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Abstract: Cytochrome P450 monooxygenases ( P450s) are a superfamily of genes encoding multifunctional
heme-thiolate proteins that play a dominant role in the metabolism of a wide variety of both endogenous and
xenobiotic substances . The total number of P450 genes in insects registered in the GenBank is over 1 000.
Most of the registered P450 gene sequences are from Diptera (74% ) and Lepidoptera (16% ). Of the total
full-length sequences of P450 genes of insects registered, 20% are CYP6 members and 45% CYP4 members.
A novel phylogenetic tree of the insect P450 superfamily which expounds evolutionary relationship of different
subfamilies and orders was here constructed using a multiple alignment of the registered insect P450
sequences. The relationships of insect orders revealed by the phylogenetic tree most match the evolutionary
relationships of insect orders based on other molecular data or morphological taxonomy. The present research
indicates that the expression of cytochrome P450 genes may be regulated by cis-acting element or/and trans-
acting factor, and the regulation mechanisms may involve the transcription enhancement ( transcriptional
mechanism) or an increase in mRNA stability (post-transcriptional mechanism).
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2004) , {HHFEE P450 SRIREATRE, NER
trafifl M E PASO MEFERR. 80 EAKRLIG, BH&
PAS0 5 RN Wbk va i ok, XFF R A P450 [t
FRABAG T REWKE,

AR PASO 22 SAMNEM AL S Y& B
SR —Fh B AR 5 B R (Feyereisen, 1999; Scott,
1999) , PASO ZEAEMARH43A5) V2, 1967 4F Ray B
SeTEFR MG Musca domestica € PAS0 ITELE. HI
FLEY R PASO RS ZAEMEFN PASO 2 R
Festk, g R P4SO AR WA mE BT AE S
FhIhRE . HES 5 A SR FAEY) IR AE 9 o AR LA
PR REIHER MEEERNER, SREX
KRB M%) AH 5% ( Feyereisen, 1999 ; Scott
and Wen, 2001) , B F]F P450 (78 42 1F FI % %
FAEY A B (Liu et al.,2006) . B HUE o 5
o T R R G (4E PAS0s A DEH BR-S-# 8
F ARG SE ) X A A Y o (LS E IR A
) PsACHS, MR AA Al TR AR K SBSE
HARHNAFEY R (TR, 2002), P450 H
AR E R R & MRz 0 A, T IR
AN T (A PG 4R (Scott, 2008) , 7ER HUH &
MNEE BB, PASO BN G TE A B2 AL,
TEAA W 9 1 g L rp 3% M AR A BH 2. (Scott, 1999,
2008) , EARANME AR PASO ZME AL S = [E] Y — 2%
S EFER, AERTFHFRFEEHRK, H28k
BZRIESER I, 400 (AR PASO M MG AH
BRI, I HEA B SRMaRMERE
1R 25 % i 15 P FR o0 (Weller and Foster, 1993 ; Sagmi
and Shimizn , 1998) , A& B H P450 A L4515
SR S SThREM R R U LR R RXWIED
A — 2o 2 3R (Brattsten et al., 1986; Scott, 1999;
Feyereisen, 2005) ,

YA R PASO g 2 Xof A% HL R A 5 A 1L 3L
H{E ] (Hardstone et al., 2007 ; Scott, 2008), P450
PIMERMEARREN=RFEBR (HAREER
PA50 4 It H BK-S-% %6 B 2 Bk AE R R Al ) 22—,
PR B IE B R K 20 B0 2 5 RN A R P A K P BT
PR BN FZEIRER , PR A 2
A HFACEE PRI, PR T S R AR B B
iR, AR ML AR R Y A
PR 5 78 DL B Bk TR %% 5% 19 34 58 %5 (Liu and Scott,
1998) o Xof B HUHTME 7= A5 F0 18 45 B ] 4k 42 R0
R+ (2000) LK b B RE FIVE FRR (1999) B & 4E
i R A LR

ITAERFEE FHE B R &, KEH CYP HH TG
BITEREMMERE . ACESS T R HRA HAE GenBank
HRE AT P4S0 F R cDNA 731, R #HET
FEBI LR I p s BEALARY , I LLBIE 52 A [ 7 26 B 1
P450 RS KR . FEXT PASO FE[R ) F2 ik PR L
BB HE R AT LR IR

1 B P450 EFEPMESHE

Yt R PAS0 2R 35 {CAFEHEAL T S Byl
R M (Nelson, 1998) , 4 % K i Fh K £+ #
(Wojtasek and Leal, 1999) . #iffia R P50 Hfii4
MRmENERRXEHARN— N ERBRK
(superfamily) , Jf ¥k # — 2 43 BT 2 5 H K 1K
(family ), 45> 5 B 5 W AT 48 B0 5 B W &
(subfamily) , ELHL P450 B[R KM 43 B A R Z 1
SV ZR T BB A 37 kPR S AR A, b T PASO i 45
B HBIR AL, Nebert S542 Hi 1 PAS0 R G fin 44 bk
PE B 12 #5 (Nebert et al., 1987, 1989, 1991;
Nelson et al., 1993, 1996) , 7EiZ R G A YR
a3 P450 ] THg (B R w8 & R R Cyp%h)
BLUF R CYP” FiA . iR IR TH A Ra A
FZ M, FIHRAETF R RS 78RR AR S
%, FREHMEFRAA RN E LR, fA6aR
PA50 IR IR A 40% LA b 5 —F M (identity ) ,
BFF—FE, W CYP6; BIEMRFIIEA 55% KU
EH—BENE T R—EREK, 1 CYP6A, FIEM
KRERFREEF ) .mRNA 508 H BT; 2R AR
TR o

BRI E B P450 BF 73 J8 T CYP4, CYP6,
CYP9, CYPI12, CYP18, CYP28, CYP49 f1 CYP301
- 34148 4~ ZK & ( Amenya et al., 2008 ), H
CYP6, CYP9, CYPI2, CYPI8 A1 CYP28 5 /%A
KB A (Berge et al., 1998) , KR CYP6
DA K CYP4 SEIEBATEHUIE M B i R P R B o &
IR R MBI A ZHUHEAE R H) P450 FH ,

#IEZ 2007 4F 12 H, GenBank Hryi: iR
P450 cDNA B #8131 000 /4>, R HE R W Drosophila
melanogaster F1 [X] LV IV % B Anopheles gambiae 3 [H
2RI A 58 BCA SUEE B B P450 % H I s S K
BEE LA, BEHEHE A S SRR EFE R BHT T
REMI . BEHEMAE R P450 cDNA £ K 75
FRrBAEA 1043 A, Hp &K P 259 1, h B
784 4~, XU B EFEER) P450 2K cDNA 152 /-,
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®1 CEBRE/MNER P50 EF cDNA
Table 1 Cloned P450 ¢cDNA in insects
B
Fh2 Species cDNA 2K J#%1) ¢cDNA full-length sequences Number of
segments
%33 H Lepidoptera 20
K4 Bombyx mori CYP4G25, CYP4MS, CYP4M9, CYP6AB4, CYPGABS, CYPGAE, CYP6AE2, CYPGAE,
CYP6AES, CYP6AE22, CYP6AE21, CYP6AE7, CYP6AUI, CYP6B29, CYP9A20, CYP9AI9,
CYP9AI9 ( strain Dazao), CYP9AI9 ( strain Laos), CYP9A22, CYP9A22 ( strain Dazao),
CYP9A22 ( strain Laos ), CYP9A21, CYPI8Al, CYP302Al, CYP315A1, CYP306Al,
CYP305B1, CYP337A1
JNSEM Plutella wylostella CYP6BFI (vl ,02 ,14) 8
By F 4% Bombyx mandarina CYP4M9, CYP6AB4, CYP6B29, CYP9A19, CYP9A22, CYP305BIvl , 1
WHZET gk Heliothis virescens CYP9A112 1
Y5 A Mand CYP4M2, CYP307A1, CYP314A1, CYP315A1, CYP302Al1, 9
) anduca sexta
CYP306A1
BILR ik Spodoptera litura CYP4M14v1 , CYP4S9v1 14
ERBRUE Papilio polyxenes CYP6B3(v5, 4, v3c, v3b, v3a), CYP6BI (12, vl) 0
K4 Antheraea yamamai CYP4G25 1
R B X\ B 45 )
BB RN B CYP6AB312, CYP6AB7, CYP6AB3, CYPGAEIC 2
Depressaria pastinacella
CYP6AEI2, CYP6B2, CYP6B6(midgut) , CYP6B6 (fat body) CYP6B7, CYP9AI2, CYPIAI4,
348 18 Helicoverpa armigera 25
CYP9A17, CYP9AIS8
FE M4 Bt Helicoverpa zea CYP4M6, CYP4M7, CYP6BS, CYP321A1 0
JX 4 Papilio canadensis CYP6B25, CYP6B26 1
JbE B RKUE Papilio glaucus CYP6B4, CYP6B23, CYP6B24 1
H 5% ik Mamestra brassicae CYP4IA, CYP454 0
7 Bt Helicoverpa assulta 1
/it Subtotal 78 84
X8 B Diptera 109
B g L g CYP4AC1, CYP4AC2, CYP4AC3, CYP4ADI, CYP4C3, CYP4DIA, CYP4DIB, CYP4D2,
Drosophila melanogaster CYP4DS, CYP4DI4, CYP4D21, CYP4EI, CYP4E2, CYP4E3, CYPAGI, CYP4AEI,
CYP4GISA, CYP4GISB, CYP4PI, CYP4P2, CYP4P3, CYP4S3, CYP6A2, CYP6AS,
CYP6A9, CYP6A13, CYP6AI4, CYP6AI7, CYP6AIS, CYP6A19, CYP6A20, CYP6A21,
CYP6A22, CYP6A23, CYP6D2, CYP6D4, CYP6DSA, CYP6DSB, CYP6GI, CYP6G2,
CYP6TI, CYP6T3, CYP6UI, CYP6VI, CYP6WI, CYP9BI, CYP9B2, CYPCI, CYPOF2,
CYP9HI1, CYPI2A4, CYPI2AS, CYPI2B2, CYPI2CI, CYPI8, CYPIS8AIA, CYPI8AIB,
CYP28AS, CYP28C1, CYP28D1, CYP28D2, CYP301A1, CYP303A1, CYP304A1, CYP305A1 ,
CYP307A1, CYP308A1, CYP309A1, CYP309A2, CYP310Al, CYP311A1A, CYP311AIB,
CYP312A1, CYP313A1, CYP313A2, CYP313A3, CYP313A4, CYP313A5, CYP313BI,
CYP314A1, CYP315A1, CYP316A1, CYP317A1, CYP318Al
L% S8 Drosophila pseudoobscura 59
K] H, 7425 Anopheles gambiae CYPM3R9, CYPM3RS, CYP6AAI, CYP6MI, CYP6NI, CYP6N2, CYP6PI, CYP6P2,
CYP6P3, CYP6P4, CYP6RI, CYP6SI, CYP6S2, CYP6YI, CYP6ZI, CYP6Z2, CYP6Z3, 162
CYP9KI, CYPI2FI, CYPI2F2, CYPI2F3, CYPI2F4
CYP4D3v2, CYP4D4v2, CYP4D35, CYP4D36, CYP4G2vl, CYP4GI3v2, CYP6A5v2,
FBR Musca domestica CYP6A24, CYP6A36, CYP6A37, CYP6A38vl, CYP6D1, CYP6D3v2, CYP6D3v3, CYPI2AI, 5

CYPI2A2, CYP28BI
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%%k 1 Table 1 continued

Jr B
FhJ Species ¢DNA 2K 551 cDNA full-length sequences Number of

segments
B T AL Aedes aegypti CYP6ALI, CYP9]1, CYP9J2, CYP302A1, CYP314Al, CYP315A1 197
YA BRI Culex pipiens CYPG6EI , CYP6FI 26
E SR Aedes albopictus CYP6N3 (vl , v2, v3) 7
i1 Ochlerotatus sollicitans CYP6PI (vl , 12, v3, v4, v5) ,CYP6BBI (vl , 12, v3, 4, v5) 18
S48 Drosophila mettleri CYP4D10, CYP4ES, CYP9B3, CYP28Al1, CYP28A2 0
S48 Drosophila pachea 9
R fE G SR M Drosophila hydei 1
TN IL Anopheles minimus CYP6P7, CYP6PS 0
A $ 0 Anopheles funestus CYP6B9 17
1 DAL Armigeres subalbatus 5
/Nt Subtotal 152 615
#5388 Coleoptera 3
FIUARLS Tribolium castaneum CYP4Q4, CYP4Q7
iffnfai Leptinotarsa CYP4G29, CYP6BHI (vl , 12) , CYP6BJI, CYPIVI 33
HERY: Xylotrechus rusticus 1
FRL>IHF Brontispa longissima 5
5% T4 Phyllopertha diversa 3
FKRMZEMF Diabrotica virgifera 3
/Nt Subtotal 7 48
f%3% H Hymenoptera 3
R Apis mellifera CYP4GI1, CYP6ASS, CYP314Al
2T KWL Solenopsis invicta CYP4AB1, CYP4AB2 0
/it Subtotal 5 3
443 H Hemiptera 0
2% EME B Lygus lineolaris CYP6XI (vl , 12, v3) 0
K LT 4k Rhodnius prolixus 1
MG AT, Diaphorina citri 1
FM A5 i Maconellicoccus hirsutus 1
/it Subtotal 3 3
%33 H Isoptera 0
W MK JE 18X Hodotermopsis sjostedti ~ CYP6AMI
BRFIE T S5 E L 4
Coptotermes acinaciformis CYP4U1
KR SCHR E L 5
Mastotermesdarwiniensis
L I Reticulitermes flavipes 12

/it Subtotal 2 21
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%%k 1 Table 1 continued

Jr B
FhJ Species ¢DNA 2K 551 cDNA full-length sequences Number of
segments
1% B Blattaria 4
KA g Diploptera punctata ~ CYP9EI , CYPIS5AI
{E [ /N Blattella germanica CYP4GI5, CYP4C21, CYP6]1, CYP6KI, CYP6LI, CYP9E2PI, CYP9E2, CYP9E2P2 4

/Nt Subtotal 10

Mg H B Psocoptera
&% A\ Liposcelis bostrychophila CYP6CEI ,CYP6CE2
/Nt Subtotal 2

.31 Total 259

784

cDNA KBt 615 4>, 3 5 F5 S5 74% ; 853 B
B4 K cDNA 551 78 />, cDNA H-E: 84 4,
5 F5) BB 16% o X P H B R P450 5B
11 P450 cDNA B0 90% . X# H P450 4K 31
B BERER SR B RRIE SR 0 | X)L S 4t 3R e A
B Aedes aegypti; @538 H PAS0 W R Lk H X &E
Bombyx mori, HAJLAE A EH P450 EFE &K 7
HIEE R B LAREE (55 1) A5 H (23 /) Rk E
(18 M) JEZ, X 3 M~HMFIE S B 9%,
CYP4 F1 CYP6 Kk 5 R BT LMK, FrLiA K
HMERE R, F£ERENSKTFIF ISR
F CYP4 1 CYP6 ZJk, CYP4 FIKE FiEM KT
B 51 4>, CYP6 RIKE LMK FFA 116 4~
3505 4K cDNA ) 20% F145% .

BEEFRMTRA , 4t R PAS0 RIKIEAEAR
Wiy 7E, EFEEE AW, B E P ESGE H
A B E DI BRI BRF, X FRESN
PA50 [RARIE LA TR i — 5T

2 EBEHP450 EER#HLEER

BARYIML AR PAS0 7 35 {CFERY#L T 5L, T
HAE Y B AR R B, B S At Bt A T A
SRR T 42 3 {C4F LLHT, Nelson 45 (1998)
MRS 70 DY A (3R PAS0 iR iG AR LE R
WR:7E CYP3 CIAN H43 & B CYP6 ZK kI
CYP9 Z R 5304 CYP3 1 CYPS MR FKE% K
R, A EMENR R CYP6 KIKATE3 12 ~7
{Z4E RGN CYP3 ZE 6 o 43 4kt 5K 19 ( Nelson and
Strobel, 1987) , Rewitz ££(2007 ) B35 7 X0GH B . &%

W E EHE S E %4 S BE B A CYP307,
CYP306, CYP302 % P450 Halloween KGR H M &R
GRAERR, RIENTHEHESIY) P450 kIR T3
FRAH . A TR B PAS0 HFE MRS LR,
FI M GenBank BLE [ KA B HL P450 4
HFI R GEHAR (E 1) , WEREHIARZ
BB Je K H ClustalX 1. 83 Xf P450 F#% H R 7 5 oF
TRHIHEXT, SRIEFIF MEGA version 3. 1 #47 &4t
BRI IR . RGEHEILAR B i iR T 2
#: (maximum parsimony method, MP) , ¥4k 4
BRI 54 288 (bootstrap K E K 500 ) . B H
HH R P50 RGEFMIRE 8 A~H 34 M,
K 1 ff~, CYP12 F1 CYP314, CYP315 45 4% ik
PASO KGR BB LR T, X—Z RATRBER
BRMERAEY S Z T E AR T . CYP4 FKKA]
AEE B W CYP K h i B e i ki —1, 5%
B 8 B BF 75 45 5 ( Degtyarenko and Archakov,
1993) —3, B2 K 75| HER R P450 FHH,
IR BB F CYP6 Kk, CYP6 2 H5E IR
PR P E R R R BV — M REE K, R
ARERP TSR, B 1 BR, CYP6 FikH
CYP6D WP 2l 5 F oA CYP6 S 5K 204K i o
i, 5 CYP4 345 REH A CYP6 WHE . el
CYP6D W15 7] G2 M CYP4 K434k i >k 1)
—A~ CYP6 5%

K1 &7, 5 CYP6 fl CYPY 45 B HuFp A K ik
HHL, CYPA RIGTEHARR LB FTHMM—,
X—Z T A S MEK T CYP4 KA
Blo BASCHRHRGE B R4 5. P4SOR [y CYP4 5
Wk CYP6 Kk B #:38 T F. 3 ¥ CYP3 FK ik,
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CYP4 5 CYP6 Wl gE R 7EME L 30 W 5 B H 4 4k 2 A1
18 o B W T P2 4 B9 (Wang and Hobbs, 1995)
Ono %5 (2005) A5 & B, JLANER H i CYP4 Kk 5
HAR M CYP311A1, CYP312A1 Wik X% L &2
i, SE 1 BREER -, CYP6 KMtk
REONE R, BARTA RZE KRB T %
Z LM CYPAJRFIM — DRI CR, HRANAZRHE
f145 CYP6, CYP9, CYP18, CYP28 £ L NHNKN K
o, X5 Feyereisen(2005) (AT 5245 R —3 ., CYP6
KIE I & A T 26 R W5 & B 2

CYP6B, CYP9, CYP18 Fl CYP28 % #F 5 — 4~ ik fk
Y&, CYP6B il CYP9 ¥4 X R4, 1 CYP18
M CYP28 R4 KRR, fE4-4LRT (A |, CYPI18
F1 CYP28 {434k F CYP6B 1 CYP9, CYP6B i
AT RE R CYP6 Rk M bk, B 1 B,
CYP6D Wk & CYP6 FKjkh i e sr bt ki — 4T
B, A 0] BE B H b W& A9 fH Y6, Tomita Fl Scott
(2005) i/ i LLAAS[E]) CYP6 W3 N 9 )N & Fdu i
Wi CYP6AI, CYP6A2 F1 CYP6BI W[ fig &t CYP6DI
HE A T 3k 6

i3 H Coleopera O 24 H Isoptera

@® YW A Diptera /\ #3¥HE Lepidoptea

@ i 8 Psocoptera iEWE A Blattaria A 3 H Hemiptera () J#H Hymenoptera

Bl 1  Genbank H & M 9 B HL 4 P450 21 cDNA 751 & G st AL
Fig. 1 Phylogenetic tree of full-length insect P450 ¢DNA registered in GenBank
# GenBank i A “Fi4 + P450” HATHE R 1GH] cDNA 2K F ¥, f ClustalX 1.83 I MEGA3. 1, #4753 oy Mt b, b ey
4 MP 3%, bootstrap ¥ 5 # & 500 YK, Search for full-length P450 ¢cDNA in GenBank with the search word “specific name + P450”. Sequence
alignment is done by ClustalX 1.83 and the phylogenetic tree is built by MEGA3. 1. The MP method was used to form the tree and the bootstrap value is
500.
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A %% H Lepidoptera
_|: X33 H Diptera
JE53# H Hymenoptera
_E 5% H Coleoptera
3% H Hemiptera
% i H Psocoptera

— %53 H Isoptera
L 3% H Blattaria

B

{ 449 H Hemiptera
#4538 H Coleoptera

I: 4% H Isoptera
%5 51 H Psocoptera

£ % H Blattaria

%% H Lepidoptera

JiE% H Hymenoptera
5% H Coleoptera
% H Blattaria

D { %% H Lepidoptera
JiE## B Hymenoptera

{ #5380 H Coleoptera
3% H Hemiptera

{ %% H Isoptera
% it B Psocoptera

3£ % H Blattaria

K2 BEKETHRIRR
Fig. 2 Evolutionary relationships of several orders in insecta
A:8 NEBIES LK R (P5FSE, 2001) Morphological relationships of 8 insect orders (adapted from Zhou, 2001) ; B: {1 & 1 F CYP6 ik Ak B iR B 5
/B P450 3#4kk & Evolutionary relationships of P450s in 5 insect orders according to the phylogenetic tree of CYP6 in Fig. 1; C: /& 1 ff CYP4 WikRI#EL BRAIE
1 4/~ P450 #4342 Evolutionary relationships of P450s in 4 insect orders according to the phylogenetic tree of CYP4 in Fig. 1; D: [l 1 §1 CYP6 1 CYP4 TEJk 935k
JeA BRI HL 7 A~ H P450 3#4L36 R Evolutionary relationships of P430s in 7 insect orders according to the phylogenetic tree of CYP6 and CYP4 in Fig. 1.

T B iE S48 Drosophila melanogaster, [X] EtF
WL Anopheles gambiae %5 XUH H B B[R 20 1 77 )
FERFIN AR R, & BRI Palio polyxene, Jt3&
IR RIR Papilio glaucus 58 B A B Rz
RS HITRA, BLE 20 B 42 9 TR 43 PAS0 B[
EEPEXCHEMBSAE . B 1 GFNEmeKF
3 i) PASO H R, CYPOA P Jk AR Bt K £ 3k F U3
H, T CYP6B V% A B 53 A HR ok H 853 H o iE
B CYP6A Fi1 CYP6B W™ 1k A BB &7 XU B Fn
& H RS A A B

5 CYPOA IR R — ML X RG24
H# CYP6 ZKIGREEH, 43328 H R EHNEH %
Lygus lineolaris 1Y) CYP6X W&k, ¥H#H H D44 H
Leptinotarsa decemlineata ) CYP6BH F1 CYP6BJ i
%, %3 H Hodotermopsis sjoestedti ff) CYP6AM T
%, Wi B BB A Liposcelis bostrychophila f) 6CE .
TRANZE R H 72 E /N Blattella germanica 1 CYP6J,
CYP6K, CYPOL Wifko MIE 1 B ERHIFRG KRR
&, XJLNER CYPe B FR RS KLE M H
CYP6A WEEHA LM AN AR LR T, X5
XEFFFTE BWIES %4 ERXRERRBAHEM
(E2:A), HEHR CYP6 RGFLM R 1% B i

SR (B 2:B) A4, 2k H K CYP6 JEEEHAHXT
TR A LA B BRI, 55538 B Fimg
HEK CYP6 JEEEN R — & W RN, 72501k
i E] L ZERE Wk H CYP6 IR 2 J5 . 3 B AN E A
RS ERBGE ML B, WEK CYP6 iR
A RGN, X T LR EALILAS B A CYP6 JEE R
WRRE M RE . ElTXILNEESE R
P450 £ REF B AR, B8 U BE K R AT
Wt —PR . CYPA WIRRFH MW B, & H
P450 Z3-AL i ) AR 2 0 1) 2 - 25 B B
K B AN H (K 2:C) o | CYP6 71 CYP4 X
TERHEACRHEDI B9 25 B PASO #EALRFR ANE 2(D) o

3 EBEH P450 EEREE

B AU (5K PASO A 8k 25 %) AW IR A )
B A HFNEFE T KT B A PAS0 (45 B B MR
RIRR (1999) B &E AR ERik . TR AT,
P450 4T B R PTHE R AT BELHI A 4E P450 A &R
i% (Hemingway et al., 2004 ) F1E R F A . T4
R SR T RE ) P450 [t 53R 5A 7] fEE P450
PR EZLH
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U TUAR ORI B BB 52 45 RAE W] P450 i
B/RIREN TR RPUHE™ £ J7 H r HZAEH,
Bautista 55 (2008 ) & B 54 36 Wi Pt 1 & & /) i€ R
Plutella xylostella 4 ¥ % B /& N i) P450 3 A
CYP6BGI #t i 3RIE, Id i F R UTRRIE B i 7 R
ik CYP6BGI Hgik T RS He AL, 32t
PRI 4 o Karunker 55(2008) %3, B ZUHI Q ZU4H
F BT Ak R UM CYP6CMI 3o & 3R 3K 5] &
i), Willoughby 45 (2006 ) F Fl {345 B ARUEM T 78
REFIPER RS, P4S0 HE RS REBESE
HEA/EM, Strode 55 (2008 ) 3 i 14 2 3R B H7 I )
PA50, GSTs K s /g A EL B ik G 45 235 iR %
HIZER S R, RAT CYPO WRZEHIME &
AT F Fi5, Daborn 4 (2007) #]F GAL4/UAS
ARG B 5T R IR W P450 Cyp6gl, Cypb6g2 Fi
Cyp12d] FER Myt 3RIK- BT HX DDT 4 g i
e A HUIE BRI PitE . Le Goff 45 (2006 ) F1|
ARSI E AR X 86 ™SR ME PASO e [K ¥y 3R ik 22 7 0t
R, KAEEWZHF LR LUFEF Cpba2,
Cypbwl FI Cyp12d1 F[H T HRIK

MR P4SO FR ARG R —N 140 8B R Hk
R, EMRBHEREYEA RS Z R R ERAHE
YEFAMIZE R o e rp 5 PRI S o SRk i R 1 R 5
R B FZEAT . RAFERF Rk i
5 B AE F T (cis-acting element ) F1 2 = AE
FAEF (trans-acting factor) BiA~H R (EIREM R+
HE, 2000) ., P450 HyRIE A GBI PR TTHF, &
KAEAHEFBOR K e X F L FE g, i
RV R sk 3 5 Y 2 SRL T 0 mRINA 2 g M4
A% SR PLI (B B REFE KR, 1999) , bk JLF
PASO SRR EENHIER R EE 2K M. itks
FZH R 122 E AN R E o SO
TR T =4 PASO fid 3Rk,

3.1 ZFaXTHEAEE R P450 ZH

B R P polyxene [ CYP6BIv3
( Prapaipong et al., 1994) . Jb 3¢ 2 4% &% R\ (P
glaucus) i) CYP6B4 ( Mcdonnell et al., 2004 ) \ZZHE )
CYP28BI1 1 CYP4GI13v2 (Liu and Zhang, 2002) ./~
FH WL A. Funestus i) CYP6P9( Amenya et al., 2008)
4 PA50 Z:REZIMATTAF R o

Prapaipong % (1994 ) % 7 /- B UM P. polyxene
HIBFFE KB CYP6BIv3 B[R 5 3+ 7540 & TATA 1
CAAT E5I=on, 3k sali=on i 7E B B2 BIEH
2 (xanthotoxin ) 755 B 8 #2512 R (1 it B R 38,

Hung %4 (1996 ) & i 40 #7 3k B P. polyxene HJ
CYP6B4v2 .CYP6B5v1 Fi3E B P. glaucus 1] CYP6BIv3
1 CYP6B3v2 45 4 ANEER 5% HIFFHI LB, BT
i 8 3 F X f£ 72 XRE-xan ( xanthotoxin responsive
element ) SEAHLL e SRR TT1 . Petersen 55 (2003)
ISP CYP6BIv3 5 3l + X =45 2L A CAT 78
SO g A RIXUEN , 7EF T R R CYP6BIv3 %
H B sh FFEAEES R EcRE/ARE/XRE-xan Jo4:, A
FTHE R FRIK . Medonnell 55 (2004) 55 &K B, 1E
JERBFBERIE P, glaucus ALK& R K
P450 3[R CYP6B4 Fll CYP6BI Ji& 5T 75 K- 46 X 38, 75
REARM, U 777E EcRE/ARE/XRE-xan TG/, BXLeht
FETTHFEARGERERIT S T CYP6B4
FHR T EFEIL, Brown %:(2004) &3 C/EBP #l Inr
SRR S F T TE S R WG S T R
CYP6BIv3 Wit s ik, Liu F1 Zhang (2002 ) 3 i3 Xt
FIRIIISY 2B, P450 JL[A CYP28BI F1 CYP4GI312
ZIMA T E, XWAEERMESFANE
CYP6DI JazhF[FiR, W HIARH 5 CYP6BI MG
FITF. Amenya 55 (2008) & I, A 7 % B A.
Funestus H11f) CYP6P9 F PR 1032 H JTAF A 45 A 2B
b B AR DT = A X OB HR A BR Bt
3.2 ZRAEAEFRAEHER P450 EE

— BT B, KR CYP6AI ( Feyereisen et
al., 1995), FuEH Cyp6a2 (Maitra et al., 2000) ,
Cyp6a9 ( Maitra et al., 1996), Cyp6a8(Maitra et al.,
2002 ) BH py B RIEZ R A FREE, EHE
FRAZTIRE R AETE VA T B W8 3+ X B R Y
X, B i 528 R ne S A R B 3 s SR 1B A

CYP6AI {EH B i R R A B 8 — A
P450 E:[H (Feyereisen et al., 1989), ZEHiHE MR
mRNA [¥)3R35 5 2 /05 H8URGH & 10 4% (Carino e
al., 1994 ), Feyereisen % (1995) W} 5 & ¥,
CYPOAI 3R B Z R AAERFE FIHHE, Maitra 55
(2000 ) i it F R e A2 F G 0 AR B 3 BF 5T T 460 TR
i TS G afk L/ Cyp6a2 1 Cyp6a8 Wit EFRIEHL
i, RMBURS RPPERMREYZIM TS
getafk i AR R F RS, mbok s R KR
A R 7 S A R PR 5 A 2 40 1 S BB DT 7= 26 5
FRIK, Maitra 55 (2002 ) ¥ Cyp6a8 J3 31 F L7
NEFOCRMEREFAR S, HLKAN Cyp6a8 33
FIEtE. GRRPAGIHEMN R 91-R Cyp6a8 1) - 11/
=761 X SHEHNRXERRF4E, &
UIE SR HTPE i 2R Cyp6a8 Bt B RIX i e X AE



3 WEEE: BARIEER PAS0 BFE M R HE b KRk 309

MRF R,
3.3 ZIRXTHMEXEFHEFER P450
A

CYP6DI & M\ ZZ M 73 B8 ) 5 P Bk e B R i 1k
xR — P450 £ A (Liu and Scott, 1996) , Liu
il Scott (1996, 1997 ) ARG R KW, Ptk &
CYP6DI )it BERIARN Z A F [ S Yk - pi
KER TR F IS5k Bk EF Y
EEZS

CYP6DI FRH [ AR F A BEE 2 H (mdGfi-
1), B CYP6DI B:HRIXHIFHEY) . Scott 55(1999)
HIBIE 5% B 28 068 400 Bk L 35 PR BT A R LRP i R
CYP6DI F[R 5" v 550 7 5 i ke i X B A6 F - 15
~ =29 [ HBRALH—AN 15 bp B BRI 572 vT BT
Bozih & CYPDI Wyt 335, Gao Fil Scott (2006)
FIFBER T R B ARIESE T 7E R WPk i R AL T
CYP6DIv] |33hF 1Y mdGfi-1 Z5& 7 sigk—~ 15 bp
HIAR AR, FEDUHEMN R mdGhi-1 £557%0%
KRFEAR, MTA#ER T mdGfi-1 %f CYP6DI fi i,
X—ZA8 5| & CYP6DI F:[H i 7 3Rk I 7= A Pk,
CYP6D3 Refsi THRIEIS- YLk |5 CYP6DI #BHE 20 kb
AIPTHERECEE R, TE B HRRFIIARME R T7% ,
CYP6D3 F1 CYP6DI TEHT I Z i Hh i) 335 =t 1 Ay Uk
HE 10 5 Lh | (Kasai and Scott, 2001), Kasai FHI
Scott(2001) ¥ CYP6D3 F1 CYP6DI )5+ & 333K 7] B
FETEARMIR IR =, T ELXS AN Fh R CYP6D3 1 5'
s ME 5 IR K BA A B AFTE, R CYP6D3
AR T AR TR 25T

P450 BRI RIX M PEEW R BV Z P %, mRNA
Sk I MRS E R DL SRR S R AT R R
IYER

4 INEERE

R P50 B— M EEERE, BAEE
KIS ZREME . BRI T R P4S0 M ST R &
FRPEXGE H A3 H B, AKX CYP4 F1 CYP6 %
— e SHHAERMER R . RREAEZHER
FEFAM TR, Btk Ky 78 P450 # R B o
BEE S FAEYENERE, A Bk ZEZ K P450
EEBEIR . MBI ARG S FEYE SR
ARt 2 1 87 A F B T 3 R i i v B ik
ZFEMBEIT . DNA S5 5 B B R FE B 50 SR 0
X T He iR F N REE R P E L5312

W F ( Daborn et al., 2002; Le Goff et al., 2003;
Pedra et al., 2004 ; David et al., 2005; Vontas et al.,
2005 ; Strode et al., 2006) , X} PA50 3 PR 48 Kk it
HALH ROk R B FEME o X T P4S0 1 &4
ORI ] R 36 4% 6 R AL HLT R e >,
Gea s A FEYF RS KENPIR R T
GHT. X TR PA5S0 HE R iR A F R AL ] 5 BF
FARZ MR B B E AL THEI By Be, 5T P450 F [
AR | S XIRAE BIL 1 W 75 2 K B A TE 8 O S 473X
SEHfE, ST R PASO ZEHZG - AN R P E
BAER, BRFTER R PA50 3 4k A 5 1k 8 AL X
TREIHMIRE A LS

£ % 3T Wik (References)

Amenya DA, Naguran R, Lo TC, Ranson H, Spillings BL, Wood OR,
Brooke BD, Coetzee M, Koekemoer LL, 2008. Over expression of a
cytochrome P450 ( CYP6P9) in a major African malaria vector,
Anopheles Funestus, resistant to pyrethroids. Insect Mol. Biol., 17
(1):19-2s.

Bautista MA, Miyata T, Miura K, Tanaka T, 2008. RNA interference-
mediated knockdown of a cytochrome P450, CYP6BGI, from the
diamondback moth, Plutella xylostella, reduces larval resistance to
permethrin. Insect Biochem. Mol. Biol., 39(1) : 38 —46.

Berge JB, Feyereisen R, Amichot M, 1998. Cytochrome P450
monooxygenases and insecticide resistance in insects. Philos.
Trans. R. Soc. Lond. B, 353:1 701 -1 705.

Brattsten LB, Holyoke CW Jr, Leeper JR, Raffa KF, 1986. Insecticide
resistance: Challenge to pest management and basic research.
Science, 231: 1 255 -1 260.

Brown RP, Berenbaum MR, Schuler MA, 2004. Transcription of a
lepidopteran cytochrome P450 promoter is modulated by multiple
elements in its 5'UTR and repressed by 20-hydroxyecdysone. Insect
Mol. Biol., 13(4): 337 -347.

Carino FA, Koener JF, Pla PPFW Jr, Feyereisen R, 1994. Constitutive
overexpression of the cytochrome P450 gene CYP6AI in a house fly
strain with metabolic resistance to insecticides. Insect Biochem.
Mol. Biol., 24(4): 411 -418.

Daborn PJ, Lumb C, Boey A, Wong W, Blasetti A, ffrench-Constant
RH, Batterham P, 2007. Evaluating the insecticide resistance
potential of eight Drosophila melanogaster cytochrome P450 genes by
transgenic over-expression. Insect Biochem. Mol. Biol., 37: 512
-519.

Daborn PJ, Yen JL, Bogwitz MR, Le Goff G, Feil E, Jeffers S, Tijet N,
Perry T, Heckel D, Batterham P, Feyereisen R, Wilson TG,
ffrench-Constant RH, 2002. A single P450 allele associated with
insecticide resistance in Drosophila. Science, 297 : 2 253 -2 256.

David JP, Strode C, Vontas J, Nikou D, Vaughan A, Pignatelli PM,
Louis C, Hemingway J, Ranson H, 2005. The Anopheles gambiae

detoxification chip: a highly specific microarray to study metabolic-



310 B 23R Acta Entomologica Sinica 52 %

based insecticide resistance in malaria vectors. Proc. Natl. Acad.
Sci. USA, 102: 4 080 —4 084.

Degtyarenko KN, Archakov AI, 1993. Molecular evolution of P450
superfamily and P450-containing monooxygenase systems. FEBS
Lett., 332: 1 -8.

Feyereisen R, 1999. Insect P450 enzymes. Annu. Rev. Entomol., 44:
507 -533.

Feyereisen R, 2005. Insect cytochrome P450. In: Gilbert LI, Latrou K,
Gill SS eds. Comprehensive Molecular Insect Science. Elsevier,
Oxford. 1-77.

Feyereisen R, Andersen JF, Carino FA, Cohen MB, Koener JF, 1995.
Cytochrome P450 in the house fly: Structure, catalytic activity and
regulation of expression of CYP6AI in an insecticide-resistant strain.
Pestic. Sci., 43: 233 -239.

Feyereisen R, Koener JF, Farnsworth DE, Nebert DW, 1989. Isolation
and sequence of cDNA encoding a cytochrome P450 from an
insecticide-resistant strain of the house fly, Musca domestica. Proc.
Nail. Acad. Sci. USA, 86(5): 1465 -1 469.

Gao J, Scott JG, 2006. Role of the transcriptional repressor mdGfi-1 in
CYP6DI1v]-mediated insecticide resistance in the house fly, Musca
domestica. Insect Biochem. Mol. Biol., 36: 387 —395.

Green MT, Dawson JH, Gray HB, 2004. Oxoiron ( IV ) in
chloroperoxidase compound II is basic: Implications for P450
chemistry. Science, 304: 1 653 -1 656.

Hardstone MC, Leichter C, Harrington LC, Kasai S, Tomita T, Scott
JG, 2007. Cytochrome P450 monooxygenase-mediated permethrin
resistance confers limited and larval specific cross-resistance in
southern house mosquito, Culex pipiens quinquefasciatus. Pestic.
Biochem. Physiol., 89: 175 —184.

Hemingway J, Hawkes NJ, McCarroll L, Ranson H, 2004. The
molecular basis of insecticide resistance in mosquitoes. Insect
Biochem. Mol. Biol., 34(7) : 653 —665.

Hoshi T, Lahiri S, 2004. Oxygen sensing: It's a gas! Science, 306:
2 050 -2 051.

Hung CF, Holzmacher R, Connolly E, Berenbaum MR, Schuler MA,
1996. Conserved promoter elements in the CYP6B gene family
suggest common ancestry for cytochrome P450 monooxygenases
mediating furanocoumarin detoxification. Proc. Natl. Acad. Sci.
USA, 93: 12 200 - 12 205.

Karunker I, Benting J, Lueke B, Ponge T, Nauen R, Roditakis E,
Vontas J, Gorman K, Denholm I, Morin S, 2008. Over-expression
of cytochrome P450 CYP6CMI is associated with high resistance to
imidacloprid in the B and Q biotypes of Bemisia tabaci ( Hemiptera:
Aleyrodidae). Insect Biochem. Mol. Biol., 38: 634 —644

Kasai S, Scott JG, 2001. Expression and regulation of CYP6D3 in the
house fly, Musca domestica (L. ). Insect Biochem. Mol. Biol., 32:
1-8.

Le Goff G, Boundy S, Daborn PJ, Yen JL, Sofer L, Lind R, Sabourault
C, Madi-Ravazzi L, ffrench-Constant RH, 2003. Microarray
analysis of cytochrome P450 mediated insecticide resistance in

Drosophila. Insect Biochem. Mol. Biol., 33(7): 701 —-708.

Le Goff G, Hilliou F, Siegfried BD, Boundy S, Wajnberg E, Sofer L,
Audant P, ffrench-Constant RH, Feyereisen R, 2006. Xenobiotic
response in Drosophila melanogaster: Sex dependence of P450 and
GST gene induction. Insect Biochem. Mol. Biol., 36: 674 —682.

Liu N, Scott JG, 1996. Genetic analysis of factors controlling high-level
expression of cytochrome P450, CYP6D1, cytochrome bS5, P450
reductase, and monooxygenases activities in LPR house flies, Musca
domestica. Biochem. Genet., 34(3 —4): 133 - 148.

Liu N, Scott JG, 1997. Phenobarbital induction of CYP6D1 is due to a
trans acting factor on autosome 2 in house flies, Musca domestica.
Insect Mol. Biol., 6 (1) : 77 -81.

Liu N, Scott JG, 1998. Increased transcription of CYP6D1 causes
cytochrome P450 mediated insecticide resistance in house fly. Insect
Biochem. Mol. Biol., 28: 531 —535.

Liu N, Zhang L, 2002. Identification of two new cytochrome P450 genes
and their 5’-flanking regions from the housefly, Musca domestica.
Insect Biochem. Mol. Biol., 32: 755 -764.

Liu NN, Zhu F, Xu Q, Pridgeon JW, Gao XW, 2006. Behavioral
change, physiological modification, and metabolic detoxification:
Mechanisms of insecticide resistance. Acta Entomologica Sinica, 49
(4): 671 -679.

Maitra S, Dombrowski SM, Basu M, Raustol O, Waters LC, Ganguly R,
2000. Factors on the third chromosome affect the level of Cyp6a2
and Cyp6a8 expression in Drosophila melanogaster. Gene, 248 : 147
-156.

Maitra S, Dombrowski SM, Water LC, Ganguly R, 1996. Three second
chromosome-linked clustered Cyp6 genes show differential
constitutive and barbital-induced expression in DDT-resistant and
susceptible strains of Drosophila melanogaster. Gene, 180: 165
-171.

Maitra S, Price C, Ganguly R, 2002. Cyp6a8 of Drosophila
melanogaster: Gene structure, and sequence and functional analysis
of the upstream DNA. Insect Biochem. Mol. Biol., 32: 859 —870.

Mcdonnell CM, Brown RP, Berenbaum MR, Schuler MA, 2004.
Conserved regulatory elements in the promoters of two
allelochemical-inducible cytochrome P450 genes differentially
regulate transcription. Insect Biochem. Mol. Biol., 34: 1 129 -
1139.

Nebert DW, Adesnik M, Coon MJ, Estabrook RW, Gonzalez FJ,
Guengerich FP, Gunsalus IC, Johnson EF, Kemper B, Levin W,
Phillips IR, Sato R, Waterman MR, 1987. The P450 gene
superfamily: Recommended nomenclature. DNA Cell Biol., 6: 1
-11.

Nebert DW, Nelson DR, Adesnik M, Coon MJ, Estabrook RW,
Gonzalez FJ, Guengerich FP, Gunsalus IC, Johnson EF, Kemper
B, Levin W, Phillips IR, Sato R, Waterman MR, 1989. The P450
superfamily: Updated listing of all genes and recommended
nomenclature for the chromosomal loci. DNA Cell Biol., 8(1): 1 -
13.

Nebert DW, Nelson DR, Coon MJ, Estabrook RW, Feyereisen R, Fujii-
Kuriyama Y, Gonzalez FJ, Guengerich FP, Gunsalus IC, Johnson



3 T BARMIGR PASO B[R SR L R Rk 311

EF, Loper JC, Sato R, Waterman MR, Waxman DJ, 1991. The
P450 superfamily: Update on new sequences, gene mapping, and
recommended nomenclature. DNA Cell Biol., 10(1): 1 -14.

Nelson DR, 1998. Metazoan cytochrome P450 evolution. Comp.
Biochem. Physiol., 121(Pt C) : 15 -22.

Nelson DR, Kamataki T, Waxman DJ, Guengerich FP, Estabrook RW,
Feyereisen R, Gonzalez FJ, Coon MJ, Gunsalus IC, Gotoh O,
Okuda K, Nebert DW, 1993. The P450 superfamily: Update on
new sequence, gene mapping, accession numbers, early trivial
names of enzymes and nomenclature. DNA Cell Biol., 12(1): 1
-51.

Nelson DR, Koymans L, Kamataki T, Stegeman JJ, Feyereisen R,
Waxman DJ, Waterman MR, Gotoh O, Coon MJ, Estabrook RW,
Gunsalus IC, Nebert DW, 1996. P450 superfamily: Update on new
sequences, gene mapping, accession numbers and nomenclature.
Pharmacogenetics, 6: 1 —42.

Nelson DR, Strobel HW, 1987. Evolution of cytochrome P450 proteins.
Mol. Biol. Evol., 4(6): 572 —593.

Ono H, Ozaki K, Yoshikawa H, 2005. Identification of cytochrome P450
and glutathione-S-transferase genes preferentially expressed in
chemosensory organs of the swallowtail butterfly, Papilio xuthus L.
Insect Biochem. Mol. Biol., 35: 837 —846.

Pedra JH, McIntyre LM, Scharf ME, Pittendrigh BR, 2004. Genome-
wide transcription profile of field- and laboratory-selected
dichlorodiphenyltrichloroethane ( DDT) -resistant Drosophila. Proc.
Natl. Acad. Sci. USA, 101: 7 034 -7 039.

Petersen RA, Niamsu PH, Berenbaum MR, Schuler MA, 2003.
Transcriptional response elements in the promoter of CYP6BI, an
insect P450 gene regulated by plant chemicals. Biochimica et
Biophysica Acta, 1 619: 269 —282.

Prapaipong H, Berenbaum MR, Shuler MA, 1994. Transcriptional
regulation of the Papilio polyxenes CYP6B1 gene. Nucleic Acids Res.,
22(15): 3210 -3 217.

Qiu XH, Leng XF, 1999. Expression regulation of cytochrome P450
genes and the molecular basis of P450 monooxygenase-mediated
insecticide resistance in insect. Chinese Journal of Pesticide Science
1(1): 714, [EREME, WK, 1999. B dignffif 3 P450 %
B ek 5 PR B PASO - itk B0 THLR. REG#EM, 1
(1):7-14]

Rewitz KF, O’ Connor MB, Gilbert LI, 2007. Molecular evolution of the
insect Halloween family of cytochrome P450s: Phylogeny, gene
organization and functional conservation. Insect Biochem. Mol. Biol.,
37 : 741 -753.

Sagmi I, Shimizu T, 1998. The crucial roles of Asp-314 and Thr-315 in
the catalytic activation of molecular oxygen by neuronal nitric-oxide
synthase. J. Biol. Chem., 273(4): 2 105 -2 108.

Scott JG, 1999. Molecular basis of insecticide resistance: Cytochromes
P450. Insect Biochem. Mol. Biol., 29: 757 -7717.

Scott JG, 2008. Insect cytochrome PA450s: Thinking beyond

detoxification. In: Liu N ed. Recent Advances in Insect Physiology,

Toxicology and Molecular Biology. Research Signpost, Kerala,
India. 117 -124.

Scott JG, Liu N, Wen Z, Smith FF, Kasai S, Horak CE, 1999. House
fly cytochrome P450 CYP6D1: 5’ flanking sequences and
comparison of alleles. Gene, 226(2): 347 - 353.

Scott JG, Wen Z, 2001. Cytochromes P450 of insects: the tip of the
iceberg. Pest Manag. Sci., 57: 958 —967.

Strode C, Steen K, Ortelli F, Ranson H, 2006. Differential expression
of the detoxification genes in the different life stages of the malaria
vector Anopheles gambiae. Insect Mol. Biol., 15(4): 523 -530.

Strode C, Wondji CS, David JP, Hawkes NJ, Lumjuan N, Nelson DR,
Drane DR, Karunaratne SH, Hemingway J, Black WC 4th, Ranson
H, 2008. Genomic analysis of detoxification genes in the mosquito
Aedes aegypti. Insect Biochem. Mol. Biol., 38 (1): 113 -123.

Tang ZH, Wu SX, 2000. Heredity and Evolution of Insect Resistance to
Pesticides. Shanghai Scientific and Technical Literature Press,
Shanghai. 129 -156. [ JFE{R#E, R14-HE, 2000. BHRHi2hvER 5
fe Sk, il RWRREEORSCER I RAL. 129 -156]

Tomita T, Scott JG, 1995. ¢DNA and deduced protein sequence of
CYP6D1: the putative gene for cytochrome P450 responsible for
pyrethroid resistance in house fly. Insect Biochem. Mol. Biol., 25
(2) :275-283.

Vontas J, Blass C, Koutsos AC, David JP, Kafatos FC, Louis C,
Hemingway J, Christophides GK, Ranson H, 2005. Gene
expression in insecticide resistant and susceptible Anopheles gambiae
strains constitutively or after insecticide exposure. Insect Mol. Biol.,
14: 509 -521.

Wang XP, Hobbs AA, 1995. Isolation and sequence analysis of a cDNA
clone for a pyrethroid inducible cytochrome P450 from Helicoverpa
armigera. Insect Biochem. Mol. Biol., 25: 1 001 —1 009.

Weller GL, Foster GG, 1993. Genetic maps of the sheep blowfly Lucilia
cuprina: Linkage group correlations with other dipteran genera.
Genome, 36(3) : 495 -506.

Willoughby L, Chung H, Lumb C, Robin C, Batterham P, Daborn PJ,
2006. A comparison of Drosophila melanogaster detoxification gene
induction responses for six insecticides, caffeine and phenobarbital.
Insect Biochem. Mol. Biol., 36 : 934 —942.

Wojtasek H, Leal WS, 1999. Degradation of an alkaloid pheromone from
the pale-brown chafer, Phyllopertha diversa ( Coleoptera:
Scarabaeidae) , by an insect olfactory cytochrome P450. FEBS Lett.,
458: 333 -336.

Yu CH, Gao XW, Zheng BZ, 2002. Induction of the cytochrome P450
by 2-tridecanone in Helicoverpa armigera. Acta Entomologica Sinica ,
45(1) «1-7. [ TRIL, WAR, MHR, 2002, 2-+ =hefax
Fdd AN M€ 38 PASO B AE. R4k, 45(1): 1 -7]

Zhou Y, 2001. Zhou Yao Kunchong Tuji (Atlas of Insects by Zhou Yao).
Henan Science and Technology Press, Zhengzhou. [ 58, 2001. [

SERMEE. FMN : WEREHA AL ]
(STAE ' - A FUHE)





