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W 4 U #A%4% & Helicoverpa armigera ATP % & & 4512 % & % & A & @ I % 7 2 (ATP binding
cassette transporter subfamily A member 2, ABCA2) /£ Cry2Ab ¢ & AUH) P 69 4F A, A 7 B A A 42 33
R FARH# & ABCA2 5 Cry2Ab #9 25 645 1, 5 #] I RNA T 75 (dsRNA F= siRNA ) 4K ABCA2 4= 2
RoAndh o 6 F Gk LA tm IR R I AT ABCA2 9 T hk, 45 R KA 494 & ABCA2#E%5 Cry2Ab
HF TP LE A AR R 89 ABCA2 57 5 £ M A3 4h & H. zea #8 % %) 69 A0 & 1 92.86% , #) ) dSRNA
T £ AR & P B 2a L ABCA2 89 Gk A6 B 5 AR Cry2 Ab %+ o B 2 Lty 3 7y ) A siRNA F i K
AR ABCA2 AR & 4 & ER P o R AL R E AR T Cry2Abx4h ke & . R IAARA 2 ABCA2 R
AL Cry2 Ab #9 45 F 4% 8, AL Cry2Ab # & 2id 42, % Cry2 Ab 81— AN EZ 4L 21K,
X : ABCA2; Cry2Ab; #44 & ; BEEE R4 % ; RNA F#F

Analysis of ABCAZ2 as a functional receptor for Cry2Ab
in cotton bollworm Helicoverpa armigera
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Abstract: To clarify the role of cotton bollworm Helicoverpa armigera ABCA2 (ATP binding cassette
subfamily A member 2) in the insecticidal mechanism of Cry2Ab, the binding character between AB-
CA2 and Cry2Ab was studied using the membrane yeast two-hybrid (MYTH) system, and the function
of ABCA2 was further clarified by using RNAi techniques in toxicity tests. The results showed that AB-
CAZ2 could specifically bind to Cry2Ab. The amino acid sequence of ABCA2 from H. armigera and H.
zea had 92.86% homology, cytotoxicology tests in H. zea midgut cells showed knocking down endoge-
nous ABCA2 using dsRNA significantly reduced the sensitivity of midgut cells to Cry2Ab. Knocking
down ABCA?2 using siRNA in H. armigera larvae also reduced the sensitivity of the larvae to Cry2Ab.
The results demonstrated that ABCA2 was not only a specific binding protein of Cry2Ab, but also a ma-
jor functional receptor of Cry2Ab in H. armigera, therefore, played an important role in the insecticidal
mechanism of Cry2Ab.
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LIk, Cry 8 FI7E Tk AR AESEAEY) rh i 3Rk A 55
BT 2R EEE AL E 2019484 29 E KR
i Bt L K ARy , AR T AR R AR L 1.904 42 hm?
(ISAAA,2021) . HAL7A4 HURIAR L, Bt AT )
PRI A RE AT TCF ATG YIRS
(Wu et al.,2008;Lu et al.,2012; Carriére et al.,2015),
[ i) Bt VRO T HoAt By 16 75 20 52 Bt 2K 1 REAE A
PRIPRESE RN | 25 AT ) 45 HES 8] T %) £/ 47 (Hutchi-
son et al.,2010; Tabashnik et al.,2010) . R i, KH
FEFPAE % Bt 3 PR A 1T 3k G i3 fin 1 Bexd 35 1
MIRERE TRy, Il 1 35 etk A B . iR, 3%
Bt J RV H (1] B 76 5 1 G 58 9 4 %2 2019 4F:
£, -7+ 19 4] ( Tabashnik & Carriére,2019) . F&[E
FH 1) 35 HO6H BEVEY) ATk BUARSRAR  (HT4F
KA B Helicoverpa armigera %f CrylAc BT
1E B 191 (Zhang et al.,2012; Jin et al.,2015)
I, 5 TR (R ™ S5 T 5 Bt ISRV E Y YRSk
o AN 5554 %5 ( Tabashnik & Carriére,2019) .

Cry2Ab & H T 2 B R P06 BRI v i —
HEBtEH, 5 CrylAc fEM L LR R I8,
Cry2Ab+CrylAc fifE C 75 2 4 K ) 12 Fhd
(Tabashnik et al.,2013 ; Fabrick et al.,2014), Cry2Ab
AT DASESR 3 UG Cryl1 Ac B9PeiE, 27 /& Cry2A
FM Cryl A KR TE HinE R = LR 32 (A sk
e R AW N [ P R 2 2R I 2 R 77D IR VN2 9 - 30
(brush border membrane vesicle, BBMV) & [ 1Y) 3=
Gt BRI 45 TR W] Cry 1 Ac Fll Cry2Ab 2 [ AN E7E
Ft 5] 4% & v 45 (Hernandez-Rodriguez et al., 2008
Caccia et al., 2010; Gouffon et al.,2011) ., #i4> L F1
Ui s M H. punctigera 15 Cry2 Ab 25637 14,
578 5 HXT Cry2 Ab 7= A= FUHTHEAR G, T X A o A8
5 R 8 BXT CrylAc B9 3t % JE 2% (Caccia et al.,
2010) . WLAb, 23 Hr AH OC 28 BT B & BE Cry 1A
(CrylAb 5% CrylAc) il Cry2A (Cry2Aa ¥ Cry2Ab)
2 AR5 1038 H AT (Carriére et al., 2015 ; Wei
etal.,2015; Welch et al.,2015) . {H 27 [ i) F1 52 55
AR TP Cry2 Ab A4S HL, X Fl X Cry2Ab 1)
PUPE AT fiE 25 R AR 22 35 [R5 % 19 2% 25 (Welch et all.,
2015; Tabashnik & Carriére, 2017; Liu et al., 2017) .
EAH MR IR E T Cry2Ab 48 HUL K H 5
Cryl AR H B HPUME:, Cry2Ab B ELAR IS HUHLH]
RFIRABESE . R, Sy 1 54 W % BeVEY)
W Cry2 Ab (52 14 S T RE

— H LK, W58 R Z % H Ligand blot 5577
%of B W A7 R 347 25 52 (Pan et al., 2017; Chen et al.,

2018; Wei et al., 2018) , - F ] RNAi 5 CRISPR/
Cas9 J5 I8 EZ AR A D1 fiE (Wang et al., 2016 ; Pan et
al.,2017; Wei et al.,2018) . IL4h, MBo i) #f i 1
KRG BtAs G 1 SRR R 5 A B R R AR
FIR AR AT LU 7R Bt 19 /R HIBLT] (Tay et
al.,2015; Yang et al., 2019; Guo et al., 2020) , #F
Z5A RIS TN RESIE , ABC #4155 1 C1 (ABC sub-
family C member 1, ABCC1) (Chen et al.,2018) . %
Jikii# N5 (aminopeptidase N 5, APN5) (Pan et al.,2017)
CHE S N Cry2 Ab 13244l it ik o2 A8 st 4% %
B A R ik PR i 4 R IE 58 ABC 7532 3 1 A2 (ABC
subfamily A member 2, ABCA2)J& 2 B X} Cry2Ab 7=
A A PP Y R (Tay et al., 2015; Wang et al.,
2017; Yang et al., 2019) . {H ABCA2 {E Jfy & 1 X}
Cry2 Ab AR 2R, HETIE AR H R
HESE Cry2 Ab I ABCA2 Z 6] BIAH HAEH

A B 5 38 2ok I B XU A8 R S A I ABCA2 Fi
Cry2 Ab 547, FIlFH ABCAZ21/INRNA(siRNA )
F X5 RNA (double-stranded , dsRNA ) - #5 4% AR %
Ik ABCA2 TERREY U 2 PNAR S 1 H. zea I 40 L
FIFIR ARG ARG IR T /b, LA
1991 ABCA2 J& 75 MRS I Cry2 Ab I ZIRESZ A
1 MR 57H*
1.1 w8

HEEL L 20 b 3R K Tk A S e 4y i 1 v [
TR = S0l A FR A A, 7652 50 % N A AN T Rt
TR EE (26+1) °C AHXF IR AL (60+£10)% i 16 L:
8 DA TR, LA Hurh iz 4 il R MG L
SRR 225 B AR H A 240 F R IR T35
s B P iz 2H 2 (Goodman et al.,2004) , 75 (28+1) °C
T FH Excell 420 JC IfiL i B HU3% 57 345 5% (Wei et all.
2016) . 7 W 5 ki pBT3-N-Cry2Ab i A< i 46 25 44
# PRAT I L EGFP s sp e e i (1, Hy
5127 Du et al. (20123 2017) J7 %4 IE A

IFIFILES : Cry2 Ab JR 5 R FE 1L Cry2Ab, Jb
LT R A R A PR S ] 5 pPR3-N 2 A4RT A%
%% 15 B ¥k NMY51, % -+ DUALsystems BioTech 2
F BG4I VTR R BERE R, L8 HyClone /4 ) ;
KUER T & MEGA Script RNAi Kit, Excell 420 JC Ifil
T B AR R A R B (R ED A BR A A
Fu GENE HD" Transfection Reagent, 32 [£ Promega
/3w 5 Trizol Reagent ikl , 3¢ [ Invitrogen 24 H] ; Je f%
IR f) & Primer Script™ RT Reagent Kit with gDNA
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Eraser . TB Green™ Premix Ex Taq A &, H 7K Ta-
KaRa 2\ A ; RNA-Easy™ Isolation Reagent , HiScript®
III 1st Strand cDNA Synthesis Kit(+gDNA wiper) , F§
SUTERE A DR B 00 A7 BIR A 7 5 5-T5L-4-58-3-15] -
a-D-§FL AT (5-bromo-4-chloro-3-indoxyl-a-D-ga-
lactopyranoside, X-a-gal) | 3- & F&-1, 2, 4- = 1 (3-
amino-1,2, 4-triazole, 3-AT) , 3% [# Clontech 2\ 7 ; H:
M348 E = Ml DY Y-6C LKA, AL 7S
—AYER) s Nanodrop 1000 436G EE T, SR ER KR
B4 45 B3 7] 5 Quant Studio 3 Real-Time PCR Sys-
tem, 5% [El ABI /A H) ; PH-070A T M40/ 15 3746, i
— AR A AR A PR F] 5 12 FLAN 96 FLAN M 55 5745
2 [#] Corning Incorporated 2y 7] ; IM-3 {3 & i il 5%
7 K H Optika 24 7] 5 24 FLF7 B &, TR0 50T
I TR T AR AT

15 32 3 . %R 0 4 (synthetic dropout, SD) 5 3%
HE | 552 R N5 24 R ik U I ) (SD/-Trp/-Leu, SD/-
LT) B bk, (2R | 5o 28 IR A1 2H 20 1R il g 78U e &)
(SD/-Trp/-Leu/-His, SD/-LTH ) ¥5 57 3% , 52 AR L (0 &
MR\ 2H R i R I R [5 284 1% £F (SD/-Trp/-Lew/-
His/-Ade, SD/-LTHA) $; 37 % , 52 [# Clontech 23 Al
TE FIRREFRIE 4350 A 40 mg/L X-a-gal B, B5 57
JLAy 44 N SD/-LT/X . SD/-LTH/X #1 SD/-LTHA/X , 1F
SD/-LTHA/X H1[A] ] /il A 10 mmol/L 3-AT i iy 44
SD/-LTHA/X/3-AT,
1.2 FHi&
1.2.1 %% &k ABCA2 R & 89 £ 13 8.5 547

fif F§ NCBI-BLASTYp (http://www. ncbi. nlm. nih.
gov/blast) £ 2 & HL i) ABCA2 # . A1 45 1 it 1%
B M EPIHRES B ABCA2 B 41 )73 ( GenBank %
54 KZ118207.1) 1 B 4% 1} cDNA JE A /7 4] 42
K, {1 1] DNACIHub # B3 i 2 56 12 , F ] DNA-
MAN 2 %A 8 i 5 Al Rt Y ABCA2 LR Y
AT FEXT 3T, 48 Clustal W 132 ZE 12 7 41 i1
B ABCA2 £ H A5 IR D010 7R LB Split
3.5 (http://split4. pmfst. hr/split/4/) 43 ¥1 . M NCBI F
AL 5 W) R ABCA2 & H & LR P51, =& A
MEGA 6.0 #4F , R AR I VA M 1 L R etk fds , Of:
%} Bootstrap {H#EFT 1 000 Y 4 [ JEAGHK: .
1.2.2 BRI UIAIEATA R ABCA2FCry2 Ab#) 24~

P B XU AE () B DR 5T T RIS W) kL 1)
P fE I | S AT | D R A I AN 2R 1 EAE
HHIE (Wei et al.,2021a,b) . HIAATEIZE C 4 155
T 5k pBT3-N-Cry2Ab, F3 1o 5 1E I 552175 15 ik
pBT3-N-Cry2Ab . W1 14 Pk S 8 AN B BE TR 18 R 558 1E

] ] (Wei et al.,2021a,b) ., AWF5E T M A 5
. pPR3-N-ABCA2. £ Wei et al. (2021a) /7 1%
W5 (R D), I 51 ¥ b R E R A
PR EIS . ABCA2-pUCST JFokr i A= T A9 T 7%
(b ) ety A BR S R AR 4 A 4% L ABCA2 KL 7 471
WitG . FIHA TSP ABCA2-pUCST kL
T4 3 ABCA2 B TF R EHE | I 400 s 2]
A Sf TREEI 5 1) pPR3-N 2044 b | 3R 75585 ) ook
pPR3-N-ABCA2. #RJ5 ¥ 1H ik pBT3-N-Cry2Ab
FUHS ¥ 5k pPR3-N-ABCA2 4% H 100 ng 43 5| 2 4%
fEBINMYS1 R, 76 SD 8535 [ Hq 9% 3~5 d ),
R I A e B R A %) A TR B, 5 DA R RO B
7 , H 5 23 3 in %) SD/-LT/X . SD/-LTH/X . SD/-
LTHA/X #iI SD/-LTHA/X/3-AT 5535255 I, T 30°C {2
B4 4,08 AT ICRSS
123 #%4 &k ABCA2 dsRNA &~ B ta o #4320 52
FIFHRUEEIR T £ MEGA Script RNAI Kit 21 i
5 AR 4% Bt ABCA2 dsRNA., 1 5614 s
A T7 A WAL A5 B4R L ABCA2 R EGFP 1Y)
dsRNA #5 5#HE51 4 (£ 1) (Du et al., 2012;2017) o
i) 10 Sk AL By 5 14 d b iz 40 B, R Trizol ¥
4 183077 RNA-Easy™ Isolation Reagent 1t B 5 $2 H
RNA, Jf-4& # HiScript® III 1st Strand cDNA Synthe-
sis Kit(+gDNA wiper) it ] 45 52 % 55 G B cDNA £
Mo FIHA BLRES P % cDNA FISEE PR A7 1)
EGFP foki , ¥ 1M L ABCA2(417 bp) F1 EGFP 1Y
dsRNA HHJFH ., 20 uL PCR 2 W14 % : 2xChamQ
Universal SYBR qPCR Master Mix FiiE4# 10 uL . 1E
FLIa 514145 0.4 uL FHAR cDNA 1 pL XNZ%7K 8.2 ulL;
PR E 95 C T 5 min; 95°C 75 30 s, 60°CIE
Kk 30s,72°CIEA 30 s, 336 MEFF . XF PCR )
AT 1% B B A 8 e F K AGr 0, LA DR 47 48 o B —
HE 2 7 e 288 . Z e &A 77 R A1
L s B R R R S 5 | D R AT 5 2 58 PCRYHG [
TR Z P L SGR IR EE TN 62°C ., feZA ml
ABCA2 F1 EGFP ] dsRNA, ¥ it T- DEPC 7K " 31 1
A3 EEE T3 5 Hok E (Du et al.,201252017) o
N SE VNS b i 4 Ml A 12 FL AR R 5 5
e, BEN AL 2 9% 1074, 2o 7505 7 {200 i e 0 I e
9K J5 LI A FuGENE HD %% Y415 8 uL, &1L 4>
%5 YL 50 nmol/L ¥ EGFP dsRNA 1 ABCA2 dsRNA,
BEYL 5 h 5 RN S 10% 4 1117 .50 U/mL 35 8 R Al
50 pg/mL 5575 % 1Y Excell 420 B 135 55 38 76 (28+
1) CTFHEFR 64 ho Z ey 5 ) SEUNARES dub i
Y0 4 96 FLAN P 24 I FE 40 BE 1 h, 7F
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38 I A5 200 F5 ALEF T LS, R AL EE 2 ST,
5% Cry2Ab 5 2 A PR £71% 20 Mo B0, A —MlA
B e B R 5L, FH 20 pg/mL 22364 A Cry2Ab
BER AT IEINARES b A A, 28 CARFE S h, A—
M52 4 30 pLRFFR L5 A 7 uL & W i L,
FEE 58 200 5 ALEF R, G it R BT R

Y O R AN B, 0 5 Cry2 Ab # Z AN HE S 77
TG ANM AR . T AT T R Abbott 28 ik
A, BB T 3= (Ab B Al 40 A 5 e — b 38 40 it %
) /b ST A0 B < 100% . SCSETRI 4 T i 40 ik
P IR A R BURNA £ o BRI ST e e A
3 BREEIIEER 3K,

x1 AHARFTASY
Table 1 The primers used in this study

514 Primer 731 (5'—3") Sequence (5'—3") JHi%& Application
ABCA2-F TGTCCATGCAGTTGTCCTCT SEHOLE B PCR
ABCA2-R ACCCGATGACATCAAAAGCG GRT-PCR
18S-F GCATCTTTCAAATGTCTGC
18S-R TACTCATTCCGATTACGAG
EFla-F GCCTGGTACCATTGTCGTCT
EFl1a-R GTAACCACGACGCAACTCCT
ABCA2-ds-F AGGTGGTTGTCGTTGGAAGA dsRNA & 1%,
ABCA2-ds-R CTGCACGTCACTCTGATCTATG dsRNA synthesis
ABCA2-T7-F GATCACTAATACGACTCACTATAGGGAGAAGGTGGTTGTCGTTGGAAGA
ABCA2-T7-R GATCACTAATACGACTCACTATAGGGAGACTGCACGTCACTCTGATCTATG
EGFP-ds-F CCTGAAGTTCATCTGCACCAC
EGFP-ds-R CTCCAGCAGGACCATGTGATC
EGFP-T7-F GATCACTAATACGACTCACTATAGGGAGACCTGAAGTTCATCTGCACCAC
EGFP-T7-R GATCACTAATACGACTCACTATAGGGAGACTCCAGCAGGACCATGTGATC

pBT3-N-Cry2Ab-F
pBT3-N-Cry2Ab-R
pPR3-N-ABCA2-F
pPR3-N-ABCA2-R

ATCGAATTCCTGCAGGGCCATTACGGCCATGAATAGTGTATTGAATAGCGG
TACTTACCATGGGGCCGAGGCGGCCTTAATAAAGTGGTGAAATATTAGTTGG  Vector construction
ATCAACGCAGAGTGGCCATTACGGCCATGAGATTAGAAACGAGGCAC
GAATTCTCGAGAGGCCGAGGCGGCCTTATAACGTCGTTCCTTCTTCTC

PR R Ay A

of MYTH

1.2.4 siRNA-Ti#Aph sk 45k ABCA2 F B B A Mpiml 2.

R4S L ABCA2 siRNA /) I 7 B A= Bk B¢
HBRA A IS . ABCA2 siRNA 5 914 %t R
Ncontrol siRNA #47 20Me+5Chol fk2# & 41 , DL
e AR TR ARSOR , I A KRR sk /D W 7R A
A4 (Jackson & Linsley,2010) .

77 5l B 75 uL DEPC 7K . 400 nmol/L Ncontrol
siRNA % 400 nmol/L ABCA2 siRNA Y5114 T &
EEME W AL 1 mL AR AR H N TARDRH 24 L3R B
&, T TAE G TR e T KRR S 4
AR 24 LR R AL S k. R4 dIE AL
PREEHLEER 10 Sk4 L, FER R PRk, B 3 IR
A5 A FRAE S IS 7843 5 AL 1.2.3 & B RNA
JUe s AR —4% cDNA, R A S5 149 (3 1) %t
ABCA2 FE N ik & E4T qPCR A&, DL 18S Fll EFla
HNSEE BTN Z5 (£ 1), 20 uL PCR J )
& & : 2xSYBR PCR FIR ¥ 10 puL | 1E S 7] 5| 91 45
1 uL 4z cDNA 1 pL WZEIK 7 pls W FRTF : 95°C
S 3 min; 95°C7EVE 15 s,60°CIE % 20 s, H: 404>
TEA . W3 NHARER , FIIEIAE 0 S 5m 3
ORI A He R B Rk K, SR 274240 HT

RIGLE R . FRURIE ABCA2 7EARES 4 s ip H 3k
i, B 100 pg/mL Cry2Ab J5E#E 2 75 L (i3 ik
B XF 3 WAL AT A I R BT A AR
KLY R 50%) AT T O BERE A BFLINAT 1 mL A4S
N Tha b 24 L35 dugr b [RIBS R A0 45 5 1) Na,CO,
(pH 10) AN IR o A i A e 4 d AAR S
o R RS BT R DR L PRSI E AR 3 IR  ]
M7 dJE Gt 4 HE TG O TR AT R LBl
WA A E I AIET
1.3 RS

i FH DPS 7.05 AR EAEHEA T BRI R 5 225304,
SR/ N 228 (LSD) b A 725 53 i B MEAG S

2 HER55H

2.1 BEHBABCALHLERRALENH

M SEAREL 1L ABCA2 FE R 4 751 (GenBank &
S5 KZ118207. 1) Hgi 41 1Y cDNA B P41 K h
5229 bp, % DNAMAN HXF & BAR4S t ABCA2 & 3
2751 (GenBank & 55 ALF46272.1) 5 351 FR4% 1R
ABCA2 & £ ¥ 51 (GenBank % 5 5 KZ118207.1)
() — 2 e i, N 92.86% , 5 41 25 44 B ik ABCA2 &
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J512 )75 (GenBank % 55 ALF46273.1) A 215 1k
Heliothis virescens ABCA2 R 3E1% )% 41| (GenBank %
sk KP219765.1) | ZL405 #l i Heliconius melpomene
ABCA2 IR 751 (GenBank & 535 ALE60405.1)
HWRLL%% B Pectinophora gossypiella ABCA2 B IR ¥
5] (GenBank % 5% %5 AXZ96960.1) /N2 ik Plutella
xylostella ABCA2 4, %k R J¥ %)) (GenBank % 3¢ 5
ALE60398.1) Rk & FEWE Danaus plexippus ABCA2

AT 5 (GenBank % 5%%5 EHJ70360.1) (4H &K
1% Manduca sexta ABCA2 2,314 17 %1 (GenBank &
sk XP_030022234.1) , %X %% Bombyx mori ABCA2
QIR T 51 (GenBank %555 ALE60402.1) 4%
1 Trichoplusia ni ABCA2 & 12741 (GenBank % 5%
7 QBP34374.1) 09— 0 43 51| 4 89.45% . 87.13%
57.82%. 62.03% . 55.22% . 57.44% . 61.98% ., 63.12%
73.50% (K1),

Helicoverpa armigera

. _Helicoverpa zea
Helicoverpa punctigera
Heliothis vjrescens
Heliconius melpomene
Pectinophora gosslypiella
lutella xylostella

anaus plexippus

Bn ubca sexta

0, mori. -

T, Moyx n L

Consensus

Helicavecpa armigera ...
Heli pa zea ..

Lol

‘Heliothis virescens .
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ectinophora gossypiella
Blutells xylostell
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Danaus
Mo

P n -
Consensus
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Trichoplusia ni
Consensus
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Fig. 1 Amino acid sequence alignment of ABCA2s from Helicoverpa armigera and other insects
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5 BRI PN #4) 2#T | 328 B 2 A5 B 2 F 3, E 45
T 12 KSR (TM1~TM12) (1) o Bk 114
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A 1005 2% 7 5 TR I # 48 L ABCA2 3R —
L E SR ABCA2 B — K432 (F2).,
2.2 1R H ABCA2 5 Cry2AbHITEE1EHA

P B AU 2% 58 & 40k I 45 SR 2R, pBT3-N-
Cry2AbMIpPR3-N-ABCA27£ SD/-LT/X .SD/-LTH/X .
SD/-LTHA/X 1 SD/-LTHA/X/3-AT “F-# - 1) g2 3.
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Fig. 2 Phylogenetic tree of ABCA2s from Helicoverpa

armigera and other insects based on amino acid

L ABCA2 n] LIAHEAER . sequences with neighbor-joining method
A 1bp 5229 bp
CYCIp NubG HAt:zg . i “BCAD i . cyeT
Sfil Sfil
B %1% H.AE Selection for interaction
SD/-LT/X SD/-LTH/X SD/-LTHA/X SD/-LTHA/X/3-AT
B51H Bait JEY) Prey

pBT3-N-Cry2Ab | pPR3-N-ABCA2

ofofole

A FE H ABCA2 Wk ; B: 48 HUABCA2 5 Cry2 AbZENMY S 1 REAHA P A9 A, A: Diagrammatic repre-
sentation of the cry2Ab bait constructs; B: interaction of NMY51 yeast cells co-transformed with ABCA2 and Cry2Ab.

B3 ETEGNEZRFHIREL HABCA2 5 Cry2Ab IHEEER
Fig. 3 Interactions between ABCA2 of Helicoverpa armigera and Cry2Ab based on yeast two-hybrid system
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W ABCA2 (W) 7 5 Fe AR — B, 43 BRI &% Yk ABCA2
dsRNA . EGFP dsRNA Fl DEPC 7K Jii ABCA2 J& R i
mRNA /K-, 45 R F B Yt ABCA2 dsRNA Ji5 55
R4S i b A ABCA2 Fik it i EF#AK (E 4-B) .

ABCA2 7F mRNA /KPR35 5, H1 20 pg/mL
Cry2 Ab AL FESE YN ES b A 40, 55 EGFP dsRNA
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H i 240 Y B T % B 3 AR T 15.04% 1 15.17%
(B14-C) . FHIT W ABCA2 235 0] LIE S LIRS
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A: BB ABCA2 T F BUR B B: ABCA2FEH A AT RCE s C: Cry2 Ab X A BESET RN . A: Schematic
diagram of ABCA?2 interference segment; B: RNAI efficiency of ABCA2 in midgut cells; C: cell mortalities caused by activated Cry2Ab.
4 T ABCA2 5 Cry2Ab 3 £ i85 R BZ AR S MR TE L
Fig. 4 Impact of knocking down ABCA2 on the cytotoxicity of Cry2Ab to midgut cells of Helicoverpa zea

[ Rt S B2 . B AR E AR IR 42 LSD IR B 7E P<0.05 /K V-2 5+ 2 3, Data are mean+SD. Different let-
ters on the bars indicate significant difference at P<0.05 level by LSD test.
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A: ABCA2 T Bon &K ; B: ABCA2TERVES AT RCR s C: Cry2 Ab XS BAET R AU, A: Schematic diagram
of ABCA?2 interference segment; B: RNAI efficiency of ABCA2 in H. armigera; C: H. armigera mortalities caused by Cry2Ab.
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Fig. 5 Impact of knocking down ABCA2 on toxicity of Cry2Ab to larvae of Helicoverpa armigera
PR Bl R B 22 o HE EORTR) P BER IR 22 LSD I S0 7E P<0.05 /K-F- 225+ %% . Data are mean=SD. Different let-
ters on the bars indicate significant difference at P<0.05 level by LSD test.
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fit ( calcineurin, CAN ) J&—Fh £ FH B R i , 18 1 52 M)
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(>92%) o A A 5% 73 51 FH fid 4% HL ABCA2 1Y
dsRNA 7£ JEM AR H P i 40 B 2 TP X ABCA2 Y 3
REHEAT T H0IE , ZE T i i i b T3 ABCA2 )5, SEUN
kol P I A0 Th ABCA2 (9335 5B AR, Cry2Ab
XiF S PR Bt v g 200 ) B TS R AIK . Wi et al
(2021a,b) BT 25 A i, 76 SE PN ARAS HL AP iz 41 i
Z R dsRNA 1 RNAL %A 7] DURBARAR S H CAN
KR A kIR B Y ST .

AR50 % 2L T siRNA 14 RNAL J5 B 3 T
ABCA2 SRR H gl i rp () 23k iR He T g
45 LR W] siRNA ] I 5 PR ABCA2 Y33k IFFEAIR
Cry2 Ab X4l )75 1, 3l 3 PRI FIA Y AR ABCA2
) 238 T S 25 P i 20 B A4l 6 Cry2 Ab 243 2 Y B
JEAEREAR , X 5 Wang et al.(2017) i85 CRISPR/Cas9
RS ABCA2 28722 1M 5| 2 AR 48 L XF Cry2Ab 7= 4
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