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545 % HaHR3 B A &9 % % B H A4 RNA FIR8 A eg#2&
FEML, Bt KT R,BBEX,5FF, Tk
(P EK VA F AR FEE BT R4 4 596 ' A JF a2 % %, 4k 3 100081)

WE . KA RT-PCR 7 A & 7 4844 i 5 % 8 37 4 X Bl ¥ HaHR3 L, i% 4 B 47 1671 bp &y 58 5 Ik 17 3
M TR A R U, HaHR3 5§ % b [ st 8 SO 0 4% 5% B w8 B RLUR o FURL 4 415 8 07 3 % HaHR3 Y 25 4
FEFAT AT K 3N, HaHR3 B A7 1 % P 7 4 5 R 7 48 Rk Wy B AL, W A48 45 fn — 1> DNA & 4 4
ME, FEEEESRFIIANBEEMEE, £F HaHR3 L H W # 45 F B E T RNAI F 1 £ &
PRNAIi1017-HaHR3sa, ¥ ¥ HaHR3 iE K 1 J7 7| T 7 [ % 48 4 % 3k 2 & pCAMBIA2300-35S-OCS, ik 3 # # T
W 35s & 5 T 45 B HalIR3 3 [ 87 1E 7] RNA T4t # & pCAM-RNAi-HaHR3, X —# R iy s sy 2 4 T —
FREAHY N FH RNA THBEAF EHA LT T T B0y,

KRR AR b5 B OB R T M T RNA TR
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Cloning of Helicoverpa armigera Gene HaHR3 and Construction of Ilts RNA Interfer-

ence Vector

YIN Fu-shi, ZENG Hong-mei*, ZHANG Yu-liang, QIU De-wen, Y ANG Xiu-fen, WANG Li-mei

(Key Laboratory for Biological Control of Ministry of Agriculture, Institute of Plant Protection, Chinese Academy of Agricultur-
al Sciences, Beijing 100081, China)

Abstract: The molt-regulating transcription factor (hormone receptor 3, HR3) controls the expression of related gene clustersin
the process of molting and plays a key role in the regulation of molt cascade reactions. The cDNA segments of HaHR3, HR3
from Helicoverpa armigera, were cloned using RT-PCR. With an open reading frame of 1671 bp, HaHR3 showed 98% identity
with HHR3 (AF337637) in homology comparison. The structure analysis indicated that HaHR3 has the typical characters of the
superfamily of molt-regulating transcription factors, including two zinc finger motifs and a DNA banding domain. Neither signal
peptide sequence nor N-glycosylated site was found in the HaHR3. Based on the sequence of HaHR3, the RNAi vector
pRNAIi1017-HaHR3sa was constructed. By subcloning the sense-antisense sequence of HaHR3 into the plant expression vector
pCAMBIA2300-35S-0OCS, pCAM-RNAIi-HaHR3, the RNAI vector of the HaHR3 gene which is driven by the 35 Spromoter,
was constructed. This provides a solid foundation for the application of the plant-mediated RNAI technique in the biological
control of Helicoverpa armigera.

Key words: Helicoverpa armigera; HaHR3 gene; structure analysis; RNA interference

Wh Je PR e S I T 2R R A
R A U R e R R S SR R Bk i FE L )
REEE T, 7FR dud e ol & + o EEME
FHA 50 R 855 e S R B 1R A S IR A
B, BLE ST A A8 B iR 1 B Y
DmMHR3. ¥ MBI AaHR3, % A% BmHR3 4
TR MHR3, KBEIE ) GmHR3 FIAZ a4 15k

i) CfHR3 45, Rl fe I8 5 5 sk I v 8 A
DmHR3 H A8 BN, B2 Uk R
FROISE e G ik S LR S R Bl R R E 0
BRI, e R ARG & E H , BmHR3 Al g
TEZR T YN SR A e A5 o b 2 Eh A VR
WA A A | A 5 R PR A 5 R R
W AR EARUMIIRE, R REE
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IE AR R IR A s R RaA A D
HOARBETERLIE Wi R i Y e A 34 BB T,

RNA T4 (RNA interference, RNAI) &2 it 4F
e R —Folr By B R EHEALHID, EFH RNA
FEHIVEHD, L — iR BB P 7RG ST sk
Ji 7K B B PR I PR 3Rk, B k) 2
TRETREM ST B IRIT AR AT, o T
IR A RS, FEAEY T RNA TS 5450
Jofh 38 3 BE RO SR SN, A AT 1) B e R
PRAE R RNA THEER I KRR, YN
U5/ RNA AT RE S 4L KR i fpT A
KB R OC R BIBFSE ARl FE
BB IR SR AL T E R R

H 4% B [ Helicoverpa armigera (Hiibner)] /& B
By F W fEEMAE K N E R AR
Yy, JEFREHT Bt AR SRR AR RS AR B T A AL
PRI AH B TF RPN AR AR
HZR R KU R R | iR ASF & BT B B ¥ 1R
T RNA T-PUARES Hui B2 15 5 SR R iy A
A HAE A K R B A AT RE I IR BT T Y
PRI Z — o AR SCHE TR HUE R 870 5 5%
¥ HaHR3 (&6 |, 4347 1T HaHR3 2 1 1945
TR, R T HaHR3 AYAEY RNA THLEkIA
B PEE Y RNA A5 A0 5 BT BR AR i
BT S R B 263K B AG AR A8 He gy s TE
RE S E R R, AR U AEY)

PR iR — AR AR

1 AT &
1.1 RS

R HL 4y M E v Al B 2 e A R i A
ZHImEI%

J5 kL K Ak . pMD19-T . pMD18-T simple.
Wik E A& pCAMBIA2300 . RNAI T4t i) ik
PRNAI1017 J2 K% FT 7 DHS50c 55 B i 34 Fh A< 5K

fiff S 3= 3k 77 . Trizol Reagent 4 H Invitro-
gen /A ) ,M-MLV RT RnaseH" . Rnase Inhibitor , ;2
Ex-Taq B340 [ TaKaRa /A, BR 44 Py 1) i
Xhol Bglll BamH 1 Sall Pst] Fl T, %My
H NEB A ], BEAEMEEERE R Kit FBTRL/ MR

Kit 1 [ At st KRR AR A F
12 R HE RNA BIRELS cDNA &R

4 Invitrogen /A &) Kit 560 FH Trizol % DA
5 IS4 PRI RNA

CDNA (197 it KiEF AW TRABRA F
cDNA Kit UtiH 517 .
13 iR R AT REF HaHR3 k&

2 X/ FLBZEE GenBank F o Fifi 4 F 4%
HaiE Rz 8T e Sk PR 35 IR 41 (AR337637) , H
Primer Premier 5.0 %11 T — X 7514, HT
HEZEF R PCR Y3 517 Invitrogen- I ifg
PRI BARA PR FG 1l Horr ) IF SCEED 1)
5-ATGAACAACAACCAGTTCCACG-3’, [z X 4%
54,5’ -TTAACCGTGGGTGTAGTCCAGG-3’,,

it RT-PCR J5 ¥ AR5 A 4% HUit e 98755 5%
sk F HaHR3, K 3k4%11) HaHR3 &K EH Y
PMD19-T safE s A5 AL KT i DH50,
ZLTR I PCR W) 48 22 1IE A/ )5, PRH 6 4~ FH 1%
FATERE R E ISR AR,
14 HaHR3 EEREMIEBZENT

A W4T I8 27 25000 P R0 R X A A
X} HaHR3 FE K K A UL 20#r . F Protparam
43H7 HaHR3 25 1 A 2 LR P S 4L . AHXS o+
Joi 0 R A5 H AT 45 B AL M i (http://au.expasy.orgl
tool/protpara.html) ; F| H SOPMA Tl HaHR3 %
1 = 9% 45 ¥ 240 h% (http://npsa-phil.ibep.fricgi-
bin / npsa_automat. pl?page = /NPSA/ npsa_sopma.
html ; ] Ff] Scanprosite # & HaHR3 & [ 1) Motif
(http://us.expasy.org/prosite/); FH ProtFun 4347 il
I HaHR3 & 14 9 31 B (http://www.cbs.dtu.dk/ser-
vices/ProtFun/).,
1.5 HaHR3 F#iE# A (pRNAI1017-HaHR3
sa)yfE

HTAE T A RNA T2k 355
W) il HaHR3 f)— B4 5 DNA (460 bp) 7E
TR B, IEmJFFI5IA Xho I Fl Bgl Il fig]
7 5, H F 3514 HaHR3-RNAI460-P1.5’-cc
CTCGAGATGAACAACAACCAGTTCCACGAT-
3’; T i# 51 ¥ HaHR3-RNAi460-P2:5’ - gaAGA
TCTCACGCAGGCTTTATTCCGTGGACA-3’ , [
m PS5 A Sall A1 BamH [ BG5S, H B
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i 51 % HaHR3-RNAIi460-P3: 5°-gcGTCGACAT
GAACAACAACCAGTTCCACGAT-3’; Tl 19
HaHR3-RNAi460-P4:5’ - cgGGATCCCACGCAGG
CTTTATTCCGTGGACA-3’

54 Xho | F1 Bgl 1 B S 195 19
HaHR3-RNAi460-P1 fll HaHR3-RNAi460-P2, L |
R pMD19-T/HaHR3 H4H Foki Misit , 17 PCR
P14 RSP Xhol A1 Bl |l v 5 1Y HaHR3
T4 H B, 483X — PCR 7= ¥ 7 [ 5] pMD18-
Tsmple b, Xhol F1 Bl | U], )T i H- B
TR 2 [RIRE XU Y pRNAI1017 T2k A ||
P A% E 20 Bk pRNAI1017-HaHR3s, FH Xho |
F1 Bal || XU % 8 HaHR3 JH T4 A B2 75
1E []3% 3 pRNAI1017 244 |

A Sall 1l BamH [ I S 5]
# HaHR3-RNAIi460-P3 FiI HaHR3-RNAi460-P4,
Lk pMD19-T/HaHR3 H 41 i ki 5k , 17 PCR
i RSP A Sal I Fl BamH 1 3 f5
HaHR3 T4t i Bt , 23X — PCR =¥\ 7i [ 5|
pMD18-Tsimple |-, [ Sall 1 BamH [ BEf7XLf
I, VIR R B T, 2 B 1 8 22 R R XU DI 1)
i 2H ik pRNAI1017-HaHR3s |, # 8 & A
HaHR3 1E [ 7] ¥ 51 i) RNA T 3 2 /& pRNAI
1017-HaHR3sa, i Sall Fl BamH [ i) % 5
HaHR3 FERE A [0 4f A 2] pRNAi1017-HaHR3s
HH PR,

1.6 HEWEERETHEEPCAM-RNAI-HaHR3)
HIHIE

P54 W) 2 35 2 /K pCAMBIA2300-35S-0CS
5 HaHR3 T4 v 6] 244 (PRNAi1017-HaHR3sa)
S35 Sal 1 Al Pst T SEATRUEGY) , PRI A T, %42
iti % $% pCAMBIA2300-35S-OCS 25 #k {4 fl 4 A
B 1 B AR IE B 1) 73 e AR i BH P
FERET, 28 PCR S E AU % /8 i, 5 5 20 ook
% invitrogen- AR AE MBS w T

2 EREGM
21 BEAMEATEREF HaHR3 EEH
g

IS 5 184 3 3k, RIULE RNA,
LB L TR A3, 28S K BEIAR RNA 5 18S

FHEIR RNA A9 BUE I, JCHE R 41 DNA 175 54
(%), ME—HaE RNA Fide | i oMot
JEEETHERE K 230 nm 260 nm Fil 280 nm il %
13 Ax/Am=2.104, KT 2.00; Ax/Ax—
1.937, Ui HH It RNA SR A iy 4l BE AR R, AN A7
TEEE 10T 2210 RN 28 0 Jox i) WY b 3 % 45 6 5

FHIE CBERIR 551 Y13E4T RT-PCR, 9§73
2 1.0% RIBEIEEEERS IR, WoRTRE] T —
N5k 1600 bp f) DNA FBt(l 1), RT-PCR 7=
WIaiAk )5 T S] pMDA9-T #5844 |, HRERPH 7
FEdEAT PCR %57 , 1981 1 [Al U R/ INE 2 1) 7 Bt
(%),

M: bRUMES T 1 RT-PCR ¥ #8724,
B 1 88 RE AT HREF HaHR3 i) RT-PCR ¥4
Fig.1 The RT-PCR amplification of Helicoverpa

armigera HaHR3 gene

PRI PCR 45 U] 95 T 1 4 1) BH 4 e B
6 NHHATIN R 43T, FITAS s R—30, RS 1A
B U R I e sk R R R 227 8, L ORF
A1 1671 bp, 4t 556 >z FE R TR 5L |, W 125 H A
#°h HaHR3, HHI,ZHEHNC 47 GenBank H1%k
SR, B SRSk FJ009448,
2.2 HaHR3 REiREEER#E Rtk 3t

FIH NCBI 3t 4z 7 (http://www.ncbi.nlm.
nih.gov/) X} HaHR3 4 [a] i1 56 R AT L A4S
K, RN, HaHR3 5 B A AR 4% L HHR3
(AF33763) L [A] [R] 514 i /=5 (98%) , 5 K I (P
49868) . HH K ik (Q08882) K2 (1,4 Ik (AACATL
63) . X At (NP_001037012) H fity i fz % 15 76 5% [
T R, A Y% DNAman 53 #115
A1, HaHR3 5 iR ER [ SERR )T 91— 207 5]
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A 98% .93.3% .87.3% .79.9% Ml 71.2%, H
DNA 44 X Iz i RV e i , UG PR SS
B X BRI FE LS G DX

WA e P — 2k R R R RSk
B, WA 2.

100% 95% 90% 85% 80%
| | | | |

a4 Hl | 100%
34 H2 95%
PN 1

83%
LGN 4
(AL

‘82%
A&

B2 IMEHBEEEREATEFREZXEMMEE
Fig.2 Phylogenic tree of molt-regulating transcription

90%

factors from several insects

2.3 HaHR3 EBHREHSThEETN

JITAS RS B R 8 5 7 S R HaHR3 4
fith 556 2 FE MR , Bt 4+ 1 4 62.1 kDa, S5 H
RN 6.62,HaHR3 5 I 1F 72~ 90 & IERAF1E
—AN A A P AL AR , 103~ 133 & LR Ab
Wi ZE B2 F 1 DNA 45458, PSORT Il Predic-
tion 443 A 10 2 B, HaHR3 k41 i 4% 25
(19.325%), Scanprosite 545 Hr &M, HaHR3 &
P2 2R 1 & 2 AR 4544 (-C4) il 14>
DNA 54485 ka3, 33 Je 0 B 75 s S P R
L FYERIE . SOPMA 2R 454 T B , HaHR3
FLH S B 8 % o- BRTE (39.03% ), B 4 fh
(558% ), FEAHEE (11.69% ) FITCHLIES: ] (43.71% ),
ProtFun il 3 B , HaHR3 & [ 1Y = I he A 45
AR T A I DNA IR I R R0 S I S
. R BR A B 0E T A A A
HaHR3 & FI A TR 5 K7 51 Al N SE AL £
Mo AN, A IR R HR3 R i LS

Xho 1 Balll

[A]—/ M & W It & RORE 454, RORE HA 1
HAVEIE & A —4 5’ -AGGTCA-3 i 1, I H'&
T Ll —1 6 AT &4 XM,
24 HaHR3 ik pRNAiI1017-HaHR3 sa
HIFaEE

I8 15 (958, A pMD19-T/HaHR3 & 41
Fwi A AR, FAE S 519 HaHR3-RNAI-PL Fl1
HaHR3-RNAI-P2 #E1T PCR ¥ 1, k15 T Wisiwity
£ Xhol F11 Bglll {3 5.1 HaHR3 T4 7 Bt (K1 3).,
13X — PCR j= 4 . 7 f& 5] pMD18-Tsimple I,
F1 Xho 1 F1 Bgl 1l 47 08D, YR 19 b B
S22 [FRE R Y pRNAIL017 T4k ik - #ay 7t
A ZH Tk pRNAI1017-HaHR3s, X 1, 2 i v
4T Xho I 11 Bgl Il XUEGY], VI T —%%0
460 bp 1454, M HaHR3 J: K T3 F B OE [f)
H4EF) pRNAI1017 2k |,

M: brifEsr 1t ; L Em)FS PCR 4 2: I 1 )7 5]
PCR 4],
B 3 HaHR3 EE RNA Tt FERERFSI SR EFFI
PCR &
Fig.3 The PCR amplification of sense and antisense
sequence of HaHR3 gene RNA interference fragment
[FlRE, 28 Sall A1 Bam H 1 Ff§)] , ¥ HaHR3
FE AT B Sz 1] 34 31 pRNAI1017-HaHR3s
41 ok, # A HaHR3 + 4 o ] 2% {4
pRNAIi1017-HaHR3sa( & 4)

BamH 1 Sall

B4 HaHR3 EEIEREFHEAFEETEE
Fig.4 Interfere vector map of sense and antisense fragment of HaHR3 gene
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2.5 HEYMEERTHHE pCAM-RNAI-HaHR3
HIHIE

¥ pRNAI1017-HaHR3sa ' ) HaHR3 1F 2
6] 750 Sal 1 F1 Xho I XY, V. vk 2 22 [H)
FE XU U] 1) A ) 3K 2K pCAMBIA2300-355
OCSH, Mg 35S i 5 IR 1) HaHR3 K&
PRI IE S W] RNA 424 pCAM-RNAi-HaHR3
(B 5), B ke 2 A Y A 4 4% 3L IR T 4 48 4
PCAM-RNAi-HaHR3 ] Sal [ il Pst [ k47 X il
U1, Ui T 1300 bp 1Y 5% ([EIHE ) , W] HaHR3
ST R B i 0E S 1) 51 6 B 2 b A A B4
Y22k #ifk 2300-35S-0CS H, A LLH T 4Efd
S SEDAE . 8] 5 SRR AT A P S R T3k
A& pCAM-RNAi-HaHR3,

Pst ]
Xho |

pCAM-RNAi-HaHR3 Bglll

10600 bp

BamH [

Sal I

358
B 5 ##E% RNA FH#H & pCAM-RNAI-HaHR3
Fig.5 Plant RNAi vector pPCAM-RNAIi-HaHR3

3 ittt

AH AR e © AR L HHR3 11 If
BT X SES Y, LIRS 4l S RNA
JtsiA, >R FHl RT-PCR J5 ik, 158 T K& 4 1671
bp. 5 HHR3 75 3 [R] J5 A R 4% gt Ry 9845 55 S A
TFHEH A cDNA F B ¥4 HoeAig 240 HaHR3, A85E%
5 7 b 5 PRI FH G T 2 TaKaRa /A A ) Ex-Taq
ity , BB IR LR (R $RIBCT 6 B
] | S o /i U5 S I R S
WP 25 R BOZARMER . 347 HaHR3 5 HHR3 ¥
G2 SRR, AT BB H I R 7 i SR R
R EEA 2850, AR X RS AL TE
2550 L, % KRR P81 AT BEAFAE— i 1Y
2E5E o MRS KSR A2 KA JHRLR

e A8 B ARGt Rz Y 2 SR DR R R Y A O R
AT AT B, A4S U4 . HaHR3 £ K ) cDNA
A BCSEARIE R R H HR3 3 P A 5 s 1 [] 5
M, TR Z LR A 5 B RGE 193 K 1A M R Y
Tifie, % HaHR3 &R 75T R B 274
B, WF 5T HL 2 A AN ik, s HEELA 05E py 8 5
SRR PR R GRS AVESIE . ARFIE B U A
i) HaHR3 T3t i Briki ik sk, A F—#
T R R Y I AIE. HaHRS 35 K 2 RE A1 H) AR
PIA-F:0 RNAT THBAR BRI RBE THOR
LR

B TR R R Bt 2 Ot R A
BEAL I ARG, 1R AE K55 I e AR 1 AR B
& FH RS R PR PR e R s R
i A R R TR I — R A S R A
GRS W W5 B ] A SR PR R R TR L
5T L 35 R R ) MR 3R 7R ) e
FihE S HI DNA eSS S, 25
W5E R AR 5 | ) WG R PRI SR P W il A St
BRI SR F ) SRR R 8 g T S A
FFARPAM G, W] EL AN BE 58 W 5 W8 1 1 72
AR, AW K T i S DR 7 e ik i i B AR
BSR4 BRI AR SE 4t 2 1t S BE T, [l kR
ANBE T8 B 7 i AR PRI, 5 7 1 S R
TR Bibe s 55 A, Y S ELE HUE H
A0 B2 IR s I, 5 3850 RS HUA TR 114 g Bz e
EAEMAT, FHHEDA T RNA T AR
ULER HaHR3 B[, A Al geflifn & RN REIE & 4E
KER , A REECE | RS R e sy
FIA R Z —, BN, AFFEIRIG AR B
Wt R VRS SR 3 R A cDNA R B, T 1
2R T A S0 RNA T3 R4 50
RN AT AT dSRNA 41, 3 3k st 47
fifi 5 R EBCERE Y BRI, A 3 A K & E 2
H08 HR, ARSI S B A LAY HaHR3 Fi W)
RNA TPk F T4 LR B AL RIS, AHOC TAE
IEAESETH

Bk
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