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Abgract In order to determine the combined dfectsdof migration and gene flow on evol ution of insecticide re-
ddance in the mosquito Culex pipiens, four samples were collected in China, anong which two were oollected
aong the railway from Beijing to Quangzhou. Bioassay data sowed tha the redgance levds of the four popula-
tions to dichlorvos were high and to parathion noderate as compared with the susceptible grain and there was o
dgnificant difference among the four populaions to the same organophogphate (OP) insecticide. Sarch dectro-
phores s was done to identify the frequency of known overproduced esterases and to andyze genetic diversity anong
various popul ations by dectrophoretic polymorphian of five presumably neutrd loci. The results indicated that the
gene flow between populations exi sed and the number of efective migrants (Nm) was related to collection geograr
phy (Nmfrom 1. 67 to 40. 07) . In contrag with lower genetic diff erentiation between two nearby populations (be-
tween GZ and ZS, ZZ and Q) and higher genetic differentiation between two digant populaions (between GZ
and Z2) , there was a dgnificant and incond gent difference in the digribution of red stance dlees, A2-B2 when
explaned only with active migration. This divergent Stuaion could be graightened out when congdering passve
migration (such as railway trangport) which increased the gpread of A2-B2 dong the railway , i.e. , in GZ and
ZZ. The resdance dldes, A2-B2, digersng to around areas by active migration suffered from the limitation of
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gene flow and the goeed of invason.
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1 INTRODUCTION

In the pad forty years, the wide use of organo-
phogphate (OP) insecticides to control agricultural
and public headth peds has been a powerful agent of
section in field population of many insect gecies
that have developed various degrees of res dance.

The super-locus Eder isone of two genome ar-
eas in Culex pipiens involved in organophophate
(OP) insecticide resgance (Lemormand e al.
1998) . This super-locusis composed of two loci on
chromooome |, ES-3 and Es-2, sparated by an
intergenic DNA fragment of 2 - 6 kb, and both loci
encode for detoxifying ederases which degrade or
equeger OPs before they reach their target (Rook-

Culex pipiens, gene flow , passve migrétion, genetic diverdty

er ¢ al. 1996). This over-production is the result
o two nonexcludve mechaniams: gene anplification
o oneor both loci , or gene regulation (Raynond et
al. 1998). In 1995, we darted to do me re
searches in the mechaniam of res gance to OPs and
the digribution of different res ¢ance alelesin Chi-
na(Qiao e a. 1995, 1998). In Culex pipiens,
four Eder dldes invwolved in resgance have been
described clearly in China (Liu e al. 2001, Qieo
e al. 1998, Weill et al. 2001) : three correpond
to the coanplification of both Ex-2 and E4-3 loci
(Eder2, Eder8, Eder9, encoding eserases A2
B2, A8B8, A9B9, regectivdy) , one corre-
gponds to the exclusve anyplification of Es-2 (Es
terB1, encoding eserase B1) . The resultsfrom two
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methods, darch gal dectrophoress and RALP, are
oonsgent (Liu e al. 2001, Qao e al. 1998,
Berticat e al. 2000) . It should be noted that these
four types of ederases can be discriminated in
darch ge dectrophores s under our experiment corr
ditions because they have didinct eectrophoretic
mohility (Weill e al. 2001) .

The dynamics of insecticide reddance dlees
in field populations is dependent on the classcd
evol utionary factors: mutation , migration , drift and
section. For the nosguito Culex pipiens, it has
been shown that mutation is a limiting factor (Ray-
mond et al. 1991) . In contrag , the role of migrar
tion in the evolution of resgance aldes seems inmr
portant , as illudrated by some reddance dldes
which have a unique orign and now have a wide
digribution (Raynond e al. 1991, Qao e al.
1995) . Resdance dleles are obvioudy advantar
geous in trested areas o that their frequencies in
creae with sdlection. However , in norrtrested ar-
eas or when ocontrol is scarce, resgance dldes are
a a disadvantage relative to susceptible ones
(Chevillon e al. 1995). Therefore, the balances
between postive and negative selection pressure,
migration and drift , mainly determine the loca dy
namcs of reddance dlees.

We chose four stesto oollect field Culex pipi-
ens populations where OP insecticides had been
widdly used: two were dong the railway , and the
other two were near the above two gStes regective
ly. Through the digribution of red gance alees and
differences anong field populations, we andyzed
the role of migration (active migration and pasdve
migration) and gene flow in the digpersa o reds
tance dlelesin Culex pipiens.

2 MATERIALS AND METHODS

2.1 Mosquito samples

Four breeding Steswere sanpled as eggrdts,
larvae and pupae from June to Augugt 2001 (Table
1). &Z and ZZ were oollected adong the railway
from Beijing to Guangzhou. SQ was near ZZ and ZS
near GZ. Partsd the larvae were immediately used
for bioassay. The res were reared in the |aboratory

until adult gage, and then deeply frozen for further
andyses. Every field population was about severa
thousands of larvee.

Table 1 Qllection locations of the Culex pipiens conplex
populations.

Population  (ode location (yearTI /r::)nth)
QJANGZHOU GZ N23.13 ,E113.29° 2001/5
ZHONGSHAN ZS N22.50° ,E113.4r° 2001/5
ZHENGZHOU ZZ N34.74 ,El13.65° 2001/8

SHANGDIU S0 N34.48° E115.58  2001/8
2.2 Bicasay

Bioassays were performed on 4th indar larvae
with dichlorvos and parathion as described by Ray-
mond et al. (1987). Bejing susceptible drain
(Bejings) , provided by the Inditute of Microbiol-
ogy Epidemiology, Academy of Military Medica
Siences, untreated by any insecticide for severa
decade generations, was used as control . Mortdity
data were andyzed with PROBIT siftware (verson
3.3) (Rasra e al. 1993).

2.3 Hectrophoresis

Presence or absence of highly active ederases
was determined on Snge nmosquito honogenates by
darch gd dectrophoressin TME 7. 4 bufer sysem
(Tris 0.1 mol/L , Malic anhydride 0. 1 mol /L , ED-
TA 0.01 nolL , Mgd; - 2H,O 0.01 nol/L) ac
oording to Pageur et al. (1988). In each gd ,
nosguitoes from grains with known overproduced
ederases were run as control : grain SH.AX with
ederases A2B2, TEBVFR with B1, MAO with A&
B8.

The dectrophoretic polymorphian of five enzy-
metic loci was gudied with garch gd dectrophore-
ds under TME 7.4 bufer sygem as described by
Pageur et al. (1988) : ME (Mdic enzyme, E.C.
1.1.1.40) , MDH1, MDH2 and MDH-3 (Mdae
dehydrogenase, E.C. 1.1.1.37) , GD (Qycerol-
3phogphate dehydrogenase, E. C. 1.1.1.8).
Srains used for dectrophoretic nohility reference
were the same as above.
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2.4 Satigics

Fgatidics was cdculated acoording to Weir
and Cockerham (1984) by the GENEPOP package
(verdon 3.1b) . The number of efective migrants
(Nm) was egimated by one method from Fgatigics
acoording to the equation

Nm= (1/FSTF1)/4 (Wright 1969) .

3 RESW TS

3.1 Larval Bicasay
Red dance of the four populations to two kinds

o OP inscticides, dichlorvos and parathion, was
dudied by bicassay , usng Beijing susceptible grain
as oontrol (Table 2) . They dl diplayed a high re-
dgtance to dichlorvos (RR from 29 to 21) , a mode-
rate but sgnificant red ¢ance to parathion (RR from
11to 7). Therewas no dgnificant difference among
the four populations in the two OP insecticide res s
tance , which indicated , a lead in part , the sdlec
tion caused by OP insecticides was gmilar anong
the four field populations.

Table 2 Insecticide-resgant levds o the four populaions of Culex pipiens conplex.

Insecticide Code N Yope (+ SE) LCso (mg/L) RR
Dichlorovos Beijing s 75 4.91+0.1% 101. 833 1. 000
(€74 83 1.68+0.133 2980. 306 29. 267
ZS 96 2.29+0.033 2181. 929 21. 427
zz 78 3.29+0.248 2684. 211 26. 359
N 91 2.90£0.200 2369. 921 23.273
Parathion Beijing s 79 1.45+0.077 0.345 1.000
& 75 0.13£0.008 3.744 10. 852
ZS 75 0.13+0.008 4. 004 11. 606
zz 87 0.19£0.015 2.874 8.330
S9) 77 0.17 +0.010 2.621 7.597

3.2 Overproduced eserases

Hectrophoretic dudies reveded the presence
o overproduced ederaxesB1, A2B2, A8&BS8, A9
B9, but their frequencies and activity were diff erent
from each other (Figure 1 and Table 3) .

Highly active B1 presented in ZZ and SQ, but
the frequency of B1 was diginct between them.
Moderately active B1 occurred in GZ and ZS d
with different frequency.

The asociated ederases A8-B8 were observed
in al samples a high frequencies and their activity
is higher in ZZ and Q thanin GZ and ZS. The as
ciated ederases A9-B9 gopeared in ZZ and Q at
low but dgnificant frequencies and in GZ and ZS a
high frequencies. The asociated ederases A2B2
were found in ZZ and G&Z a dmilar and high fre
guencies, but not observed in ZS and Q.

Table 3 The frequencies of over-produced non- gecific ederases anong the four populaions.

Populations Sanple sze Ederase B1 Ederases A2-B2 Ederases AG-B8  Ederases AS-B9
&’ 107 21.36 % 34.95% 53.40 % 63. 11 %
zZS 838 4.45% 0 53. 40 % 47. 47 %
zz A 48.94 % 46. 81 % 48.94 % 5.32%
S9) 50 20.00 % 0 66. 00 % 16.00 %

* gted from Zhang e al. 2003.
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GZ population

LZ population

SO popnlistuor

Fig.3 Hectrophoreds patterns o over-produced ederasesin Culex pipiens populations.
No.1B1 (TEV-R) ; No.2 A2-B2 (SH.AX) ; No.3 A8B8 (MAO) ; No.4 A9-B9.

3.3 Inscticide non-sdected genes

Anong the 5 presumably neutral enzymetic loci
invedigated , al presented polymorphian and were
used to andyze the population differentiation. Int
portantance of genetic exchange between popul ations
was edimated by computing the F& parameter ac
cording to Weir and Gockerham, deriving from it
the number of efective migrants (Nm) (Table 4) .
Fg ranged from 0. 1307 to 0. 0062 (Nm from 1. 67
to 40.07) . These results indicated that the differ-
entiation among popul ations exi ged sgnificantly and
the gene flow was limited by geogrephy. The high
et Nm exiged between GZ and ZS (Nm=40.07) ,
the second highes Nm between ZZ and Q (Nm =
12.51).

Table 4 Matrix of the F& values when tegting genetic dif -
ferentiation (below diagond) and the number of dfective
migrants (Nm) (above diagpna) codficients anmong popu-
lations.

Populations & ZS 2z N
& — 40. 07 4.74 2.81
ZS 0. 0062 — 2.21 1.67
zz 0. 0501 0.1017 — 12.51
S9) 0.0816 0.1307 0.0196 —

3.4 Comparison between ederase didribution
and genetic differentiation

The genetic differentiation was low between
two nearby populations, &Z and ZS, ZZ and Q,
regectively,, but the digribution of overproduced
ederaees A2-B2 was incond gent with it. The eder-
asesA2-B2 exided in &Z and ZZ a high frequen-
cies, but in ZS and SQ, no A2B2 were disow
ered. This divergent dtuation could not be ex
plained reasonably only with flight migration (active
migration) because the hioassays showed no sgnifi-
cant difference corrdated with the intendty of in
ecticide uses to various populations, and in flight
migration the digribution of sdlected genes (ress
tant aleles) and ronsdected genes ( neutra
genes) should be dmilar. This corflict could be ex
plained if the passve migration (such as ralway
trangoort) was taken into acoount to increase thein
tendty of genetic exchange between &Z and ZZ.
The flight migration was the main pattern of gene
flow between ZZ and SQ or GZ and ZS.

It is probable that severa generations are
needed for a neutra gene from one location to an-
other. For a sHected gene, the number of genera
tions is certainly shorter if OP insecticide treatment
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iswidegread , because this treatment will rgpidly
increase the resdant dlee frequency in each new
dte, and such increases its chance to become afu
ture colonizing popul ation.

4 DISCUSSION

Mosguito Culex pipiens populations have de
veloped resgance to OP insecticides (dichlorvos
and parathion) in the nog areas of China. Four
non ecific eserase alees (encoding for eserases
B1, A2B2, A&B8, A9B9, regectively) known
corferring red sance to OPs were described clearly.
Overdl , ederaxe frequencies and reggance radio
are correlated postively with the intengty of i nsecti-
cide goplication.

The heterogeneous di gribution of A2B2 within
the 4 populations could indicate a recent introduc
tion or a heterogeneous selection. The bioassays did
not sow ggnificant differentiation to the same i
secticide anong these populations. In 1995, A2B2
were observed in GZ a a lower frequency than the
present data and not observed in Wuhan which was
localized between ZZ and GZ and adong the railway
from Beijing to Quangzhou (Sun e al. 2000) . The
heterogeneous didribution of A2B2 is probably
trangtory , as extendve gene flow at this geogrgphi-
ca scadewill bring theminto al treated areas rapic
ly. The equilibrium frequencies depend on the va-

ue of thar fitness cod. Thisd o fitsfor AGB8 and
B1.

CGenetic differentiation (measured by Fg) be
tween populations sgnificantly increasng with their
geogrgphic podtion was in agreement with iolation
by digance. However , there was a0 a dgnificant
decrea=e in differentiation between popul ations when
treffic increased , indicating the railway could play
an important role in nosquito passve mgration. In
addition, there were direct and indirect evidences
d large-scale migration of this mosquito by passve
trangoortation (Chevillon & al. 1995, Padeur et
al. 1995) , and the presence of femaeswith A2B2
in outhern France had been documented (Rivet et
al. 1993).

It is unlikely that the present gtuation will

provide a g4rong and opposte sdection pressure to
adjacent areas © as to lead to a Peciation event ,
due to the high gene flow between these popula
tions. It is perhaps a generd conclugon for insect
res gance that mosguitoes diglay a big propendty
to maintain a high gene flow levd with extremely
large populations. Clearly , migration can not be ig
nored as a driving force in sudying and monitoring
the insecticide-treated populaions of the Culex pip-
iers.
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