I Original article KOREAN JOURNAL OF APPLIED ENTOMOLOGY I

-85 K] (©) The Korean Society of Applied Entomology
Korean J. Appl. Entomol. 52(1): 35-43 (2013) pISSN  1225-0171, elSSN  2287-545X

DOI: http://dx.doi.org/10.5656/KSAE.2013.01.1.080

HH=EUS0 et 20X E0 13S0 SSAS S

oISCislm BRI Algolai sim Algols)

An Integrated Biological Control Using an Endoparasitoid Wasp
(Cotesia plutellae) and a Microbial Insecticide (Bacillus thuringiensis)
against the Diamondback Moth, Plutella xylostella
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ABSTRACT: All tested Korean populations of the diamondback moth, Plutella xylostella, are known to be resistant especially against
pyrethroid insecticides by mutation in its molecular target, para-sodium channel. Moreover, P. xylostella is able to develop resistance against
most commercial insecticides. This study was performed to develop an efficient control technique against P. xylostella by a combined
treatment of an endoparasitoid wasp, Cotesia plutellae, and a microbial insecticide, Bacillus thurigiensis. To investigate any parasitism preference
of C. plutellae against susceptible and resistant P. xylostella, five different populations of P. xylostella were compared in insecticide
susceptibilities and parasitism by C. plutellae. These five P. xylostella populations showed a significant variation against three commercial
insecticides including pyrethroid, organophosphate, neonicotinoid, and insect growth regulator. However, there were no significant differences
among five P. xylostella populations in their parasitic rates by C. plutellae. Moreover, parasitized larvae of P. xylostella showed significantly
higher susceptibility to B. thuringiensis. As an immunosuppressive agent, viral ankyrin genes (vankyrins) encoded in C. plutellac were transiently
expressed in nonparasitized larvae. Expression of vankyrins significantly enhanced the efficacy of B. thuringiensis against the third instar
larvae of P. xylostella. Thus an immunosuppression induced by C. plutellac enhanced the insecticidal efficacy of B. thuringiensis. These results suggest
that a combined treatment of C. plutellae and B. thuringiensis may effectively control the insecticide-resistant populations of P. xylostella.
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QA 02 o] HEe Bo] ol A ofglol A o w
e gpabalal 4 Qs a0l T8 o] Al A of et W X
34 uPE o] )% WS A4 )8 42 o5 W] of
A W) sl Bule] Mta|ES thito 2 Ye) AL
B3 Qs T Aol A Aol ialA] =) HiEy of
o] k5] o] AgAle] F7el 2Fol LAY FHR] 5
ddlols Uehdor AFHe St wasielrt

(Kwon et al., 2004).

U] A2 S A B, RS S 57190A, 7k o]
EAl= E20)|31 AE52] Bacillus thuringiensis (Bt) o] tl| 3]
A= ofe] 7oA A Hof 7 9] i AEsE A
ofl hali A AaHd= A o= Qlof Axp2 A of o=
31 90k

3 Q17 o2t WL Aol of2l 8- hasl] 9
T oA Z1sEm A SR E A AERE agtsiglcy ey
X ¥H(Cotesia plutellae)2- vl 1L 4ol O3] o)A A& Y5
71882z ofd 759 Ao AH1S) &S Abstste] 717t
2% ol ol & uf of At 71 AE -0l 715 2 whA L&
3l 7] 3= X AFSHA EltkBae and Kim, 2004). 32528 712
o] JE4] 718 SlaliA= o] 7180 SRt ofof g
ok oleia 7|41 o] §r2f0) EA4HE A, vhaTh g 9l %
2] Eulo| 2] A(polydnavirus) S 2361 a2} -9 2] 713 A
3Z(teratocyte) B 715 -5 A4S ZRLSHA Fei(Kim, 2006).
o5 714IA 7he ] WA A7k Eol Ha A e B
8 1Y A0 o] 7 elA7 Eel = o]zl 2ol

ZP|=vlo| g A PAPE e Sohe AR ol W
271 oA SAEE 25 DNA vlol2l 27 A 715 7]
el Eatel weh PAESe] &3 o]HlcHbol
(ichnovirus)@} 1 x|Hijef &3 HalFufo] 8 A(bracovirus)
E THEEITHWebb, 1998). Z2E 2 o] Zhe Ee| EuHlo]
YA BHefFuto|H A9 U521 Cotesia plutellae bracovirus
(CpBV)©|tk(Bae and Kim, 2004). uj 551 Aol A
= CpBV Al 2F 540 kb Zo|=A 35 7)19] are|zzto = 4
A= 157 7119] 4 §HAAE T It Chen et al., 2011).

thoFst CpBV 212} 712-4)| viral ankyrin (vakyrin) -3-ZA}
7F 7150 Ml B AN W 2Ha B AAlShE o=
HE)QtkKim et al., 2007; Bae and Kim, 2009). &7 7l =2 3+
g5 o] AL 714 2710l WE sk 714 717t Fek A%
Ao U £ S 45t A0 IS 3t 438 71%
WIS 0 RHE /YES MBS 202 ol A1 gtk
(Bae and Kim, 2009).
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71780l o]-&s3iTh v 5ol tiEh 718 98k 5 1
A st i) wn) 7t 585 A kel viS=E Uy f5-524
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LS| Chet M52 HE

ASAof tigh 7 B AR Al S sl $3
Aoz Ajelslgick Wl pol] 63 A P flufenoxuron
5% AF(FrAA 0| =), ethofenprox-+penthoate 7+30% A&
(2E"), spinosad 10% A (Ful|=") o] Atk 2+ A S SR/
£ 0185191 1,000 ppm 0.2 A2 ThA] F54 500,250,

125 ppm 0.2 914; B4 AAJslck QAL A ok

it

AEkolo] 2 om’ Wj- 912 OF 10 B4 A A A7 F of o] £
OF 5 B7F AT 7} v el oj B LR 352 10 1}

7)
HhE o 2 2u|atg] o, ujel 24 A|7F 7|2 7 A EQkAY

R 3

"
5B AT FEPE s A S ES R0 R T
240 22 I9(Raymond, 1985)°] 7] 2J5te] WA ALFE
AFESCE

N
0=
i
I
1z

7t p-2fet ZRENAPE Qb AS-2 71A8E 2Aof ol 85t
ok A A= 271 flsl 71488 WH17] 24422 0.6 mL FH
of YL, AAJof| A Aol S-S Fulg L= Alehie) EA]
8 59 9F, 42 FHach. 7714 B A= QA 1 o
2], %702 ufe) 2 v ofslel 100u2)4 ALS et Al
of ez 31 Atk 78 97 B SISk 1
A5 A 8 3 SAS R I o] §3}0] HETWAE v}
o] Sigmaplot 2 73 0 2 T L5 IFIch EEHUXE v

=
SF At Arte] Zpo) 7} AL §lolth
CpBV segment O|ZFFEA}

510 ARSE CpBYV segment=3=H] 7)(CpBV-S2, CpBV-S8,
CpBV-S9, CpBV-S16)%it}. ©] segment5-> Choi et al. (2005)
o] oJ5)] EAZZEG 0] 851 A= A O 2 Escherichia coli
EA origing 3351 Tk ZFCpBV segment 2] 982 5] 7]
N3l Al A E. colis FAAZL, 017194 miniprep< &
3l ZFsegment DNAE &+ 3}3IT] ZFsegment+=50 ng 2] FO &
cellfectine -8-24 21 Metafectene-Pro (Biontex, Plannegg, Germany)
O} KT HlRE 1182 £ 5500 nLo] Fu) 2 373 A o] 4]
SeAThFig. 3A ). i 2L 39 aEL TR 87
ol 9] 3 ThA] vl Q0.2 A7) 204 A etk

RNA =& % RT-PCR

A2 oS 7352 CpBV segment DNA S2¢] 524
AIZFZHA © 2 8-10 ni] 4] ¢l o] = Asto] 5 RNA =39 ©]
252tk RNA 3%2 Trizol -£9(MRC, Cincinnati, OH,
USA)S o] 85t A|lz=3)1ke] At = RNAE F=5130ch
Z% RNA | yLE RT-Premix” (QIEZuPo| | FE=2X], A
2)E oF85t0] cDNAE A £513{th A 2E cDNAE o8-8}
o] th2-0] 2710 & PCR&}SITE 4| 8 7]<] vankyrin 542
oo &2 74O PCR Zeto|u] & 0]-§-513 0.1, o] 5 Leto|n]
-8 Bae and Kim (2009)9]] 0|25 250t} PCR 42
294 TCof| A 1 1,50 Cof| A 1 &, 72CojlA] 1 £-4] 35 3] Z= 5t

B0 A=,
BtE O[E¢St CpBV X{2|E HiFELIYC| MEHH
Bt X 2|& I3l B. thringiensis ssp. kurstaki S ©]- 835t} 0]

Alat-2] Z413} 1| Y E A F = Seo and Kim (2011) 0] 2J3) Al
Y& oA S o831 TE Bt 28] =70 ppm 2 A A7)0 7]

2% AL o145k CpBV segment A2] 548 A2k
73 3 AE 5k 2 e 10 a4 3w sk B
el 55 A A3 FAESE ASSIGon, o2 Erf2 X7
8 4522wkt

S

7|1 AE3} AF8-0] AFEE arcsine X ¥ 3} 0] 5 one way
ANOVA 2445 AAS3ITt A 2] 2] Bt} B als= Least Squared
Difference (LSD) A% AAIstR o0, AIY 0.7 FE20.05
T A7gstaL et 2] 2ol o] oo st Be TAE
AAES- SAS & 18(SAS Institute, 1989)2 0|25}t

LR 4 8 oFA) Al F5E 5 0. ) oAt A e
Fp ol g AL 744 ol S B el lTiFig. 1)
A A 0 2 flufenoxuron©] 7P w2 A58 E& B Yo H, ok
O 2 ug| AR o] Eot {7 Q1A EA A =& S-S UE
W11, neoniconitoid?] spinosad 7} W] & o Ao H Y
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Fig. 1. Susceptibilities of five different populations of Alutella xylostella
against three different insecticides (flufenoxuron, etofenprox, and
spinosad). LAB','CS','SC','SH', and 'RS' represent collection groups
of laboratory, Chungsong, Songchun, Songhyun, and resistant strain,
respectively. Mortality was measured at 5 days after treatment (DAT).
Each measurement was replicated three times. Each replication used
10 larvae.
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Table 1. Comparison of insecticide susceptibilities of different
strains of Plutella xylostellalarvae (second instar) in median lethal
dose (LCso)

Zgo"gl N LCs) (95% CI) X df P RR
Flufenoxuron
LAB 150 327.6(237.0-4353) 2988 2 0.776 1.00
CS 150 539.8(348.3-1173.4) 0.223 2 0.105 1.65
SC 150  398.3(299.2-536.1) 1404 2 0.505 1.22
SH 150 342.9(236.8-479.0) 1.317 2 0.482 1.05
RS 150 804.0(530.1-2102.5) 0.448 2 0.201 2.45
Etofenprox
LAB 150 396.12(277.0-572.7) 1985 2 0.629 1.00
CS 150 663.79 (455.0 - 1350.0) 0.071 2 0.035 1.68
SC 150 418.96(296.9-619.6) 3.142 2 0.792 1.06
SH 150 482.49(346.6-702.8) 0.548 2 0.240 1.22
RS 150 1108.34 (665.8 -5685.9) 0.066 2 0.032 2.80
Spinosad
LAB 150 230.72(133.0-326.2) 0.586 2 0.254 1.00
CS 150 940.22(595.9-3221.2) 0.830 2 0.340 4.08
SC 150 276.10(170.2-392.8) 0.641 2 0.274 1.20
SH 150 380.23(272.5-526.8) 1.102 2 0.424 1.64

RS 150 1442.07 (693.1-17172.3) 0.088 2 0.043 4.95

® 'Population’ indicates collection group of P. xylostella used in
this study. 'LAB', 'CS', 'SC', 'SH', and 'RS' represent collection
groups of laboratory, Chungsong, Songchun, Songhyun, and
resistant strain, respectively.
'RR' represents relative ratio of LCso compared to 'LAB' population
in each insecticide.

ﬂié%ﬁ%ﬁ l ofl A *‘LH7*“€LEHJE

oS 28 A Alol dhisiA 2k e Bl A
ol HisiM =R 9| 7|4 0] Aol & Kol A& A

371 918 B 2719 71348 Al o] A= ek Fig. 2). 247
A AR 27 EUsRe}7| 98] 2t 9818t oA 1 nfe] et 4

2 1 E U3k A7) Q) w20 100 vk o A )skaich
(Flg. 2A). o]t Aut oA g bl ok B glo] BE
off 71742 2ol & b A ei3tth(Fig. 2B).
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Fig. 2. Comparison of Cotesia plutellae parasitism against different
populations that exhibit variation in insecticide susceptibilities.
(A) A diagram showing a parasitism test. One day old parasitoid
adults were used to test the parasitism, in which 'DBM' represents
young larvae of Plutella xylostella. (B) Parasitic rates. Each treatment
was replicated three times. Each replication insisted of 10 larvae.
Mortality was measured at five days after treatment. Different
letters above standard deviation bars indicate significant difference
among means at Type [ error=0.05 (LSD test).'LAB','CS','SC', 'SH',
and 'RS' represent collection groups of laboratory, Chungsong,
Songchun, Songhyun, and resistant strain, respectively.
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7178 S vy ZiAE ARolofl Bt *“Ei“
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Vankyrin S2X[o| EAletsd R 4 Bt ZpM =7}

Table 2. Enhanced pathogenicity® of Bacillus thuringiensis in
Plutella xylostellalarvae® parasitized by Cotesia plutellae

Treatment” N LCso (95% CI) X da P

NP 180
P 180

71.7 (24.5 - 118.7) 1.57 3 0333
47.4 (15.7 - 78.6) 092 3 0.180

® Mortality was measured at 5 days after treatment.
Third instar larvae
'NP' and'P' stand for nonparasitized and parasitized larvae, respectively.

(A)
CpBV + cellfectine reagent P
segment Micro-injection (500nl)
Early third instar
P. xylostella
50ng
(B) vank vank vank vank vank vank vank
1 2 3 4 5 7 8
S2 -—
s2 -
o BRI
Sg —
S16

[-actin WEE—_.- e e —

Fig. 3. Transient expression of different vankyrin genes in nonparasitized
third instar larvae of Plutella xylostella. (A) A schematic procedure
of transient expression. Four CpBV segments include S2, S8, S9,
and S16. (B) Expression of vankyrin genes (RT-PCR). To confirm
cDNA integrity, 3-actin expression was analyzed.
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Table 3. Predicted genes encoded in the selected five viral
segments of Cotesia plutellae bracovirus (CpBV)

Predicted genes

CpBV  Size -
Segment  (bp) ID MO Blasted gene E-value
acids
S2 13,848 ORF201 322 CpBV-PTP11 4e-171
ORF202 327 CpBV-PTP12 2¢-88
ORF203 352  CpBV-vankl  7e-39
ORF204 162 CpBV-vank2 2e-70
ORF205 323 CpBV-PTP13 2e-162
ORF206 334 CpBV-PTP14 5e-102
S8 10,763 ORF801 270  Hypothetical -
ORF802 105 Hypothetical -
ORF803 176  CpBV-vank3  4e-31
ORF804 171  CpBV-vank4 4e-41
ORF805 125 CpBV-vank5 3e-19
ORF806 77 Hypothetical -
S9 10,741 ORF901 125 CpBV-vank6 2e-33
ORF902 321  CpBV-vank7 6e-41
ORF903 105 Hypothetical -
ORF904 241  Hypothetical -
ORF905 264  Hypothetical -
ORF906 77 Hypothetical -
S16 7,482 ORF1601 68 Hypothetical -
ORF1602 163  CpBV-vank8 le-74
100
a
E 80 a a
o
[1o)
= 60 b
S b
2 40
©
=
o
E 20 =
0

Control S2 S8 S9 S16

Fig. 4. Enhanced pathogenicity of Bacillus thuringiensis (Bt) by
transient expression of vankyrins. The third instar larvae were
micro-injected with CpBV segments containing vankyrins. After
24 h, the treated larvae were exposed to 70 ppm of Bt. Mortality
was measured at 5 days after treatment (DAT). Each treatment
was replicated three times. Each replication insisted of 10 larvae.
Mortality was measured at five days after treatment. Different
letters above standard deviation bars indicate significant
difference among means at Type I error = 0.05 (LSD test).
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= E ol thet oFAl WA ago] A&A 0= Wojx]aL
ek ol2f gt T2 AL AFA ol thek u FF 1] A3Hd
ez s A Ear Qle). A4t s o= vl def Ak
=3 Qe gyAaRol AA ol gt v =S ubo] AaHd
ek o] oA ) 2R A Q] Aol 2l fAke] Sk ol
711 AR, ST HEAMO|ZA] L1014FLF T92917} &
A Schuler et al., 1998). o] L1014F+= kdr (knockdown
resistance) *]&HAJolal o] T HEAHo|7} AXEH skdr
(super-kdr) A &A] © & YERA EltH Williamson et al., 1996).
F0] 4 2| oo ol 2t A RS- EAE ATHLIOIF

EAHo = A A B ol A Yk m, T9291= 70%
oAk Aol A A& ik H1Ekth(Kwon et al., 2004).
T oh2 2R X WS A 3] -2 Ao S 2 iho| A AFA| 2] A8
42 GABA -84 WighS ol LhefLbu, wjzgpure] 2.5
= 71X A A|(paralog) -S-AA7F ¥EAEQITH Yuan et al.,
2010). 455081 Biol] el A = sl & ofelol A A
A48 e Ul Bl E4& ol Bt i5oke] Cry 1A
% hU) . 203 o] 251 cadherin ThjH of) At
3lo] 28-S o] 2= g o]uf] ZolHo|o] 2]3) o] cadherin®] W
3o oFA| A& o 2 ke 4= ¢lcK Tabashnik et al., 1997).

3 Q17 kg salisof 7]uke] Wby WAL A5
AR W ool g-g 31 9lrhs A Sl Aot ]
W] A28 ] 714 Frels B B2 Soick 2 Aol
A 273 A& A 742 vl B Brop A Q) ma
Az o| 53 222 1okich o] TR Ao w3
Zuppol tiigt 7140] obA) g4 et Tl glo]
oleh 7Pgol 4 Eualct. wekA] Bt obRlo] Ae 0w A
/Al 2R 0 74 of| whe} Z|Ate] o] 241 EFE o]
2 Qlaf ZpAeh Aol A fdAke HieE waglrk= A

kg g gk o] 2lR 7HS S ah] 918l -4 Akl of
B A oA AL Hol= w2 ) AT tate g =
FRNAE] 7| S FH AL, AR TR A2 oA
g ARs s vl S o] 78S Al Esle AL R
LRt Hso] R He| 7] AE JHAE2 Bt 5o

ohet ao] S7HIch ol o] £ AR elAe] @e w5

4 4= glrk o] 2 7|21 H 0.2 Sl §19) el mRdw
%219) 7)4jo] WjZELpare] WMol A3hA)7] L, olo] ufel v
AR Brol] thsk 744o] SeobA o] ofAle] ujRELpY
of Tifgt A15-2lo] S7bet 20 4k

29 AL Thoret 7 AQIA S ol 85te] 715:0] Wl



& ABHAIITHKIm, 2006). 53] ZRHAE e
Hho]2] 2291 CpBV = 157 712 -34S 714 AL 1] 7] 484 HH—r
S AR Eof7taL, o] 537k W & A= 3FTTK Chen
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