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WE. [ Beg) s b 4 F ¥ Apis cerana cerana 4 it & % CYPOE2 L A ¢9 = B B R 5 5], 57
CYPOE2 AP 2 THAR e FAFAE, APt RIZ AR ey A F ez b i ah, [ k] A3l
FRAF G A E e R AR P B R S AR, BRI E RNA, A A RT-PCR # K # 1% 7 48 E ¥ CYPIE2
ARAGmBRE, KA SHEMEEFRESIZARA BT RARAR ST, A K ALZZ PCR
# R (quantitative real-time PCR) 547 /2 P AL B TH R R I R BN (n A% v F ¥ T L%
B RGEEE) K Fo P MR T A R B R A RAZAR B G LY HAR PO RAE
1, [#R) B FERFLEE CYPIE2 LB (4% 4 AcCYPIE2) mRNA /77, ¥ FE %4 1 600 bp
(GenBank % % % :KX394629) , % #4 X % 1 494 bp, % #5 497 MR A8, L& @ o F 5 4 57.026
kD, %0 8 % 8.32, ARAFME R, ¥4 BHE ACCYPIE2 55 7 7 B ¥ Apis mellifera, ) % ¥ Apis
florea CYPOE2 J R Je g, — 3, 3P 4% % TR, R B R B MBSk 3r An b i 48 4% AcCYPIE2 Aa5f &
REMERI, ZAREFTLEETERRP RN RGE L STHELE LT, LT, REE LI
Fasp LR P AcCYPIE2 Aast (kB RZE & T A MASEAR T EH(P<0.05),mHE4 A
M8 T P 22 P 0 AcCYPIE2 4Bt A X T R F & T H K (P <0.05), 4R A A K H B
Jo, T¥ P IR F AcCYPIE2 69 AR5t £k 5 255 T4 (P <0.05), [ 4 )3Em AcCYPIE2
TRAL T P AL BRI R R GRS it A2
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Abstract: [ Aim] The objective of this study is to clone the coding region sequence of cytochrome
CYP9E2 gene of the Chinese honeybee, Apis cerana cerana, and to analyze its expression profiles in
workers, which will contribute to our understanding on the biological function of this gene. [ Methods]
Total RNAs were extracted from the dissected midgut tissues of A. cerana cerana foragers, and the coding
sequence of CYPIE2 gene of A. cerana cerana was cloned using RT-PCR. The nucleotide and deduced
amino acid sequences of the gene were analyzed using bioinformatics software. The relative expression
levels of the gene in heads and midguts of the newly emerged workers, nurses, guarders and foragers were
compared via quantitative real-time PCR (qRT-PCR). The relative expression levels of the gene between

workers fed with flumethrin and the ones fed with 30% sucrose ( control) were also compared. [ Results]
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The full length mRNA sequence of CYPIE2 gene of A. cerana cerana (named AcCYP9E2) is 1 600 bp
( GenBank accession number; KX394629). Its coding region is 1 494 bp, which encodes 497 amino
acids. The molecular weight and isoelectric point of the encoded protein are 57. 026 kD and 8. 32,
respectively. The phylogenetic tree analysis showed that AcCYP9E2 of A. cerana cerana was firstly
clustered with CYPOE2 genes from A. mellifera and A. florea. The qRT-PCR results showed that the
relative expression level of AcCYPIE2 was different among the four worker bee groups, while the relative
expression levels of AcCYP9E2 in the heads and midguts of foragers were both significantly higher than
those of the newly emerged workers, nurses and guarders (P <0.05). The relative expression level of
AcCYPI9E2 was significantly higher in the midgut than that in the head in all the four worker bee groups
(P<0.05), and the relative expression level of AcCYPYE2 in the midgut of the flumethrin-treated
groups was significantly higher than that in the control group (P <0.05). [Conclusion] These results
suggest that AcCYP9E2 may be involved in the metabolism process and detoxification of exogenous
substances in the body of A. cerana cerana.
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detoxification enzyme

BN I — P v R U A AN AR AR AL 2 R
Hu, NG RAE TS SN T K R BRSNS T, AN
A G 23 MR AL — BB ) I AR ) 5 DA B A fih— e 24
(= MAEF =, 2014) . JTILHAK, AR
fd PR 2R Bt Al HUH 550 , o 55 e A R A
PP IRA Z e filix 2o 2y, ¢ HUR g P i FAFIT Ay
KA o IEBIEH AR 2GR AR T 5 e Y A A RE
TR R Ay v 7 AR P Ak B i L A A S (W
et al., 2011)

M K B A BF & ( cytochrome P450
monooxygenses, P450s) J& 22 I REE AL (MFO) AY4%
ORI AAE T WA B N I A5
Z(Wen et al., 2001) , MR P450 76 B B AY4E
G SR E EEMEN, FEW IERK KE R
B ACSEE R . A (e 3R PASO S H I RERY & BUAE
HE TN LL AR RS 5 Y G2 D) RE 5T ( Fujii-
Kuriyama and Muramatsu, 1982) , £4, 2k ME
HU AR PASO i R DI RE 24 W2 — 2 il
IR PEY T AR U A, n 2 515 B R G
L TERMAK R E RS AR O B H AR
(R EMEFIE TR, 1999) 5 —J&Xf SN o A7
AU T T LA K il 5 , vk 2% HU5R) FIAR 4 Tk A= ) T
S, fd B BOOE 2R HUR P AR BT 2 M A A T B U e
F AP (Chen et al., 1995) o BT B, 7678 FE /)N
Blattella germanica H1 CYP9E2 FlI CYP9E2P1 H:[H 2
57 HARN AW s E R (Wen et al., 2001) , %
I 5 HA R e —FF e —E R AR AR N — &R
B figp e A O3 A PR B8 b R B BT, H v R Y

He AN @R P4S0 il & (JHBEH:, 2011), 40 CYP9
REREAR N A5 B A2 ORI LR T3z SR 275 i 1) 0
FRIBAGIRE A 2 (Mao et al., 2011) , 1] H.—46 FL
BE 2 UL B 1 2 0 A PN T 40 M 2 3K P4SO il T I i
(Niu et al., 2011)

AR g R TR [ A b e XTI E AR B
FRIEHE P RAP IR Z AR EEAEN . HAET,
B 8 o3 A DXIURI RN AR B 2 L Bl 2 A
Py SRR U ARAE Y BRI, HOAMPRERL
IR A T RE 5 R R R 2518 P B SRR G
(Kevan, 1999) , BIEKN WA — R I 1fFEEEEA
i CYP9 K jik %t ( Claudianos et al., 2006;
Consortium et al., 2006) . G W 5T F M, 75 7 2 &
CYPOE2 (X 2 5 1 AME) B A 5540 2 ( Grosso
et al., 2016) , HHEEIEE KR LT R R, A 4
ORI 5 RV B0 IR T K25 5 AT
BRI Y S B e D BRI A A (H IR AT AR
WG REE R T Z . R, ABF5EAR I 19y
H I CYPOE2 LA 7 510 h A8 %8 i CYPOE2 JL[A] i
177 SOk, 3BT B R 4 7 )45 8 DL S KA rh AR 2
06 T e SR IS TR B B S AR i 4 41 B 3R 1
UL, IR ABTTEZEE A Y A= 77 T REZEE 1 HEAith

1 #R5E7IZE

1.1 fikZEEg
S0 T rh AR B S ) IR T P AN R~ B M

FEH o
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1.2 FEXBMHFSIRF

Mastercycler Gradient %! PCR ( Eppendorf 7%
H]),7500 Fast ¢t E 7 PCR Y ( Applied Biosystems
N, B8 2 48 (SYNGENE, GENEGenios) , DYY-
10C AL RAL (AL N —FHEABRA ) .

TransZol, RNase I | 5] ( Ribonuclease
Inhibitor) .pEASY-T3 Clong Vector ,Trans1-T1 &7 7%
A (0 B AL 2 AR R 23] ) 5 ANTP
Mixture | J¥ %% 5% fiff M-MLV | LA-Taq [if# . ¢ )¢ € &
PCR i 7 & SYBR® Premix Ex Taq™ I (¥l K
TaKaRa 22 7] ) soligo(dT) (_EEESEANAG ) 5 BEE 0]
IR & Gel Extraction Kit (JLEEER-MHZD)

1.3 rhfegiE CYPIE2 EEHREREMERF
52K}

1.3.1  FERLARER AP AR B I A0 BT T
VR B 5 SRAE T R AT AR P ) SR A e, I TR GEOf
HR A RNase-free [ 1.5 mL EP 45, 37 Bl A K
A, —80°C AR VKA R A2 RNA

1.3.2 & RNA $R ORI G 3% 7E R AUBE T A 5 R
WL, SR )G 4% TransZol 247 Ui B 5 1 $ 1
W IRPEBUR AR P AU B RNA S SR AR I
JHEHZUE Ry — D AEA SR I RNA, T 45050500t
BRI B RNA [ 4i)5 , 2R H Azﬁol—? Ao FefE AE
1.9 ~2.1 ZJa], B san & X0 B RNA R 17
s VAR ZR R 50 w8 pL &L RNA 3 plL Oligo
dT .10 pL MLV buffer .8 wL dNTP Mixture 1.5 pL
M-MLV 7 %% 56 . 1. 5 wL RNase #1 il 7], 18 L
DEPC 7K, S s SN 25 A AR R IR 5T J5 , 42°C [ g
60 min,70°C {514 15 min, ¥15 3 A% — 5% ¢cDNA
BT - 80°CHBAIRIR vk A IR AE 8 T, A A0 BRI ik
FIRY I I LB A3 54T

1.3.3  JEPR SR A . AR 4 74 5 4 i CYPIE2
mRNA %1 ( GenBank % 5% 5 : XM_006562300. 2) f
B A e B SR A B L X 45 2R (Wang et al.,
2012) ,FIJH Oligo #1 Primer 5. 0 #Fiit5 14, Lt
5] #: 5'-TCAAGATAGTCGTGAATAGCCAAC-3', T
5] 9. 5 -AACTTTGCACGTATGATTTTTCG-3", 5]
Yy A= TAY TRE (B ) B A FR2 w5 R, T
HiAE e CYPOE2 JE[H Y PCR 4744 . PCR 971§ )e
MARZ A 25 pl:2.5 wL 10 x LA PCR Buffer 1.5 uL
dNTP Mixture 0.5 pL LA-Taq DNA polymerase , - T
Wis| 94 1 pL.5 wL ¢DNA [13.5 pL #4li/k, PCR
J W 2544 :94°C FAEPE 5 min;94°C A5 P 1 min,55°C
Bk 1 min,72°C $EfH1 2 min,30 MG ;72°C KR AEAif

10 min, PCR W ZE G, 4 1wl b AEZE nlil Fl 4
wL PCR =R & 5 , IERI4F 64 1. 25% BisH ik
JeH, 75 180 V HLFE AT 150 mA HiLji T, #E4THLIK 30
min, fEEE IR RGPS E R . BT RIMDETTH
HFETE IR UIT & H B B e, & HI 3 bl
B o] W 370 & AT DR 2l 4k PCR 791,
pEASY-T3 Clong Vector #E47 4% S, 14 45 2 B A
A EE Y 4 WL pEASY-T3 1 uL, G J5
il PCR Y _E 25°C % % 25 min, A Ff] Transl-T1 &%
XS AR R W AT A O . e AR S i T
WAE S 2N %5 R A LB A5 37 37 A b 85
Bigw 12 ~ 14 ho O (8 B U FIE 6 e v (1R
XFHE) TS mL A 2N & R Y LB K IR Ak Ry
##,37°C 200 r/min 3% 85703 % (10 ~12 h) , &
P PCR SR f5 6 B0 3 A BV s e, 26 2 e 5 R
BN v AT A% TR 7 50 A , AR A5 48 AR B v
e
1.3.4  AW{5 B % 5> #r: JH DNAstar 244 b 9
Seqman F& 4t AR B g CYPIE2 1F S 1m) U 1 I 1Y)
FPoPF ARG h AR 2 i CYPIE2 1) cDNA 751 ; H
RAEEIRIT A3 Bioedit F4ic B 7S 13EAE HHE T AL 5
ik NCBI 3k F Blast #1777 41 Lo X 43 4, #1 H]
ClustalX /922 5 5 51 bE 5273 Hr 5 A 4 b 4[] 95
P55k J§ MEGAT. 0 # 4: v S8 03 AH % 12 ( Neighbor-
Joining) X C 4 EWFh ) CYPIE2 [ Y55k P #E- 5 Y
IR P IR R G AR, R G R AW kAT T
3 000 Y EAlAEAEEE
1.4 rhAegnds T oF oy B HA A B B B Sk AR AN i 4
LKh CYPIE2 EFEFRIEKF

SN 3 B rp AR S e I TR v IR 5 4 e ()
AR ) T E MR ST T DL OROR B  ( E 4R,
2015) AR5 HIVEBE T 0 T 7 U1 HSk AR 4, fi
S R ZH A, H R 1302 4543 BIHR U RNA, 45
5 KB AH LU — DA SR RNA, 5191
TS IR p e e b i 42U R CYPIE2 mRNA
J¥4, F Primer 5.0 #4551 91751, 5 LA B-actin
fER W2 3, 519 W K. 9E2-Forward: 5'-
CTTTTTGCAGCCGTGAACGA-3", 9E2-Reverse: 5'-
AATCTGTCGTGCTTCTGGGG-3"; B-actin-Forward ; 5'-
GGCTCCCGAAGAACATCC-3', B-actin-Reverse: 5'-
TGCGAAACACCGTCACCC-3', EiR5I A T4
P LA B ) By A PR Wl & e SO 4 & (10
L) :cDNA 1 ML\SYBR® Premix Ex Taqvl‘“ I 5pL,
ROX 11 0.2 pl. FFHFI4 0.4 wl 4K ik
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3 pL, RAT, B L, AT E & PCR AL #4747
B RN AT AR 44 :50°C 2 min;95°C 10 min, 95°C
15 5,58.9°C 1 min,95°C 15 5,40 ME¥; Z )5 50C
IFAZ] 90°C (£ 6 s THi 1°C) , RAEDCA iL HY
M Fa it 2 . BB FREAR A B B3 3 A
PCR i, il 98068 it PCR AN 2 5t S g 45
SRR H R 5N SRR Co i,
1.5 hieERTESRSEAFELERTHEAR
CYPYE2 E[FFRIAKFE

I3 3 AR B A M P A DU — TR EIDRE
P B 81 BRI 2 1 5 v, O TR Ol 35°C
FEXTIEBE Ry 75% W tE IR AEIR AR o o TR b5 5
HIBOA A iR ORTH IR, 1 20 em (58 15 em 5
10 em, R F1E HERHZE AL, HA A& 20 1 em A2
AR R AR T, AR (& = 5, 2014)
53 IR 309% FEEARVA U (0T HREH ) \30% JREAE I W
LA 10 e/ g FRUEEAR A TR MR 2 (157 R4
UK 30% REREHA IROC i A 100 /g SSE AR 4
PR R S (R R ), Rl 3 N AR, f5 K AR
M3 R, ELAME 4 d(Tan et al., 2013), 4 d J5EH
15 1Y T GE0B H 2 A RNase-free [ 1.5 mL EP 45
A S Sk B A 1% 1.4 T TIO0E
it PCR, 737 b A8 2 0 T e ] MRUAS [ e 8 U S8R 46
Fis 5 T s 4H 4 CYPOE2 JE B [y 363k 0L o
1.6 HFEHH

MR A 5256 BT 45 &R i 1) H 19 58 KA B-actin 1)
C i, R 272 Jrik, LA B-actin Sy BAPEXT &, %) BE
MHEFT RS IE . F) I StatView 5. 01 ( SAS Institute,
Cary, NC, USA) %47 A)“ANOVA or ANCOVA” J7
BTG, 20 A AN R)AE i 18] 1 22 5 B 25 1k (P <
0.05,LSD ZHE LK) .

2 #R

2.1 g CYPIE2 EERERF I
2.1.1 JPFIPHE A% G CYPIE2 JE R 5 [ 58 il
Ja BT P AN IE A IR IE , {8 F DNAMAN X 1E Sl 7
SESR R A A AT B PR B L b
R 51 25 B i 3R A5 FR AR 26 e CYPIE2 JE[R A
2 mRNA 551, f5 4% J AcCYPOE2 , LK i g 1 600
bp, Fo 4 5 X 77 51K Ry 1 494 bp, 400 7 25 SR 78
NCBI i 7IRJEPER 2R, 45 R R0, H 5 78 5 5 g
CYPIE2 J¥ 9B AL, — BN 92% o %750 &
H2 A2 F) GenBank $idiHh , A58 555k KX394629

2.1.2 Gt KA BT : A1) ] Bioedit Xf
AcCYPIE2 FE[H 2 51 R AT 75 HE Tl 136 0 L 1R, 41 )
5576 — 1 569 g Kk At g i A 497 D EEER, 5
NCBI "I ik B2 3242 (ORF ) T 9 25 SR — 2, J i
SMART ( http://smart. embl-heidelberg. de/) % 4} J&E
J3HT AcCYPOE2 WY EEIR P51 A5 B A5 A0 48, 7>
RS S - 22 AL FEIR AL 1 5 IR X R4S 33 492 fif
FIERRAL ) P450 BRI (1) .

2.1.3  BUAEPES A A ProtParam T B 73 Hr #
M AcCYPOE2 & H By 4y T-H 2l 57. 026 kD, 25 H 15
H8.32, FEELRANE S F IR 1, Hh e RS
e (11.9% ), B3R & = m K (1.0% ) . 7£280
nm ZE YT 6 R B 0.926, 3 5 A B E &R AL
Sh41.6,

F1 AcCYPIE2 EAMSEBRMEREE
Table 1 The variety and content of amino
acids of AcCYPIE2 protein

Fhk A CR hk A Hi
Variety Amount Content Variety Amount  Content
Ala (A) 23 4.6% Arg (R) 19 3.8%
Asn (N) 23 4.6% || Asp (D) 24 4.8%
Cys (C) 11 2.2% || Gln (Q) 18 3.6%
Glu (E) 33 6.6% Gly (G) 29 5.8%
His (H) 11 2.2% Tle (1) 31 6.2%
Leu (L) 59 11.9% Lys (K) 42 8.5%
Met (M) 15 3.0% Phe (F) 35 7.0%
Pro (P) 22 4.4% Ser (S) 29 5.8%
Thr (T) 23 4.6% Trp (W) 5 1.0%
Tyr (Y) 17 3.4% Val (V) 28 5.6%

2.1.4  [AIJREEER T 5 X 3 A 2 i@ 2k NCBI %48
JEFI Clustal X 2.0 Bf%f AcCYPIE2 Sty i) LR
51 5 HAB PRI CYPOE2 [ Y5 KL me 5 91 W47 [7)
WEPEE N, g5 R B R, AR & Apis cerana cerana
5V E M Apis mellifera /N2 W Apis florea \ 5 W
Apis dorsata KN FEWE Bombus terrestris . W& Bombus
impatiens . 7 W& Melipona quadrifasciata , ] M-
Megachile rotundata ., 5 3§ W, Camponotus floridan . E[}
J& Bk 8 Harpegnathos saltator ., 1. ‘K W Solenopsis
invicta 10 AP CYPOE2 J PR Z5i ith (1) Z HE 1R J7° 5] —
S 92.14% , 91.95% , 87.88% , 64.73% ,
61.54% , 60.43% , 56.24% , 50.27% , 49.08% il
46.83% . >RJH MAGA 7.0 BfHl g ARy, 2525k
B, AR BRI Y 5 2 i /N I ) CYPOE2 BEPH 2R
3, S — 0 5 R e CYPOE2 JEPH IR AE—
i, RRGIR GG 2k —E(E 2) .
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59 &

JREHR

[Era—

9
31
181
61
271
91
361
121
451
151
541
181
631
211
721
241
81
271
901
301
991
331
1081
361
1171
391
1261
421
1351
451
1441
481

—-

—-

ATGGCTTCTGCGTTTTTGACGCTGGTTACGGGTGOGTTATTATTATTGTCCTTCTACCTCTATTTAAAATACACGCATTGGAAGAGAAAT 90
M 4 S A[F L TLVTGALTLTLTLTCTFEGYTLJYTL|KYTHVY¥ZEXTE RHN 30
GGGATTCCGTGCAGTAAAGGATGGTACCCGATAATCGGTCATTTTCTACOCCTGATAACCAAGAAACAAAGTTACAGTGAAGTGATCGAA 180
G IPCSKGY¥YYPTITIGHTFLPLTITTE KTIEKH® QSYSETYVYTIE 60
CAGCTATATCACGATTATTOGAATCACAGTATGGTTGGAATGTACAAAGGAACGAAACCAGTGTTGGTTCTTOGCGATATCGAGTTGATT 270
QL YHDYSNHSMNYGHNTYZ XKTCGCGTTE KZPVLV VLI RDTIETLTI 9
AAAACCGTGTTGCAAAGTAATTTCTCGAAATTCCACGAAAATGCGGTTAAAATOGATCCAAAATTGGACCCTTTGTTAGOGAAAAATCCA 360
KTVLQSNTFSEKFHEUNA AV EKTIDFPIEKTLTDFPLTLAEKTENP 12
TTTTTCTGTTACGGAGAATTATGGCAGACAGGGAGGAAACGTTTGACTTATGCGTTTAGCAACGOGAGATTAAAAATCCTTTTTGCAGCC 450
FFCYGELUW¥QTSGRIEKRLTTYAFS SN ARLIEKTILTFAA 150
GTGAACGAAGTGTGTACAAAATTTCAAAACTTTTTGAACAAGCAGCTACAATCGAGTAAAAMATACCAAGTCGAGTTGAAGTCGTTGTTT 540
¥V NEVCTZE KFOQNTFLUNEKA QLA® QSSZEKTE KTYETVETLTE KT STLTF 180
TTAAAATTTACGAGCGAGGTTGTGGCTAATGCAGCCTTGGGAATCGAAGGTTTCTGTTTCGAGGATCGACGAAGTAAAATCCATGTTTACT 630
LKFTS SEVYVY ANAGLGTIEGEFT CTFETDTDEUVYVYEKSINITFT 210
AATCTCGACAATAACGATTTCTTGGATACGTTTTTAATTGGGATCATCGTGCATTTTCCCTTTCTTACCAAACTATTGAAGATAAAATTC 720
NLDNUENDTFLDTTFLTIGTITIVHFTPFLTTIEKTLTLTEKTITZEKTF 240
CTACCCCAGAAGCACGACAGATTCTTCAGGACAGTGGTGAGGAAAAACTTAGAGTTGAGGAGGACCCATCCGATACCTAGGAACGATTTC 810
LPQKUHDRFFRTVVRIEKIUINLTETLI RRSDFPTIFPRIUNDF 27
ATCCAATTAATGATCGACATGGAGCAGACGGGAGAGAAGATCGACGAGGAGAGTGTGGCGGCTCACGCCGTTTCCTTCTATCTOGATGGA 900
I QL X IDMNEAGQTGETZ KTITUDTETES SV VAAHAYVSFTYLTDG 300
GTCGAAACGTCCAGCGTCACGCTTAATTTCATTGGATGTCAATTGGCCATTCACCAAGACGTGCAAGAAAAGTTGAGAAAGGAAGTGAGA 990
¥vVETSSVTLHNTFTIGCA QLA ATIHA QDY VQQETZ KTLTZ RIEKEVR 33
TCGACGATCGAGAAACACGGAGGCGTGTTAACGTTCGAGGCGATAAAGGACATGACGTACATGAATCAAGTGATCAACGAATCCOCAAAGA 1080
S TIEIZKUHGGVYLTTFEM ATIZKTDMNTTYNDNAOQVTIUNESA QR 360
TGTTTCTCGGCTCTAGGTTTCCTGGGTAAAATATGCACGGACGAGTTCGAGTTGCAAGGCTCGGATGGATTGAATTATCGCGCGAAACCT 1170
CFSALGFLGIE KTIC CTUDETFELU QG SDGLUNTYTZRAKP 39
GGCACCGAAATAGTGATACCOGATCTGTGGCTTGCACAAAGATOCGAAATACTGGGACAATOCAGAGATATTCGATOCGGAACGATTCAGC 1260
G TETIUVIPTICGLUHEKTDTPEKYUW¥DU NPETITFTUDFPETRTFS 42
GACGAGAATAAGAAAAATATAGAAAAGATGGOGTTCCTTCCTTTCGGCGAAGGGCCAAGAATTTGCGTAGGAATGAGAATGGCTATGCTG 1350
DEUNIKTEKUNTIETZKIMNAFLPTFGEGPTRTITCYVYSGINRIMNIAIMNL 45
CAGATGAAGAGTTGTTTGGCTACATTGATGAAAGACTACAAACTCGAAGTTTCGCCGAAAATGCAACTACCGTTGAGATTATCGCCGAAT 1440
QW KSCLATLDMNXIEKTDTYZ KTLTEVYSPI KUK QLTPLTR RLTSTPN 480
TATTTTCTATCGGCGCCATTAGGTGGTGGTTGGGTACTGATTTCGGAAGCCTGA 1494
Y FLSAPLTGGGWVLTIGSE A * 497

B spAEERIE AcCYPOE2 HETFIRIT A B4 0 R LR 1)

Fig. 1 Nucleotide and deduced amino acid sequences of AcCYPIE2 from Apis cerana cerana

region is marked by black boxes, P450 pfam is shaded in grey, and the asterisk indicates stop codon.

h 48 Apis cerana cerana CYPIE2

T 75 B Apis mellifera CYP9E2 (XP_001119981.2)
/NEWE Apis florea CYP9E2 (XP_003697031.1)

K Z 4 Apis dorsata CYPIE2 (XP_006622413.1)

# ¥ Melipona quadrifasciata CYP9E2 (KOX73615.1)
RK M &8 Bombus terrestris CYP9E2 (XP_003393867.1)
91L#E#E Bombus impatiens CYP9E2 (XP_003484581.1)

)M # Megachile rotundat CYPIE2 (XP_003702219.1)

ENBE Bk 8L Harpegnathos saltator CYP9E2 (XP_011146203.1)
F# Camponotus floridanus CYP9E2 (XP_011254123.1)

31—| 4T K Solenopsis invicta CYP9E2 (XP_011172155.1)

99

[
0.50

B2 TR AR h A B e 5 A B Rl CYPOER JE PR R GEith A s (4B ARIE TR )

Fig. 2 Phylogenetic tree of CYPOE2 genes from Apis cerana cerana and other insect species based on the amino

acid sequences ( Neighbor-joining method)

T S5 PSR U Ay 5 TR HEE E X ( By ME AR ¥ ) , PAS0 R [ i R I 35 AL 5 R R & L% i T Protein domain transmembrane helix

RGURE W TR AL AT T 3 000 YR FAE; L 0. 50 A {4 3R e AR AR R, 4 19 R 95 B HAR CYPOER JE BRI TEI%AR JEALUE (L3 e v A8
LRI REEE . Phylogenetic tree was constructed by the neighbor-joining method with 3 000 replications; the genetic distance of 0. 50 is used as the scale

bar. Numbers next to each node indicate the extent to which the CYP9E2 gene changed during the evolution of the scale branch.
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2.2 HEEETHR MERE N R ACCYPIE? %
ESH

SR (1 3) , sPAE S TS
B2 1] U M5 AcCYPOE2 HOAING 635 192 53 i %
(P <0.05) , Horb, R A e ety 5 5 5, HOU o
S TLE, YR 7 8, Fek T AR 0 4 s R

3.0

sk

254

(3]
(=]
T

LIRESEN Y
Relative expression level
&
T

e b AcCYPIE2 WIMIXI R R B FE S T
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Fig. 3 Relative expression levels of AcCYPIE?2 in different developmental stages of worker bees of Apis cerana cerana
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Data are mean + SE. Different lowercase letters above bars indicate significant difference in the expression level of AcCYPIE2 in heads among groups

(P<0.05) (LSD multiple range comparison) , while different capital letters indicate significant difference in the expression level of AcCYPIE2 in

midguts among groups (P <0.05). The asterisk indicates significant difference in the expression level of AcCYP9E2 between head and midgut within the

same group (P <0.05).
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Fig. 4 Relative expression levels of AcCYPIE2 in midguts of

worker bees of Apis cerana cerana fed with flumethrin
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BFH(P<0.05) (LSD £H %), Data are mean + SE. Different
letters above bars indicate significant difference (P <0.05) between
groups ( LSD multiple range comparison) .
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