S 1030 F) V. B Mariannaea elegans
var. elegans (&S AY624244) NAMNEE M HEH R Gk
AR, IBOT MRS 1 BRECHH (a2 1 R
UERTER—4r 3 b AR 100% ([#] 3).

IfBO1 itk

Isaria fumosorosea(FJ765015)

100

Paecilomyces javanicus(AB263744)
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I— Paecilomyces cateniobliquus(AF368799)
100 " Eviachovaea kintrischica(EU553278)

Cordyceps militaris(JQN121119)

82

96

98

100
Paecilomyces hepialid(EF555097)

Cordyceps ninchukispora(F1765277)

Lecanicillium psalliotae(AB378518)

Epichloe typhina(F1919229)

Lecanicillium attenuatum(AB378513)

97 * Cordyceps confragosa(AB111495)

0.02
—

&l 3

Mariannaea camptospora(AY 624202)

ITS1-5. 8S-ITS2 rDNA £ #)7# UBO1 FHHkAY RS & B W

Fig.3 Phylogenetic tree of IfBO1 strain based on ITS1-5. 8S-ITS2 rDNA sequences
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BT AR R R S M 1 e W 2, Y
514 319 bp. & GenBank H iy AZ 7 31 B, 45 S 3%
B 2755 1 BRBUM B85 1. fumosorosea (%5 5%
5 EF585300) A1 1 )N 5 P. javanicus ( 5 5%

98

7 FJ899913) i BE [ Y. [RIAEA L R G R H R, %
EAK S 1 R BOM (8 % 1 fumosorosea (8 57 5
EF585300) #1 1 £ )N 15 & P. javanicus (B 55
1J899913 ) [] & — 3, M RIE K 97% (K 4) .

Paecilomyces javanica strain ARSEF3573(FJ899913)
97
——I Isaria fumosorosea strain PFR-97(EF585300)

53

IfBO1# bk
Isara javanica TUB2(AB539086)

{ Paecilomyces cateniobliquus(AY 624212)
77 95 Isara amoenerosea(AY624207)

Isara fumosorosea(DQ090739)

Isara ghaensis(AY 624223)

Isara cieadae(EU604138)

Isara tenuipes(EF411248)
Cordyceps cf. takaomontana(AY 624240)
Isaria japonica(EF411251)

76..'

95

_l—_ Beauveria bassiana(JN713134)

98

Beauveria brongniartii(EU604114)

Lecanicillium attenuatum(EF679176)

0.02
—

Mariannaca eteaans var. punicea(AY 624244)

K4 B-iiEE SR P AR IBOL Rk REE R B R
Fig.4 Phylogenetic tree of IfBO1 strain based on B-tubulin DNA sequences

ITS1-5. 8S-ITS2 tDNA [X I8 /3 32 & B W B-1
I DNA J75 00 3k W Hr 43281, 1BO1 B A% 5
B € A 2 A TC: U0 5 o5 B R V. TEBO1 P

TEA“ARFIE -5 BUM (1 55 U 508 54
PE T HCAB AT (R 1), BRI 1BOT T bR B s U
(EpRfEs, DI K IfBOT TRy BOH (b fa.

x1 IfBO1 ik KA EERSRINEMNS SRS

Tab.1 Morphological characteristics of strain IfB01, Isaria fumosorosea and Paecilomyces javanicus

JiskiS R A AR/ mm RAZTEEwm AR BB /pm BORETE pm A pm AL 5T/
IfB01 JEEf 44.12~51.08  2.58~3.88 3~6  8.88~13.26 2.68~3.78  4.65~7.04  1.75~2.30
s kEag " Ae 50.00~60.00  1.50 ~3.50 3~6  5.15~18.00 1.00~2.00 3.00~4.00  1.00~2.00
UEERIFHE™ Af 20.00~30.00  0.30~1.20 2~4  8.00~14.00 2.00~2.80 5.00~8.00  1.40~3.00

1) IfBOI A4 A BB EHRIAE S AT VKRG ARY ZARKKE NN FES AT BRI KRBT ZEEK.

2.2 FHREH
2.2.1 BARASFREGHH 9w  LERFEW, FE +
oA R IR G R A R E A, R 1 g
BRIk E] 6. 07 x 107, Rk W 5k + FoAkM +
DKBRVR 5 355 7 B TN 0 — 22 Bk R 5L KA s 7R 5
AL (E SA).

R FOKRR AN [F) B i B b B 3 A 7
(EI5B) 24225k - TOKRK TR LN 505 I, 7 il 4 1
o WS Eik 6. 17 x 10° it b 2: 8 FI8:2 Yz, 7
A 1 g BRIk 4. 80 x 10° F15. 13 x 10°.
2.2.2 BAASKERARTENFRENY

KR B K g X Al i g 25 (&1 5C) , 4 &K
(w) R 2% W, R a1 g BN
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6.01 x 10, I 2 15 TR & 7K 5 32% A1 HoAbuAh 3.
SR ICR X PR AR 25 R ([ 5D) £ bR
BROCEAN, B Bk S 0 R R A e A, A
R 1 g BRI AR T AN US04 @ 6 it o) HR Ak 2
fFE R 5. 99 x 10°.
2.2.3 BArEfe pH 2 FHEWHom AP E X
AT B, M 20 g K FR4E 6 mL AR
Bf, PR A 1 g BERIE N 5.75 x 10° 4, B T
i 7 mL f BN H AL BE ([ 6A) .
LRRTE pH 5 ~ 8 A5 B4 /3 B 7 i
LTGS2 2 5, 100 A 92 T R 335 17 2 k2% Ak 1) 11 B
B8 (E6B).
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T a C 7r a a D
°6f = <
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iﬂ 2 B &H 2 L
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32 37 42 52 57
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WK%

TREREE TRARIL SR FRMRIM BRARET ALMRET CK
EApI

B PR | g T BORE LA IS 037 22 3R 1.2 (P >0. 05, Duncan” )
S BRI A 1 B

Fig.5 Effects of different media on conidiospore production

ST B < 107
S = N W ks N

B AR/ mL
FEAUE LU g W SR, R B LA — RV NE TR 257 B (P > 0. 05, Duncan” s %)
Bl6  fichhid 5 pH X7 4 b A9 52

Fig.6  Effects of inoculum dosages and pH on conidiospore production

3 WigS%ie

HA B A 70 28 WA 2 USRI S 22 5 0r 1
AW D5 R e LA AT TE A 1) 43 2. B0 0 e A g
SR A BUH (AU B Paecilomyces fumosoro-
seus , Luangsa-Ard Ll 2% T ' DNA-ITS FI B-TE
FIBE LA B [T APE IS, B BOMW @075 %58 Paecilomyces
R TR PR AL 5 8 Tsaria. BOMA €008 1 %5 32
—NER, Hist e ZFEvE 5 AP IS5 H R0 2
A% ARAE rDNA-TTS K2 ff T B A pid 43 BT 45 SR AN ] 2
F 5 B DI IR AT 20 B 3 AN R P T AN
Zok AR E A AR R B AR S D-
NA-ITS F1 B-1 & 35 1 4k X 23 B AH 46 6 10 5 3, F
IfBO1 Bk % E NBCH AR [saria fumosorosea , 5
RSO IR AR Y.

a B
ab ab ab

o AU <10
S =W R N

5 6 7 8 9
pH

22 61288 B HU I L TR 1 O A AR 7 — iR
WA AR T2, PR 8 TR A 2R IR BRI
B R EE K A RS, ELAS [R) TR R TR PR ) 2RO
[ R, 7 R B € F R B 34 T A BE ST
oG B HE IR AR A TR IR R A A LT 1Y
AR T2 ORI R, 8y Rk BTk
SENh A% L T AT AR B 0 B 96 8 T A g A R
T AR T DL B + FOROB(5:5) NEETRIY,
7 At A

AR 7 0% I Bl 32 ) it 52 M AR Ay, TR E R
by DX R ¥ LA™ o, PR IR A A0 1) WY S, A B T
FRVERE A R T ARLE B AR 251 R 77 46, DT 42 5
H¥sER)). 0 TR AR R BRAERK KT b
), HA T 3= B LA 42 8 Jo R A B Pz ik ™
6, X AT RE 2 BT Prid A S5 5 3 R 2 gk 2
THIZEITTR IR, Ui e 4 R Eh 5 1 T R
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JEBE R, AR T 7= M, Xt Bk — B AT I A
RE D oy A TR A TR M, 0 T B LA SR il L
(A A7 RE A 5 Bl 4, 2 n] DS vy LA DR A
FLIRIRAE T W ZEA , At e AR R e o 3 o ) 42 o
YEHI.

AW S 50 T AN A G TT IR %
E T HA AR B B BRI J  BOL Rk, B
HNBOW @SS 1 fumosorosea , i i | il T W
BRI EOKAG + ZRRIR A G IR, WA 22 Bk 10K
BBCRERCLE 505, HiFRAE S KR (w) g 42% 3R
20 g HiFRHE 6 mL B, LUK pH S ~ 8 I, Ficidi B .
WFFELERHT D HBOT ERTAR 14 A 7= i FH B A4 =, A )
T B R AR AE N B A W By 36 F A 94 5 B
TEH.
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