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A population genctie analysis of gene Tow was conducted among 10 Aedes aegypi collections Trom

seven ciies along the northeastern const of Mexico, Four collechions were made from Mongerrey (o exanune lognl
patlerns of pene ow, Markers included 60 random amplified polymorphic DNA (RAPD) leci amphificd by the
prolymerase chan reaction and single strand conformation poly morphism analvsis of vacation inog 387 -basepair regaon
ol e NADH dehydrogenise subunit 4 from the mitochondnal DNA (muDNA ) Seven mitochondeial haplionypes were
detected and phylogenetic analvsis identificd two well-supported cliddes. Regression analysis of geographic distances
wnd parrwise Fooestimted from RAPD markers indicated that populations are isolated by distanee and fal Trge gewe
Mo oecurs amony collections within 90250 Km. Isolation by distance was pot detected using mtDNA haploty pes
The Muevo Laredo collection bad umigue RAPD and muDNA baplotype frequencies and redoced heterosyposaty
supgesting that lew mosquitoes established thes population

The mosquito Aedey aegyvpn s the promary urban veclor
ol dengue and yellow fever viruses, Serotypes -4 ol dengue
virns e o migor public health problem for many tropical
repions of the world and thonsands of cases of dengue Tever
and dengue hemorrhagie fever are reponed worldwide an
nally. ' Understanding the dispersal panterns of the vecior
e amportant for the development of effective confrol strl-
CRTEs,

Aedes aegypnl dispersal occurs through adull fight' and
throwgh tmnspon of eggs, larvae, and adults in contamers
(g, discarded bottles, cans, applinnces, tires, and cargo con-
Bviners ) ulong commerce routes.” Early population genctics
work defined genetic relationships  throughout the world-
wide range of Ae. aegypn™ ' while more recent studies have
focused on local patterns of dispersal ? o

Contral stralegics for Av eegypri during urban outbreaks
of dengue fever or yellow fever have assumed thal mosgui-
toes have a lifeume flight range of 50100 meters” and this
betic has dictated focal applications of msectiicides 1o dis-
rupl ransmission. However., dispersal distances up o 3%0
meters were observed in the southeastern United States us-
ing genctically marked strains. Fufhermore, Ae aegypn
distributes its eggs among several oviposition sites,” and 1
has been proposcd that dispersal may be driven by the search
tor oviposition siles, " Adults were fed blood containing
riubidium, released from a central location in San Juan,
Pucrto Rico, and for several davs cees were collected in
avipasiion traps surrounding the release point® Eggs con-
Lrining rubidiom were derecied within g Jeast 840 meters
from the rclease site. However, more recent mmark-release-
recapiure studivs have shown that dispersal rates and dis-
tances are inversely correlated with the abundance of ovi-
position sites, " All of these studics warmn thal campaigns to
reduce Aeo aegypdd Tarval sites during dengue epidemics
could have the undesirable effect of increasing the dispersal
ol imfected feimales

The resuhs of early isozyme studies showed that Ae. ae-
gt collections cluster with respect o continents and spe-
cihe gountries” ' Ths thal gene fow
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among  populations decrenses with increasing  gpeopraphic
distances, a pattern relerred w8 isalation by distaonee in
population genetics. However, the minimal geogiuphic dis
tance at which gene low in Ae. aegypn becomes limited has
ver o be determined. Only two studies, both conducted in
Pucrto Rico, have examined local patterns ol gene [low
Aeaegyvord. Examinanon of allodyme frequencies ot | iso-
syme loct among collections covering — UK kin andicale
contnuous gene Qow™ A similar cesalt wus obtained when
examimng variation at 57 random amplified polymorphic
DMA (RAPD) markers,

Im the present study, we examined local pattemns of gene
flow in Ae. aegypt ol an expanded geographic scale by per
formung o nested spatial analysis of gene flow over o dis
tance of 735 km among citics along the northeastern coasi
of Mexico (Figure 1), Gene low was also examined among
four collections within 45-70 km of ane another in Monter-
rey lo determine if the high rates of gene flow detected in
Puerno Bico also oceur in Mexico, As in our earlier studies,
genetic vanation was examined in no fevwer than &0 idivid-
uals! ! Genetic vanation was examined at 60 RAPD loci and
in the mitechondrusl gepome using single strand contorma-
tnon polymorphism (S5CP) analysis. We analvzed two mea-
sures of gene (low in the current study: the effective migra-
tion rate (AMm) and the variance effective population s
(Ne), M is defined as the number of migrating reproductive
individuals among populations. In thedry, an Mme -~ | i3 sul-
ficient o malntain continuous gene Aow among populitions,
Ne 1= measured as a change in the variance of allele fre-
quencies among populations and is defined as the harmonic
average of the ssccessfully reproducing adult population
OVEr & umi argn,

Analysis of the mitochondrial genome was included be-
capse of the high mutation rtes observed in BAPD mark
A high mutation mate i RAPDs 1« problematic (or
population genetic studies because frequent point mutations
are likely to cavse the independent gain or loss of RAPD
bands in different populations. The RAPDN can therelon
underestimate genetic distapces and overestimate rates of
gone flow.

orst
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Mitochondrial DNA (miDNA)Y is maternally inherited and
docs nol recombine.” When sequence data are collected,
these properues allow for phylogenetic anglysis of matemal
lineages. In addition, patterns of varation in mIDNA hap-
lotype frequencics can be used 1o estimate rates of gene fow
among populations. For these reasons, miDNA has been
used in swudies of phylogenctce relationships amoeng and
within the four species of the Anopheles guadrimacidans
camples®, among populations of An. aqiusalis, An. rangelt,
An, trikae, An. nopeziovard, 5 and An. albimames,” and
among and within the Afncan malaria vectors An. gambiae
and Ar. groabiensis T

This is the first study 10 ase mIDNA 10 study patterns of
gene flow ina culicine mosguio. Following earlier studies
of mIDNA in our laboratory™, we used S5CP analysis' as
a gquick, sensitive, and inespensive means 1o screen for var
iativn among mitochondrial genes amplified from individual
mosguitoes. We then sequenced the most common haplo-
types to test the sensitivity and reproducibility of the S5CP
technique and w gather data with which to assess phyloge-
netie relationships among haploty pes,

MATERIALS AND METHUDS

Mosguite collections and extraction of DNA, The lo-
eutions and sample sizes of de. aegyvpn larvae collecied n
cach-city are histed in Table | and the geographic locanons
al all sampling sites are shown in Figure | Collecuions were
abtained from four regions ol Monterrey, This design al-

lovwed us 1o analyze gene flow o two levels: among collec-

Mup of the nanheastern coas of Mexioo showing the locations of Aedes acgvpn collections

tions within a city and among cities, Mosquito lorvae were
reared (o adults in the luboratory und adults were then stored
al = TFC pwaiting analysis, The DNA was obiuined from
individual mosquitoes by salt extrnction” and suspended in
500 wl of TE buffer (10 mM Tris-HCL, 1 mM EDTA pH
2. The DNA was diiaded mto 5-100-pl aliguats and
stoved at —T7(0FC

Random amplified polymorphic DNA-polymerase
chain (PCR) reaction. The RAPD-PCR was compleed in
S0-pl reaction volumes using 1 pl of emplate DNA Y Am-
plification was completed ina PTC-100 thermal cyveler (Ml
Research, Inc.. Watertown, MA) Bach sel of PCRs was
checked for contamination using a negative cantrol (all re-
agents included except template DNA), All PCR produgis in
a-set of amplifications were discarded when any DNA ap-
peared mthe negative contral, Oligonueleatide primers were
C13 and Clé (Operon Technologies, Inc., Alameda, (CA)
and RI12 (5°-TCG GTC ATA G-3"yand B22 (3'-GAT CAT
AGC C-3") (Nucleic Acid Unity ar the Centro de Investi-
gacion ¥ Estudios Avanzados de Instiluto Politcenico Ma-
wional), Amplified products were  size-fractionated  using
clectrophoresis an large (38 = 50 cm), thin (0.4 mm), glyc-
eral (T9%), polvacrylamide (5%, 0.2% cross-linking) gels.
Electrophoresis proceeded at constant voliage (350 V)
reom emperature for 16 hre (overmight), and the gels were
silver stained™ o visualize DNA  lmpgments. Sharktooth
combs (4 mm) were used o load 5.6 pl of sample,

Mitochondrinl gene amplification, Primers used o am
phify the NADH dehydrogenase subunit o (NI gene were
NDd = (5-GTD YAT TTA TGA TTR CCT AA-3') and
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The ksotions, dates of collections, global positiommye system coordinates, and sample aiees of deade's aegvpnt collections in the wortheasierm

coast ol Mexico
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NG (5-CTT €GR OTT CCW ADW CGT TC-3°) The
tubes wiere hented W 95°C for 5 mm and cooled o 30°C
price 1o the addition of | uai of Fag DNA polymerase. The
program consisted of [0 eveles of | oo 92°C, 1 man at
4890, and 2 man ol T2°C. This wis Tollowed by 32 oyvecles
of 1 omin ab 9270, 35 see w0 52°C, and 2 min w0 72°C. A final
exlension reaction was carmied out for 7 min a 72°C and the
samples were then cooled overnight @ 4°C, Negative con-
trols were s desenbed above Tor RAPDS,

The winplified regions comespond with nucleotidies 8457-
BAA0 i A greaclrimacafating {GenBank #L04272) und nu-
clentides B406-8,854 in An, gambioe (GenBank #1L.20934)
The PCR prodoct (65wl of 50 0l was mized with 3.5 gl
of loading butfTer (10 mM NaOH, 95% formumde, 0.05%
bromophenol bloe, and 0.05% sylene cyanol), centnifuged,
and heated 1o 95°C for 4 min on & thermal eyeler It was
then plunged divectly into ice and all contents were loaded
directly onta an SSCP gel. Electrophoresis conditions were
as described above for RAPDs except that the gel comained
4% glyecrol

DNA sequences. The ND4 PCR products from 27 indi-
vidoals representing each of the seven haplotvpes were se-
gquenced along both strands:. The ND4— and NDB4-— PCR
primers were used in double-stranded sequencing on the ABI
synthesizer at Macromolecular Resources at Colorado State
Llniversity,

Statistical analysis of RAPD-PCR markers. The RAPD-
PCIR bands were analyzed as penelic markers with the fol-
lorainge assumptions: 1) RAPD markers ségregate in o Men-
celian fashion, 2) genotype fregquencies st RAFD loci are i
Huardy-Weinberg proportions. 3) recessive “band absent™ al-
leles are identical among and within individuals. and 4)
dominant “band presemt” alleles are identical among and
within individuals, Stanstical methods and eguanions' ™ arg
programmed mie o statistical package RAPDPLOT {wwail-
able from webdéd lamarccolostate edu).

Varintion in RAPD allele frequencies within and among
cibies wits examined osing 8 hierarchical analysis*™ in BIOS-
¥ 5-2" after daty transformation by RAPDBIDS. ™ RAPDD-
[ST and RAPDFST' were used o compute pairwise Fi, a
standordized measure of vardation in haplotype frequencies, ™
among ol populations. Effective migralion rates (Mo were
estimated from Fop 77 feguation 61, Parrwise Fop values were

translormed 1w £/ b and wsed o consouct o den-
drogram among all collectiony using unwenghted par-group
method with arithmete averaging analysis™ v the NEIGH-
BOR procedure in PHYLIPASC " RAPDIMST' tested the
consistency with which the RAPD dutaset supported euch
cluster using a bootstrap analyses swith 1000 replicatanns,

Geagraphic distances were obtained by Geogriphic Inlor-
mation Systems on ARC-INFO software  (Environmental
Svstems Research Insntate, Ine,, Redlands, CA The £A41
= Fyh distanees were regressed on piirwise peographic dis-
tances among populations o determine il geographic dis
tapce among populations serves as o barmer wogene fow. "
This regression was repeated using a noral logarichim rans-
formaton of geographic distance, ™ Transformations, regres-
ston analvsis, and the Mantel testt! were perlormed using
MANTEL (available from webd @ lamarcolostate edub. The
reciprocal of the slope esnmated by this regression provides
an estimate of the avernge effective population size "

Statistical analysis of mitochondrial haplotype Tre-
quencies, Varation in haplotype frequencies within and
amang cities was examined using the Analvsis of Molecular
Varmanee (AMOVALS Arfequin 1.1 was used o estimate
pairwise Foovalues and £ o001 — Fo) among populations and
w compute the significance of the variance components as-
sociated with each level of genetic structure using. a non-
parametric permutation test,'-

For cach collection, the nucleotide sequence and the fre-
quency of each haplotype were entered into DnaSE= We
estimated the number of polymorphic sites, the average num-
ber of nuclestide differences (K) (equation A3, the nucle:
otide diversity () (equation 10.5).* and the nucleotide di-
versity with Jukes and Cantor correction (i) {equations
1019 and 5.3).% Pairwise genetic distances were computed
wsing M- whach s strmilar to £ bat ingorporales sequence
divergence among haplotypes mto the overall distance esh-
mate. Effective migration rates (Mei) were estimated from
Mo 7 lequation 60 As with Fo, pairwise N values were
transformed to N A1 — Moo and regressed on pairwise gedo-
graphic distances and on g natural logardthm ansformalion
of geographic distance. ™

Phylogenetic relationships among ND4 haplotypes,
Phvlogenetic relationships among haploty pes wens estimated
with PALUPABA] uwsing masimum lkelihood * maximam
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parsimony, and distnce/neighbor joining analyses ** The
consistency with which the dotaset supporied sach branch in
the resolved phylogeny was estimated using a bootstrap
analysis with | (0K replications.

RESULTS

Random amplified polymorphic DNA allele frequen-
cies among collections. The frequencies of the dominant
RAPD allele at each of the 60 loci (frequency data matrix
available from webdi@ lamarcolostate edu) were subject 1o a
hierarchical analysis to estimate the variance among allele
frequencies in Monterrey relative to those among cities (Ta-
ble 2} Approximately 40%% of the total varation in RAPD
allele frequencies occurred smong collections within Mon-
terrey, while 60% of the variation arose among collections
Frewn different cities.

Cluster analysis of pairwise Fo/] — F,) among collec-
tiems (Figure 2) indicated that all Monterrev collections ap-
pear within o common cluster that includes nearby Mata-
mores, albeit with low bootstrap support, However, these
collections did nol cluster with collections from nearby Rey-
nosi dnd Muevo Laredo, Nuevo Laredo differed from all
populations in the frequencies of 38 of the 60 RAPD loci.

Pairwise Fodl] = Fo) among collections were regressed
ngainsl peographic distance (Figure 3A) and the natural log-
arithm of the geographic distances (Figure 38) 10 determine

i gene fow among collections is correlated with geographic
distance (ie.. to st for isolation by distance), This analysis
indicates a significant correlation between genetic and geo-
graphic distances. Because of the large differences in allele
frequencies between Nuevo Laredo and all of the other col-
lections, regression analysis was repeated excluding Nuevo
Laredo (Table 3A). Exclusion of Nueve Laredo caused a
decreass in Mantel probabilitics: however, the regression
with trmansformed geographic distances remained significant,
Genetic distances remained smuall al geographic distances
=45 km and became large at 5.5 km (Figure 3B), This in-
dicated that populations become reproductively izolated at
distances of 90-250 km (e*'-<"%). The average effective
population size ranged from 74 w132 mosquitoes/km,
Estimating effective migtation rates (Ner) from £, as
sumes that populations (it the assumptions: of the Island
Maodel of Wrnght." A major assumption of this madel is that
migration rates are equal among all populations. Our regres-
ston analysis indicated that this assumption was [alse among
callections from different cities. However, o regression anal-
peis was repeated among Monterrey collections and genetic
and geographic distances were independent (slope =
—0.00308, R = 008, Mantel probability = 0.259), We
therefore made pmrwise estimates of N among collections
within Monterrey, Using the Fo of Wright in the hierarchical
analysis, New ranged from 5.4 o 9.0 mdividuals (Table 240,
Using the method of Lynch and Milligan,"! M canged from
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vallections. Analvaiy wis dene ssing the random amplified poly
misrprhie TXNA markers,

5.8 w0 19 individoals among pairwise companson of collec-
tons and was 7.6-among all collectons (Table 3B)

Mitochondrial haplotype frequencies among collec-
tions. The ND4 gene was amplificd and surveyed for viri-
ation using SSCP among all 574 mosquitoes, All amgue
haplotypes were then compired on a single S5CF gel. We
atteripted 1o sequence PCR products from at least a pair of
mesquitoes with identical SSCP patterns, but haplotvpe 6
was anly sequenced once. In addition, we sequenced PCR
products from an additional 14 individuals in which the iden-
tity or uniquencss of the SSCP patlerns were in guestcn.
These 25 sequences are available on GenBank (#AF203344-
#AFZAI6R),

This process established identity among haplotypes that
were initially incorrect]y adentiflied as unigue and occasion-
ally identified unigue haplotypes that were iminally thought
t be identical when run on differemt gels. The process of
re-sereening haplotype variation resulted in the identity of
—1% of haplotypes being re-designated in the final dataser.
Sequences of mosguitoes with identical SSCP palterns were
identical within each haplotyvpe. Sequence analysis therefore
confirmed that the S5CP techmgue was specific and repro-
duicible among mosguitoes: Seguences also confirmed that
the SSCP techmgue 15 sensitive 1o single substitutions. The
S8CP haplotypes 1 and 2 differed by a single © <= T tran-
sition ul position 162 and haplotypes 3 and 4 differed by a
single © e T transation at position 17,

A total of T odilferent N4 haplotypes were detected

among the 5T4 Ae. wegypil examined o this soody, The [ve-
guencies of the 7 haplotypes ore dispiayed within Monmterrey
(Figure 4A) and among the other collectons (Figure 4B
The frequencies of each haplolype i each collection are
available upon request from wehd @ lamarcolostate.edu,
Haplotype number destgnations correspond 1o their relative
frequencies in this study, As with the RAPE markers, it is
clear that mosguitoes in the Nuevo Laredo collecton are
genetically distinet in ptDNA haplotype frequencies Trom
mosquitoes in all other collections. The number of poly
muorphic sites and the diversity indices for each collection
and Tor all mosguitoes are listed i Table 30 Mote that the
average number of nucleotde differences and the nucleotide
diversity among  mosguiloes within Noevo Laredo are
least an order of magnitude Tower than all other collections,
In mddition, haplotype 7 wits unigue (o Noeyvo Laredi,

Haplotype frequencics were compared among collections
within Monterrey and among all collections using AMO-
VALY Most (=779 al the variuwtion in haploty pe frequencies
arose among individuals in o collection, while — 205 ol the
variation arose among citics and only 323% arose among
sites withim Monterrey. Haplotype Tfrequency  patlerns. are
stmilar withun Monterrey (Figure 440 bur differcn among
cities (Figure 4B ) AMOVA analysis was repeated excluding
Muevo Laredo, The amount of vamatbon among eilies de-
creased o —7.4%, while the vanation among sites within
Muonterrey remained ppprosimately the same.

As owith RAPD markers, pairwise F 000 — Fod compiri-
sons among collections were regressed aghinst peopriphic
distance and the natural logurithm of the geographic dis-
tances (Table 3A) tootest for isolation by distance. These
regression analyses were repeated using Noo 1o Incorporate
sequence diversity into estimate of genetic histances. As
above, regression analysis was repeated with Nuevo Laredo
excluded, The reselt of the Mantel test was not significant
in-any of the 8 regressions performed (Table 345

Regression analysis was repested pmong Monterey cal-
lections and genetic and geographic distances were indepen-
dent (slope = —0.00594, B = 0,02, Mantel probability =
0.475). When F,; in the AMOVA was used, Neeowas 117
individuals (Fable 2B). When N was used, Mer ranged
from 3.3 to 11,6 individuals among pairwise comparisons of
collections and was 5.6 among all collections (Tuble 3B).

The Mantel test was also used o compare pairwise Fig
(1 = Firbetween RAPD and mitochondral markers (Figure
3C). The test result approached significance {Table 3A} and
there was a large correlation (- = 0.49); however, this ¢or-
relation arose enlirely because of the large genetic distance
between the Nueva Laredo collection and all other collec-
tions. Onee the Nuevo Laredo collection was excluded from
regression analysis the Mantel test result was insignificun
and R* = Q.01,

Phyvlogenetic relationships among  individual haplo-
types. The 387 basepairs of the muochondrial W4 haplo-
wypes of Ae. aegyri were manually aligned with the ho-
melogous regions of Are gaomibiae and Ape gieedrinacidatie
and no gaps were required Tor optimal alignment. Phyloge-
netic amalyvsis indicated the existence of two historical mi-
tochondrinl lincages among the scven haplalypes (Figuee 53,
However, with the exception ol haplotype 7, which was
unigue o the Nuevo Laredo collection, the two mitochon
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DIRCLR SN

The averapge genic helerozygosity among the 60 RAPD
loci (4 = (£339) wos sunilar 1o that obtained among 57
RAFD Joci in an analysis in Puerto Rico (4 = 0.334)" and
was approximately twice that among 11 allozyme loc in an
earlier survey in Puerto Rico (F = 0,163 or in a survey
of 23 allozyme loct in Ae. aegypd popualations worldwide
(ff = (L152)." The higher variability in RAPD markers prob-
ably reflects the types of mutations that give rise to RAPD

= Fzh (RAPD markers) regressed on pairwise, natural logarithm ranstormed
Foe) IRAPD markerst regressed on pairwise £ |

F o) {matochondrial DNA markers)

polymorphisms. The RAPD-PCR uses 4 |0-oligonucleotide
primer, with a minimum GC content of 60% that at 37°C
apneals o many arbitrary regions of a genome during the
PCR Many polymorphic loct are simultaneously amplificd
duning the RAPD-PCR. Most mulations in RAPD loci ap-
pear a5 the presence or absence of an amplified DMNA frag-
ment suggesting that mutation(s) at the RAPD locus disrupt
the PCR either by preventing primer annealing or by ag-
quiring insertions that increase the distance belween anneal-
ing sites beyond a size that can be amplified by a conven-
tional PCR.

The nucleotde diversity () 0 the mitochondrial NI
gene in Ae, aegyvedd s 36 times greater than w, within An,
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pambioe (O.0038), An, arabiensis (L.0023-0.0051), and An.
alfsimanns (D045 00051 )7 This differcnce s curious
given that 45 haplotypes of the NDS gene were identified in
Guatemaln,™ while we hove found only seven haplotypes for
the NI gene atan cguivalent geographic scale in Mexico,
These differenees may wrise due o higher constraints on the
mulalion rote (Le., balancing selection) on the ND3 gene.

Alternatively the higher rate in the ND4 gene may be due
1o the existence of two well-supported clades in Ao aegynd,
while no well-supported clades were detected in any of the
miDNA studies in the Anophefles spectes. To test thie lattey
hypothesis, we estimated = within each ol the two Ae. ae-
gvpet mtDNA clades separately (Table 300 and o, salues
were more simular o values estimated in Anopheles species.
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The existence of distuner mitochondrial lineages i Ae. ae-
gyt probably reflects the existence of distnct, histonic. ma-
triarchal lineages within the species. These probably arose
through historical, prolonged separation of populations. A
similar explanation has been proposed to explain the exis-
tenee of twe distine! subspeeies (Ae. aegypri aegypr and Ae.
aepyri foemosuy) within Afvica® These results suggest ei-
ther that both mitochondrial lincages were introduced si-
multancously into Mexico or represent & recent introgression
ol a new maternal lincage. These possibilities cannot be dis-
tinguished without a worldwide survey of mDNA in Ae
aegyphi.

The high mutation rate in RAPDs 15 problematic in pop-
ulation genetic studies because point mutations in the RAPD
locus cause the gain or loss of & RAPD band independently
in different populations, leading 1o underestimation of ge-
netie differences among populations and overestimation of
migration raies. This bias occurs because Mo is estimated
from the equation £, = (14Nim ~ p) + 1) where i is the
forward mutation rate. When using allozvmes and RFLP
markers, w-has been estimated w10 =107 and is rounded
te (L However, if po= m. this will incrense the denominator
and reduce estimates of Fy, and increase estimates of Nm
The N estimated from RAPDs in this study range from 5.4
o 19 migranis/generation, with an average of 7.6 among all
collgctions, This is very close to the estimate of N, = 9.7

‘-H-II?J\
]

Loof| 1
[99] | 2a

L0
LO0

Anopheles pambise

Anopheles guadrimaculatis

Frovre 5. Maximum likelihood tree showing phviogenctic re-
tonships: among individeal haplotvpes. Boolstrap suppor using
maximum parsimony, analysis appéears above each branch while
bootstrap support using Tamura-MNei genetic distance/neighbor join-
ing sppears below esch branch,

from the Puerto Rico study.! Most importantly, estimates of
M from the mitochondrial DNA are similar to the estimates
af Mi: from RAPDs. ranging from 3.5 o [ 1.7, with an av-
crage of 8.6 among all collections, This suggests that mu-
tation rates @re probably similar between RAPDs and
miDDINA and that effective migration rates in Ae, gegvpif res
main some of the highest ever reparted among insects, The
question remaing as to whether this high rate arises through
ranspor of mosquitoes throwgh human commerce or natural
dispersal through adult fight

Despite estimating similar Nm values for RAPDs and
miDRNA. the results of the regression analyses differed great-
by between the two markers. Genetic and geographic dis-
tances were correlated when using RAPD markers while no
correlation was detected with mtDNA, There are several
passible explanations for this result. The RAPD analysis es-
tmates £ Mmoo and Ne across markers from teoughout the
entire genome, while the miDNA provides ooly i single cs-
timate. Examination of addittonal inherited evioplasmic fac-
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tors, or perhaps additional mitochondnal gencs, might there-
fore provide more accurate estimates of Fop, Mo, and Meo Tt
i also possible thal the ND4 gene is under strong balancing
selection at the nucleotide level (e, any nucleotide subsii-
ttions reduce fitness even in thind codon positions). This
woulidl expluin why we detected 45 haplotypes among An
etlbremmcerecy popualations i Guatemaln and o highly significamt
correlation between genctic and geographic distances when
over a similor distance in Mexico only seven haplotypes
were found, The only probable means to differentiste among
(hese possible cxplanations will be o examine an additional
MIDRNA gene, probably NIDS, among Ae aegypn popula-
liers,

The MNuevo Laredo population was penctically distingt
fronn all oher populations in this study, The low s (Table
A for mintochondrnl muarkers, the presence of o ungue bhap-
lotype 7, as well as the igh frequency of the otherwise
uneommon haplotvpe 4 are consistent with the hypothesis
that o substantial population bottlencck occumed dunng or
after the founding of this population. Either few mdividuals
established the population or the effective population size is
repularly severely reduced either by insecticide applications
o exbended periods of dey weather, In addition, if the density
of oviposition sites s relited 1o femole dispersal then we
might expect females o actively disperse when sites are
abundant but to remam i one ared when sies are scarce
Al Jeast two of these condinons apply 1o Nueve Laredo; the
A% mesguitoes used o s study were collected from the
same location and were all that could be found in MNuevo
Laredo. Furthermore, NMueve Laredo has an extremely dry
climate, A similar result was obtiined when examining het-
eroyposily among Ae, albopicms populations that had been
recently intraduced into the southesst United States ™ Pop-
ulations that had just been detecled or were being actively
eradicated had significantly reduced heterozygosity.

These resulis have a number of imphcations for redection
ol e aegyprt populations, The large Mmestimated i this
study confirms results from earlier studies and saggests thal
over distances of 9-250 km, populations remain genctically
uniform, We would therefore expect these populations 1o be
genctically similar for genes that control vector compelence
for dengue and possibly genes that confer insecticide resis-
tance, However, al distances =250 km, populations are like-
Iv 1o differ in both the frequency and types of alleles at loci
that impact dengue transmission. The effective popuiation
sizes in this study ranged from 74 10 132 individuals. These
are relatively large estimates and suggest that extensive re-
duction i populatnon size will be necessary 0 reduce gens
flow, Results from the Nuevoe Laredo populstion indicate
that Ae. aegyvpti populations existing in isolated or extreme
habitats may shift in genelic composition. [t will be very
ineresting 1o compare dengue vector competence and insec-
licide resistance phenotypes in this populafion with other
populutions in Mexico.
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