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WE: I THITRASRATEER Ve AR R T EDLE], AT LA B AR FE B AR T REE Locusta migratoria manilensis
(Meyen) I #EF5HE Oxya chinensis (Thunberg) Jy#4t, SRR IE51 99 14 h ARG S JLT B4 BiBg 1 2 (OcCHSI)
R4 cDNA J51 ; LA JRIZ B A0 2 2 v i AR s K 1, 2 0 3 AR I W O AT, PO Ab 2 X R
4, {#/ RT-PCR FISEAS P E B PCR J7 643 Hr 8 e R X 8 s LT B A& i 6 Rl mRNA KRB M, 45 R 3K15 0
OcCHSI ¥4 cDNA J¥ 31|, A B4 312 bp, 4% 104 MEERL, GenBank %535 % HM214491, 57 Kig LT 4
JAG 1 3R (LmCHSI ) 2E R EMK T EAMBUEE K 95% » RT-PCR £ 7%, ABHAULT B4 e 1 345 1938 Fxt
RS, SCRTSEGE R PCR 45 R0 . X IRAIMI LG, AbPeH r4ERTIE 2 # P i OcCHSI mRNA Fik4285 T 1.02
fif, AL REE 1, 2, 3 #4351 ImCHST mRNA F3A 5342 T 34% , 82% F189% , 27 53 (P <0.05) . AHiskEE
KPR R R R ILT e S B 2R R R K ) — AR I, b HEI L T B8 R ] B2 S e IR A Y 1 3
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Effects of flufenoxuron on the expression of chitin synthase gene in Locusta
migratoria manilensis ( Meyen ) ( Orthoptera: Acrididae) and Oxya

chinensis ( Thunberg) ( Orthoptera: Oedipodidae)
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(1. Research Institute of Applied Biology, Shanxi University, Taiyuan 030006, China; 2. School of Life
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Abstract: In order to explore the possible target and mechanism of flufenoxuron, important agricultural
pests Locusta migratoria manilensis and Oxya chinensis were used as test insects in this study. A partial
fragment of chitin synthase 1 ¢cDNA from O. chinesis (OcCHSI) was amplified using a pair of degenerate
primers. With the mid-2nd instar nymphs of O. chinesis and the lst, 2nd, 3rd instar nymphs of
L. migratoria manilensis dipped in flufenoxuron as treatments and acetone treatment as the control, the
effects of flufenoxuron on the mRNA expression of chitin synthase genes were analyzed using RT-PCR and
real-time quantitative PCR. The partial ¢DNA fragment of OcCHSI ( GenBank accession number;
HM214491) was obtained, which consists of 312 nucleotides that encode 104 amino acid residues. The
deduced amino acid sequence of OcCHSI showed 95% identity with those of LmCHSI. The results of RT-
PCR and real-time quantitative PCR analysis showed that the expression of OcCHSI in the mid-2nd instar
nymphs of O. chinesis and LmCHSI in the 1st, 2nd and 3rd instar nymphs of L. migratoria manilensis
exposed to flufenoxuron increased 102% , 34% , 82% and 89% , respectively, compared to the control.
Increased expression of CHSI mRNA may be due to compensation response of the CHSI gene at the
transcriptional level that is caused by the retarded chitin synthesis. It is so inferred that chitin synthase may
be one of targets of flufenoxuron.
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R EPERI L FRERKEARRE, il
FIREUE R XS AR A BHE W) fe T B R 20 (BRAKCRR,
2000) , HEG7EER RBFIA TIES, T5LAAPLBER |
FIREEFB, BREGA PR R B8R B
Z, HEeAMERPUELERT CIE Locusa
migratoria manilensis ( Meyen ) F1 Bt 42 5 12 Oxya
chinensis (Thunberg) ESAFPRE T EXA HLBEAR 20>
AT —ERERYHE(Ma et al., 2004; Wu et al., 2009;
Yang et al., 2009), F H R 2 K B OB E R
(benzoylphenyl ureas, BPUs) f{l—#f, RI{ER T B B4
KHAE KRN, THERWIER KB M
T, SEGEMANBERZML, RRBEREEY
BARGRAE . S AT L2 ZHEAREREY
TEMM A (BEAFSE, 2001), FHL, REBEEDRE
AMGEA B A G A BRI R T

KT AR BEEENRIILT a5 m s s
WF5E, B 20 4 70 AR AV 2EH ALK
FRT RKREWFR TAE, Mulder 1 Gijswijt (1973) &
WIRIE T K4k PH6038 TSEM U Pieris rapae 3
LT R IE % UTFH; Hunter 1 Vincent (1974 ) 3
T RGRA CHE A U R ;R FE 5 (R
JIR) X AR R RE FR LT A AR B S 4
AR R, X R AR LT B A R R
60% ~80% ( EFLIRSE, 1996) . ALK FHIBFFR L
SRR FAPREER P BEEERIE LT BT-& B 5
¥Rt TR R EILT MG, JLTRE
BUR— B2, JUT B B &l FE R FIL
TBE S BT MATERE . JLT BE
fift ( chitin synthase, CHS) ZEJL T R & g E/G
—HREREIER, ZEEREZILT A B HF
I, ZENFEANF R FE, Post Al Vincent
(1973) RMEK R DulO111 M HEHE S BILT
B, B N-CBEERERA R, N-CBtH
EREREIMAILT B BEsE T L JLT B, BT
B BPUs J5 N-Z Bt bR BTN, H e HEBT
BPUs ATRERZMAJL T B B AE, HJG A — it 5
TEHE X HFX — WAL (Post et al., 1974) , [FE;, —Lk
PR R, JUT BE B HFIEA B HILT B
4 1, B ( Cohen and Casida, 1980; Cohen, 1985;
Gangishetti et al., 2009) , Deul 55 (1978) PAEL K R
Dul9111 FIR GRS FESEH 8, HR L ILT A
ity PR 5 T T 18 AL B AR R B KB B T 24 TR AR
oo AUREHTES % BN L KEEEPE
o, RIBULT A B il 50 B dUBR S e XU B B

1 PUBE 2 B Anopheles quadrimaculatus JL 7] Ji B &
B/EJLT BE R E mRNA Rk, ZEEFR L
B IR FIKFARIE T B R LT BT A Bl Al 2
K FiE B ( Zhang and Zhu, 2006) , ZJ5H H
A2 DA B B R /NSR Ik Plutella xylostella “H B
FEXG, 150 REX LT A B H R B
AR SR (Ashfaq et al., 2007) o 5 H BEFE IR
FKILT A B H 72w LT RA R, =
YERSEAR B EDL G EHK, BRI M TR S
KR . ALBUARTLESERMARREHR
T RIEFN ARG R A S X 4, @ LT A
M FE R B S R . 25 A0 B AT mRNA KRB 504, oF
PR IR R B AR Ml B H AR TR R e A A L Y
JUT A BB =& = A, 3 F K3 2R
FA gt R LT3 B i 500 RT B B VR 30 A B A
FPLE, DA — 2B FILT R E @R
THBT LR R SR AR 224K 48

1 MR5EFE

1.1 #fH

1L.1.1 BHORVE: hAERFEREPR 8 KIETF R
X, 7R HE BRI SE B VAT b v N R R SR AE N R
NTLAMGEEFRAE AT AL, IR 30 £2°C, HHXS &
JE 60% , JCRRJEIHA 1412 10D, &4 [R]— i ] S Ak 1)
W BT, LU EE/NE SRR, K
PRIFREE

1.1.2  FEZiR5]: RNAiso™ Plus, DNase I (RNase
Free ), TaKaRa 7/ ®] 7= &i; M-MLV Reverse
Transcriptase, T-easy #E {4, Promega /\ &) ;= fi; Taq
DNA Polymerase, DNA Polymerase Mix, TIANGEN /A ]
=i IR, Sigma A= 5 ; SYBR® Green Real-
time PCR Master Mix, Applied Biosystems /A &]72 5o
1.2 ERELTRERBERFBRNT EBRE
S5

1.2.1 i RNA g93EEUA, cDNA Z5—45R0E . B S
Iy FP A RE S 2 i SR B RNA, 4% B RNAiso™
Plus 3576 B384 734E, DNase I (RNase Free) ZbJH
PR BUH) RNA, £ ik kil 5 € & 5, A M-MLV
Reverse Transcriptase 555 —4%% cDNA,

1.2.2 519t S5al: RECHBERILT R
B 1 BRI F, Bot—X 5]
¥ CHSIF: 5'-GAYGGNGAYATHGAYTT-3' #i
CHS1R: 5'-TCYTCNCCYTGRTCRTA-3', 5|4 I
MEHRIR N A B o
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1.2.3 PCR Y4 LIFPAERHIE R cDNA 55—
MFiHL, CHSIF/ CHSIR H 5|4 # 47 PCR ¥ 14,
50 pL PCR WA Z H4 5 uL 10 x reaction buffer;
2 mmol/L MgCl,; 0.2 mmol/L dNTP; 15.5 pL
ddH,0; 2 pmol/L L/ FUF5|4; 1 pL cDNA %
#; 2.5 U Taq DNA Polymerase, PCR ¥ 342 F K.
94 CTHIAH 30 s, 94°C 30 s, 56°C 30 s, 72°C 1 min,
BRI S6CRER 48°C, MHRICEE 2 MER, K&
Z A8CHfFEAN 20 MR, 3k 38 MEHR, 72°C Ef
10 min, 4°C{%%F,
1.2.4  PCR =¥yoafie. X KT K5 Binsm K
/NVFERTEY BRI B b Js , 3R T-easy Bifk
L, #ABIKGFTE DHSo, BREE (I, 3557518
BubatEvR, F EcoR 1 BEU) % e B4H FHPE SOk, K E
0 FEME e A A LR BRI P A I T
1.3 X H4bE

¥ 1 mg FRARA 1 mL 5% %, FCE R
1 mg/mL ) £} ¥, B 50 L B FH K # B =
1 mg/L, RAJEBETE S A A0EE 2 1 rp i AR R s
WPAK 1, 2 F0 3 8 ZR T K A 10 s, DAPSER(E 43
FLMREE =99. 5% ) Kb ERAERS R, 4320 20 3%, wE 3 4
HE, AMHEEREREDRALUNEEEE, AT
SR RISR 72 ho BEEON HRZH A0 AL B ZH uE i R
B2, 4% RNAiso™ Plus A5 Ui F#5E, #2BUE RNA,
3/ DNase I ( RNase Free) AbFRAFHRELAT RNA, HLYK
S5E8EKN)E, B 1.5 pg RNA, FM-MLV Reverse
Transcriptase 31T cDNA 25 —4&56 .

1.4 RT-PCR FIXEHEE PCR ST BARLE
BRJLTRAHE 1 mRNA KEHRIE

HRYEABI 5T h TE AT 2 iy rh AR R IR L T BB A
A5 R 78 43 cDNA J¥ 1) 1 A< PR 5 20 2 42 32 3
GenBank [ZR 37 €l LT 51 & UEG R R LmCHSI 4
K751 ( GenBank %35 : GUO67730) , i&itHFmt
HFRIXGI Y. FHEME E#F5] 4 DCHSIF: 5'-
AGAATAGAAATCTGGGAGCAGCAT-3', T iE 5| ¥
DCHSIR: 5'-CTCGAACATTTGATACCACACCAT-3’;
H K2 FYF5]4) FCHSIF:; 5'-CTTGAGCCAATTG
GTTTGGT-3', 5|4y FCHSIR: 5'- TGAGTTCTG
TGGATGCAAGG-3", LA i b 2 f) Xof HEt 28 1 98 1
JiR AL ERLH 7R O RS AT AR R MR K 3R B cDNA S5
HEFT RT-PCR ISR Y E & PCR §718, B-actin
HNZHRE, RT-PCR R B AR R & 12.5 pl
DNA Polymerase Mix; 10.5 pL ddH,0; 0.5 pwmol/L
EW/ TUFT195 1 uL cDNA $ifit, PCR ¥ 34727

94°C A 30 s, 94°C 30 s, 60°C 30 s, 72°C 45 s
(CHSI 30 MG, B-actin 26 MMEFR) , 72°C ZEfH 5
min, 4CHRAF . 2% BRHRWEBERL FL UK A0 K A o
SRt it PCR [ R HIZEE G4k SYBR Green
I 7 ABI Prism 7300 (& E N AW RS A H) #
1, BREFEMNSERF B-acin ¥R F] Real-time
PCR Master Mix #47 PCR & h, 25 pL MR Z .
ddH,0 9.5 pL, SYBR® Green Real-time PCR Master
Mix 12.5 pL, 10 pmol/L || T#51445 0.5 pL, 10
x cDNA #if)g 2 wL, PCR &4 : 95C 10 min,
BéJ5 95C 15 s, 60°C 1 min £ 40 MEIF, Real-time
PCR X BB BUA MR LR, LIBRE Y 1S 00 IS 7
., FH ABI Prism 7300 SDS 1. 1 (EE M FHEY RS
AT AT B IC R, RELR AR B 3
WE, AHEAFXRAK 3 MEYFELE, B
Fedh 3 WEARER . FIKBEBAKAE cDNA £tk
YER 2 EX R,
1.5 HEGt 59

W PP 25 R A Blastn 72 FP7EAZ PR EHE o Hh 04T
AR HEXF, DNAclub B4 2R I i b BEAE JF B %
TRBFEIR T I, LI POt E B PCR 4558 R A L8
C fE MR B B (2722 8%) HHILT R4 ALl
1 BEFREXRE R, KRR « rifE %
(SD)Frm, EZFBEWRM KK, P<0. 05 K7
BZHBERESR

2 ZREH5MH

2.1 REREEILTRAEME1 EENTERFS
oM

LIS i AERg R R K2 cDNA itk , R I15]
Wi 4T PCR 373, 15 %) 1 525 300 bp My &7
(B 1), WF/EKEESR 312 bp, 4t 104 P ER
(B 2), GenBank % 3%5 5 HM214491, 4% )F %)
7E NCBI [y E#47 Blastn JF 3 3047, 57R T KiE
JUT A LR 1 5 R 7E 22 5 BR /K7 b A LB 3k
95% , f54% K OcCHSI
2.2 wmHRLERLEREES OcCHS] mRNA Rk
2L

A IR AL 2 ¥4 v AR R MR A S X OcCHSI
mRNA HRIETER (B 3) : HrAeRgus ab B4 1Y
RT-PCR ¥ #4758 TXF BR4H ; SEAT7¢ 6 & PCR 45
R FRH OcCHSI B FEBIBHAERD T
1.02f%, Giit2esrthRAZE R B (P <0.05),
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Bl hAERRIe LT A e 1 2R (OcCHSI)
W7 cDNA J BEiO 45 5

Fig. 1 PCR amplification of the partial cDNA fragment of
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B-actin % ; i i B-actin B-actin AT

B4 FIF RT-PCR Al Real-time PCR AR ANRALE 1 (A), 2 (B) 13 #e(C) AR K& W5 LmCHS! ) mRNA ik

chitin synthase 1 gene (OcCHSI) from Oxya chinensis

GACGGGGACATAGACTTCCAACCTCATGCTGTTCATCTATTGGTTCACTTGATGAAGAAG
DGDTI DFOQ PHAUVHLTLTYHTLME K
AATAGAAATCTGGGAGCAGCATGTGGCCGCATTCACCCTGTTGGTTCTGGACCCATGGTG
N R NLGAA ACTGRTIHTPVG S GP MUV
TGGTATCARATGTTCGAGTATGCCATTGGACATTGGCTGCAGARAGCAACAGAACATATG
WYQMTFE VYA ATIGHTWTILOGQZ KA ATTEHM
ATCGGTTGTGTCCTCTGTAGCCCTGGATGTTTCTCTCTCT TCAGAGGGAAGTCACTTATG
I 6CVLCSZPGO CTFSTLTFETRGTZ KSTLHM
GATGATTGTGTGATGAACAAATATACAACACGATCAGAGGAAGCTCGACACTATGTGCAA
DDCVMNZEKTYTTT®RTSETEA ATRTIEHTYVQ
TACGACCAGGGC

Y D QG

B2 A RSIg LT B U 1 2R (OcCHSI)
cDNA ¥R B BRF 51 KA i) B EE R 75
Fig. 2 Nucleotide and deduced amino acid sequences of

the partial cDNA fragment of OcCHSI

A 3
a
-2
<
= 2
£ &
i £
'*S!%‘ b
®e
o]
X E
B2
0
CK Tr

B occhsi

B-actin

AbFE 2 Je A RRUEE B OcCHSI ) mRNA Rk
Fig. 3 Analysis of the effect of flufenoxuron on OcCHSI expression
in the 2nd instar nymphs by RT-PCR and Real-time PCR
A Real-time PCR %55 Real-time PCR results; B; RT-PCR %55 RT-
PCR results; CK: XfH8ZH Control; Tr; ZbFEZH Treatment. #: b A[w)5E
BRFRR X IR AL B 2 A B 22 57 (P <0.05, Student’s ¢-test) o
Different letters above bars mean significant difference between the

treatment and the control (P <0.05) using Student’s ¢-test.

2.3 SHRFEAELRT 5 LmCHS] mRNA &RiX

HE 4 AT, URARAGEE 1, 2 13 # AR K iE
#FHJE, LmCHSI ) mRNA K3k 5350 Xy B T
34% , 82% F189% , 2R B E(P<0.05), ZHF%E
B SR IR AT DL S 2 4R R AR R LT BT A B 1
F A mRNA &k,

Fig. 4 Analysis of the effect of flufenoxuron on LmCHSI expression in the 1st (A), 2nd (B) and 3rd (C) instar nymphs

by RT-PCR and Real-time PCR
A B, CH5IN1,2, 3 AT IR 45 5E A. B, C represent the results of the 1st, 2nd and 3rd instar nymphs, respectively; CK.: X HRZH
Control; Tr: ZbFEZH Treatment, H:_bA[FFRFRRX BAFMASHH Z H] A BE 257 (P <0.05, Student’s t-test) , Different letters above bars mean
significant difference between the treatment and the control (P <0.05) using Student’s ¢-test.



9 XUBEARAE : SR RN AR T IR R AR R a8 L T B i (R R Gk ) R 1043

3 Wit

SRR AR R W RS LT BT B 5 ) —
i, MR G HE B B BCEARMER (B M4,
2002) . ZAFRHGH FE W E MR LILT BRI
B, BT ERILHMAERE, LT B S
JLT R & W& B W & 4 B ( Merzendorfer and
Zimoch, 2003) , % F Ay ¥ 72 $E AR 7E 2 P IE R UK
FABGH HLEEFR &2 R . LT BUa BEe A
RAEXT B, PR T RE ARSI RIB TR FE SR I M
B, Fik, 8RB KR4 #R 5 R e AR ALK
BEE D FAHYFRRE R R, BARILT Ba s
RAHAR B TERE, SRR R, X — 1
KREEEREEE , TR AR R H —B5R
BE-N-Z Bt B A v & UL T B, 518 % 2 %
h, S E5ILT RERKWAF H
(Merzendorfer, 2006) ,

A SLG % DL AR RRE Sy AR, PR T BR HUIR
IR IR A LR 3 bR BB RIS L T A A il
FIHIVEFIROCR , % B0 98 AL IR o) e i ) B M4 A 0%
SR AbERLH Y P R R Z BHTSE T4, H
Xof i P AL o 4 R A B R R S e (G R AE R
2008) o KT N FKFHRWILT Bia BB EILT
FEE BAMHI P e, FRATTERE T AR RIS LT B
A g 1 B AR BT F (LmCHSIA 1 LmCHSIB)
4K 7% ( GenBank & 5543 %l & GU067730 1
GU067731) , IR RNA THEARR T HAY)
INRE, KRBT RIEJLT BA AUAE 1 2R 54 )
FRULH R0 R PRI XE TSR T A IR, 5 R iR Ak 38
BRI N AL, RNA T3 I JLT RA R
fif 1 BH 5 mRNA Rk 53R, LmCHSI (3R
EHINEl 80% 245 (Zhang et al., 2010 ), F:TFX
SRR AR, WATHRIRE : BURMRE BB
JUT Bia B R RIK? W RBULT BB E
s, BB RIS TR B

FATEF A B B YRR TR AR A e
RPEREIZE LT A R R RIA R T SZR
BRI R, Rk, FEABR S, #—P Tk
TR LT A R 1 EER M R B, s
i OcCHSI, Fi 1 mg/L fyH R IRZF LA 1, 2
13 IR RIS R 2 i AR AR L, S5 IR K
PR IR AT 2 25 4R e s UL T B A REE 1 R
mRNA ik, TR IREEEF RNA TH045

R, RAFARS RNA T BEARER- T b At Bz
WIS, (BN LB AR R, B
JRIFEAMEILT BLE A 1 59 mRNA Rk, T
BEREZERERRIX,

Tt 2 R R AL FENE BUE LT BT A U 1 R
) mRNA RIE SRS 4302 B FZE & 4Pk
o FARRGEILT BA B, ATREREULT K
AR 1 B2 R B mRNA SRR, X Fh
AL T A RS I BT 5T ( Zhang and Zhu,
2006 ) FIEE 4 J& XF PAS0 52 M (1) BF 5% vt 4 W25 3
(Korashy and El-Kadi, 2005) , Z T3 TA0LI %L
SRR ME TLT B A R 5 A8 A i B 5T ( Devine e
al., 2005) , M H ARG AL T B SRR
RiBJE, TRRESFBEILT HEREHITR, S2H
JUT Bi& BB R AR R, S fdiax AN i 5
BEHZERSMHZ B, ATTHRILT RYES &
B, SR HUE R B AR KT, IR E
MEMFETELS . JLT Bia B iR sh Rk FoAE %
BHEAFH TEEFEH#T, 85508 B3Rl
BIRRA AL, A BERILT Ba w50 m 38 4s K AR
FALHI SRR, 22 ARE
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