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Cloning of CYP9A113 and inductive effect of exogenous
substances on the gene expression in Mythimna separata

ZHANG Yanan, LIU Yueqing, JUNAID SM, WANG Zhiqi, FAN Dong

(College of Agriculture, Northeast Agricultural University, Harbin 150030, China)

Abstract Mythimna separata is one of the most important pests in China. Cytochrome P450 participates in the
metabolism of exogenous substances in insects. In this study, a cytochrome P450 cDNA sequence was cloned, and
its induction by four exogenous substances were detected. The gene was named CYP9A113 by P450 Nomenclature
Committee (GenBank accession no. KY436739). CYP9A113 could be induced by lambda-cyhalothrin 2.5% EC
at LDsofor 3 h and LDyy, LDs, and LDs, for 12 and 24 h. Treated with LDy, of chlorantraniliprole 20% SC for
12, 24, 48 h and with LDs,and LDs, for 24 h, CYP9A113 could be induced. Moreover, CYP9A113 could be in-
duced by 0.1 and 0.5 mg/mL of indole-3-carbinol for 3, 6, 12, 24, 48 h and coumarin for 6, 12, 24 and 48 h.
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AL S RSO B Spodoptera Litura g Wi R
CYP4M14 #1 CYP6AB14 3k [Ny k1, ng|mg-
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Table 1 Primer sequences used in this study

GlEy A s S1%)¥ 5
Primer name Primer sequence (5'-3")
Ms9A-F AAAGGTCAAGAATGGAAAGACA
Ms9A-R TTCTGAATGGAGTTGAAGTCGA

Ms9A-3" RACE-Ro CTACGAACTGGCGTTGAACCCTGATATC
Ms9A-3" RACE-Ri CGGCTTAGATTTCAACTCCATCCAGA
Ms9A-5" RACE-Ro ATGAATCATATCAGGCCTCATAATAT
Ms9A-5" RACE-Ri ACCACTAAACATGGATTTGAGCGACTG

Ms9A-Full-F TGGGTGGCGGTCCTGATCG
Ms9A-Full-R CTTAGCCAAAAGCCTCCGTCT
Ms9A-RT-F AGTGTGGAGTGACGATGA
Ms9A-RT-R ATGTTCTGGATGGAGTTGAA
Practin-F CCAACGGCATCCACGAGACCA
Bractin-R TCGGCGATACCAGGGTACAT
2 HBRESW

2.1 CYPIAI3 ERWEERFIIHH

I ST G DR TR S K R
1B — 5 1 752 APy PASO FE R T 41, AE
NCBI | bt & B8 TR CYPIA WK% 48 [F
br: PASO iy 44 23 51 & fiv 2 1 CYP9A113 (GenBank
B  KY436739), CYPIAL13 3L 4 fid 529 4~
AR 29 60. 4 kDa, 55 H gk 8. 81, 7
Sy A R LR 81 v B PASO JE R AR ST 4
YRR AT 2 45 43k (FGVGPRNCIG) . meander %5
43 (PEKFDPERF) | #2ig C (WKDMR) | I i 1
(AGFETV) Filigi¢ K(ELLR) (& D,

B S A LR TE NCBI (19 BLAST | Hext, #%
5 AR RN FL AL B H B A = SE R T 51 AT
ARG A . S5 IR AL, SERERIZE I M. sep-
arata CYPIA113(ARI68319) 5 H i 7 ik M. bras-
sicae CYP9A13 (AAR26518) . #4485 B H. armigera
CYPIALT(AAY21809) FIFEUNARES I H. zea CYPIAIL2
(ABHO09252) B 56 R, SR 5 S RGO K S. litura
CYP9A39 (ACV88722) F filt 3¢ # &k S. exigua
CYP9AI(BAGT71410) 2, Fi 5 H i T W 1k Spo-
doptera frugiperda CYPIAS8(AID55429) 2, 575
AT Zygaena fili pendulae CYP9A36(ACZ97417)
g 4x Bombyx mori CYPIA19(BAMY73827)45: H Al i 1
HAER AR B CYPY 5 5 [H st 15 I B 450z,
REERILATF G FRAFE A 2) .
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1 AATACCAGTT TTAAATTAAT ACTAAGCAGTATTTT GTAAATTAGT GTACCATTTT TTGTAAATTAGTGTT GTGCT AGTGACGAAATAATC
91 ATAGTTTT CATCT GGGTGGCGGT CCTGATCGCCGTTCTAGTGT TATACCTCCGGCAAGTCTACTCCAGCTTCAGTCGCAATGGCATC
1 M IV/FIWVAVLIAVILVYVILYULIROQVY S S F S U RNGTI
181 AAGCATTTAAAACCCATCCCCTTGT TGGGCAACAT GGGGCCAATGTTGTT TCGTACTAAACACTT TGCTGATGAT GTGGC GAATCAATAT
31 KHLK?PIPLILGNMGPMIULU FRTI KHZ FAIDUDV VAN GQY
271 AACAGCTTTCCTGAAGAAAGATTCGTGGGAATGTATCAAT TCGTCTCCGAGTCTT TCTTACTCCGTGACGTCGAT CTGAT AAAGAAGGTC
6l NS FPEEIRPFVGMYQFVSESFLULIRUDV VDI LTIIZKI KUYV
361 GGTGT CAAAGACTTCGAGCACTTCCTCGACCATCGGCCCATTTTCAGTACCACTGACACATTCTT CTCCAGAATCTTGTT CTCTT TGCAA
91 GV KD FEHU FULDHRZ®PTIUFSTTUDTUPFZF S RTITULUFSTULQ
451 GGTCAAGAAT GGAAAGACAT GCGCT CCTCATTGAGTCCAGCGTTTACCAGTTCCAAAATGCGTCT GATGG TGCCT TTCAT GGTGGAGGTC
121 GQEWIKDM R SSLSPAFTS S KMRILMVPFMVEV
541 GGGAACCAGATGGTTAATTC GGTCCAAAAGAAGAT CAAAGAATCT AAGTC TGGAT ACACAGACAT AGAAT GCAAAGACCT GACTACTCGG
151 GNQMV VNI SVQKI KTII KESIKSGYTU DTIZET CEKUDTLTTR
631 TACACCAATGACGTGATAGCCACCT GTGCCTTCGGCCTGAAGGTGGATTC TCACAACGACGTAGACAATAAGTTC TACGCCATGGGCAAT
181 Y T N DVIAT CAPFSGILI KV VDS SHNUDUVIDNI KU FYAMGN
721 GCGGCCTCTACCTTCAACTTCCTTCAGTCGCTCAAATCCATGTTTAGTGGTACTT TACCAAAACT TGCTAAGGCT TTAAAGATAGAAATC
211 A A ST FNU FULOQSILI K SMUZFSGTULUPI KT LA AI KATLI KTIETI
811 TTTTC GGAGGAGCAAAAGAAATTTT TCAGAACCATAGTTC TAGAT ACGAT GGCGAATCGT GAGAAGAAAAATATT ATGAGGCCTGATATG
241 F S EEQI K K FF FRTTIVLDTMANIZRIEI KI KNTIMMIRBRUPTIDWM
901 ATTCATTTACTTATGGAAGC TAAGAAAGGT AAACT GACCCATGAAGATAACAAAT CTACT GATGAGGCTGCTGGATTCGCGACCGTTGAA
271 I H L LM EAIKIKSGI KT LTHEIDNI K STU DEWA AAGT FA ATV E
991 GAATCTGCTGTTGGT CAGAAAAAAGTTAAT AGAGT GTGGAGTGACGATGACCTCGTCGCGCAAGCAGTGATGTTCTTCAT TGCTGGTTTC
301 ESAVGQ K K VNI RVWSDDDLVAQAVMEFUFTIM AGTFEF
1081 GAAACTGTCT CAGCT GGTCT GTCAT TCCTGCTCTACGAAC TGGCGTTGAACCCTGATATC CAGGAGCGACTGGCGCAAGAGATCAAGGAG
331 E TV S A GLSFLLYETULA AILNUPUDTIU QEIZRILAOQETITIKE
1171 ACTGACGCTAAGAACGGCGGCTTAGATTTCAACTCCATCCAGAACATGCCGTATATGGACATGGT TATTT CTGAATTATT GCGAC TATGG
361 T b AKNGGLUIDPFNSTIOQNMPYMDMV VIS SETZLULIRTILW
1261 CCACCTGGTTTTGTT CTAGACAGGATTTGCACAAAAGATTACAAT GTGGGAAAACCTAAT GAAAAGGCTGAAAAGGATTT CATCATTCGC
391 PP G F VL DI RTITCTI KU DYNVGI KUPNZEI KA AEIZ KU DU FTITIR
1351 AAAGGTACACCCGTCTTCATACCAGTAATT GCTAT CCACCGTGACCCACAGTACT TCTCCAACCCTGAGAAGTTCGACCCAGAGCGCTTT
421 K GGT PV FIPVIAIHIRTIDU PQYVFSNUPEIZ KT FEFUDPE R F
1441 TCAGACGAGAACAAGCATAAAATCCAGTCGGCCGCGTACATGCCCTTTGGTGTTGGACCAAGAAACTGTATAGGATCCAGATTTGCTTTC
451 S DEDNI KU HI KTI QSARAYMZP EFGVGZPIRNTZGCTIGSU RT FATF
1531 AGCGAGATGAAGGTGATGGCATACCAGATCCTCCTGCACT TGGAGGTCTCCCCTT GTGAGAAGACCACAATCCCGGCTACGCTTGACAAA
481 S EMKVMAYQIILULUHLUEVSPCEZ KTTTIUPA ATTULTDIK
1621 AAGACCTTTAACCTTAAGCTAGACGGAGGCTT TTGGC TAAGA TTTAGAGCAAGAAATI@AACACT ACTGAGACAATTTAACTTAAGACA
511 K T F NL KULUD GGV FWULI RUFIRARN * -
1711 ATAAAACAGTCATTTTATAAAAAAAAAAAAAAAAAAAAAARAA

A UHETY T (ATG) ML IR F-(TAA) T RERR Y MZLFREE Aol meanderf5 &3l SRHEC. WRBELRIMRIEK F AR 6 B s AR i £ R IR

FRAR 513 HRLA I R Zebn th

The start codon (ATG) and stop codon (TAA) are indicated with the box. Heme-binding domain, meander domain, helix C, helix I and helix K

are shaded in grey. The multiple polyadenylation signal sequence is underlined in bold

1 FHE CYPIALL EEBREHRFIIRIESHIERF

Fig. 1 Nucleotide and deduced amino acid sequences of CYP9A113 from Mythimna separata

100 H44 B Helicoverpa armigera AAY 21809
91 l_— FINHE IR Helicoverpa zea ABH09252

(i - HER IR Mamestra brassicae AAR26518
94 $5 Mythimna separata ARI68319
99 PRk Spodoptera litura ACV88722
4 100 FHSER MR Spodoptera exigua BAG71410
54 ISR, Spodoptera frugiperda AID55429

KRR Pieris rapae ARA91619
BB MU Cnaphalocrocis medinalis CAZ65619
NEITM Zygaena filipendulae ACZ97417
AL Chilo suppressalis AHW57315

%% Bombyx mori BAM73827
71 4{
99 B FZ& Bombyx mandarina ACJ05915

0.05

U FIABRLARTE: 1 000 B AQ5HE 2 GEAEALAR; DAO.OSHE A% BBV AR s 43 32 B TR H JRAE i 144 J5 hy GenBank B 5555 MK B g AR 5 b
13203 R H AR 751

Phylogenetic tree is constructed by the neighbor-joining method with 1 000 replications; the genetic distance of 0.05 is used as the scale bar. Numbers above
branches are bootstrap values; the GenBank accession numbers are shown after the scientific names; the cloned amino acid sequence in this study is in bold

2 HWERR PSS EEIEBRFIRSEHL ST

Fig. 2 Phylogenetic analysis of P450 amino acid sequences in Lepidoptera insects
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2.2 ZFHFIXT CYPIAL13 B ERIEHFS A
2.2.1 HRAAAHE CYPIALLS HH KA W
%5 L
Z = NEESIE, 2. 5Y B AU AR A BT EC

XA 4 WAl HUEY LDy (LDso A LDso 535104 4. 370 7
(1.142 5~9. 114 9).18. 771 4(8. 957 0~28. 947 1)
51,507 9(34. 761 9~69. 128 3)ng/g(F 2).,

K2 FHFIMNFH4RYRBFHY

Table 2 Toxicity of insecticides against the 4th-instar larvae of Mythimna separata

27 LDio (Clgs)/ LDs3o (Clos) / LDs50 (Clgs) / 547 Bl 5 Li:ES YD)
Insecticide ngeg ! ngeg ! ngeg ! Toxicity regression equation  Correlation coefficient
2. 5% A E S 4R EC 4.3707 18.771 4 51.507 9
=2.952 2+1. 196 2: 0.984 1
lambda-cyhalothrin 2. 5% EC (1. 142 5~9. 114 9) (8.957 0~28.947 1)  (34.761 9~69. 128 3) y 7 ’
207 P/ 2 SC 10. 664 4 49.980 0 145. 690 2
PRI > y=2.558 3+1. 128 6 0.993 6

chlorantraniliprole 20% SC (2. 287 3~24.028 8)

(21. 438 3~80. 395 8) (94.027 3~199. 318 4)

1) Clos : 95 % I B 5 IR .

Clys: 95% confidence interval.

B4 B2 LDy F LDy 19 2. 5% i 80 A AR
451 EC b3 3 h, CYPIAL13 [N F iR a4 il , 48
LDy 403 3 h, CYPIAT13 FLPRAHXF ik 5 Th i, S 7t
PR 5 LDy LDy Al LDy ZbBE 6 h, CYPIAL13 J
DR 6 3k 45 B 40 il LDy, . LDy A1 LDy, Ab #E 12 b,
CYPIA113 Je PR ik 4 52155 3 00, A XS ik &7
FIRXT RELLAY 2. 5.2. 0 A 2. 1 f%; LDy, LDy Al
LD 4B 24 h, CYPIAL13 JL[R 23k 1 2 S 8000
AR 35 1 0 il S X B 2. 6.1 9 A1 2. 3 f%;
LDy Fl LDy ZbBH 48 h, CYPIA113 SLFEAHRTF5 T
B 1L, LDy A BE R, CYPOAL13 Jk R % 24 9 40 4l
(B 3). 45 UL B, 2. 5% i 2 & U 44 g EC X
CYPIAL13 BEPRIIR 75 A58 S I R A AR G

3.0

BCK

LD,
LDy,
DLDy,

N
[

Ing
=}

LIRS P35
Relative expression level
5 G

e
W

BfE]/h Time
B EIX R I CYPOA 13 R FRIA BIAT1, 22 )5 b7
NFBBWWHE, NEGFEHIR R FIRR2.5% 8 F R FEREC
Z3 AR I )G, 2 E R B2 R B (P <0.05)
The expression level of CYP94113 in the control group at different time
points is designated as 1. The relative expression levels are measured by
using the 2744°T method; different lowercase letters indicate statistical
differences in the gene expression level at different doses of lambda-
cyhalothrin 2.5% EC for different time points at P<0.05

B3 25%ENaREHmEIMIIHA CYPIALLS
EERIEH I
Fig. 3 Effects of lambda-cyhalothrin 2. 5% EC on the
expression of CYP9A113 in Mythimna separata

2.2.2 A EKWELM A CYPIALL3 3 F % % W iF
R

Zead N T I E 20 00 S R R SC Xt
Zh L A4 4 B LDy L LDso Fl LDso 43518 10. 664 4
(2. 287 3~24. 028 8).49. 980 0(21. 438 3~80. 395 8)
1 145. 690 2(94. 027 3~199. 318 4)ng/g(F 2).,

Bhidi4l 2 LDy . LDs, F1 LDso 1 20 %6 G B ok
F ke SC 43 3 h, CYP9A113 KL A ik TG
BB A8k ;3 D FI AP 6 h, CYPIAT13 J PR AR X
FE IR I PG s LDy A0 FE 12 h, CYPIAT13 FE[H
IR R F ROV AXTERALEY 3. 9 5, LDy, Ml LDy
ALFRR TEHH ARl s LDy LDy Al LDso AbHH 24 h, 1
XF CYPIAT13 BEPR A 5 TR » 43 )y kel BEZH
9 11.1.5. 1 F1 3. 0 f5; LDy 4b 38 48 h, CYP9A113
FEHFRB RS RON X AR 2. 1 %, LDy F
LD;O%EET'—?XGLH@?FH R EERE D,

° a

B 12r [ECK
i 5 10 S
g g
® &
zE o
B2 4

=

E 2 agaa a b Lor

0 B4
3 6 12 24 48
i} E]/h Time

R R DR TR CYPOA 133 RFGR BT 1, 27 ) ST X 40k
BRIV, /NG REFR R R ] 520% 5 % B B SCZd 7R [ i
TG, 3 B ik B i 22 5 1 3 (P < 0.05)

The expression level of CYP94113 in the control group at different time
points is designated as 1. The relative expression levels are measured by
using the 2724T method,; different lowercase letters indicate statistical differences
in the gene expression levels at different doses of chlorantraniliprole 20% SC
for different time poits at P<<0.05

B4 20%SHEABREIZENRH CYPIALLS
EREFIEHH T
Fig. 4 Effects of chlorantraniliprole 20% SC on the
expression of CYP9A113 in Mythimna separata
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2.3 #EWREREWEI CYPIALLS HEERIEN
B

Fih g2 0.1 F1 0.5 mg/mlL F G ZAFE 3 h,
CYPIA113 FEPIFGRIHAN ] s /b B 6,12.24 F1 48 h,
¥} CYPIAL13 FEH () 33846 75 TR0 » H I 7E 4k
B 6 h g AR S, 2 3 o X BRAL Ry 2.7 F0 2. 8
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The expression level of CYP9A4113 in the control group at different time
points is designated as 1. The relative expression levels are measured by
using the 2-84cT method; different lowercase letters indicate statistical
differences in the gene expression levels at different concentrations of
coumarin for different time points at P< (.05
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Fig. 5 Effects of coumarin treatment on the expression of
CYP9A113 in Mythimna separata
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The expression level of CYP94113 in the control group at different time
points is designated as 1. The relative expression levels are measured by
using the 2-2acT method; different lowercase letters indicate statistical
differences in the gene expression levels at different concentrations of
indole-3-carbinol for different time points at P< (.05
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Fig. 6 Effects of indole-3-carbinol on the expression of
CYP9A113 in Mythimna separata
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