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Effects of selection by several insecticides on resistance levels and kdr

allele frequency of housefly, Musca domestica (Diptera: Muscidae )
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Abstract: The high-level resistant strain ( Cyh-R) of Musca domestica to cyhalothrin was selected by
using deltamethrin and pirimiphos-methyl to study the effects of several insecticides on Cyh-R housefly
strain and explore the methods of housefly resistance management. The knockdown resistance ( kdr)
allele frequencies of these housefly strains were detected with PCR amplification of specific allele
(PASA) technology in order to study the relationship of kdr allele frequency and resistance level. The
results showed that the toxicity of cyhalothrin to Cyh-R strain after selection with pirimiphos-methyl
tended to decline. The LD, value dropped from 2. 8434 j.g/housefly in Fyto 0.4404 g/housefly in Fy
However, the toxicity of cyhalothrin to Cyh-R strain after selected with deltamethrin tended to rise. The
LDy, value increased from 2. 8434 pg/housefly in Fyto 24.3249 pg/housefly in F,; These results suggest
that the high-level resistance of housefly strain to cyhalothrin could decline with the application of
organophosphate pesticide or without insecticides, while increase with the application of pyrethroids. The
results of PASA showed that kdr allele frequency of Cyh-R strain was 88.8% . The kdr allele frequency
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decreased to 69. 7% without insecticide selection and 78. 8% after pirimiphos-methyl selection,

respectively, while increased greatly after deltamethrin selection, amounting to 98. 9% . The results

further indicate that there is a positive correlation between kdr allele frequency and LD, value of

cyhalothrin.
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20 22 80 AEAA LI, #UABR He A R I Ak R 7E 3R
)z N T PAEE RGBS R A SRR
RSN T A B R B VA R R i, B AW
ZH X HRIE MR Musca domestica R FEBE AR

BAHUBR HUBE IR AR BRI A T B2, A Ll X EE
ZEWEIM. TER, BRSMEE SR EGEIREA
e FH A HFR) A 7 L R R 0 T Y EE R 2 —
(Georghiou, 1986 ; Z=HA R FIFK 734K ,1990) . 7EE A5
SR E PR ALER N A B A A WES T —E
FEZEHTHERIVE I (B ICH 55 ,1995) 6

WHoT R I B SN AR B A a2 SR bt &
B & 8 T ¥ ( knockdown resistance, kdr ),
Farnham (1973 ) &3 kdr & R 7E 2 W XT $01 B AL 26 R
Ryt RAHEEEM, T para BIPHE FE1E
Vsscl ZE( |1 LI014F (RERBIE N AR ) =48
BB M A 26 ( Williamson et al., 1996) , kdr &
PRI AT LAAE Ry 2 4O e B4 T 7 A B i — 20
Fric, 3 WS kdr S50 B R B B R RUARR, /T LA T
fEDUIE B R TERD BRI AL 250 h BPIR S

HIbeHgSE (2004 ) F1 Cao 45:(2006) 7 F R P45
i FE: A PCR §71% (PCR amplification of specific allele,
PASA) J5 ¥R R AL I ISR S 1 i X 4 8 ANHF Ah Al
FEGKUR hdr [R5 XHVREUAH TR 1 A 0 T e 45 2R
Z I FATASR S BUE A R B, BB B A
KRR, UL kdr BT RAEFE AR BE b AT AVE Ry
HFPHEX R R BR DU B I TE R

SRR TE L BR R A BRI AR HGRE B R i HL
PR a1 ARAUR HUAE BRI 3R] -5 A A% 5]
I H UM, VB AESC T = A FIVR A BR X U 2R
FIRHAT T BAIETE , [F) (R v nE B AR 28

EXT R B = BUE R AT T BRI, Rk
—B RV kdr ZERRR S PR Z BRI R, LR
iR kdr S5 7B R 38 4% S5 M R AR, 45 SCR A
PASA R, X 2 1R 5056 Tk 7 18 i BURR i R K MR AN 2
FH LW IE B | TR BH BRI 18 LA B AS FH A% L 30 0 1 A 4
RRSBE R PUTE S R FMEHEAT hdr FERATFR BRI
7 30 R 5 s 2R 2 A o YR 0 3 T R SR R B TR B
PR, HIEGR R 7= A DL S g vk i6 24
HEHIBARYE .

1 ##ITTE

1.1 kiR

Lab-S Z2 0 i 72 A 55 96 % 1) 3 1) 28 MR 08
%o CAS-S F1 Cyh-R i R 5354 M b E R B -1
A BT B AR ) A B A A5 TS | 4 ) SR L
B R FERE S ST R
1.2 i A R AL

F L W WE W (90% JF24) Hh 8 e 18 ) Ak TR A3y
A PBRA R 4R ; TR AEER (98. 2% JF2) M A
BE(95.1% J525) g m E R EF R =g, W
i, < BE o> %) 8 B 7 o A 4. 1wl B8 W A%
(Eppendorf AG, Germany) , ¥ % #/E & (BioQUTP,
%) , PCR X F1H Yk 8 ( Bio-RAD, USA)  %£4h
4% ( Bio-RAD, Italy) ,
1.3 mERARMNIGE

FH VAR VR A T PP e s i 9 DA B R
BRPC I U TR vk BE o A4 1R TR A B e 55 8 v, 1)
B2 mL R 259 , B B 0L A 58 2o SR 7
FHBMEERES, RN 50% 5% i o o 481 i, B )
FRIE , I % AT 24 B B AR 5% 8 BT A ), 224
FRAR =GR PIL S B S 08 B R T — AR, AR R R A T
2yiivE . FHIRAE TR X Lab-S 5 R 1T LL T ik,
i 10 ARG B i R E 24 R BUR (MX) & & 5 FHIRE
SR F B MR NER 23 ) % Cyh-R HEAT M L %, RS
AL AR 8 IR R SE BRI LD, , Fi v LA R g
BERETH L 6 RIFH M REL FHH (Z)) MR, IR
BAERTE 8 G M REZLNPR(ZX) iR, A
FMEAT 25808 E R SE 8 UG REL NP
(ZS) i %o
1.4 FXHFFHNUE

FH VR B K % SRR BC 1 10 g/ Wl BIRRIR, 7%
—E e BIRR R U R MR BE R BE . B3 ~5 H iR AlLIA
FA BRI L A-FD 22 9 20 5 K BER B 1) 2 M 1 72 1
L, PRIBUKER . B L L 253550, T M HL A T AR
b TR, B 20 ~25 3k, AR 2 ~
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34,35 ~7 AR, W2 HEAMEXT R, X B2
VIR . SRR P AR 0. 1% 8 2 WE i K A 3K, 0 0
AR, WEE 24 h JFIFET- R, BAEA log & -
FET- ML ZFRAE 1 28 5 ¥ ( Finney, 1971; Raymond et
al. ,1993) . HUHEREECH EF AR LD, 5 BURFH B
LD, [ UAE
1.5 PASA X&) kdr B E R

% 08 Jamroz 25 (1998) Fl Zhang %5 (1999) J5 1
IR AU, RS PASA JEE#E4T B PCR
RS R HEFP B kdr LR AL, TR L
5|4k 5'-CTGGAATTTCACCGACTTC-3', T ii#5| ¥
& 5'-GCAAAGCTAAGAAAAGATTAAGA-3', PCR
P B 24 BN 30 WL, 40 454 DNA 80 ~
100 ng, pH 8. 3,14 mmol/L Tris-HCl, 70 mmol/L
KCl, 4. 5 mmol/L MgCl,, 0. 15 mmol/L dNTP #0
0.67U TaKaRa rTaq, PCR ¥ {4k 55142k 96°C

WiAS 4 2 min, 94°C A5 50 s,60°CiE 2k 1 min,72°C
FEfR 1 min, 3t 36 MR, HAES 2 4> PCR 2R H
HIEARES ] A2 5 min, 1. 2% 35 Bob B Je H WK
Ky 5474, Yk G Wi TAE Sl FLUK ™
WAIR CEER 0I5 R SNBUR R G AT WL BRAH
1.6 HiRSH

Fi SAS6. 12 B FRBBHTIE D R hdr ZEPRSHR
SUBR A BEU K AT 5 BE 47

2 HZRE5HM

2.1 MX REMNREFESHUEER

TR B T X 5K 8 Lab-S 5 R P AT L2 1 10
A 16 X5, H LD B #1439 0. 0007 pg/ @ 4
] EFHZE 0.0052 F10. 0238 pe/ @, PiikEEen5l
FFT7.43F133.96 £Z(F£ 1),

&1 REFHEEY Lab-S F1 MX RENBHNEL R
Tablel The toxicity of deltamethrin to Lab-S strain and MX strain of Musca domestica

AR LDs, 95% &5 kR ERei .
Generation (ue/ 2) 95%CL (pg/ 2) yEarhs Resistance ratio
Lab-S(Fy) 0.0007 0. 0008 —0.0006 y=18.9258 + 1. 8984« 1.00
MX(Fyo) 0.0052 0.0062 ~0. 0044 y=12.4825 + 1. 4226 7.43
MX(Fiq) 0.0238 0.0291 ~0.0194 y=9.6967 +1.2560x 33.96

* PUHEREEL = ik /e LDso/ ik AT LDsy ; FIRlo Resistance ratio = LDy after selection/ LDs, before selection; The same below.

2.2 HEBEBEFREFIE Cyh-R KRN
[fipris

FH R S e w R A E X Cyh-R fh RifFATiE
SEifik , B AR E IR A B EE LDy fH. 45 BR,
2 H B mEnERE 8 AU )5 , Cyh-R i R LDs, B
2.8434 pg/ @ TR 0.4404 pg/ Q@ Btk /K BT
Z 0. 15 £, #F— iyt A B I R 54
Bis o & 16 AR J5, Cyh-R & R B LDy, fH
2.8434 pg/ 9 Tk 24.3429 e/ @ Ptk F
FJFORM8.55 f5(F£2) . VA LRI, AR
HFIA] AR Cyh-R 5 R SR A S ER i 21, A
HE—25 (8 R AT BT e 3G I HC % S S AU BR i L 2
P TR R G R 25 77 W 2 42 5 Cyh-R 5 R X0 SR
BRI
2.3 PASA FZEKWARERR kdr EAEEE

DLURRS) &R Lab-S 1 CAS-S R HAb P25 i &
k1 DNA 545, #% FR AL PCR 1A R B 444, K
W BURSE ST (SS) Jkdr Hitk 2 & F (RS) F kdr

Pitkaia T (RR) (B 1),

SS RS RR

Maker Al A2 Al A2 Al A2

bp

381
257

1 PASA J5 ¥k G MBHUR T Z AR S MR Aol L st
BF(SS) hdr HLHEAETF (RS) K kdr HLtELiA T (RR) MA
Fig. 1 Susceptible homozygote (SS), kdr heterozygote (RS) and
kdr resistant homozygote (RR) detected from susceptible strain
and field population of Musca domestica respectively by PASA method
Marker: DNA /3 TR #5#E DNA molecular weight marker; A1 : &% (7
F RN 514 Susceptible allele specific primer; A2 : k45 {7 %t
R4 5 54 Resistant allele specific primer; 381 bp y3E4F Fpk4b
Ty 347,257 bp N RAE NG WY 381 bp PCR product
was amplified with non-specific primer and 257 bp PCR product was

amplified with non-specific primer.

i PASA 45 I BEHLIAIEY 263 Sk M~k [H
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BG4S R (£ 3) XYW, ZEHURS R Lab-S Al
CAS-S Fl MX(Fy,) i Z& o R A B UK 46 & F SS,
Cyh-R fh R I kdr HUPERER 573y 88. 80% , 4 FH B
WENERE 6 IUIHVEIT , Z) 5 R kdr B3 R AT R

o 78.80% ; IR A 8 FUE/G , ZX & R Y kdr
DUPEEE PRSI 1T+ 98. 90% ; i AN ZAE ] 2% HL 5
EiR IR 8 UG, ZS M BRI hdr JitE BRI FE R
69.70%

*2 SREFHENPEBEHTIREHERFEN Cyh-R REANFHUE
Table 2 The toxicity of cyhalothrin to the Cyh-R strains selected by pirimiphos-methyl and deltamethrin
P S B i HRRAN D0 e et WA SURIAE Dso e e
Selected by pirimiphos-methyl ~ CTPAORIN g stance ratio Selected by deltamethrin Cyhalothrin =1 - istance ratio
(pg/housefly) (pg/housefly)
Fo 2.8434 1.00 F, 2.8434 1.00
F, 2.6220 0.92 F, 2.4103 0.85
F, 0.5579 0.20 F, 1. 0991 0.39
Fe 0.6201 0.22 Fq 4.0882 1.44
Fq 0.4404 0.15 Fio 12.9881 4.57
Fi, 0.8180 0.29 Fyy 16.3745 5.76
Fiy 1.7829 0.63 Fig 24.3249 8.55
Fig 1.5510 0.55 Fig 1.9653 0.69
*3 AERBMF kdr SOrEE TR R EFBHE
Table 3 kdr-allele frequency and genotype frequency of different strains of Musca domestica
RS 2 Bk 2t RS E T (SS) AT (RS) PSS T (RR)
FBEE  AMEE P 3% (% ) B3R (% ) Susceptible homozygote Heterozygote Resistant homozygote
Strain Number Susceptible allele  Resistant allele AMEE BR(%) AMEE SR(%) BB SRR(%)
frequency frequency Individuals Frequency  Individuals Frequency  Individuals Frequency
Lab-S(F,) 30 100 0 30 100 0 0 0 0
CAS-S 30 100 0 30 100 0 0 0 0
Cyh-R 40 11.20 88.80 2 5 5 12.50 33 82.50
MX(Fy) 40 100 0 40 100 0 0 0 0
ZJ(Fq) 40 22.20 78.80 2 5 13 32.50 25 62.50
ZX(Fy) 45 1.10 98.90 0 0 1 2.200 44 97.80
ZS(Fg) 38 30.30 69.70 5 13.20 13 34.20 20 52.60

HURG A FEPIIF R (S) % = [ (SS MEH x2 + RS MES) x % / BAMEE] x100% Susceptible allele frequency(S) % = [ ( Number of SS flies x 2
+ Number of RS flies) x % /Total number of flies assayed ] x 100% ; Hi it Z A FE IR (R) % = [ (SS MEEL x2 + RS ME%L) x % / BAMERE]
x100% Resistant allele frequency(S)% = [ ( Number of RR flies x2 + Number of RS flies) x % /Total number of flies assayed ] x 100%

2.3 LDy5 kdr EENEEXSH

M CAS-S,Cyh-R,Z),ZX F1 ZS 5 ZXH A w83
B S GE 45 SR e kdr R R A5 RKF,
LD, {EL 155 H i R kdr SRR AR, SAS6. 12 X — 3%
Z B AHOC 5 BH O R 7 B R B, kdr 45 137 5 R A
F(R%) 5FHFBHEEN LDy, 2EXHAH X KR,
R*=0.9690,P =0.0020 <0.05([& 2),

3 Wit

i FTR AR AE BE X Lab-S 5UaRk i 28 SR HEA T 75 1E
Ja ,10 AXAN 16 APt E 5 LI T 7 A5H135.6
5%, TAE MX i R R R 2 kdr GivkHER , Ui IR
WAL A pTE , IF AR P B RS, 2
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y=0.1422In(x) + 0.7608
R* =0.969

20

kdrBERHE S (R%)
kdr allele frequency
'
(=]

0 0..5 1 1..5 2 2..5 3 3..5 4 4..5
A HMA S BEELD 5 (ng/housefly)
Cyhalothrin LDs,
2 Cyh-S,Cyh-R,ZJ,ZX 1 ZS R i)
kdr 2 PRBTAR K RIRTAG B LDy fE B AR 15 56 &
Fig.2 Relationship between kdr allele (R) frequency of Cyh-S,
Cyh-R, ZJ, ZX and ZS strains and the LDy, value of cyhalothrin

SYUHEE R Al gE R I . AR S B R R, B
FEAEA R A SRR (SRAG R ) I BERRAE AT, R EAL
PR R AR AR, HA YPER 28840 &%)
AR T 18 000 FFHHTIER L 2 ZEF A 5E
FSVEHFAE (Shono et al. , 2000) , % fils 2 R WYL 1k
T R B AR AT 59 ARG, ELECTORE A PASO 52
SRS 3 4%, UL P450 (8 itk BTt
FEEFH 7 BeigaF (2004) RIBESE B, b
HUHLIX B SRR IR RS BRI L 2 T AR R
PR T P35

A% HUFR) B 58 T BB AE SR HT LA 7= A, 2 R itk
FEAEATEAR BFAFEARF T “ BRI BEAL” S5 R,
TOUERR G545 E 5 HEBE—E, fril—H
A BGRB8 5 , B A ) AR B o7 P 2 L
SRR, DRI 7E 4 2 TR 72 o A v B R A BT
T ASLI I H M REBEXT Cyh-R 4 R (SRR
SRR AL R ) BEATEESE L 6 14, & B Cyh-R
il 2R W B L P R BT I B I B T FG 0. 22 £,
kdr GUPEFER AR iy 88. 8% [44 78.8% o T HEFHIR
WA X Cyh-R i R AT EE S04 1% 8 14, Cyh-R
R MBI UIE RS BN T R R RTAY 1. 44 £, K
kdr Bt P R 35 R i JRUOR 9 88. 8% L T
98.9% . X 5 Z HI K BT L 45 R AT, B & R
(1990) Hig i % FI A% B30 L 2 A A (R4 R BIL ) B4 28
7, EHR B UMY 2555] , 33X 2 R R [R) 6 2875 14
EAEDUPEDLE AT REAR R (BRARAEM ) , 5= AR IER E.
Ptk AL, RS R BT Z 6 77
T3 RIS EAR T, W 24555 6] B i 8 5 T o e o
REEARR 5 T P TR A R 5 R R B Z (R A7 72K IE
SZE AR, W25 50 0 5 0 PR S Ht e R T, 45

REEAI(1990) BV SAHRF, R T A VLB
B IR BE BRI 24 R 48 4 ] T 2 MR 0L Bk A S5 R 24 1
SRR TS

TP R MR IR R A ER P — N E 2
B, Valles 45 (2003 ) 5@ i BF 55 & BE 7 = /)N Wik
Blattella germanica SE35BEPLIE N B kdr B[R JH R
SHEYUHERIRRE A, i — 5 i K bk
kdr BRARS HPIHERIRI KR R . A CAS-S,
Cyh-R,ZJ,ZX F1 ZS fi Z W9 R A e 2 70 I 7 45
REGH kdr BRI Z [0 FEAT ARV, 45 R B
IR ZAAFTEE M BRI R, Bk 5 R A
I 2R, LD (R AR 5 , iX— 45 SR 3L H , PASA
TR HUHERRE BEA T UM PR R AG T 7 A R B
AT DAAE Ay o SRR A X SRR A ER DR B Y
Er=g IS

REHEGUHE L ST B P R R ER e 5 R XK
e X DA R SR AE ER A B, B B b e e R S AR 1T
L&A X Bl TALEEELH ML 74
W2 DR ST SRR kdr LIRS Hu i SR 5%
R, VB HTER R R AR RS, UMEE L
Mg A% H B B R, DRI X 2 R B o AT BB AR
TER AT LS M AR FATIRAR T AR . i
TREERHHER B ZMILH S 50, £ LB TES,
PASA Kl AR TR SE G AN E k46
A, A R 2 IEF IR T @HiE R E KR
AL R FE R LR A2 AR O
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