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RS EEHAT T, HIRABIG PA50 il 2R 7552 R GE MR ) U A= ) B AN A% R fige m A Qi it 72 v g 4
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Molecular cloning and expression profiles of
NADPH-cytochrome P450 reductase (CPR)
gene in the codling moth, Cydia pomonella
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Abstract [Objectives] In order to improve understanding of the role of cytochrome P450 in the detoxification of plant
secondary substances and insecticides, the CPR gene (CpCPR) of the codling moth, Cydia pomonella, was cloned and its
expression profile was analyzed. [Methods] The amino acid sequences of CPR genes from closely-related insect species
were used as queries to search against the C. pomonella transcriptome database (SRX371333) and obtain the sequence of the C.
pomonella CPR gene. RT-PCR was then used to amplify the Open Reading Frame (ORF) of the target gene. Bioinformatics
software was used to compare the sequence characteristics, 3D structure and phylogenetic relationship of CpCPR to those of
CPR from other insects. Real-time quantitative PCR (RT-qPCR) was used to determine the relative expression level of CpCPR

in different developmental stages (eggs, 1-5 instar larvae, pupae, and adults) and in various tissues (head, cuticle, fat body,
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midgut, and Malpighian tubes). [Results] The length of the CpCPR gene is 20 252 bp, which encodes 683 amino acids with a

predicted molecular mass of 77.326 ku and a theoretical isoelectric point of 5.65. CpCPR contains typical insect CPR gene

characteristics, such as an FMN region, an NADPH region and a FAD region. Phylogenetic analysis indicates that CpCPR

clusters with the CPR gene of other Lepidoptera. RT-qPCR results show that the CpCPR gene is expressed in all

developmental stages but is most abundant in the larval stage. In addition, CpCPR mRNA was detected in all tissues but was

most abundant in the midgut in fourth-instar larvae. [Conclusion] The ORF of the CpCPR gene was successfully cloned.

This gene was most highly expressed during the larval stage and in the midgut of C. pomonella, indicating that it may play an

important role in the detoxification of plant secondary substances and insecticides.

Key words Cydia pomonella; NADPH cytochrome P450 reductase; detoxification; insecticide resistance; gene cloning

SERZELMR Cydia pomonella (L), JE#5# H
BBl (Tortricidae) , &2 BREx FZ AR E R 22
—, WK E A FAEY (R,
2014 ), ZMFFEH, FEAEFIPR . AL
MR 30 ZRPIRR, B4R CE R B 28 T 2 (9
AR, 20155 Sk, 2018 ). B A5 5 1
R R, DA S A S A ) R , Ak
U5 RN 1S SRk Ml N A% 3] 1 5 45
1957 4F, FR [ E YR - SR A e 7 5 b X 1Y)
KA (sk2EtHAE, 1958 ). BLJE, B E WY
JE JER S W B HOR AR A3 HIX 5 2006 43R
BMAER VLR A, R AT, MY AR
A L TE SR (REESE, 2015),
IR A M TR ARG R | fa
FEZ R, R A i LR A T VS R RS R
P XK SR 2 4 A 77 3 Jl ™ o g (55 A5
2015 ),

HAEEYIBG  WRERT A AL B R S TEN
103 H 255 I TSR W B 42 S SR A 0 32 Bt
Horp g it Al 2 A% MU H AR o et |
AR B 38 1 B A 75 1 ( Eduardo er al., 2007
Voudouris et al., 2011) . HT 75280 BA b
RfeFEMIACES SR, PG E2w X BiiaiE
WESR A ER , B BN B AR R
F, 51 S g Mo Z A AkAe Ak e A TN
P2 A9 P ME ( Sauphanor et al., 1998 ; Pasquier and
Charmillot, 2003; Reyes ef al., 2007; Rodriguez
etal., 2011) o FRBHUHEIE R HOS A 2OR) 7 A T
PR E N o 7E B ARt ke = AR
MIA 3 FREERE: A0 (3R P4S0 fE R (P450 1Y
CYP ), £ H IK-S-52# 1ig ( GST ) Fii it ( EST )

( Rodriguez et al., 2011 ; Voudouris et al., 2011 ),
Hi NI 2 BH S S 0 A 2 A 4 o =
ST P450 A1 GST M%) 7= ir 8 Sauphanor
etal., 1998; Bouvier et al., 2002 ; Eduardo et al.,
2007; Reyes et al., 2007 ), P450 1k 5 Z ) it
BEM, CCN FE N AMERE IR TAEE ) 2k
TE R A 2 ARS8 75 8 ( Toriatti ef al., 2007; #3
5, 2014 ), 7504k AT HEAH S B Ao v
Tk X T 24P A DG PR S Y Ak A B A B, 3
SRELRIL R 2 R 1) P450 FE R ] g 1 5 )
A G R EEACBRE ) (Wan eral., 2019).

WK, P450 2 5 B YR A W) i
AR U 45 S U5 o i BN (B S
2014 ). NADPH-Zi /il (% % P450 i£ J5ifi( NADPH-
cytochrome P450 reductase, CPR) JEZfE (A ER
P450 i} 2 A E ZALRER Sy, 7 P450 fRBI L Ak
Py R rh A 2 A VE R . CPR g 2 Fh
AL IE IR K B HL - N NADPH 54 7% 2|
P450 FYIMEL R 455 X, e fd P450 58 U HAH
A& (Paine et al., 2005; Gillam, 2008 ) . IT4F
K, —SER MK CPR B MIIREF 2T 1]
an, CPR FERBAIMINIG, /N Plutella
xylostella X} B-FAF A E FHALS BRI HTrE T
Wi, TR RHIZEE DR AT REAE A HUR| B BT rh ke dE AR
A (Chen and Zhang, 2015) ; PTERZAR I Cig
Locusta migratoria ] CPR £ J5 & 81, W3 HU X
PEAE R A BT25 P 2 B K ( Zhang er al., 2017 ) .
XEEHFFE R, CPR 1 F iy bR 8 7 =%
HERIER . R, H TR W OGS 2R a
CPR ( CpCPR ) A Y e R DI REMT 58 10 HE .
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XF, %E IR R R E M CpCPR N, F)
FHAED A5 B A P S RRE . 3D 2544
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i CpCPR F:HAEAIR & B W B &) HUR R 41 21
LRI, it — 5T CpCPR FEHT)
B B9 SEAl

1 MRS
1.1 #iAEH

P BRI P RO B 2 B AT ) DR 4
TR AR A Y TR 5 WA e e & B 2, 7
SR E A BURE SR SR T 50 ARLL L,
AT AR FH4 ( MLR-352H-PC, Panasonic ) 5514
BEE MR (26+1) °C. MHXHEE 60%+5%. )t
JAI 16L : 8D 4 DI A T AR R, R
10% ) 14 6 Vs WAL 7 o

1.2 EFE%ZE

SRR IR S B (SRX371333) FHT
NCBI ( https://www.ncbi.nlm.nih.gov ), VARSI
% Spodoptera litura SICPR ( GenBank %5 :
XP_022820266.1 ), Z# Bombyx mori BmCPR

( GenBank %55 : NP_001104834.1), 4% H
Helicoverpa armigera HaCPR ( GenBank %5k
XP_021181364.1) LI K HEHIZEH Kk Spodoptera
exigua SeCPR ( GenBank & %5 . ADX95746.1 )
PR TSR T 81, 760 A a6 i s 20 ot
e HEA Tt A LR, G 5 9 1) 50 A A e A

Wt (E-value<10”) #J¥%1. FIH ORFfinder
R T30 BT AR A 1Y 4% R e A 1% T D 1 AE
(ORF), #7E NCBI AT LS Btk LA i H:
PO SEREE M Z IR . F s Clustal X
T Z IR, FahEBRELEFI . R
Primer premier 5.0 BFEIHY 14519, 519
A A TR A BRA J A 1L, a5 B L
1. ffH RNAiso Plus ( Takara ) #2HUE RNA,
&% FH GoScriptTM Reverse Transcription Mix
( Promega ) 556 1 6% cDNA. DI EE 10 £51
cDNA 1EABMGHTT PCR 973G, AR
94 °CHIAEM: 30 s; 98 °CAEME: 10 s, 55 °CiRk
30s, 72 °CIEA 1 min, JLFEFR 40 ¥k 72 °C#
FEAH 2 min, WA ZR( 20 uL ): Premix Taq 10 pL,
F RS I4( 10 pmol-L ™' )4% 1 uL,cDNA 1 puL,
ddH,0 7 uL.PCR F=¥1 2 1%Bi B8 i LIk A4 )
By & U F S A e il R & ( Gel
Extraction Kit, Omega ) #17[FIk, Fralifb )51y
PCR ¥4 % pMD 19-T #i /4 ( Takara ), %1k
% DH5a JEAZ 5400, ¥4 T35 100 pg/mL 2~
HRZE . 40 pg/mL X-Gal il 24 pg/mL IPTG (1
K LB Hiaedk Fib A7l LB, PRI REE 2
WK LB P FRy %, el M13 514 (R 1) i
TR PCR Sk, B FHVESS RV WL 2 1
AT AEYABRAET , P45 Clustal X
A5 I SR 2 vh 5 Hh R PP 9 R4 T LEXT, Bk
J& B9 75 I 4 & GenBank ( https://www.ncbi.

nlm.nih.gov/ ),

=1 KAMRPFABERSIY
Table 1 Primers used in this study

K Gene 5|¥)F51 (5'-3') Primer sequence & Purpose
CpCPR-ORF F: ATGCACGTTTTGAAAATGAGTACAG ORF wf
R: CTATGTTCTCGGGACGAAGCGGACA TA ERENF
MIi3 F: GTTTTCCCAGTCACGAC
R: CAGGAAACAGCTATGAC
CpCPR F: AGTCTATGAAGTGGGTTTGGG RT-qPCR
R: GCTCCTCCTCGCCTGTG
B-Actin F: CGGCATCCACGAAACCACCT
R: TGGAAGGAGCCAGTGCGG
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1.3 EEFSH

| ExPASy 7E£k Wi ( http://ca.expasy.org/
tools/ ) X} CpCPR 2K 153 F- = B S5 H 5 if
AT, {# ] DNAMAN Xf CpCPR fY 48 JE R 21
BB K PEHEAT AT, TE IR R T 2R
15k CpCPR 2 JLMR 741 5 HAb EL e iy CPR 4%
B Y A AT P L, il PR B TMHMM
( http://www.cbs.dtu.dk/servicess TMHMM/ ) X}
CpCPR & [ 1) 5 JEE 25 #h i A7 5000 o A o >R
SignalP-5.0 Server ( http://www.cbs.dtu.dk/services/
SignalP/ ) Xf CpCPR W[ figf-7E A5 5 kit 4743
#Hr. f# H PSIPRED ( http://bioinf.cs.ucl.ac.uk/
psipred/ ) X} CpCPR #47 —H &5 7047 ( Arnold
etal., 2006 ), F]H] SWISS-MODEL ( http://
swissmodel.expasy.org ) f4 % CpCPR 19 3D Z5#4
N T3 HrE R a9 CpCPR 53 4% B dt CPR (4 ik
X%, {#ifH MEGA 6.0 ( Tamura ef al., 2013)
AR (NT) #% CpCPR i 4R
) CPR ZHEMITINMN ARG KB, KB
', Bootstrap % '# ¥ 1 000,

1.4 ¥R CpCPR EEFRILKFESH

PEHCE R ZL AR & B BAEA, LAON 200
B, 1RAR 2 {44 50 3k, 3 k4hd 10 3k, 4
W S A 5 3k, ME. MEENA 5 Sk, ME. A
BORAS 5 AN 1 B S, R 3 k. D
30 3k 4 WELIHRAER 1 IRIRFEER S, 43l i) H
3 (HE), #£B (CU). BgHifk (FB). Fi
(MD) G (MT), =H 3 K, r5IKa
WEE MRl — KB BB [F—dH LR AR
fE—i2, #RBUE RNA, B RNA 14U cDNA
1A B 1.2 795
K HHE & PCR (Real-time quantitative
PCR, RT-qPCR) iR, ZrHrA[E L& BrBeFiA
[FA140 AL CpCPR M FRikKF-. RT-qPCR
JZNiTE Bio-Rad CFX96 ( BioRad) Liff7. 7F
20 pL A PCR Jz W& & AR N A TB GreenTM
Premix Ex TaqgTM 2 ( Takara ) 10 uL, cDNA (
FE104% )1 pL, 10 pmol- L ™" F RIS 14148 0.8 uL
1 7.4 uL ddH,0. W 25440 95 CHAEHE 30 s5

95 °CAEM: 5s, 60 °CiBk 30s, 140 MER,
SH AT AW SR, IR R, B-Actin
(KC832921) HFIENNSER (HTIE K
FEMR, 2014), R 27T EHE CpCPR 3N
FIAX F kB . W TG cDNA AR Y BF 4 X
W&, BILIJC RNase 19 ddH,O 1F A SRR AR,
cDNA. BAHEME 3 IREEAREL

L5 RS

Fi A B s 4K SPSS Statistics 20 (IBM )
AT AT, R R T 24508 (ANOVA )
F1 Duncan’s f5ATEH FRRK P E R 45
HAfiH GraphPad.Prism 5 3P AT VEIK .

2 HR5SH

21 FEREW CPRERMRERFS 54T

308 3o o S B R S 2 B O O A L LR A
vk, P TR CpCPR FEH ( GenBank
Bk :MT159663 ), iZ 3L 1Y ORF 24 2 052 bp,
Sty 683 LRI AL , HAIM A 2 11 B o+ =
K 77.326 ku, FRIEAEHL SN 5.65,

ik DNAMANT7.0 k{44541, #3%] CpCPR
MRSERA R, Hrh, S (Leu) MEUERK
%, AW 9.81%; HKEAZMR (Glu) %
B 55, R 8.05%; SEmRIER
2 (Trp), FoiE HAA 104, U5 B 1.46%

(£2),

F|FH DNAMANT7.0 #443#7 T CpCPR 95
Kb, SRR, CpCPR 7EIFFIIY N i f7AE W]
SRR DI, 17 5 K X Kk 278 P 3 1) vp
B s (B 1),

FEABE BT R R, SERFE R CpCPR
() 1-20 (L ZIEFRTELPY (Inside ), 21-43 {7 25t
FRA T 15 15 X ( Transmembrance ), J8] F 1) 44-683
NEIERRAEMIA (Outside ) (& 2), FiRGE AT
4 E L CPR LK (14 5

55 BRI A A4l SR R I, S R &L CpCPR
BAE SR (B 3 ),

i 5 R R R SRR T X, 25 R R
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R2 EREW CpCPR EENRERRAR
Table 2 The amino acid composition of CpCPR protein in Cydia pomonella
HER o B (%) AER o el (%)
Amino acid Number Composition Amino acid Number Composition
AR Ala 44 6.44 SRR Leu 67 9.81
2R Arg 31 4.54 HiE B2 Lys 49 7.17
KA Asp 43 6.30 FH B R Met 14 2.05
KA Asn 28 4.10 N FR Phe 26 3.81
PR Cys 11 1.61 it %R Pro 31 4.54
A& W Gin 27 3.95 225 Ser 40 5.86
HEIR Glu 55 8.05 IR Thr 37 5.42
HER Gly 45 6.59 0 E R Trp 10 1.46
ZH PR His 18 2.64 WRIR Tyr 27 3.95
S5 IR 1le 37 5.42 S R Val 43 6.30
2 1.2 -
2 210
2 s 08
o
B £ 06
E\ 4 — P& Transmembrance
4 & 04 — M/ Inside
% qm
2 = 0.2 — Jfa4h Outside
‘S 1 1 1 ] 0 L I 1
1 171 342 513 683 0 100 200 300 400 500 600
{3 & Postion {\i & Position
E1 ¥FREH CpCPR WK MR B2 ERIEM CpCPR FEAFFEREHTM
Fig. 1 The hydrophobicity of Cydia Fig. 2 Prediction of the transmembrane structure
pomonella CpCPR of Cydia pomonella CpCPR
0.8+
2
._g
S04
;3 —— SP (Sec/SPI) {55 k7Y SP(Sec/SPI)
4 — YIS CS
= ANEFFSIRARER Other
0
MS]‘ENSQDVLK]%AAA{\TAVVGG:SLFSTFDI IMLVFLLGGAAWWLWT%RKD%KKDE ILLSKYSIQPAGTIQI
XX)fXXXXXXX)fXXX)‘(XXXXXX)fXXXXXXXXXXXXXXXXXXXXXXX)‘(XXX)‘(XXXXXXX)fXXX)fXXXXXXXX
I 1

0

20 40 60
% 1 F%1 Protein sequence

3 FERFM CpCPR ZEAMIE ST
Fig. 3 Prediction of the signal peptide of Cydia pomonella CpCPR

SR CpCPR SR K S. litura SICPR k4% . H. armigera HaCPR ( GenBank & %5 .
( GenBank %35 XP_022820266.1 ), 4 B. XP_021181364.1 ), LI K &Rk S exigua
mori BmCPR( GenBank #5355 :NP_001104834.1 ), SeCPR ( GenBank #5%%5: ADX95746.1) &
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SRR RIRPE S Rk 85.05% . 84.13% . 86.03% .
84.33%, AN RN, EREM CpCPR
17 CPR [HHLAIERAE . W HAZTTFRE ( Flavin
mononucleotide, fAjFX FMN ), i i 120442 4
fit ( Flavin-adenine dinucleotide, fajFK FAD ) Hl
T Y - B RS - — A% H RRWER TSR ( Fnicotinamide
adenine dinucleotide phosphate, fijF< NADP )

CSgCPR W ens VK AA. . . ve. . RERaEE | MIve 1A
CPR W Ds Al obYivT GAAMAMAD A ADSR B3 i my) | i1 8 eeT |
BmCPR W8 NSk acaallaNasc. . RRAERAES | vilaLTeer 1
HaCPR W s WMV AkiA T canlIABMAAG. . R MGRRGE | vidv Beer
SeCPR  W8ns ANk TGAANANAD A DR BN EY | VBT Beer [
CpCPR KE

&CPR OE
BmCPR QE
HaCPR o

SeCPR QE

CpCPR f KFWP ENINTESEGE v--Lirl SYHTGE]
SqCPR i KFWP E)GINTRE[SHGE[E[E[LIEROF[RIAVE 87 [1GE
BmCPR I KFWP EVSNIJE[SPAGEE[EL YRIOF[RISVIH SRYFITIGE
HaCPR I KFWP E)<INTRE[SHGEEELIROF[RIAVE NFIT|GE|
SeCPR I 3K Flwp IVICELSINTIE PG EEE LI SRIOF{RIBVE 18F[1lGE

CpCPR sipsiK MR]Y E[A AV]YPIIND| Tino L
SQCPR S|DS|K MRIYE|A AV]Y P [INDRSILVINALIG

BmCPR SiDS|K MRIYE[ AVIYP,

HaCPR S|DS|K MRIY E|A IAVIYP [IINDISNIL| LG'-‘L
SeCPR SIDSIKMRIYE A VY PIIENDINLVI LGOI

CSpCPR IJACK] iu LD

ICPR EE v LIEDIYS
BmCPR INACIR 'I LiED#S
HaCPR DH IIVHIRLEDIS
SeCPR ACNl LIEDYS

CpCPR WLIATEIK P)4b) -HEEF R RLIPIBO]O TP
SqCPR WIRDNISIEP Hv Fll RLPIHOJOTIP
BmCPR WLAQSIKP 24 Ev Y]] 13 RILIPLOQOTIP
HaCPR Wl NISJEP -r¥ Yl 2 RILIPIHORQTIP
SeCPR WLIAIDNK Piohd 'Eum‘- RILIPI#ONOTIP

DI# ERLG*L"NANLDEIF

ANL[DE |I§F[S|
[GANL|DE|(IRF|S
N

(Kl 4),

Y AL TSR &L CPR SRRV ZDEE
X3k K 53, (AL SWISS-MODEL #4)
CpCPR (1 3D B (& 5), LR ER, 3
&9 CpCPR HH 23 4> - M2 HEF 19 4> B-HrSH
B, I E CPR SERMDIRENX., H FMN, FAD
1 NADP (& 5),

FR5F X 35, Conservative region

o s|F RS iiu csloTlc iRy

ol TiENS|FIIBY vv S’ 100

AGHONYTIEN S|y ¥¥ GsloT|GHER]

AGHHONTIENS|F{IR: vv GsloTIGRER]

SilloVmENSIFIBN RIJLVIVIELY GsloTIc IIYU0
FMN

2
E[W
E|
E|

DN Y PDLYGLINY A
[DNSME]! 131PDLEYGLINY A
[DNSME! OPIDLENGLINY A
DN Y u 151P DLEYGLINY B
IDNSMEIFIY EIWS 13P DLMJGLINY A

L
L
L

Il
Il
il

I
G‘NLDEIFSEI DQE|S|S|KKHP[F|PCIP

[€ANLIDEI[IRFISIL]I
RIY'Y S|IRSIS|S|P [KIS8SIP [E
'Y S|TES|S|S|P [KiY%)¢P [E
RIY'Y S|IESIS|S|P [K|983IP [E
RIY'Y S{IES|S|S|P [K1%p¢P E|

Ry v sjilsfs]slp i WP IE|
FAD

KEEGDNILYFGC' R
KE‘GDNVLYFGC' R
E“GENILYFGC' RID3
E'GESVLYFGC' R

KEVGIAWLIYFIGORHR

DVRINTRAL N1 EAGE|A 682
RN oL QEAE 688
VRN TIEQEIA 686
VRN QE ENEIA 686
D !NIVL T QL TEMEA 688

4 ERFMH CpCPR 5ii%EH CPR S EBRFFIXTEL

CpCPR AF[SIR IWKNLEOI i) I
S[iCPR AFfS LIELSN Y IBHWD
BmCPR SR 1815 NNMDE L \09) I
HaCPR IR 1813 KDMDL L {09 I
SeCPR IR #EKDMDL L9}
NADPH
Fig. 4

B 5 FERIEH CpCPR3D FHIMEIREEER
Fig.5 3D structure of CpCPR constructed
by using homology modeling

Alignment of the amino acid sequences of CPR from Cydia pomonella and closely-related insect species

2.2 EREW CoCPREEMARZLXE O

REKRBEWER, FREK CpCPR 5 H A
W H B IR SRk S, litura . K& B. mori
48 HL H. armigera %51 CPR RAE—>; XGHH
i H R CPR & HEN—3 (E6),

23 EREM CpCPR EABEKEABMERN
FTixENX

RT-qPCR %5 @78, CpCPR FEPLE N2
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82 MbCPR Mamestra brassicae (AAR26515)
ol 100 SICPR Sodoptera littorafis (AFP20584)
HaCPR Helicoverpa armigera (ADK25060) .
100 71 BmCPR Bombyx mori (NP__001104834) B8 H Lepidopter

CsCPR Chilo suppressalis (AGM20565)
CpCPR Cydia pomonella (MT159663)

—— CqCPR Culex quinquefasciatus (XP_ _001865801)
100 MdACPR Musca domestica (AAA29295)
100 DmCPR Drosophila melanogaster (NP_ 477158)

53 GmCPR Glossina morsitans morsitans (ADD19306)

XU H Diptera

[ CICPR Cimex lectularius (AFD50507)
100 —— ApCPR Acyrthosiphon pisum (XP__001945312)

6 AMEENRINET CPR SAMRFFINEREBALERRNRGEHELH (1000 XEE)
Fig. 6  Phylogenetic relationship of Cydia pomonella CpCPR with CPR from other insects
amino acid sequence by neighbor-joining method (1 000 replicates)
AFRBBEARAFMRRFH, ek, seREH,
WEMRRPHE; RN CPRIFIHLL AR
Different colors represent different insects. Yellow, green, and blue represent insects in Lepidoptera,
Diptera, and Hemiptera, respectively; The CPR sequence of codling moth is marked with red lines.

390 H Hemiptera

RN A R B B B R TR BT 2R
I, TESERELIR Y 1 ik Rk w mech
B3, ME2MH TG AR e
I3 2k B e 1 5 e SO AR s i ), e 22 1)
JoER (K 7).

AHNT A
Relative expression level
N
|

|y

1
Egg 1L 2L 3L 4L 5L P-M P-F A-MA-F

E7 EREWARELXEMERT CpCPR HFRILE S
Fig. 7 Expression profiles of CoCPR in different
developmental stages of Cydia pomonnella

Egg: BPMl; 1-5L: 705004 1-5 B4 M ; P-M. HfElH;
P-F: ME; A-M: HMERUR; A-F: MERIH
Egg: Egg; 1-5L: 1st-5th instar larva; P-M: Male pupa;
P-F: Female pupa; A-M: Male adult; A-F: Female adult.
KRBl S (bR 28 5 A EARA R R RERR A
[F) & 5 Wy BOAE IR ek i 22 S (R 3
( P<0.05, Duncan [KA387% ). T B[R
Data in the figure are mean+SD. Histograms with different
letters indicate significant difference in the gene expression
among different developmental stages at the 0.05 level
by Duncan’s test. The same below.

2.4 FEREMH CpCPRALARMRIEER

RT-qPCR 53R /R, CpCPR K 7E Al
1) 4 W4 Sk . RE L BRI L A A
YR Eh RS SRR, HIOEERK
W, FESI R IA ERAR (K8 ).
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Fig. 8 Expression profiles of CoCPR in different
tissues of fourth-instar Cydia pomonnella larvae

HE: 3k; CU: #£J&; FB: ik,
MG: H; MT: SR,
HE: Head; CU: Cuticle; FB: Fat body;
MG: Midgut; MT: Malpighian tubes.
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A2 R T E NSRS )2 0 S5, B,
JHZE gk Heliothis virescens B CYP9A I J& R IE
ST 5 A MG EEUAA C (Rose et al.,
1997 ); ML HLY CYP4GS FERITERIBR AU a2
AW SR RILE EF TP (Pittendrigh
etal., 1997 ); MAMUBHLIE KRB, Rigw
CYP6G] N2 5 T X 2 4R 25 (1§t 25
( Cheesman et al., 2013 ), eSSk,
CYP9A461 K W] GE S 5% i U FURUAE TR 114 ik
W (T, 2014); CYP6B2 ELHIIFILE
S SR B mORT HY RS A o e N R A R B Y
P450 JE[K (Wan et al., 2019), P450 7EfiEfLZ
W H R 2 CPR AE R B FfIEA( Feyereisen, 1999 ),
HAEK L+ )\ NADPH #4543 P450 & B2
fE (Pompon, 1996 ), Kk, X CPR FEH TR
AWFFEA B F bt CPR 1€ PASO i 3= P £ )2
Tite, I RIFACH R F G T B i L g%
TEAWEFE T, FRATSEE I e b 1 3R A% M 1Y)
CpCPR 3£[H, . ORF 2 052 bp, %4ifih T 683
NEIHER . HABERAN Y, 522 (Leu) &
HiZ, HKNBER (Glu), R e
@AM (Trp), ZEREMB R Harmigera 1
HaCPR W) T4 R—2 CGRFETT, 2014), Uil
XATREE R CPR ¥k 1) 2 EL PR A A = i
KPS AL S HaCPR (847, 2014), A
“RE\ Nilaparvata lugens ( SEPAE, 2014), Q Y
JA B\ Bemisia tabaci (He et al., 2020) 34T
R —3, WAE N B s 1 B A K P X
Ui WX AT BEAL 2 H B — A R B MR I CPR
(il — A BLRURRAE . CpCPR & JKEMR 1Y 791 o Xt &%
SRR, PR CPR JER 5 H AL H R
HUy) CPR BEHF 3 —BMEAR &, 76 86.03%-
84.13% ], FWIE HL CPR B m R, 1L
AN, TEREEF T AT 3D AR T A 25 R W,
SR EE MK CpCPR FIFRES . H.armigera (15},
2011 X FTH,2014 ) (175 KA Sogatella furcifera
(b, 2016), WHT R Cimex lectularius
( Zhu et al., 2012 ). WY E KU Ostrinia
furnacalis ( FEGERR, 2018 ) SFERHL CPR #1%
f) FAD, FMN 1 NADPH %5435, 150 iX 2e 2544

BURE AU CPR ks S5 ARAAE ,  HEI P SR 2
CpCPR "] HEELAT FIiX 46 B At CPR A [R] HY FF P450
AT E AR S SO H ke 2 AR B AR

N T T % CpCPR SEHTRE, T4
FKHT RT-qPCR HARGM T T R IR A R A F
B L RO TR] BHARFR 1. CpCPR P Rk &
Z5R IR, CpCPR FETENF RGN &M EK
KB RHHEAETE, AR R a2 n B B B
BRI &J Hu AT %) R0k et o ey, 76 B9 TR 30 11 2R 8 o
A%, HoAUHMEREZ B A 25 5, XS5 A R
H. armigera ) HaCPR F&H [ F B AL, (7
FE, 2011; &EH, 2014), {H5HKE Bemisia
tabaci BEIS IR RN EAWTT R, 7ERUHIT R
kiR, HAEMEPE SR A ik i m THErEA
PRI A (He et al., 2020) fFfEZER . 4
LURp S RIR G IR B 7R, CpCPR TESE R EIR MY 4
W 4y ) v g 1) 38 i e, XA IR SRS B
H. armigera ( £}, 2011 ). —fL 45 Chilo
suppressalis ( Liu et al., 2013 ) Fl/NRIK P
xylostella ( Chen and Zhang, 2015) i CPR F£[H
TEWTE S P TP A B R R IR S R —3. H
Tt R HAERSE (W, 2014; Yang
etal., 2017), HILFTLLULH CpCPR JEH VT iES:
55 3 2R MR R ) R A ) 5 A R R A S R A
TR i e A

CPR E R Ak P450 #1745 A AL I Ji S 1t
FOCEER -, AT A AR L AT BEAR S X P450
BTG MRS AR K52 (Cheng et al., 2006), A
R K], CPR IS 53] T R AR
R, BN EE R AgCPR IEH 5 , ¥ 8L Anopheles
gambiae ¥F S F AR PTG PERRAR ( Lycett et al.,
2006 ); THiME . H.armigera HaCPR 3:H )5,
T2 HT 508G 2 TR AR H R Y BEORR P B 5 ( Tang
etal., 2012); CPR P TH)5, R &
C.lectularius TERTTAH BRAL S WAEIE Ik T
CPR AW TRAIX I ( Zhu et al., 2012), L
R AR — R FRU T CPR B 55 M
FIRBTIEA DG, X —HEWTHY F 2RI & CPR %
PRI A1) i o B ARG 1 2% X flh 25 P 2% HUR 4L IR R 28
Bs 3Ry ZEE M, R BRI g o3 hn, i
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T R AT AR EFI NPT MR (Balabanidou
et al., 2016, 2018), ZHEWEHE T H A
WA R — 2 WF s N . BLAh, P450 FEff T
RSP T2 CPR SR T T Hf5i%, CPR
FER B BRREAR T P450 R ERICIRE T, AT
it 2 HOG 2R HUR) 9 UM T 5

HAT, AR P450 JLH LI K CPR
FE K TR 5T A 5 T H B R AW
SESR G CpCPR LR W DIREHEAT T I HE,
HAE P450 (AR h BRI 8 T AT AR £
AR 25 2L RNAL FIARSNS P450 Fhgeikd5 5L
Bk i — AT S AL . AR FT A o i — 2
PRI EEIK CpCPR FEH ) DIHEFIFIH CpCPR
TE T X 3L ik ) 7 R By 3R R BE e S
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