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Characterisation of the Cydia pomonella granulovirus
CpGV-CJO1 from northwest China
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Abstract The Cydia pomonella granulovirus ( CpGV ) is an effective and selective biological control agent for C.
pomonella. Currently most CpGV products are based only on the CpGV-M isolate. Novel isolates could make a great
contribution to C. pomonella control, for example, isolated strains with high toxicity that are genetically different to CpGV-
M could be used to prevent, or delay, the development of resistance to CpGV. This study isolated a novel CpGV isolate
from a wild C. pomonella population in Gansu province and investigated the characteristics of its descendent lab
population, including characteristics of infected larvae, observation of CpGV occlusion bodies and molecular biological
techniques. The results indicate that this isolate, named CpGV-CJO1, belongs to the CpGV family and is similar to CpGV-
M. The symptoms of larvae infected by CpGV-CJO1 are similar to the typical symptoms reported for CpGV and the
morphological characteristics of the occlusion bodies were confirmed by electron microscopy. The CpGV-CJO1Granulin
gene and the inhibitor of apoptosis protein (iap ) gene were cloned; both shared over 99% similarity with CpGV-M.
Further study of the virulence of the new strain is required. The isolation of novel CpGV strains was a prerequisite for
further biological control based on CpGV in China. The CpGV-CJO1 strain could provide the key to managing resistance to
CpGV.

Key words Cydia pomonella, CpGV, isolation, symptom of infected larva, electron micrographs, gene clone

SER LK Cydia pomonella (L. ) 2 A H N FELEME KLU . 3R 5% AUk R 5
{CRIOKBEPWEELEER, FEUYHHREEGE ( Cydia pomonella granulovirus, CpGV) J& ¥ 1R )5 7

= BEENIUE A g3 AT (ROl ) BRI L 55T (200903042) (973 33 PR (2009CB119204) ,
w4 1 TA/E# , E-mail ; wanfh@ caas. net. cn
ke H 37 .2011-12-14 952 H ] :2011-12-25



1) B A f 2 L S SR I BUR RO B CpGV-CIOT 143 B8 Al o © 97 -

Bl 4 ) S SR R RS KA A A T, R
191 0% H 1) 25 0 5 52 CpG VX 3% S 28 ik 7y 4% i)
ROR W] 5 4k 27 % HUR AH 3 26 (Huber and Dickler,
1977 ; Niemczyk et al. , 1988) ., CpGV E.FH & &1
A HURR S P, 0 R BB B 2R ¥ % 42 (Faleon et al.
1968 ; Lacey et al. , 2005) , % TRE AT RGP
FFEI = AR K (Glen et al. , 1984; Riddick
and Mills, 1995; Lacey et al. , 2007 ; Simon et al. ,
2007) , & Al ¢ 22 IPM iy 8 22 A= B A, JF v ok
1A BESE R 8 ) b 7 R 25 Y P vk (Kienzle et al.
2003) ,

CpGV W3 B H 8 04 5F 2R b v 52 4= 4% 1 37
SL2 Mk 4l B (Tanada, 1964) , Rl CpGV-M, 1974 4F
JRIR DA H ] &)y Ho A P 43 25 13 3] CpGV-R (Harvey
and Volkman, 1983) ,%5 3 £k CpGV-E & M 9% [F 52
5% FhORE Y K & BUAR Y 4y B A3 B Y ( Crook
et al., 1985) . [AI 16 JE) SR B |- 2% B 5P 2R 45 i
R A U M R A, BT LA B B 00 43 1 R X A
MEo HIE H 1964 4F 5 iz 75 Y H AL — 28 Bk R AT
TEZ A B 35, 0 N ] (Rezapanah et al.
2002) & K (Eastwell et al. , 1999) #7422 &
KA Fit -+ % (Asquith et al. , 1980; Crook et al. ,
1985) , T LAIZ 9 25 7] BE AN A2 b 5 Pk 1) 2 Bk, T 2
TEE S 8 A7 7E 09 H J7 ) 2 47 7E (Cross et al.
1999; Rezapanah et al., 2002; Kundu et al.
2003) ,

2000 4E L)L B A B rO AR 7 a4 T e B T
CpGV-M , 1E R 38 B P9 4347 K945 1 42 hm” (19 21
bel 2 F CpGV Blj i6 39 2R & Mk, (H B — 7 iy 1) i O3
YR W S 8T HitEn & JE (Lacey et al.
2008) . 2003 4, B SE 7 7 ] R A I FH ] A R Xof
o 1 BRI 9T, e T I R vk [ 2 4 G 0t )
o B ) R A SR A e R RE 1 & 7 AR B M (Fritsch
et al. , 2005 ; Asser-Kaiser et al. , 2007 ) , Bt St Fh i
4T M L ) £E 2B g 1 000 £ ((Asser- Kaiser
et al., 2007) . % WP SR bl 397 2R & R HE XS R
™ CpGV-M (BT, 22 fifF CpGV Hi 1 1Y & Ji
S ML R B By A R a8 i T Im A R)
(Warner, 2007 ; Berling et al. , 2009) , & #F /7 8%
5 CpGV-M H A 35t 4% 22 53 008 s 5 4% , T LULAE Ry
H il CpGV 1 ity 1 A S50 AC B bk , JF 8 98 Sl Bh Xf
PUUTPE R 7™ A 5K TR, 70 4 ok 59 2R 0 0 42 ) 5K
e H A B

AHIFFE IR A A R M XS 2R e A e
(14 39 54 2 0 B A b R B 1) S 0 & 9 A R R 0
e B AL G 0 URE 1A 75 R kAR Gk Y A OC B
G AR 4 0 S PR AE 5 OB B P 1 L R A
G VAR TR E 3 AN TR B IR
SN K AR N 23 B A B AR 5 CpGV B9 73 B
B o 31 B PR 9 42 B A 3 [ O o <2 L MR A,
PR B I A2 0 27 B IR B3 T e o 5 0, OF AT AR
S 2% T F 90 R PN 320 B DI 9 € B TR R

1 #MBREFE

1.1 #iKEHh

2009 4E 9 H—2010 4F 10 H R [ H ki 5 H#b
X (AR £ 98°29'53" b £ 39°42'56") S AL [l P iy B
AEFNRE, 2 P9 AR IR 7R IR 2E S O N T RDEE
B 1 ~5 AASEE R RERY 4 ~ 5 W% 4h U AR 3 09 4
BH Y EMIE, SRS (26 £0.5) °C L AHXT
&R 50% ~60% ,efEh LD =16:8,

1.2 FEKH

TLRE #R & pMDI18-T 1 K % #T i DHSa W A
Transgene /4 7, DNA i B A £ DNA marker
Taq fiff . ANTP ) W H Takara 2\ & ; 51 ¥ & % 5
¥ i Invitrogen (Jt50) 2\ 7 58 % o

1.3 BARSHHREFERRSNER

1.3.1 BRERENRABGBBFIELEE %
(Sheppard and Stairs, 1977 ; Jans and Benz, 1985)
(977 1 M E A R R B CpGV . 4 ~5 i &) il
A CpGV J5 55 3 ~4 d A WL 3 W i i) A, B
IR K , SR AE 1S 1  W shiB 2%, 4 U7ES
T d A IERE PRI T G . R K i
B, SRR B FL A AR R AL

1.3.2 {mEWEE 3% Brassel (1978) M5 5
FEFETT I WA VR K o ML R A A A R 10
)5, LA T mL g FE A /100 g N T AR He 491 iR
BL) R E 24 LR EAEFAEKN 4 ~5
14 &)y e i 55 SR R E B R 5 . 4 d R LSRR e
R,7 ~10 d YR dufk 4R A 7

1.4 FESEEHLEL

I3 15 AL IR 19 4l ik 2 % Rezapanah % (2008 )
M2 64T, Z AR Y 1 4l BUFE 50 mmol/L Tris -
HCL 28 o B v AF S i 359 5, 28 4 220 A, 25 B e ik
HA, FE 50% (w/w) FEHEH 40 000 g &5 .0 60
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min, H] Tris-HCl 22 Wl Bk 2 ¥, 9 2 B TE 20%
~80% (v/v) H i #h B b AT DLVE , 13 000 g 5.0
40 min, FHTRAFAL IR, U 2 UK, 7E i gk
HHTEE B I B TR P e R AR
B R A

1.5 HEME

L5.1 BESEIEE SCREBRE M A E R R B R
TRET LB S B G  F H 2RE RR RR S R 3
RS b8 A SR RS 0 e ) TR R LS
min J5 I8 36, FH 4 1 8 40 DA 1) 00 2% Wi 2
WA, 2R T

1.5.2 & R PSR SR 6k, 76k
BRI 2% 1T R SRR, SR JE K R TR Y
22 Ml A T ) — TR ok % €50, ) T A O R b I I
et 2 ~3 min, P HIELUM Y, AR T

1.5.3 HHREME  FE& & o8 B R ik B ARRE
e It 1~ RE BT A 328 10 vl B WL 45, B IR 1, WL 7
KL A 0 SO SR

1.6 ¥REBFNAEAERMBATHHERD
£ [# ( inhibitor of apoptosis protein, iap) {52 [
%7 (Eastwell et al. , 1999) (% & 771, #I
GranL il GranR §" 3 CpGV k1K & 19 Granulin
BLPH TAPL F1 TAPR 41 iap BEPH, 5190 (9 7 51 L
F 1, TR AM R :94°C TSI 2 min; SR 5 HEAT
T HEER ,94°C 78 M 30 5,57°C 1B k 30 s,72°C HEfd
30 s, 3t 32 AMEFR; 5 72°C #EH 10 min, PCR 7=
W2t 1. 5% BrAs il e e vl vk In e B Y Fr B, 3 42 3
pMDI18-T ik 4k 2 DHS5 o JBAZ 2540, Pk
BRVE 2 B 7, JF £ 4T Blast J¥ 41 43 47 .

Fx1 BHuEEQERM iop ERTESIHF5

Table 1 Primer sequences used for Granulin gene and iap gene cloning

N 5194 JFHI(5" -3") P
Gene Primer names Sequence Size (bp)
Cranulin GranL CAATGAAGCTGGTGTGCAAC 205
GranR CGTCGTGAGCAACATAATCG
iap TAPL ATCACCATGTCTGACTTGCG 795
IAPR GCGACACATCGGACACTTAT

L7 IAP ZEEHRRXESN

WA © A e TAP & 5L 1R p 51, W H
Clustal W2-Multiple Sequence Alignment ( http: //
www. ebi. ac. uk/ Tools /msa/clustalw2/) 17 7F £&
ZH P 5 Xt R or 7 3 A 5 1E o B O
MEGA4 347 Kimura X2 80844 15 85 43 #r ( Tamura
et al., 2007) , ¥ NJ BEALRS, 5387 TAP 2 19 &
G A O FR B LS 2R i 0k UKL A2 B 5 HC A ) ol
L ANES S

2 ERS5HMH

2.1 &imBEBEGE

AR 3 143 2R 9k 4 SR 4] 400 3 B O H A b
| N 1= R N A N G N N el 1 OB B
AL TN, 4 R h S . RARSE TSR
Z T B R R KA PR N IRAL , 8 s il D0 T
R DR 0 PR A SRS, A A ) ACR R R AT AL
Vo MR A9 E R A0 25 A %0 Tt A S 2R 2 3

KRG T o FE A0 I AR O 1 4 ~ 5 0% 4l iR
R AR AR — 2 4 3 d JE R ATILEE B )
WIREIR,S ~9 d R BBE TR . GESE A AR A
PR A B SR B A S A R A B0k g, O AL
SEARBA A E A

2.2 HEURER

9 B BL IR 1R A 4l Ak B TR R RS A LR
] D) S A BB R, G 0 S P O S P B R 8 R 4%
FR A, LARTE A LB 2, AR 1R 2 A [ A
AR, B AR R Bk (180 ~210) nm x (280 ~300)
nm , £ 5 WURL AR 75 1 TE S RHE

2.3 EREBMBNECESERERM iop EENTE

DA TR S i B SRy R A, I P 0RO
K514 GranL 1 GranR , ¥ 1575 3] T —4> 207 bp
19 H Bt 51 4%t TAPL Fl TAPR 73445 3] 19 795 bp
MR B AR WK 3, sefES] T-Vector JEI T . &
NCBI Blast 54 73 #fr & B 5 B 1Y Granulin & [H
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E1 3 CpGV MERZEEL A

Fig.1 Cydia pomonella larvae patently infected with granulovirus
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Fig.2 Electron micrographs of the occlusion bodies of the CpGV

B 5 GenBank F © ¥ M ) CpGV EO02
(EU428824. 1) i G02 ( EU370249. 1) () Granulin
e R RR R 1T 5 A 100% | 3iF 523 F B 8 T 0k:
RE AR, iap FLH 5 GenBank I+ T i M (1)
CpGV-M K& [K 41 4 741 (US53466. 2) [f) iap3 FHE[H 1)
ARALPE e, oM 99. 750 GRS % BB T CpGV dap
B, Granulin FEH A iap H& R IE #) 52 B, 2L 1R
HEMZW 3 CpGV K 44 - CpGV-CJO1

2.4 Granulin £E 0 iap BEEFE 545

SLRERS BN 1Y Granulin B PR B 4 it 69 A&
LR, T 23 1Ry 8. 4 ku, B R P 81 K 4 i
LWL 75 UL 4, GenBank i % 3¢ 5 o4 JQ003556,
fir 44 N CpGV-CJO1 Granulin, #E5HE H KR R
74 5 3¢ B & Wk Cydia pomonella granulovirus
granulin  ( ACA81539.1 ). ( AAW49157.1 ).
(ACA81537.1) ., (ACA81544.1) , ( ACB87526.1)
NS 4 Wk Adoxophyes orana granulovirus granuli
(AAWA49147. 1) #RE ik 100% , 1t B 54 1 2 1 J5
55 (super family ) {0 B =R E .

5000 —
3000 —
2000 —

1000 —
750 —

500 —
250 —
100 —

3 EREW Granulin EEF iap EE R =4
Fig.3 PCR amplification of Granulin gene and iap gene
M. DNA 4y T 4 #p #fE DNA Marker Trans plus 2K; 1.
Granulin JL K ¥ 14 7= ¥ Granulin gene PCR product; 2: iap
FLIRY 14 7= %) Granulin gene PCR product.

iap BN 4 5% 263 A & LR, WU 4> F = A
29.9 ku, % 1 W2 ¥ 51 K g 15 5 3 Ry 51 DL IR 5,
GenBank [f) % 5% 5 & JQ003555, #y 4 Jy CpGV-
CJO1 iap, iap HEPIHETHE H M & HE IR T 51 5 35 R
& g UKL MK B CpGV-M 3k [ 4 p i) ORF17
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x2 ATEZRESTHIAP FIIER

Table 2 Informations of IAP sequences used in phylogenetic analysis

REA S ) Py ol i B

Virus Full name Host species Virus Type
CpGV Cydia pomonella GV S SR R WUk A% 2 granulosis virus
CpGV Cydia pomonella GV SRR WKL AAR G 7 granulosis virus
SIBIR Spodoptera littoralis BIR VYRR MR 75 iap BB I, baculoviral iap repeater domain
TnBIR Trichoplusia ni BIR W 807 1 PR WG 3 iap # E 18 baculoviral iap repeater domain
SBIR Spodoptera frugiperda BIR B b B FFMR G T iap T &R baculoviral iap repeater domain
HaBIR Helicoverpa armigera BIR i 44 FEWR R B iap T8 & 38, baculoviral iap repeater domain
SeBIR Spodoptera exigua BIR R IR ik KRR 2 iap TR baculoviral iap repeater domain
BmBIR Bombyx mori BIR R FFAR G 5 iap TS5 baculoviral iap repeater domain
AgNPV Anticarsia gemmatalis NPV K AR ik % ) £ f /A5 3 nuclear polyhedrosis viruses
HeNPV Hyphantria cunea NPV 2% = 1k W # % A 9% B nuclear polyhedrosis viruses
CIMNPV  Choristoneura fumiferana MNPV P A R el i Wi T 22 8 /R 555 35 nuclear polyhedrosis viruses
BsNPV Buzura suppressaria NPV T ) R 1% Z A 149 2 nuclear polyhedrosis viruses
OpMNPV  Orgyia pseudotsugata MNPV E A B F £ 1 9% T nuclear polyhedrosis viruses
AmEPV  Amsacta moorei EPV ST 9 I % B poxviuses
CoGV Choristoneura occidentalis GV = K22 WKL A% 3 granulosis virus
CIGV Cryptophlebia leucotreta GV R R N ik MR AK G T granulosis virus
AsNPV Agrotis segetum NPV L R 1% % A 7K 9% 7 nuclear polyhedrosis viruses
SINPV Spodoptera litura NPV RSO K Wi T 22 48 /R %5 35 nuclear polyhedrosis viruses

1 : BIR AR 9K B iap B &3 Baculoviral iap repeater domain.

TAP-3 (NP 148801. 1) % 4 M2 #) /¥ 5] 41 o) 5 A
99.62% , 5 Spodoptera littoralis( CAM96614. 1) fT
R # TAP B & A A L PE Y 62.41% , 5
Trichoplusia ni ( AAF19819.1 ) Hl Spodoptera
Sfrugiperda ( AAF35285. 1) By AHRLH: 43 51 4 61. 96%

F163.04% , 458 54 H1 (http: / www. ebi.
ac. uk/interProScan/) & ¥ N-¥ish 8 £ 76 &
MR FES 109 255 177 2 KL/ 43 i A7 75 BIR K
TRy 45 3, BIR /& TAP I REIX Z —

1 CAARTGAAGCTGGTGTGCAACTGGAGCGGCAAAGAATTCCITCGTGAAACCTGGACCCGCTTCATTTCCGAAGAG
1 M KL VCNW S 6 KEFLIRETWTRUFEFISEE
76 TTCCCCATCACCACCGACCAAGAGATCATGGACCTIGTGGITCGAGCTT CAACTGCGACCGATGCACCCCAACCGET
25 F pPp I TTDOQ E I M DLWV FETLGQTLUZRUPMMHEPNR
151 TGCTACAAGTTCACCATGCAGTACGCICTCGGCGCCCACCCCGATTATGITGCTCACGACG

50 Cc Y K F T M Q@ Y &AL G A ERZPUDY V A H

4 CpGV-CJ01 Granulin E A R B S E B 5 FF 5
Fig.4 Nucleotide and predicted amino acid sequences for fragment of CpGV-CJ01 Granulin gene

2.5 TAP RGERE N R 2 i 1A 2 RE S AR B O R 5 (H - rp o

AWEFE P CpGV-CJO1 TAP 5 CpGV-M % [H
ZH (%) TAP-3 (NP 148801. 1) B i — 37 , i gk Bl |2 ol
BIAFAR S 5 TAP BT & X BIR B H— 32, X 52
R REGRARMIE, CpGV H5EMBLY 53 4h 2 4~
WK CoGV I CIGV [ 3 %k 5 Z AR XA o

B CoGV 1 CIGV , L K& i ¥ AmEPV 55 % #l
2 F VI T 1Y 06 R R IE o BUREL A5 B 1A T
ZMMNEREEFREEN 2 A EEE, X2 4
B4 BRI E S FIRIE 1 9> K R A —
Vg
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1 ATCACCATGTCTGACTTGCGATTGRALGALGT GCGTTTGRAACACCTTTGAGRAGTGGCCTGTGTCGTTITTIGTCG
1 M 5 0D L R L E E Y R L N T F EE KW P VYV 8 F L S8
76 CCEGARLCCATGGCTARLA LT GGGTTTTACTACTTGGGTAGGAGCGACGAGGTGCGTTGTGCETTTTGTARLGT G
24 P E T M A K N @ F ¥ ¥ L & R §8 D E YV ER C o F C K V¥
151 GAGATARATGCGTTGGAAGGAGGGCGAAGATCCCGCTGCCEACCATALRGAAGT GGGCTCCCCAATGTCCGTTITGTG
49 E I MW E W K E G E D P &4 A D H K K W a P £ C P F ¥
226 AAGGETATCGACGTGTGCGGTTCGATTGTTACALCCARTARATATCCARARTACTACARCCCACGACACTATTATC
74 K & I p v C & § I VvV T T N NI N T T THTUDTTTII
301 GGTCCCGCTCACCCCARAT ACGCCCAT GAAGCTGCTCGAGT CAAGAGTTTTCACALCTGGCCCCGTTGTAT GAAG
99 P A H P K ¥ A H E A A R ¥V EKE §S FH N W P R C M K

376 CAGRGACCCGAGCAGAT GGCGGATGCCGGTTTCTTCTACACTGGCTACGLAT GACAATACAAAGT GCTTCTATTGT
124 2 R P E g M A D &a G F F Y T G Y G DD N T EKCF Y C
451 GACGGCGGATTGARAGATT GGGAGCCGGAAGAT GTACCTT GGGAACAGCAT GCARGAT GGTTCGACCGTITGCGEC

148 D # & L K D WEU?PFPETDVYV P WE{L HZRWF D R C A
526 TACGITCAGCTAGTCAAGGGTAGAGACTACGTACAGARAAGT CATCACGGAAGCCTGCGTGTTACCCGGT GAGAAC
174 Yy vV L ¥V KR DY YV £ KEY I TESATCYY L P G E N

601 ACTACCGTGTCAACAGCCGCGCCAGTGTCCGAGCCTATACCT GAGACARAAATTGARARAGAGCCCCAAGT GGAR
199 T T v 5 T A A P ¥ 5 E F I P ET K I EEKE F £ ¥V E
676 GATTCGARAACTGTGCARGATAT GCTACGTAGRAGAGT GCATCGTGT GCTTCGTACCGTGCGGT CACGTGRTGLEG

224 r s KL ¢ K1 €C Y ¥ EE C I ¥ CVF ¥ P C G H VWV ¥V &
751 TGTGCCAAGTGTGCATTGAGCGTAGATAAGT GTCCGAT GT GTCGCARGEG
249 c A K CaUL 5 VYV D K C P M C R K

E 5 CpGV-CJ01 iap HEF KIS EEE % F 3
Fig.5 Nucleotide and predicted amino acid sequences for CpGV-CJ01 iap gene

1 50 100 150 200 250 263

‘ .
Query seq. i —————— e ———
Zn2+ binding ;ite‘ . . . Zn2+ binding site . ‘ . .
Add EAA AR

peptide binding groove 4 Ak Ak A& A A& peptide binding arooue
Specific hits
Superfanilies BIR superfamily BIR superfamily

E 6 CpGV-CJ01 IAP {F=F 45 #id Fim
Fig.6 Prediction of the conserved domain of CpGV-CJ01 IAP deduced amino acids

53 SIBIR(CAM96614(1)
99 [L STBIR(AAF35285.])

71 SeBIR(ABA6222.1))  BIR
o7 99 HaBIR(ADM32901.1)
TnBIR(AAF19819.1)
89 L BmBIR(AAN46650]1)
Cp*O GV

100 LCpGV(NP 148801.1)
BsNPV(AAC34373|1)
AgNPV(YP803428.1)
CMNPV(NP 848342.1) | NPV
HeNPV(YP 473308.1)
OpMNPV(NP 046191/1)
AmEPV(NP 064803.1)
CoGV(YP 654505.1) | v
CIGV(NP 891863.\1)
AsNPV(YP 52989'.1)1\1Pv
99 SINPV(YP 002332813/1)

—
0.05

B7 #HRFESEIAPERSERFINRGHULSN

Fig.7 Phylogenetic tree of amino acid sequences of Baculoviral IAP constructed by the neighbor-joining method

# fRFARBF I IR BT B #k . * represents the isolate in this study.
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3 it

TOUREL A5 25 1) AURE K 2 11 B DA 4 A IXC g 32
5F (Crook and Winstanley, 1992) , 72 [ iy 35t K | B:
A LAV g ) o B i S i A v o AR BIF 5 e B 7 )
() Granulin 3P ) blast 25 5 B2 58 W 1 37 2R 4% 1ok
WKL A 24 CpGV 19 Granulin 3£ [ 1 75 FE 1R <7 .
IAPs 5/ M CpGV F1 OpNPV % 5 1) 25 14 J&i b %
WLE Mg RPN Z R Y b k)
TAPs(Steller, 1995) , [N It iap J=—ZE 1k FAEH
TR G0 o AT RO B dap FE TN 23 12 35 (952
W) 2 1Y) 2 3 A0 0 P ( Crook et al. , 1993
Clem et al. , 1994) , it L) iap 5[5 A 8 05 fi 4 9L A0
KL T RO RFAE . TAP 25 0l 5 BAT 2 Fh AR 1 1Y
IR Y5 4548, C - 3 (1 BF 45 45 14 (RING ) F1 N
- Ui Y BIR 4545, BIR J& AP SE Y DI BE X Z
—,CpGV ) TAP1( Crook et al. , 1993) 4 4 B/ B
BTN T RE . o T A RO B EAT AR 5 Y
fid L —1k, BF T T 5 A 3 A0 R AR AR Sy e
PRI A3 JC B, AW X AR 7 TAP 25
FR ARG LT . 85 1T CpCV 1 TAP 5 4 i
FEE, HOFFIR % B 19 TAP B & 308 2k S HF 50T, #fE
W CpGV AT R 55 4 i B A PR 2 19 B0 1 AH 21,
B35 3 [ 22 S B K, I Bl CpGV 2 33
AIBFFE AL R B CpGV X 5 Bl 1 86 &K ik Cydia
nigricana ( Payne, 1981 ) . ¥ &4 % i ik pine shoot
moth ( Skrzecz, 2000 ) F1 3¢ £ 5 B /N & ik
Cryptophlebia leucotreta V) N i3 5 it B} 1) BL /N & O
1 Grapholita molesta ( Falcon et al. , 1968 ) £ 3K
L S B SR S

AT I 2 W% &)y A R AL 25 S L B
> T A F BRI B AR AS A AR R A A0 3R [ 2R
M X —#k CpGV, iZJmFE bk 5 CpGV — M AR I
Bwm o IR HVE 22 VB RA L B S B
Z ¥k CpGV /) DNA BR il ¥ # D) 513 5 CpGV - M
ARARL, G B 22 ki i A IR 21 119 22 S R OAR LA/ L
AR B R B LG, 25 AR K, R A o 25 =
(Crook et al. , 1985) . 55 £ 4 1iF 52 %5 7 51
R I o S R Wk 4 i BT o g B X T
B E B R EAT BAR R AL . T — 2 AR
G5 LN S E BEHOR X CpGV ALK & B JE AT
SE B HERIEAS CpGV - CIOL G R bR 10 7 /1, A3
FE T % AT CpG VX Sp 2R 82 M b A 52 e A R0 A 4%

il 25 5 LA

B TR Y B AT X T A E CpGV Y S B A
ZFEME 08 CpGV 7™ i 1Y 38t 1% 27 Sk il A 1R &
B X o R R B BE AR B 0 B T RE A
Bl T S 22 v B9 AN B, N, AR B R CpGV
=12 XS R BT IEFRE L CpGV - M KA B
B %% H ( Eberle et al., 2008; Berling et al.
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