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RNAi 7+ S B S K N EE Haapnl 045
i E B ERE Ha_BtR iTE Xt CrylAc F B9 7

AR, -, RuER"

(BRI AERE YR8, ARV ARAE Y0 d 3 Wil 5 B 42 B G T SR e %, B R 210095)

% : ZIKHE N (aminopeptidase N, APN) FI45K5 2K H ( cadherin) 2 77 76 T 8588 H Bt v i il AR 2 5 2 (brush border
membrane vesicles, BBMV) | Bt ## % Cryl A B2 1K, ASLIB R4S B Helicoverpa armigera & ik N1 2 Haapnl F0l
PR LR Ha_BiR X% RNA(dsRNA) FEARRES L 4 14l Bk Py, DABFS0X PRS2 (R R UTBRE Xt Cryl Ac 377
WM, GERFW: ST dsRNA(L g/ k) #EATEEFVIIR/G , Haapnl mRNA ik HTESHZE i (elution solution, ES)
HIN B T T 30% ~49% , Ha_BtR mRNA AR T T 30% ~37% . 15+ Haapnl dsRNA %) 7E 40 F170 pg/cm’
Cryl Ac ¥E{LF R T MSET-R B ML TS ES (948, T4E 100 F1 170 pg/em® Cryl Ac R KA F R HSET-R T
BEES; CrylAc WK U LIRFERXESS Ha_BR dsRNA %) i 57 5) ES i i3 HY B E L F . YREE
%} Haapnl } Ha_BtR dsRNA J5, THERIS T Cryl Ac WG bR R FMRR R UK B8 T, ABR#E—FE
1 T #4% Bt Haapnl 1 Ha_BtR 2 Bt # % Cryl Ac FIZhAERZAK, XPIFZAEHILRSS CrylAc MEEREMLE,
BEERWIRIR, Haapnl 5% Ha_BtR F[F 7 A S8 AR HRT] B S BAR4L HUXT Cryl Ac P A Hidk

KB MM Bt HREZA; FHE; RNA THE; EFEVIER; Z0KEE N; SED
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Effects of RNAi-mediated silencing of an aminopeptidase N gene Haapnl
and a cadherin gene Ha_BfR on CrylAc toxicity against Helicoverpa

armigera ( Lepidoptera: Noctuidae)

ZHOU Hui-Dan, YANG Yi-Hua, WU Yi-Dong™ (Key Laboratory of Monitoring and Management of Crop
Diseases and Pest Insects of the Ministry of Agriculture, College of Plant Protection, Nanjing Agricultural
University, Nanjing 210095, China)

Abstract: Aminopeptidase N (APN) and cadherin are key receptors of Bacillus thuringiensis Cryl A toxins in
brush border membrane vesicles (BBMVs) of lepidopteran insects. Effects of RNAi-mediated silencing of an
APN gene Haapnl and a cadherin gene Ha_BiR on Cryl Ac toxicity were investigated by injecting dsRNAs of
these two genes into the 4th instar larvae of Helicoverpa armigera in this experiment. Reduction of mRNA
expression of Haapnl (30% - 49% ) and Ha _BtR (30% - 37% ) was observed in the larvae injected
respectively with Haapnl dsRNA and Ha_B:tR dsRNA (1 pg/larva) compared with the control larvae injected
with elution solution (ES) only. Mortality of larvae injected with Haapnl dsRNA was significantly lower than
that of the control larvae injected with ES in treatments of 40 and 70 pg/cm’ of activated CrylAc, but there
was no difference in mortality of larvae injected with either Haapnl dsRNA or ES in treatments of 100 and
170 pg/cm’® of Cryl Ac protoxin. RNAi-mediated gene silencing by injecting Ha_BtR dsRNA had no effect on
toxicity of both activated CrylAc and CrylAc protoxin. However, toxicity of both activated CrylAc and
CrylAc protoxin against the 4th instar larvae injected with a mixture of Haapnl dsRNA and Ha_BtR dsRNA
was significantly reduced. These results further confirm that both Haapnl and Ha_BtR are functional receptors
of CrylAc in H. armigera, and both of them are involved in intoxication of CrylAc. Our results also suggest
that mutations occurring in either Haapnl or Ha_BtR may result in resistance to CrylAc in H. armigera.
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A ZEMFFE Bacillus thuringiensis & —Ff 2
Z RGN, 7EH ™A 72 oA e A A
HITE R, XL g RxT — s B A R AR, SRZH
Z% i1 A7 H (insecticidal crystal proteins, ICPs),
BBt HR, SRURERAGKE, FERER
BB T 28 H KR 20 60 kDa {5
LR, BEIA R R 7 IR 2% B3 (brush border
membrane vesicles, BBMV) | 5K H /E, 4
PrdpRE IR EEAL, SIEBE TR, SR
I, B J5AET-(Bravo et al., 2007),

ZUIKAEE N(APN) 145K 8 H (cadherin) J2 Bt &
& Cryl A {2 {&%E H (Bravo et al., 2007) , ZEMHER
% Manduca sexta 25 Z2Fh 5% H B B HFESE APN 2
Bt B X HINEEZ K (Knight et al., 1994; Vadlamudi et
al., 1995) , APN FRikH T Fal B R ik 548 7] LI R
BB B %} Bt P2 A4 ( Rajagopal et al., 2002 ; Herrero
et al., 2005; Zhang et al., 2009) , [FFE, t7ES g
W H B A PRS2 Bt ERMThRER K, B
T 3 PR EE . JRZERUK Heliothis virescens K414
1 Pectinophora gossypiella F1 ¥ 4 B Helicoverpa
armigera "1 & BRASREER 1 B (K 2848 7T DL 300 Bt 3
& CrylAc A EKEPitd (Gahan et al., 2001 ; Morin
et al., 2003; Xu et al., 2005) ,

MRS B H. armigera A FE R LML F B, HXF
A2 BRI AR B A () B P E 1 2 T R AR
TELEF= ., H 1996 4F Bt MAERDLALFHE LK, FREM
B RS R T A SRS (Wu et al., 2008) . Bt #i4E7E
BAERKIANERRIX Bt B3R (CrylAc) , R4 dusb
FREMEFRENT, I BLENHED B2
Cryl Ac BA RKF-HUIE R 21148 Ui & (Akhurst
et al., 2003; Xu et al., 2005; Rajagopal et al., 2009) ,
RUIHRES XS Be ML EA W E I HTIE KU o

MigS L Cryl Ac $UtEfh R GYBT HU45 KR 5
Kl Ha _BtR T 6k 5% 58 78 S B4 1F %85 F 32 5
(rl), PAEBRERMREBE Bt R ERE ST
7, MIXt Cryl Ac P24 (Xu et al., 2005; Yang
et al., 2006) , Yang 45(2007 )@t F, fidry:, B
by DAY 7 22 FH FH ] bR FR A R A] 3 2 Cryl Ac Btk
RSB BRI 2 TR AR (12, 13), X 24
o AR ¥ H 30 SR B JRE T4 AT 2 4B . Zhao 4§
(2010) MITFR VLI AR 44 HUH [ Fp R th > B 2 5 A
5 Cryl Ac FitE MR IS5 R H RAE R (14 - 18) 6
FRBIRRIRS R R P SR E H R Bt EBR
Cryl Ac EEHARZ K Z —, Ha_BtR (W D)RETE R M

RAREE FHON Cryl Ac R /K PPt ZEMB R
Xf Cryl Ac WEABGUHE & R, FEARR ST
H, MR ERAES N B Haapnl FRikF R
AT DA AR 8 B 72 A P Mk ( Sivakumar et al., 2007
Zhang et al., 2009) , {H27E H [EFHE R R &L K
AR EER 2248 . Rajagopal 55 (2009) & BUAR£% HL 4T
PR R —FhEE H S R HaSP2 ke sk, [R5
RRBBIEH TEAL, WX R R =P, izt
P ZXNE LR EA D

RNA F3 (RNA interference, RNAi) 2 H 4%
RNA 5| #2 5 % 3 )5 UL 2R HLH ( Fire et al., 1998;
Zamore et al., 2000) , B THAEFARFFME, BES
RO M I ) B Rl Kk, RNAL B BCA B8 2 R )
FEZE T H, HHEIE 7ZE M E X (Soberon et al.,
2007 ) #4281 (Sivakumar et al., 2007 ; Kumar ef al.,
2009) IR ik Spodoptera litutra ( Rajagopal et al.,
2002 ) S5fgh3 B B A A i A RNAI W5 Bt 32 4R 5L [
HIThEE. AHE 73 3 i 4T dsRNA {7 ¥ T E
M Haapnl F1 Ha_BtR FERFRIE , e B B[R 9
TURR B[R] 5] B B UK S X Cryl Ac 1AL R
MEZRET W, DUHERUIEE 5 Haapnl F
Ha_BiR X W2 AATE Bt H R Cryl Ac FEA AP
IAHEAER, A BT X Bt 2 RAE VLB AT
AT 2 H AR,
1 #M#R5EFE
L1 fhtmiR

HOBAGS IR (SCD) B 8 M AR S,
FEHA B R A HUR . A4S H 4l HOR A DL R
BRIk o EE RN TR SR, IR 27 +
1C, JERRFE 161L:8D, mHARLL 10% $E/K Likb 58
EF(Yang et al., 2009)
1.2 FEiRXH

CrylAc R R M7 = & F A HELE T
Ff HD-73 M4, FIBRE S R B R PTG 1
HIZTE TR, SV Total RNA Isolation System F/I
RT-PCR % — 4 & B0 & W H Promega 2\ Fl;
MEGAscript RNAi Kit ) § Ambion /3 &]; SYBR
Green Realtime PCR Premix [l  TaKaRa /A&l ,
1.3 Haapnl 71 Ha_BtR B P B3R dsRNA
an

¥ A SV Total RNA Isolation System if 7| &
(Promega /3 7)) $2ELHSL 5w 4h dih i B RNA, 78
PCR & HIA 2 pg & RNA .2 uL oligo(dT) 5314



108 JAZSHE: RNAL R4 ZKEE N 2N Haapnl FE5KE HFER Ha_BtR JIEN Cryl Ac 7571 R

1099

1 M-MLV 3% %% 5% B ( Promega 2\ &) ) & %, cDNA 2§
—&% RIEE AL B Haapnl ( GenBank % 5% 5
>k AF521659 ) #1 Ha _ BtR ( GenBank % 3% 5 4
AY647974) &K cDNA JF 5 &4 R 54 (£
1), ¥4 348 Haapnl F1 Ha_BtR Jv Bt (2 5e
FPI6IE ) VE MR, R A MEGAscript RNAi Kit 43 51|

BSR4 %) IE X RNA F1Jz L RNA, ¥ H 4 IE X
RNA fIZ X RNA B4, 75CHEE Smin, BHIZEZE
R, e HI SR iR kI i dsRNA, F DNase I #1
RNase JH LA 1) DNA DL K ssRNA, fz )5 4lifbfs
3| dsRNA, F 1% BrREMEEERS H kA T dsRNA Jii &
J&, -T0CHEFRH.

%1 &8 Haapnl 71 Ha_BtR dsRNA BT RIS
Table 1 Primers used for Haapnl and Ha_BtR dsRNA production

#H 514 FFFI(s" - 3") PR EE (bp)
Gene Primer Sequence Product length
Haapnl apnl FT7 TTAATACGACTCACTATAGGGAGAGTTAGCTCGAGCTGGCATT 585
apnlR TGTGGTCTTGAGGCCGAGTCAT
apnlF GTTAGCTCGAGCTGGCATT 585
TTAATACGACTCACTATAGGGAGA
apnl RT7
TGTGGTCTTGAGGCCGAGTCAT
Ha_BtR BtRFT7 TTAATACGACTCACTATAGGGAGACCCATCACTTACACTCTG 558
BtRR CGTCTCGCCCGTGAACAGG
BtRF CCCATCACTTACACTCTG 558
BtRRT7 TTAATACGACTCACTATAGGGAGACGTCTCGCCCGTGAACAGG

T RIZFB M T7 J35h T35 . T7 promoter sequences were underlined.

1.4 dsRNA TS5 BHHE
VERER]— AR 4L e 4 14 L (KE R 100 £ 20
mg) , i 50 pL R HEREAS A4 2L TR dsRNA B,
B 2% sh W (elution solution, ES) JF A 41 HIK N,
KL, 3, 6 F112 pg HAREER dsRNA (RN
6 wL) ST 4 8R40 10 3k, X B RA R ES
(10 mmol/L Tris-HCI, pH 7.0, 1 mmol/L EDTA),
48 h 5l & I S RNA(BA RIS k), BT
Kl RNA TR, LI E ST i
1.5 RNAi EETERBEEN
41 dsRNA LUK ES 48 h 52 EUH Sk 4 34 H
A 7 S RNA, [ s & BB 85 cDNA , i 7€ &

PCR, 4 %] & Haapnl , Ha _ BtR Tl — /> K %
H—3EHEF la(EF-1a) &3t T — X R 7 15
BI(% 2). 20 pLE Rk R @& 10 uL SYBR
Premix Ex Taq (2x), #5149, TSI ¥ A &
ROX Reference (50 x )£% 0.4 pL, DNA #if 2 pL Fl
ddH,0 6. 8 L, F ABI 7300 #I7% ) & & PCR ¥
(Applied Biosystems ) 52 i€ & PCR, SR 27443k
(Livak and Schmittgen, 2001 ) {148 mRNA AHX}FRikHE
1.6 H£#MAE
FHBERREHTEYNE (Xu e al.,
2005), ¥ CrylAc # % FH # MR &% o W ( PBS
0.01 mol/L, pH 7. 4) B B — REHUMCE , PBS 4%

*k2 EEPCRETASIYUKEHIFEE GenBank ER S
Table 2 Primers used for realtime PCR and the GenBank accession numbers of the target genes
R 5% FFFI(S" - 3") GenBank 5 5%5
Gene Primer Sequence GenBank accession no.
Haapnl apnlF GTTAGCTCGAGCTGGCATT AF521659
apnl R CCGATGTCACAAAGGAAAGTCA
Cadherin CIF AATCTGCTGACTGTAGTAGGACAC AY647974
C1R GGCAGTTTCTCTCCTTGAATCAG
EF-l1a EF-F GACAAACGTACCATCGAGAAG U20129

EF-R1

GATACCAGCCTCGAACTCAC
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TR, 7E 24 LRI BENFL(ER 1.6 cm) FEA
800 pL MR HUmRE, FEABRRIFABIEREF2, £F
TRHEEREfE , FEHRTEAA 100 pL REWERERHR
W, HIRET . 724 FLIRBANEA L LEE
SHEFRE 4 @4 (B E 60 k4hl), @ ER
MUK EF, BEFIRE 26 £1°C, HHX8E 60% ,
SRR 16L: 8D WA TSR, 5 d JFid kLR
iR,

W5 CrylAc JF3 R MG LR WE ) B L
BF, BV T 48 h (1 4 #8441 (100 +20 mg) #EA
WAHBEERN 24 fLHRA, CrylAc IE4LEE R M5 &
FALM 20 ~ 140 pg/em®, Cryl Ac B 3K i) 7] Y
M 60 ~460 pg/em’, FEANFIEI E 48 kg, MR
BHERS dFICRAENER, FFETILRERITRE
EyCEVEE
1.7 HESHESZIT

k] POLO-PC 241155 Cryl Ac & AL#ER UK
JEFE R LC,,(LeOra Software, 1987) , JET-RERHK)
WEEVER DPS R B RS 3. 1.0. 1 HE T B (FF
JB XFNE R G, 2007 ), KA Student’ s ¢ #56 J5 s
#ET T

2 ZREH5MH

2.1 dsRNA TS5 BB E

FERRAS L 4 A RN FEST 6 pL R IR FRI&
dsRNA(1, 3, 6 112 pg) , H4T ES fER¥1HR, 48 h
JERECE 7 & RNA, R4 mRNA Rk &,
8t 1 wg Haapnl dsRNA J5, Haapnl 3R FRIAEREN
49% , R TAE; TS 6 pg F112 pg 5, Haapnl
IREPEZE 50% ~60% ZE (B 1:A) . HEHA FE
19 Ha_BtR dsRNA J5 , Ha_BtR mRNA ik E¥&
Hh70% 4 (E 1:B) , FHk, #H1EH 1 ug dsRNA
YER 2 AFE PR i SR B T J5 62 RNAI 5%,
2.2 CrylAc FUBEZMESEMEHR A4 B4 H

FHMELRFEH, CrylAc LR E XM
4 4 U LCyy H 30. 4 pg/em’® (95% BSFR: 23 ~
42 pg/em’), CrylAc JRFEZEM LCy K 75.6 pg/cm’
(95% &5 FR: 63.4 ~88.2 pg/em’), i F 4T
dsRNA FESTAR R AR, REESE TR FIHZ%
AR . BRI, 43502 BB SR B Cryl Ac 3546
FE (40 F1 70 pg/cm®) Fl CrylAc JREEZ (100 A0
170 wg/em?) #4147 RNAI J5 17 I 5E

120 A

100
80
60

40 |

mRNAMIX ik k(%)
Relative mRNA expression

20 1

160r B
140
120
100
80
60
40 |

mRNAAS AR (%)
Relative mRNA expression

20

0 1 3 6 12
5T Injected dose (pg)

B 1 2SRRI & Haapnl (A) F
Ha_BtR (B) dsRNA XfAR4% HL 4 ¢ 4) b A HE N TIERECR
Fig. 1 Gene silencing efficacy on the 4th instar larvae of

Helicoverpa armigera injected with a serial

doses of either Haapnl (A) and Ha_BtR (B) dsRNAs

2.3 Haapnl 1 Ha_BtR EE i E 3} CrylAc F 5
=9pA1

#4571 Haapnl dsRNA 48 h J5, Haapnl i) mRNA
RiEBETHET 30%, CrylAc i 163 R X &
Haapnl dsRNA %y #1557 B Z (R T4 ES gh &
(B 2:A), 1 Cryl Ac J5 3R X W3 Fh Ab 28 ¥ 41 LY
BHBAREZR(K2:B),

¥ 57 Ha_BtR dsRNA J5, Ha_BtR ) mRNA £
REWMTRET 30% . CrylAc 15 1L8 R AR R X
E5F Ha_BtR dsRNA g RISt ES 4 W& &
ARELR(BRFEFE 100 pg/em’ 5 4 RWGR)
(F3:A,B),

4 7E 5SS Haapnl F1 Ha_BiR IREH (% 1 pg) 5,
Cryl Ac JEFE R FIIE AL R X 14T dsRNA 4 B3¢
TR B ERTES ES X R Rt R, LHAE
85K, FEEVIBAIEA 5% A Z FIFET-F M 2
FIRBIN B E (K 4:A,B), && PCR &l & W
Haapnl F1 Ha_BtR FERRERIB B UTRR, 5% BEAH
P EHR R TRET 46% F137% (E5) o
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] Elution solution Haapnl dsRNA

i i 7 B 1Ac 100 2 2
A [ Elution solution , Haapnl dsRNA (CrylAc pg/em?) - (CrylAc 100 pg/cm?)
CrylAc 40 pg/cm CrylAc 40 cm’ . .
;-zh?tlion soml:;in ) (Cry ng/cm?) I Elution solution , [m Haapnl dsRNA R
| ] [0 Haapnl dsRNA (CrylAc 170 pg/cm?) (CrylAc 170 pg/em?)

(CrylAc 70 pg/em?) ™ (CrylAc 70 pg/cm?)

100

100
g s S 80 ?
z , z %7 /
= -
{i 40 ‘ v ; 40 %
i ~, 0 _
R 20 R 20 %
0 0 - /
3 4 5 3 4 5
Cry1AcAb 5 5} ] Time after treatment of Cry1Ac (d) CrylAcAb 35 Y ] Time after treatment of CrylAc (d)
K2 #R48H Haapnl PIERXT Cryl Ac {EALAER (A) F1 Cryl Ac JRFEE (B) T /1520
Fig. 2 Effects of Haapnl silencing by dsRNA on toxicity of activated Cryl Ac (A) and Cryl Ac protoxin (B) in
4th instar larvae of Helicoverpa armigera
*EF B E(95%) Significant difference at 95% level. [&] 3 #14 [G] The same for Figs. 3 and 4.
[ Elution solution Ha_BtR dsRNA B Elution solution > Ha BiR dsRNA
A (Cry1Ac 0 ylom) 2 (Cr1A0 40 o) 1 (CrytAc 100 eme) B (Cry1Ac 100 pyjem)
 Elution solution [ Ha_BtR dsRNA 100 Elution solution Ha_BtR dsRNA
0 - (CrylAc 70 pg/em?®) ™ (CrylAc 70 pg/cm?) - (CrylAc 170 pg/cm?) m ((?r}ltAc 1570 pg/cm?)
a 80 F
S e
= z
2 |
: :
= 7 ¥ 4Fr
# 4
e R
R 2 }
0 1 I
3 4 5 4 5
Cryl AcKb 3 A] Time after treatment of CrylAc (d) Cryl Ackb#J5 At A] Time after treatment of CrylAc (d)
3 FR44H Ha_BtR YUBRXT Cryl Ac i5 LA (A) il Cryl Ac JRFEEK (B) 3 1 IR WA
Fig. 3 Effects of Ha_BtR silencing by dsRNA on toxicity of activated CrylAc (A) and Cryl Ac protoxin (B) in
4th instar larvae of Helicoverpa armigera
Elution solution P He I+Ha_BtR dsRNA Elution solution P Haapnl+Ha BtR dsRNA
A - (CrylAc 40 pg/cm?) (Car(;qr:\c 4(;1 ﬁg/cm’s) B O (CrylAc 100 pg/cm?) (CrylAc 100 pg/cm?)
Elution solution Haapnl+Ha_BtR dsRNA Elution solution Haapnl+Ha_BtR dsRNA
B CTAcT0 ngomy I (CriAc 70 pgfem?) o0 W (CrytAc 170 pgrom) T (EHAC 170 glom?)
100
§ 80 |
g z
= 3 60 f
= 60 E
é > 40
M’T =
ﬁ_ 40 E
B 20 20 F
0 0 L
3 4 5 3 4 5
Cryl AcAb B 5 B ] Time after treatment of CrylAc (d) CrylAcAb B 5] Time after treatment of CrylAc (d)

B4 H4eH Haapnl #1 Ha_BtR ZERRAS LN Cryl Ac & LRER (A) Al Cryl Ac JREE 3 (B) 1 B0
Fig. 4 Effects of both Haapnl and Ha_BiR silencing by dsRNA on toxicity of activated CrylAc (A) and Cryl Ac protoxin (B) in
4th instar larvae of Helicoverpa armigera
> BB (99% ) Significant difference at 99% level.
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= 100 ]
~ Q
£3 1
B 5 g0

<
i 60 T
z

2 4
2z

2 20|

Elution

Haapnl Ha_BtR

solution
B 5 [EIRES Haapnl 71 Ha_BtR [ dsRNA J5
HRES L 4 14 L) mRNA Rk
Fig. 5 Haapnl and Ha_BtR mRNA expression levels
in 4th instar larvae of Helicoverpa armigera injected

with a mixture of Haapnl and Ha_BtR dsRNAs

3 itig

ZKEE N 2 Bt R MEHWEELS 2K, H
ik SR XK, Gill il Ellar (2002 ) $4HEL K
HkFY APN B2 \SRME rh AT IG AR L, 24 APN 21k
TEPIHHARIKES, JFERXT Cryl Ac AU SR 5
& CrylAc 50 ng/ L FFEF FAET:; 72X CrylCa g
Ytk B i 3R 7% 9% Spodoptera exigua W, P Northern
blot 7 B # M| 2] APN1 4 3% i5 ( Herrero et al.,
2005) ; EST APN dsRNA FIEAIack ik APN 3%
ik, BRI T REOREXTFER Cryl C ¥ BURME
(Rajagopal et al., 2002), & AR LI, 7 5
Haapnl dsRNA )5, #48&H 4 #3411 Haapnl Fik
TR, CrylAc G413 R W/E HRCR 5 X B %)
BB BT, R Haapnl B3R358 BEIK)E 2
a4 48 XS CrylAc ¥ 46 3 R B9 SO, 35
Haapnl /& Bt (YEFIRZ MK {8 Haapnl B THE, X
CrylAc JRHRBE N EMIF AW R, CrylAc Ji#
RTEMA R g s AL SRS R B RIS LA —
EEF(RIER, KRR, BEAA T
RGBS 5 7 R AT A0 R U R [RI R0

e 3 i H B A R R ISR R SR 5
5 CrylAc HitEA K, 1245 BE KW 12 FESHEH
AR FE R ] F B Cryl Ac Hitk 97 A= ( Gahan
et al., 2001; Morin et al., 2003; Xu et al., 2005;
Soberén et al., 2007 ; Yang et al., 2007 ; Zhao et al.,
2010) , Xu 55(2005) A Cryl Ac % L35 R i 4615 2
A 564 REHUMEM & &R (GYBT), H Ha_BiR 7E%
1 28503 AR 5 7= A — MR BT 1L B 1S 5 TAA, X
I 428 MR EMR R A, Yang %5 (2009 ) A§ GYBT
1 SCD Ui R 7 38 B 2 B E 15 8 — A Ha_

BiR BRARGEARE AR 2 SCD-rl, HyitEE R E 5
2R, SCD-rl 5 & X CrylAc A 438 5P
P, H5 SCD 52 J5 L (F, ) Xf CrylAc 58 4 SURK,
BI#E Ha _BiR % [H 335 & K 50% MIE T,
CrylAc HRBEIEW R EFERMEM, EAZRH,
X4 Ha_BtR R:RF X TRE30% 4 )5, ¥ CrylAc J§
BRLEERWERZCR TR E R, 48 IHE
W, Ha_BtR FERTESE 2 ARIBHRIXRIRKES, A
FJREXT CrylAc 3174 B BBCR .

TEIHE R b, ZUKESG N F4SHLE 2 CrylA
BERAATERA B Z 4K (Bravo er al., 2004) , 154LH
FPESEEOSE, VIR ol BIEEERER
T, ERESEKE N iR EHREERLS S
(Gémez et al., 2002; Jurat-Fuentes and Adang,
2006) , SXJ5TE AR AR AL AL TE B %8 L (Pardo-Lopez
et al., 2006) , FEARSLI ', 4 Haapnl F1 Ha_BtR
F TG, MAERMEFRLOERE TR E
RTXF IR, H22 53 KT Haapnl F1 Ha_BtR 535 T4
JRFET- R ZE S, BB Haapnl F1 Ha_BiR P32 14k
FEFRERA SR, M EAEX A2 A0 AH 5
FEERT, BREEELFHAFERTE T, AFRRE
45 R 3 Bravo 4§ (2007) fliiR MR R o FLEEL,

EME g, © A RNAi iEB] T Haapnl 72
Cryl Ac B2 ( Sivakumar et al., 2007) , i 7EAS 5L
Brh RN T48 T Haapnl F1 Ha_BtR, 3t—UEW T
a4 H Haapnl F1 Ha_BtR 72 Bt B & Cryl Ac 3
REZIK, XMRZAREHILR S5 CrylAc EEA
YERIE . R4 RWRY], Haapnl 5, Ha_BtR F:[H
2 A SR AR A AT B R B4R X Cryl Ac P2AE BT

MEFEMB R &R B 7 FEAKEE N (Angelucci
et al., 2008) , (& Haapnl R EHAL JLFhE IKEE N 5
CrylAc R R M RIERE ., M RESAEKE N
PR HTER R M EAER UL S5t
FHERRR, MARFH SR
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