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M3 BAPNZE R RIX R G L STHRES

HEWHK, ZAW Lin Naing, S§¢¥/UI, EI Thinzar Soe, REH§
Crp [ A R L2 AR P R P B 5T AR s s 2 2 B R e =, st 100193)

HE. 4K N (APN) 244 BEAH M1 FIRWR R, 88 E B R FFRPR & X (brush border
membrane vesicles, BBMV ) 4 fgfE F# APN A& aE BRI P REEEZNIER, WERE Bty
HEEZAREY. KRBT PCR A TEEE 7 4482 5 APN ZXFH2K)F 7|, HaAPNI~7 ( Genbank &
K5 4 MT002819~MT002825 ). % A ¥i1g B /47, HaAPNI~7 2% % 2592~3099 bp, 4475 863~1032
NEE, » T8 H 110~115kDa, %8 54 47~6.4, N3fE Sk A 15~20 aa. R AWM ER LN,
HaAPNI~7 )& Class 1~7 7], RT-qPCR £ R LW, EHREMLE S B4y i+ APN2 W Rk &
X 1, APNT Hy &35 B 5 (K CrylAc bk i A7 % s & K APN By Rk # # 5 HUR i R — B U CrylAc.
Cry2Ab # Vip3Aa & H G M % & F i APN 7& 1% B Z 4K, BA CrylAc 1 Vip3Aa & B J& ¥ i f= BBMV
H APN & 40 B E MK, AR Cry2Ab & B & R BBMV L APN 7& M B F 1K, M4 =4t CrylAc.
Cry2Ab #1 Vip3Aa = A it Z e, ik f1 BBMV & APN EMH W # & £ B 4. FHik, T X5 048
# & APN 7 Bt 8 5% L& o v fE A2 B0 B 1E F, APN VB AL T 66 5 Bt & 1 B M AR B Ao ik v fhAd % .

*x O AREN;, A4S, Radtth; o
FEISES: S4334 XHERFRIRED: A XEHS: 1005-9261(2021)01-0091-11

Phylogenetic Evolution and Function of APN Gene Family in Helicoverpa armigera

NIU Linlin, ZAW Lin Naing, ZHANG Caihong, EI Thinzar Soe, LIANG Gemei"
(State Key Laboratory for Biology of Plant Diseases and Insect Pests/Institute of Plant Protection, Chinese Academy of Agricultural

Sciences, Beijing 100193, China)

Abstract: Aminopeptidase N (APN) is a member of the zinc metalloproteinase M1 family. APNs, located on the
cell membrane of brush border membrane vesicles (BBMV) in Lepidoptera insects midgut, not only play an
important role in the process of protein digestion and absorption, but also is an important receptor protein for Bt. In
this study, seven APN genes with the full sequence of 2592—3099 bp from Helicoverpa armigera (HaAPNI—7,
Genbank acc. No. MT002819—MT002825) were cloned by PCR. Bioinformatics analysis results showed that
HaAPNI—7 encoded 863—1032 amino acid with a molecular weight of 110—115 kDa and an isoelectric point of
4.7—6.4, and signal peptides of 15—20 aa at the N-terminal. Phylogenetic analysis showed that HaAPNI—7
clustered into Class 1—7 families. RT—qPCR results showed that the expression level of APN2 was the highest and
that of APN7 was the lowest in midgut of the fifth instar larvae from the susceptible strain. Similar APN expression
pattern was also found in CrylAc-resistant strain. The APN activity in midgut juice and BBMV both significantly
decreased when the larvae were fed Cryl Ac and Vip3Aa protein. But when the larvae were fed Cry2Ab protein, the
APN activity was clearly reduced only in midgut BBMV. The APN activity in midgut juice and BBMV also
significantly changed after H. armigera had tolerance to CrylAc, Cry2Ab, or Vip3Aa. It is suggested the different
types of HaAPNs may play different roles in the insecticidal mechanism of Bt, and the change of APN activity may

Wk H: 2020-04-16
BT ERK SR EYR AR E R LI (20162X08011-002)
G RN ARk, WiLHF9TE, E-mail: 1990283386@qq.com; *MAS{E#, W55, E-mail: gmliang@ippcaas.cn.

DOI: 10.16409/j.cnki.2095-039x.2020.05.001
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be related to Bt degradation and resistance evolution.

Key words: aminopeptidase N; Helicoverpa armigera; phylogenetic evolution; functional analysis

APNs CRIKBESIE) J& T s in, mT A8 2 KR M 2 IRBE Y N A3 2 A il 25 ok, 2574
YR A B B AR . R . ORI AR 5 i R0 A S P 40 M e I et ). 7 B
dof, FEE TS R ) APN, T ELIhAE S IREE A DT ROR IREL RIS AR, 20 fdsk 3 B i
AP WF5TE R APNs (35 R 81 R Got b 70 W s Sk 3 H B HL APNs 730 8 25, 20Jildv 4 APNI
P APNS, RISl E A 2 T F i APN, [6]— WP AN 7] 43 SR S R R IR U5 oA 23%~40%,  [F]—
Oy SRR AL [RIEE R 50%~95%* . H AT, 4 143 45 APN [¥] cDNA T4\ 27 P [ B i e
B+ 4387 C(http://www.ncbi.nlm.nih.gov/)

RAUb i L2 ai E s Be 4542 Bt KPR dUE TR OCHE, 1 H A2 Ak AR S 5 B ot Be g
FYIM . RNEE N 2 R e 1ok Bt 24h 8 8, WS R Manduca sexta (1) APN i 4y B 4lifk,
JE A5 Bt B AT UGS, R R E 1 CrylAc 24467, 2002 4F Gill 2505% Fl Bk Sh 35183 T4
JH R Mg APN S K] ) 22 6 S Drosophila melanogaster, APN 7EAERSUE A 1 i b i A b IR )2 38145 7 3RI8,
KPP FE D R CrylAc B2 R IRBUR, ZWFE RN A KPR SE APN & CrylAc [RIZhAEMESZ 14
Lin 25P17E S19 B L4 g il B 15 5K & APNG6, 40 ik 45 5 7% BmAPNG6 2 5 CrylAc i S (4B &
S FIEMRIET R DU IS 45 B W], AJE APN T4 0 Cry B AR EA AR, 1 HLE duxt Bt
PR APN R RE R R, AP RRh B, AR TR, Pigott Fl
Ellar!' ™Ay, APN 71 Bt SUBEA A B du b 263k B AR T BE 55 APNs 7EAN[RI RN B durb i Bt 32441
AT EEVEAR A DS, Rk, EH APNs A fE7EANA] Bt (IR EBLH & TN LE R FEE AR VR

H 1997 4F Bt Mife/E 3R EFE LK, A8 dUr o A3 8] T4 s hl, (HBEE PR E R, ARl
%F Cryl Ac BIBUBCIE WAL, Poik AR 2R, Angelucei 2512 10 MR 4 b i (9 cDNA SOk
LT 7 Fh APN, b 4 Fof LA CrylAc 456 BATSEER S XA B APN BT T — R4, FE
KA vaE . 2B alitk, JFESE HadPNI & CrylAc HIZZAA. ZE4) SRR S b i ik AN [ 53100 s
HaAPNs Z= 53 L] BUEENLEI Dy REE T TR0, W HaAPN4 W] LLY CrylAc. Cry2Aa #4564,
UUER APN4 JEPIMERREL 1) Cry2Aa BUBUSIE FRAR: S ks IR IESS HadPNI I HaAPN4 5
CrylAc. Cry2Aa f% Bt 2 g Fe7) HaAPNT Py BEi o SERR B CrylAc II9THERY: HadPNI 11
FKIERAEAF A CrylAc Ptk il SRR dUh #0825 FRIK, 110 HadPNS fEARIBUE S R DRI,
M7 A MR (AR, SR APN KEFTA LN KRR odr, Bk, ks
[V AN APNs [RPEHT o AHFFTRAT SO REAF 2] 7 A Hi48 L APN JER A KP4 JE , 6F HaAPNs 34T T R4
AT, T HaAPNI—7 JERALE Cryl Ac BUBFIPTIEARE Rrp I ERIA &, 1851 T AR B & AN A
P Bt 2R 5 APN WG TERIARAL, DUH RS H /3 #1iX 7 Bl APNs BIDRE, A RE—2 Bl L APNs 7&
Bt AL, HUEEHL 7R B H At
1 MRE5ERZE
1.1 ik HiE

96S FURK T ARAFE HL 1996 KA HIM R A BT 2 BT T, 72380 = N AR R 454, 76 LI Bz
fiis AR ] % )22, BER (i R 1 96S R R RR AL IR SEIAINE CrylAc R TR/ 2, X CrylAc [t
PEAEEGE T 1800 5. 96S—Cry2Ab fit Z A& H1 96S BUZ ih R IFFLLIANE Cry2Ab 5 ARSI, XF
Cry2Ab [FTEREECA 28 15 .96S—Vip3Aa it £ A& 1 96S UM R4 HURF 40 Vip3 Aa 85 (A IHIE 15 21K,
X} Vip3Aa O HA — @52 1.

Hih AR RIERE (26£1) C, Y6/ 16L:8D, MIXHREE (75+10) %M FrHIE.

1.2 #itER
CrylAc. Cry2Ab. Vip3Aa A A bR RN BH A R TTE 2w .
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1.3 R PEE RNA JRELFN cDNA E— RS MK

R L 5 W14 30 3k, T-OK B %, 76 0.7% NaCl @l rPigdetitt i &4, HIELR
W K Sy, RS AE—80 CUKAT AR % H o K44 durh s RNA SRH Trizol ¥AHEA T4,
F 1.5%B IR W e rL VRS RNA (158 341 - H] NanoDrop1000 2843 ' BE V1A I FLk B R4l

1 FastQuant cDNA 25— O AI & (RIRA WD HtW45, B2 pg & RNA BT SO
1.4 R H APNs £ KE R TE

JrHt GenBank _EAEAUMRE HL APNs FPalfE i, X6 APN &K ML (APNA~T) Seiithim 514,
SR JG 34T 3' RACE PCR. #%# Reverse Transcriptase M—MLV (RNase H-) (Takara A #]) B3 LL QT (&
1) 51543 2% 3’ cDNA BT PCR.

BRSPS [ LI 28 dUh [ cDNA S8R T PCR 9714 . PCR W AR A 50 uL: cDNA 4% 2 pL,
WS (10 pmol/L) 1 uL, R34 (10 umol/L) 1 uL, 5X TransStart™ FastPfu Buffer 10 pL, 2.5 mmol/L
dNTPs 4uL, TransStart® FastPfu DNA Polymerase 1 uL, ddH,O 31 puL. PCR W 274 TiAEPE: 95 °C 1 min,
1 AMEER: Atk 95 °C 20s, Bk 55°C20s, FEfH 72 °C 2 kb/min, 40 MEH; LA 72 °C 5 min, 1 M
o PCR M2 1.5% BRI IR FL Uk 23 B AU [ Mg 44k 5 7 4% 1) pEASY-Blunt Simple s FE#kf4 L, ik
2 Trans1-T1 B2, 37 CHEFRAARG TR ISP BH A 5o [ B DS 42 v 6 28 AT B 28wl g-AT I o I
4E 1 NCBI-Blast 7 Y57 5142 Lex 5 H DNAMAN BE T #2142 K741

£1 RIEFIPCRFTHIY

Table 1 Primers used for reverse transcription and PCR

519 Primers 514751 Sequences (5'-3") 519 i& Primers function
APNIFF ATGGCGAACCGCTGGTACACCCTC A KR
APNIRR TTAAGCCATATTAACAACGAGAGTCAC
APN2FF ATGCAATTCATCACCATCATACTCCTG
APN2RR TTATAACAACATTGCGAGTACTGTCCACGAC
APN3FF ATGGCGGCGATAAAACTCTTAG
APN3RR TTAGACCACTAAAATAAGGTGCAAAATGGC
APN4FF CGTCTGCGTGATGTGGTCTA 3'RACE
APN4F1 ATGGGTGCCAACATGGTGC chE) B
APN4R (mid) CGTGGAAAGCGACCAGATAG
APNSF (1~798 bp) ATGTATTTACTGGCACTAC Hp i) - B 44
APN5R (1~798 bp) AGCGGTGGGTCGGGCTAAG

APNSFF

APN5RI1

APN5 3' GSP F
APNGFF

APN6RR

APN6 3' GSP F
APNTF (1~1200 bp)
APN7R (1~1200 bp)
APN7F

APN7R

APNTF (3 601 bp)
APN7R (3 601 bp)
QT

Ql

ATGGCTATGAATGTAAACGCCGAT
TAGAGCGGTAGCTCCACTTTCAC
GAAATCTGGTTCCGTGATTCG
ATGTCCAAAATACTGCTCGTAGCCTTGAG
AACAACGAACAACAAGACAGACATAGC
ATGCTCGGCCATGTTAGGTG
ATGAGTGCAATGTTTCGCGCG
CCTTGTCCGCTCTATTTCTCCT
GACGCTAAAGACTTGGAAATACAG
AAGACATCACAATGGGCAGAG
TGATAAAGAGCAAAGACAACCA
TTTTCAGGCGGGAACAGT

CCAGTGAGCAGAGTGACGAGGACT
CGAGCTCAAGCTTTTTTTTTTTTTTTTT
GAGGACTCGAGCTCAAGC

I R Bl

3'RACE
H e B

3'RACE
H e B

PSS

3'RACE
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1.5 18 H APNs EEF5| S HFfIRFH L RITE

FIH ExPaSy—PROSITE Chttp://web.expasy.org/compute pi) Tl APNs £ [ )4+ M55 i s R
NetNGLyc 1.0 Server Chttp://www.cbs.dtu.dk/services/NetNGLyc/) Fiiill APNs 2% [ N—-¥EFEALAL s R H
NetOGLyc 4.0 Server Chttp://www.cbs.dtu.dk/services/NetNOLyc/) Fiiill APNs 25 [ O—-¥EFEALAL 1 A H
GPI-SOM (http://gpi.unibe.ch/) Fitill APNs £ [11] GPI (Glycosyl-phosphatidylinositol) %/ fi; 7E NCBI
AR H A A ) APN 574, R Mega 7 AR AR ELEM & O AN H B U APN &
G R B AR
1.6 ARMHERRIFRE APNs RIXEER W

Bl R 5 PR tghde 90 3k, 30 S — ARV EEE, L3 RES. MR R, s
RNA 2% cDNA #8104 pllA] 1.3

MY H91F BB EE HL APNI~7 N AKJPH BT LN 2Ot e /& PCR 514 (R 2) , WZH|YikH
EHEASE E S15 JEP (RPS15) o FTAT 51 EAT 2400 5E & PCR Wb B A% . %€ & PCR R/H SYBR
Green JefhE . AFRIPUIES R APNs Rk & 72 o T A A D B G ) cDNA, PCR JNAR R A 20 pL,
#7532k 2 X SuperReal PreMix Plus 10 pL, 1E [ #1154 % 0.6 uL, ¢DNA #54% 1 pL, 50X ROX Reference
Dye” 0.4 uL, ddH,O 7.4 uL, PCR FEJ¥4%# SuperReal PreMix Plus (SYBR Green) (KM ) iRk FI &k
B A5 2E4T

APNs FiE B 72 LA B IEN (RPS1S) LB NFESI, J1 272 C AN & BT 5 APNs (%A &
725124, H] GraphPad Prism 8.0 #4146 i AT AL B/ HT, SR Tukey #o36 3EAT AbBH ) 22 5 B2 HT o

*2 WHREE PCRFTASY
Table 2 Primers used in qPCR

51945 Primers S519F %] Sequences (5'-3")
RPS15F CTGAGGTCGATGAAACTCTC
RPSI5R CTCCATGAGTTGCTCATTG
yAPNIF TGCGTCCATGGGTGTATTGC
yAPNIR AGCTGGCCTGGTTAAGAGTG
yAPN2F GAAGTAGACCCGACACCTGC
yAPN2R CTTCGCCAGACCCTTCTGTT
yAPN3F TGGACAGAACAGCCAGGACACCC
yAPN3R GTCGTGAAAGTGATGGGAACAATGTAG
yAPN4F CGTGCGTTCTAACAGCATCAACAGG
yAPN4R CAGCATGAGCGGTAGGCAAGTGT
yAPNSF ACCCAAAACGCACCTATCGT
yAPN5SR CTAGGAAACCAGAAACGAGCG
yAPN6F CAGCCATACAACGCCAGACAAGC
yAPN6R GAGTGGGAGCGAAGTCAGAACG
yAPN7F CTGAACCCCATTGAAGAGTACG
yAPN7R GGGAATCCTGCCGATAAACCT

1.7 AES&RFN BBMV F A APN SEMERINE

FEIC A R A N T AR B K29 0 0.5 em (R 1E J7 PR/ ER, T 24 L B B0 72804 o 25 mmol/L
Na,CO3/NaHCO; ZZiii (pH 10.5) K Bt Hx MR AT ZLRE, 4% 0~6.25 pg/larva 7|58 I Bt 25 11 2
WRLE, £5 Bt B AEEB ARG, BILYUR 4 h 5 5 BARES Ry m s el b, AR g
24 3k, B3 W LA ISR ESAE (8h) , WdE4h R,

FUK LA 5 AR BEARAR de, B P i L SO BT 2 mL &0, IATIA T 1 mL 150 mmol/L
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NaCl, I ETEEZ) 10s, 4 °C. 12000 r/min £5.0> 15 min, W 3SR FRi 0, HEE
B, RN A o W RS B [l BBMV 312 I Wolfersberger 252 () 77 vE 34T o ) 1] Bradford
R A AR BBMV VR FIIRE .

%M Watanabe 251 Takesue 25271779, DL 1 mg/L LpNA 1) Ak 2 W VE K N ), 76 96 LI
FRt P AEFLIIA 5 ul BESL AT 195 pl JEMIEW, 37 C Y 60 min Jii, 405 nm KR &G .

APN VRT3 U= (AA/AD X (VR RNARTRV FERAATRD X (1000/2) pmol/min (VG
#e=9.9/mmol/cm) ; APN %P5 =U/mg protein= (AAX264.0787) /AWK, APN W& JJHA7 K
umol/min/mg protein.

KR AT 1.6,
2 FER545H

2.1 #8% H APNs 2EFF 9

W PCR wifEf3 211 7 M8 APN JER2KFS] HaAPN 1~7, © bA%% GenBank, ¥3%'5 4
MT002819~MT002825. %4 ExPaSy—PROSITE. GPI-SOM 25/EW(5 B2zl oo tfr, HaAPN 1~7 4K N
2592~3099 bp, Zf 863~1032 MEILER, 4> TN 110~115 kDa, %5 ik 4.7~6.4, N Sifs Sk 15~
20 aa. [% HaAPN7 LISk, HaAPNI~6 %% GAMENWG #! HEX,HX sE %£7°; HaAPNI. HaAPN2, HaAPN3
1) C Ru#l i — B2 KB ARV H; HaAPNI~7 ® 1 C Ku#lif—A> GPL &€/ s5; HaAPNI. HaAPN2,
HaAPN3 () OB AL S 16~39 AN BR T HadAPN2 J& N-¥EIEALAT 25, 4 HaAPNs ¥4 1~8 > N—
BEIEACAT 1o HARPHIME B W& 3.

£3 ARHE APNI~7 EMIEB S
Table 3 Bioinformatics analysis of HaAPN1—7
A CDS AR TR %A E9Ik GAMENWG HEX,HXE C i polythreonine GPI4i5E O-¥EKEfL N-Bik:AL

(bp) (aa) (kDa) (an) B B 2]l (A [ (A
APNI 3042 1012 113.04 5.78 1~20 y x/ x/ GSA 39 1
APN2 3099 1032 114.77 4.73 1~17 J V V SSA 31 x
APN3 3045 1014 114.24 53 1~18 \ v v DGA 16 4
APN4 2856 951 108.25 5.45 1~20 J x/ X NGA x 8
APN5 2826 941 106.26 5.18 1~15 J V X SGA x 1
APNG6 2886 961 109.49 5.45 1~19 J v X ASA I 6
APN7 2592 863 100.98 6.38 1~20 X X X DGA I 6

2.2 R H APNs RELB AR

MNCBI R T 22 Pl H B dt APN 28 2R 7811 0L 86 2 (LT AWIFUPT SCBE X 7 4 HaAPNs J¥51)),
FH Clustal W #4722 41 HE X, SR H Neighbor—Joining ) e g H APN?\éjz‘ﬁ&ﬁiﬁ’pﬁ*ﬂf(bootstrapz 1000),
S5 WoREEE H AR By 9 NS, A HL APNT~7 ZER 3 miAE Serh 18] 7 AN 32 Class 1~7 F
Class 1 HEHE 16 MNP Class 2 HAEFE 11 NP Class 3 3 17 MIFE, Class 3 7ERMEICR L5 Class
1 P2k R, fHY5 Class 1 LG O-BEIEALAT SR /D Class 4 55 Class 2 —FF C K G2 R & 4 X,
BERAALE 11 ANFR; Class 5 HAELE 8 MIFE, Class 6 HEF 6 MF; Class 7~9 HAVE S 2~3 ™M)
e MWHRE HLAPN 6 ISR G R R LR, MR APNT 5HNRRER . Helicoverpa punctigera~ MHZFX
Ik Heliothis virescens il =%k Spodoptera exigua ] APNI 3£ %% Z 8T ; By L APN2 S5 FHSE R0 APNS .
Ky QUK Trichoplusia ni APN5 SRR ZBIE: Mt It APN3 S5IRPIMRES IR APN3 SRS R il HRie
APN4 5NN 0 APN2 SR R Wik dL APNS 5 R8Ik APN2 54 25500 W%t APNG 5
TS APNG S5k Rl K8 1L APN7 55 BRUN F KR Ostrinia nubilalis APN7 584K it (1) .
2.3 CrylAc 8 AR AR B HaAPNI~7 Rik=E

7 968 HUEHMIEL P HadPNs ik a2 55 ¥ (Fep =343, P<0.0001) , FikH hmEMRMKIK N
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1Ep7LLSIO SNAVEH
TnAPN2 AAX39864.1

.1
1580.1
CsAPN2 AGG36452.1
OnAPN3 ACT35083.1

Class 5

: APN BRI YR 4 5 + GeneBank S SRR WHANREh: Aj.: B Bm.: F&E: Ci. HBE S Cm.: FHUAGHIE,
Cs.: AGIE; Ds.: /MR Ep.: SERMEM: Ha: M8HL He. SEEEAME: Hp: MPHIERM: Hv. MZFAOK: Ld. ZEdEd:; Mb.: HIEROR,
Mc.: fEAACHk: Ms.: MR Of: WM KEE; On.: KRPHFOKIEL; Pi. EJEAREE; Px.: /DRI Se.: FHSERM; SL: RI&Bilk; Tn.: 4L
R

Note: The species name and GeneBank accession number are shown for each APN sequences. Species names abbreviations are as follows, Aj.: Achaea janata;
Bm.: Bombyx mori; Ci.: Chilo infuscatellus; Cm.: Cnaphalocrocis medinalis; Cs.: Chilo suppressalis; Ds.: Diatraea saccharalis; Ep.: Epiphyas postvittana; Ha.:
Helicoverpa armigera; He.: Hyphantria cunea; Hp.: Helicoverpa punctigera; Hv.: Heliothis virescens; Ld.: Lymantria dispar; Mb.: Mamestra brassicae; Mc.:
Mamestra configurata; Ms.: Manduca sexta; Of.: Ostrinia furnacalis; On.: Ostrinia nubilalis; Pi.: Plodia interpunctella; Px.: Plutella xylostella; Se.:
Spodoptera exigua; Sl.: Spodoptera littoralis; Tn.: Trichoplusia ni

El1 #5388 RH APNs gLt
Fig.1 Phylogenetic tree of Lepidoptera insects APNs

HaAPN2, HaAPNI, HaAPN4, HaAPN3, HaAPN5, HaAPN6, HaAPN7, 31 HaAPN2 ()3is 5 HaAPNI
21 A HaR B B2 /KE (P=0.002) 5 HaAPN4 W3Rk & 2 #KT HadPNI (P<0.0001) , HaAPN3 [f]
KL BB FHICT HaAdPN4 (P=0.001) ; HaAPN5 Y5 HaAPN3 FikEZRALE (P=038) ; HaAPN5~7
KIEREFARE (P>057) (H2A) .

£ BR PUMEM T HadPNs RIEEZEFEE (Fey =184, P<0.0001) , ikl mEHRMKIR A
HaAPN2. HaAPNI. HaAPN4. HaAPN3. HaAPNS5. HaAPN6 Rl HaAPN7, H:7h HaAPN2 [{)3ik & X HaAPNI
4 2 {5 HIk B B2 KF (P<0.0001) ; HaAPN3~6 ik 4 8% T HaAPNI (P<<0.0001) ; HaAPN3~
7 REBELEEES (P>0.07) (K 2B) .
24 HEMABLABNAELRE Bt EAF T APN EHEHT L

HUEr CrylAc HEE G, 96S 8 bl APN SR BIE. (TR B Fe14=7.33, P=0.001; BBMV:
Fs14=457, P<<0.0001) , SHCEIER AR LA, 2 ng/larva (P=0.0009) . 50 ng/larva (P=0.018)
H10.25 pg/larva (P=0.003) FIFEACFIHEL LOh G P APN 352 TR A ANAE CrylAc il & 4b
AR Ho i) BBMV A APN 36 556 A L 2 3 R F% (P<<0.0001) o HUEE Cry2Ab F 15 (Fs14=2.11,
P=0.117) , TGl APN 3G BEAM (P>0.18) ; {HE5XHEMLL, Fram&ard iz BBMV
APN JHPEHR B K (Fs,=181, P<<0.0001; 1.25 pg/larva: P=0.029; H:A45&: P<0.0001) . Hf
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A 100 968 B 100 - BR
a
T
a b
b —
0 . .
]13 d — —J “H C S C
®oO1k de ®
Z2 B
01 fin
€ C
TR T e e 2 s TS T e e oz 2 s n
% T T O O§F 3 0z 3 I T % O3 3 5
g 02 £ 0= = = = = £ £ £ = £ =
e JEH

T Pl PR I AT T B 10 Dyt B Bl . AR S RS ROR 0.05 KR .
Note: The relative expression of gene on the vertical axis was logarithmized to 10. Data with the different lowercase letters indicated significant difference at
0.05 level.

B2 CrylAc 82 (A itk (B) REAEMBEHEP HadPNI~7 RixE

Fig.2 Expression level of HaAPN1—7 in CrylAc-susceptible (A) and -resistant (B) strain

Vip3Aa A JG, SXTIEALL, SAAE T BT APN EE R FRK (Fs =144, P<<0.0001; Frf 7|
H: P<<0.0001) ; BT 10 ng/larva FEAEEESN, i BBMV H APN JEMERAR 2 BRI (Fs =117, P
<0.0001; 10 ng/larva: P=0.965; JLARH&H: P<0.0001) (& 3) .
2.5 A[E BtintEm AR RS APN B4R L

55 96S BUR M BB ML, 75 Bt it R doh i APN WETE R EBRIC Ch I F35=32.9,
P<<0.0001; BBMV: F33=21.3, P=0.0004) , H:H BtR {1 5% (P=0.0004) Fi1 96S—Vip3Aa & (P=0.004)
FREs b il b APN 3 ME B BRI, 96S—Cry2Ab fh &5 96S TR #ZER (P=0.564) ; TM{E BBMV
i, 5 96S HEE HUMILL, 96S—Vip3Aa i & (P=0.0004) APN it 2 F&{%, 96S—Cry2Ab /& (P=0.056)
M OBR i REBUEN R ERALRE (P=0.841) (K4 .

3 i

i H B APNs 17 75 M 100 3] 180 kDa A%55, HAZAMRFXE, MEEM N inE C ik
PRSIk, EEATMAX . GAMENWG 27, HEXoHX(E BFRES AR TR R X Bl i kUL
¥ (Glycosyl-phosphalidylinositol, GPI) 4i5E 5 507 i, AHFSY i 43211 HadPNI1~7 #5 HATIXEE APN
FIRINILRIFFAE . HaAPNI~7 h, R4 APN7 A R5F 1) GAMENWG 257l HEXoHX sE SR 451437,
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Fig.3 APN activity in the midgut of Helicoverpa armigera susceptible larvae after fed different Bt proteins
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