Journal of Medical Entomology

Copy of e-mail Notification me2044

Your article proof 2044 from Journal of Medical Entomology is available for download

Dear Author,

This letter describes how to access and proof your article 2044 slated for an upcoming issue of Journal of
Medical Entomology. If you have any questions, contact the Journal of Medical Entomology Issue Manager
noted below. Do not reply to this e-mail.

Please refer to this URL address:
http://rapidproof.cadmus.com/RapidProof/retrieval/index.jsp

Login: Your e-mail address
Password: ----

This site contains one file. You will need to have Adobe Acrobat Reader software to read this file. This is
free software that is available for user downloading at
http://www.adobe.com/products/acrobat/readstep.html

This file contains the following:

1) ESA Publishing Agreement (copyright transfer form)

2) Reprint Order Form

3) Proofreading marks for your reference

4) Page proofs of your article and author queries, if applicable

After printing the PDF file, please read the page proofs carefully and limit any changes to those that alter
scientific meaning, such as ambiguous sentences or errors in tables.

* Mark clearly legible corrections in red directly on the page proof, preferably in the margins;

* Answer all author queries, indicated as AQ:1, AQ:2, AQ:3, etc., in the margins of the proofs and listed
on the last page of the proofs; and

* Verify that tables, figures, and figure captions are correct and in proper sequence.

Authors are entirely responsible for marking all errors.

Any changes you make that are not the result of editor or printer error or response to a query will be billed
to you at a cost of $6.00 per affected line of text. Changes in figures will be charged at $50.00 per figure.
Color proofs of color figures are available upon request.

Publishing Agreement
Your article will not be published unless this form is completed and returned with your page proof.

Ordering Reprints

If you wish to order reprints, please use the Reprint Order Form. A PDF reprint is a PDF file of your article
that is part of the online journal article and is freely accessible to anyone. You may immediately obtain the
PDF file of your article from the ESA server and post it on your home page and on other publicly
accessible servers. You may also use it to send your article to colleagues as an e-mail attachment and to
make as many "electronic reprints" of your article as you wish. Reprint orders for articles must be received
before the issue goes to press and should be mailed to the address on the form at the same time you return
your page proofs.

Within 48 hours, please mail the page proofs to the address below. Also include the completed Publishing



Journal of Medical Entomology

Copy of e-mail Notification me2044

Agreement and Reprint Order Form, otherwise publication of your article will be delayed.

Thank you for publishing with ESA. We hope that your experience has been positive. If you have any
questions, contact the Journal of Medical Entomology Issue Manager noted below.

Lathifah Mohamed-Ibrahim

Issue Manager

Journal of Medical Entomology
Cadmus Professional Communications
940 Elkridge Landing Road
Linthicum, MD 21090

Phone: 410-691-6998

Fax: 410-691-6929

m-ibrahiml @cadmus.com



Journal of
Medical
Entomology

Reprint Order Form

Use the form to order paper reprints, PDF reprints, or both. The order
form should accompany the return of your page proofs to ensure that
your order is produced on time. Late orders for paper or PDF reprints
will be billed at much higher prices. Be sure to fill out the order form
completely and sign your name where indicated under Billing
Information. Reprint prices are subject to change without notice. Paper
reprints are shipped within 2 weeks of the journal issue’s mailing date.

o Article Information (Please type or print clearly)

Manuscript number 2044 Number of pages

Title

Author(s)

e Billing Information

For all international orders, a valid credit card number is required for
prepayment.
Q Visa

Account No.

Cardholder Signature

0 Mastercard

Exp. Date

LR

Cardholder Name

Cardholder Address

o Reprint Information

Two kinds of reprints are offered. B&W Paper Reprints are printed on
high-quality, uncoated paper, trimmed, and stapled at the fold. Color
reprints are overruns of the printed journal pages, trimmed, and side
stapled. A PDF Reprint is a PDF file of your article that is posted with
the online journal issue and is freely available in unlimited quantities.

Paper Reprints (quantity)

$
PDF Reprints $
Covers (quantity) $

$

Total reprint cost

e Shipping (International Orders Only) $

All orders in the United States are shipped UPS, unless otherwise
specified, and shipping is included in the price of the reprints.

Orders shipped outside the United States must have Expedited
Shipping. Add 40% of the reprint cost for Expedited Shipping for
each address. For addresses in Canada and Mexico add 20%.
Expedited Shipping provides delivery in 5-9 days and includes package
tracing and proof of delivery.

G Total Reprint Amount $
City State/Province L. .
e Shipping Information (No PO Boxes allowed)
Postal Code Country
Ship copies to:
Telephone Fax
Name
Q0 Check/Money Order (payable to Entomological Society of America)
Q Purchase Order Address
Purchase Order must:
® accompany reprint form ) ]
e list Entomological Society of America as vendor City State/Province
® include manuscript number Postal Code Country
e include journal title, article title, and author’s name
Telephone Fax
Reprint Prices ($US) (Domestic shipping included
e P ($ )( PPINg ) Ship copies to:
Paper Reprints (B&W) PDF Reprints
. . Name
Quantity Quantity
Pages 100 200 300 400 Unlimited Address
1-2 $49 53 57 63 36
3-4 83 94 102 112 62
5.8 161 178 197 217 120 City State/Province
9-12 231 260 291 321 172 Postal Code Country
13-16 300 339 381 423 225
Telephone Fax
Add’l 1-4 pages 75 87 98 108 56
Covers* 108 122 135 147 N/A

Paper Reprints (Color)
1-16 173 285 398 510
17-32 263 375 488 600

PDF Reprints
Use B&W prices
Use B&W prices

* Covers stating the title, authors, and journal issue are printed in black
ink on heavy weight gray paper.

G:\JOURNALS\REPRINTS\FORMS\ANNALS REPRINT FORM

0 Complete and send at once with your page proofs to:

Issue Manager, Journal of Medical Entomology
Cadmus Professional Communications

940 Elkridge Landing Road

Linthicum, MD 21090

Fax: 410-691-6929 Phone: 410-691-6998
e-mail: m-ibrahiml@cadmus.com

10/01/02



EXPLANATION

Proofreader’s Marks

EXAMPLE

EXPLANATION

EXAMPLE

TAKE OUT CHAR-
ACTER INDICATED

r& Your prooff.

A |LEFT OUT, INSERT U Yor proof.
# INSERT SPACE # Yourproof,
A
9 EE%E%‘WERTED Your p/i\oof.
X | BROKEN LETTER X Your pr/of.
154 v v
p%,# EVEN SPACE %#A good proof,
CLOSE UP: ~
Z NO SPACE Your prq gf.
T | TRANSPOSE TR Affroogood!
wf WRONG FONT wif Your prog/t.
de | LOWER CASE 2z Your Proot.
== Your proof.
CAPITALS i1y
Lapss Lops @proof.
—_ ITALIC Your proof.
«Zal &g Your proof,
ROMAN ;
Jome | NONTTALIC /W’"»Y““'
BOLD FACE Xy proof.
’Z% 24 proof,
gzg’g “¥our, proof.
M S&L Meur proof.
DELETE, oul '
oul 4c| DELETE, s, She Our proof.
ﬁﬁb‘w SPELL OUT oa;;’ :'.'lueen
START
ﬁ PARAGRAPH ? read. Bour
mo'% | NOPARAGRAPH: mo marked.
RUNIN #F (Yo/ur' proof.
bl | LOWER La {Your proot. |

1 |RAISE 1 Your proot.|
[ |MOVELEFT Your proof.
7 MOVE RIGHT ~J Your proof.
“ ALIGN TYPE ”.E; Three dogs.
wo horses,
== | STRAIGHTEN LINE == Your_g,f?f
(> | INSERT PERIOD © Your proot,
3/ | INSERT COMMA Y Your proof,
‘/ | INSERT COLON Y/ Your proct
;/ INSERT SEMICOLON ¥ Your proot,
e %SCJESBI‘%OPHE N/ Your man/s\ proof,
V7 | INSERT QUOTATION | 4%y Marked it proof
=/ | INSERT HYPHEN = A proofmark.
/ ﬁlﬁg%’l‘ EXCLAMATION| / p/o.e it
2 INSERT QUESTION ? isitright,
@ QUERY FOR AUTHOR | g Your proof,read by
C /3 INSERT BRACKETS C/2 The  Smith ,\girl
(/> | INSERT PARENTHESES| ¢/ Your proof A
X‘Y\ S\JESEJ}T 1-EM Hen Your proof..
0 INDENT 1 EM O Your proof
m INDENT 2 EMS DYour proof.
[T11 | INDENT 3 EMS [T Your proot.




ENTOMOLOGICAL SOCIETY OF AMERICA
Publishing Agreement

M anuscri pt Number: 2044 Journal: Journal of Medical Entomology

Manuscript Title:

Author(s):

1. | hereby transfer tothe Entomologica Society of America(ESA) full and complete ownership of any

copyright | may havewith respect to thework named above. If thereismorethan one author, | also
certify that | am the duly authorized agent for any or all other authors of thework. (I1f thework is
written aspart of officia dutiesasan employee of the United States or Canadian governments, check
thebox below.)

This certifies that the work named above was prepared by an employee of the United States or
Canadian governmentsaspart of official dutiesand therefore cannot be copyrighted by ESA.

| understand that ESA assesseseditorid review chargesthat are based upon thetotal number of pages
published, reprint chargesfor any number of reprints| order, Specia chargesfor any color reproduction
| require, and alteration chargesfor any changes deemed asauthor alterationsmadeto page proofs of
thearticlenamed above.

Editoria review chargesarebilled to the senior or corresponding author within one month of publica
tion at rates established by the ESA Governing Board. Current ratesarelisted below and are
applied based on an authorismember ship status at thetime of publication. ESA members
should ensurethat their duesare up to date at thetime of publication. Chargesare madeinfull-page
incrementsonly, regardlessof how much type appearsonthelast page of thearticle. Creditisgivento
membersonly when ESA isableto produce an articlefrom acorrectly formatted disk.

ESA Member Ratefor articlespreparedondisk:  $48.00 per published page
ESA Members. $60.00 per published page
Nonmembers: $75.00 per published page

| agreeto beresponsiblefor the payment of al appropriate and rel evant publication charges associated
with the production of the above named article. All publication and reprint char gesaredueupon
receipt of invoice. Unpaid balances more than 30 days past due are subject to afinance charge of
1.5% per month (18% per annum). Authorswith unpaid bal ances of morethan 90 dayswill losetheir
right to publishwith ESA until the outstanding balanceissettled. Thereisa$25 feefor returned checks.

| have obtained written permission to use any quotations or excerpts from another work or from
anotheris property not inthe public domain or covered by fair use provisionsof the U.S. Copyright
law. Proper acknowledgment hasbeen giveninthearticlefor the use of such materidl.

(OVER)



5.l authorizethe editor to modify the manuscript as necessary to preparethe articlefor publicationé
including changesintitle, style, and format to conform to editoria usage, journa format, and ESA
editoriad style. Minor stylistic changes may be maderight before publication to meet ESA editorial
requirements. | understand that | may be asked to update material that appearsinthearticle before
publication.

6. | understandthat | will receive page proofs of the above named articlethat will also show how the
figureswill bereproduced.

7. | agreetoreview and returnthe page proof within 48 hoursof my recelpt of it and to mark on the page
proof any correctionsthat need to bemadeto thearticle. | understand that | am responsiblefor extra
chargesfor any changesthat are not aresult of aprinter or editor error or query.

8. | agreetorefer to ESA dl requeststo republish or reprint thewholeor any part of thisarticle, including
my own requests. Although ESA dlows published articlesto be posted on the authorisweb sitetwo
yearsafter publication, ESA ill holdsthe copyright ontheorigina articleand should be contacted for
permissionto republishor reprintit. ESA will respect thewishesof theauthor asto theuse of thearticle
or any materia appearinginthearticle.

9. | havereadtheethicsin publishing statementsthat appear onthe ESA web site (http://www.entsoc.org/
pubs/publisethicshtml) and affirmthat thisarticleisin compliance.

10. | understand that ESA will invoicemefor the article after theissue of thejourna inwhichthearticle
appearsismailed and that | will secure compl ete payment upon recel pt of theinvoice.

11. | hereby provideabilling addressfor the article mentioned above.

Name
Address

Telephone number Date

Signature Printed name
Author acting as agent for all other authors

A valid credit card number isrequired for inter national payments, including Canadaand
M exico. Failureto do sowill delay the publication of your paper.

Q VISA (1 Mastercard
Card number Expiration date

Signature Printed name

G:\JOURNALS\FORMS\PUBLISHING AGREEMENT 10/22/01



| rich3/me-med-ent/me-med-ent/me0303/me2044d03a | meadel | S=7 | 3/25/03 | 1:34 | Art: | Input-1st disk, 2nd diw |

Genetic Differentiation of Aedes aegypti (Diptera: Culicidae),
the Major Dengue Vector in Brazil

AQ: 1
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Departamento de Entomologia, Centro de Pesquisas Aggeu Magalhdes-Fiocruz, Recife-PE, Brazil

J. Med. Entomol. 40(3): 000-000 (2003)
ABSTRACT In 2000, Brazil reported 180,137 cases of dengue, ~80% of the total in the Americas.
However, little is known about gene flow among the vector populations in Brazil. Random amplified
polymorphic DNA (RAPD) was used to study the genetic structure of Aedes aegypti in 15 populations
from five states, with a range extending 2,800 km. An analysis was performed of 47 polymorphic RAPD
loci quantified gene flow at the macro- (different states) and micro- (different cities) geographical
levels. Genetic polymorphism was high (Hg = 0.274), and high levels of genetic differentiation existed
both between different states (Ggr = 0.317) and between cities or neighborhoods in each state (Ggy =
0.085-0.265). These values are higher than those described for any other populations of A. aegypti.

KEY WORDS mosquitoes, genetic variability, random amplified polymorphic DNA, population

structure

OVER THE LAST FEW years, dengue has become one
of the most important public health problems
among vector-borne diseases in the Americas. Dengue
cases in Brazil represent 80% of the cases occurring in
the Americas (Schatzmayr 2000). In the period of
January-July 1996, ~115,000 cases, caused by sero-
types 1 and 2, were reported (Da Costa and Natal
1996). Of these, 671 were of the severe form of disease
(dengue hemorrhagic fever [DHF|), which caused 26
deaths. Since 1998, reported cases of dengue have
increased to 570,148 (Schatzmayr 2000). The increase
in the number of autochthonous cases, in addition to
the large proportion of states that contained the vec-
tor, led to the implementation of the Aedes aegypti
Eradication Program (PEAa) by the Brazilian Gov-
ernment in 1996.

No vaccines have proven effective against dengue
viruses, and no specific chemotherapeutic drugs are
available for dengue treatment. Consequently, the
susceptible population has little protection against the

vectors, such as susceptibility, vector competence,
and insecticide resistance. A. aegypti has been one of
the best-studied species in this respect. The A. aegypti
dispersal patterns have been extensively investigated
in many parts of the world, through estimates of levels
of gene flow (Reiter et al. 1995, Edman et al. 1998,
Gorrochotegui-Escalante et al. 2000). Knowledge of
the mosquito population structure may lead to novel
ways of controlling disease transmission (James 1992).
However, despite its epidemiological importance, no
studies of the genetic population structure of Brazilian
A. aegypti have been published.

The DNA polymorphism detected by random am-
plified polymorphic DNA (RAPD) has been used
successfully to characterize the genetic structure
in several mosquito species (West and Black 1998,
Scarpassa et al. 1999) and as a tool to build linkage
maps (Mutebi et al. 1997). RAPDs have also been used
to estimate the number of families at oviposition sites
(Apostol et al. 1993, 1994) and to differentiate related

disease. The only viable way to decrease the incidence  species (Ballinger-Crabtree et al. 1992, Kambhampati  AQ:2
of dengue is with integrated vector control measures et al. 1992). In the current paper, we used RAPD
(Gubler 1989, Rose 2001). markers to demonstrate the existence of high levels of
A. aegypti, a mosquito highly adapted to the urban  population structuring of A. aegypti in Brazil, both at
environment, is the major dengue vector in the Amer-  the macro- (up to 2,600 km) and micro-geographic
icas. It is able to develop and thrive in almost any  (within several kilometers) levels.
human settlement, where uncovered containers filled
with rainwater or drinking water, provide excellent .
habitats for the mosquito larvae (Consoli and Oliveira Materials and Methods
1994). Sampling, A. aegypti samples were collected from 16
Genetic factors are responsible for most of the char-  sites, from January 1999 to May 2000. The collection
acteristics that contribute to the success of the insect ~ sites were selected in a way that facilitated the analysis
of gene flow at the macro- and micro-geographic lev-
els (Fig. 1; Table 1). At the macro level, we collected ~ F1&T1

! E-mail: tans@cpqam.fiocruz.br.
2 Departamento de Genética, Universidade Federal do Rio de Ja-
neiro, Rio de Janeiro, Brazil.

samples in five States of Brazil: Amazonas (northern
region of Brazil); Pernambuco, Alagoas, and Sergipe

0022-2585/03/0000-0000$04.00/0 © 2003 Entomological Society of America
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Fig. 1. Map of Brazil showing the A. aegypti collection sites.

(northeast Brazil); and Sdo Paulo (southeast Brazil).
Collections from three adjacent cities in the state of
Pernambuco—Olinda, Jaboatio dos Guararapes, and
Recife—provided data for micro-geographic compar-
isons. Three districts were sampled within the city of
Recife, in addition to a fourth, a laboratory strain
(Gragas-CPqAM). An A. aegypti population from Or-
lando, FL, was compared with the Brazilian A. aegypti
populations. Field mosquitoes were collected from
several different natural breeding sites as larvae and
pupae to avoid sampling individuals from the same
cohort. The larvae and pupae from each site were then
pooled and reared, and the adult females stored in
liquid nitrogen.

Isolation of Mosquito Genomic DNA. Each mos-
quito was homogenized in 500 ul of lysis buffer con-

taining 0.4 M NaCl, 2 mM EDTA, 10 mM Tris-HCI (pH
8.0), proteinase K (150 mg/ul), and 1.5% sodium do-
decyl sulfate (SDS). The homogenates were incu-
bated at 60°C overnight, and 420 ul of 5 M NaCl were
added to the suspension after the incubation. The
mixture was gently vortexed for at least 30 s and then
centrifuged at 14,000 rpm for 20 min. One volume of
isopropanol was added to the supernatant, and the
mixture was held at —20°C for 1 h for precipitation of
the DNA. The DNA pellet was recovered by centrif-
ugation at 14,000 rpm for 20 min, washed with 70%
ethanol, vacuum-dried, and resuspended in 300 ul of
sterile TE buffer (10 mM Tris, 1 mM EDTA). Com-
parison against electrophoresis standards (A HindIII
digest) established the DNA concentration in each
sample.

Table 1. Origin and number of wild and laboratory samples of A. aegypti
State City Latitude/longitude Neighborhood Sample size

Pernambuco (PE) Recife 8.05S, 34.88W Derby 15
Boa Viagem 15

Virzea 15

Gragas® (CPqAM) 15

Olinda 8.018S, 34.85W — 15

Jaboatio 8.11S, 35.01W — 15

Sdo Paulo (SP) Ribeirdo Preto 21.17S, 47.81W — 20
Baura 22.318, 49.06W — 20

Aracatuba 21.218, 50.43W — 20

Amazonas (AM) Manaus 3.10S, 60.02W Cidade Nova 15
Pq. Laranjeiras 15

Alagoas (AL) Macei6 9.66S, 35.73W — 25
Arapiraca 9.75S, 36.66W — 20

Sergipe (SE) Aracaju 10918, 37.07TW — 20
Itabaiana 10.68S, 37.42W — 20

Florida (FL, USA)“ Orlando 28.55N, 81.33W — 15
Total 280

“ Laboratory population.

: | Input-1st disk, 2nd diw |
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Table 2. Primers used in RAPD analyses, showing number and
size of fragments obtained after amplification

Number of Fre t lenath
Primer Nucleotide sequence amplified raﬁmen engf
fragments (base pairs)
G06  5'-GCG GAA ATA G-3' 13 130-1,440
GO08 5'-GTC AAC GAA G-3' 11 250-1,800
G09 5'-GAG GAC AAA C-3' 12 290-2,000
Gl10  5'-GGT ACT CCC A-3' 11 120-2,200

RAPD Analyses. Of the 10 arbitrary primers (Gibco-
BRL) tested, four were selected (G06, G08, G09, and
G10) based on their reproducibility and efficiency in
the polymerase chain reaction (PCR) amplification.
We tested the reproducibility of the amplifications
using the same DNA sample in three different PCR
reactions. The sequences of the oligonucleotide prim-
ers are shown in Table 2. Each PCR was carried out in
a final volume of 30 ul of 10 mM Tris-HCI (pH 9.0),
containing 10 ng of mosquito genomic DNA, 50 mM
KCl, 1.5 mM MgCl,, 400 pmol of each primer, 2.0 U of
TagDNA polymerase, and 0.2 mM of each dNTP. All
amplification reactions were performed in a GENIUS
thermocycler (Techne Limited, Cambridge, UK).
Amplification proceeded through 40 cycles at 94°C
for 1 min, 35°C for 1 min, and 72°C for 2 min, followed
by one final extension step at 72°C for 10 min. The
PCR products were analyzed by electrophoresis on a
1.5% agarose gel in Tris-borate-EDTA (TBE) buffer
(0.089 M Tris; 0.0089 M boric acid, 0.002 M EDTA, pH
8.3) with 5 mg/ml of ethidium bromide, and visualized
on an ultraviolet (UV) transilluminator. Negative con-
trols on each set of reactions provided a check for
contamination.

Statistical Analyses. Analyses of the RAPD markers
depended on the following assumptions: (1) RAPD

AYRES ET AL.: GENETIC DIFFERENTIATION OF A. aegypti 3

alleles segregate in a Mendelian fashion; (2) bands
that comigrate are homologous; (3) different loci seg-
regate independently; and (4) populations are in
Hardy-Weinberg equilibrium. Based on these assump-
tions, gene frequencies were estimated using the cor-
rections suggested by Lynch and Milligan (1994). The
frequencies were used to calculate mean heterozy-
gosity, the population differentiation parameters
Ggr and 6, and unbiased genetic distances (Nei 1978),
using the TFPGA (Miller 1997) and POPGENE (Yeh
and Boyle 1997) population genetics programs. Ge-
netic distances between the populations were sum-
marized in an unweighted pair-group method with
arithmetic average dendrogram (Sokal and Sneath
1963) for which bootstrap values, based on 1,000 rep-
licates, were added (Felsenstein 1985). Effective mi-
gration rates (N,,) were calculated from inbreeding
indices (Ggy) as N, = 0.25 (1 — Ggy)/Ggy (Wright
1978). This method of estimating N, has been criti-
cized because of its dependence on assumptions
that are inappropriate for most natural populations
(Whitlock and McCauley 1999). However, it has
proven to be fairly robust to violations of those as-
sumptions, covarying positively with direct estimates
of migration (Neigel 1997). Therefore, it was used
here in a comparative measure with similar estimates
obtained for mosquitoes by other authors (Neigel
2002).

Results

Forty-seven markers were distinguished, ranging in
size from 120 to 2,200 bp. (Fig. 2; Table 2). Heterozy-
gosities ranged from 0.243 in the state of Pernambuco
to 0.300 in the state of Sergipe. Pairwise genetic dis-
tances were usually high, varying between 0.047 and

Ayres et al.: Genetic differentiation of Aedes aegypti
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Fig.2. Amplification products from RAPD. (A) Primer G06 (lanes 1-6) and primer GO08 (lanes 8-12), lane 7 = molecular
weight marker (A HindIII). (B) Primer G09 (lanes 1, 2, and 4-8), lane 3 = molecular weight marker (A HindIII). (C) Primer
G10 (lanes 1-5 and 7-11), lane 6 = molecular weight marker (A HindIII).
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Table 3. Diversity, genetic differentiation, and geographie dis-
tance among localities in each state of Brazil from where mosqui-
toes were collected

GS&%;?}Z};]C Genetic Gene
State rangle among differentiation flow 0 H,
samples (K ) (Gsr) (Nm)
Pernambuco 1.1-17.0 0.265 0.69 0.315 0.243
Sio Paulo 189.5-275.0 0.128 1.70  0.155 0.255
Sergipe 55.0 0.085 2.69  0.098 0.300
Amazonas <10.0 0.144 149 0196 0.285
Alagoas 100.0 0.113 1.63 0177 0.288
Total 0.317 0.54 0.303 0.274

“Lynch and Milligan (1994).

0.381 (data not shown). Similarly, the overall differ-
entiation among the 16 populations was extremely
high (6 = 0.303; Ggr = 0.317; N,,, = 0.54). Intrastate
Ggr values varied from 0.085 (N,,, = 2.69) in the state
of Sergipe to 0.265 (N,, = 0.69) in the state of Per-
nambuco (Table 3). The unweighted pair-group
method with arithmetic average dendrogram (Fig. 3)
demonstrated two separate clusters. The first repre-
sented the populations from the state of Pernambuco
(excepting Virzea). The second cluster, representing
the remaining populations, was divided further into
two smaller clusters. The first consisted of the popu-
lations from Orlando, FL and the state of Amazonas.
The second cluster was divided into two subgroups,
one containing Arapiraca and the remaining popula-
tions from Sdo Paulo, and a second sub-group con-
taining the populations from Sergipe and Macei6. The
matrices of raw data are available on demand from the
authors.

0.300 0.225 0.150
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Discussion

The populations of Brazilian A. aegypti are highly
differentiated (Ggr = 0.317; N, = 0.54) and very
polymorphic (Hg = 0.274), indicating that mosquito
populations are recruiting locally. At least on a short-
term basis, independent eradication programs can op-
erate on a regional basis.

Although the sample sizes per site were relatively
small (15-25 mosquitoes per site), unexpectedly high
levels of genetic structure were found, even at small
geographical scales. High Ggp values (0.249; N, =
0.75) have already been noted among six A. aegypti
widely separated populations (=~1,000 km apart) in
Argentina, using RAPD markers (De Souza et al.
2001). Populations of A. aegypti from islands of the
French Polynesia also are significantly differentiated
(Fsr=0.150; N,, = 1.42), independent of geographical
distance (Failloux et al. 1995). Recently, Huber et al.
(2002) studied the genetic variation of A. aegypti in
Ho Chi Minh City, Vietnam, by microsatellites and
detected a significant genetic structuring of the spe-
cies in the city area. Other studies, however, indicate
that levels of gene flow between A. aegypti populations
can be high. In Puerto Rico, for example, allozyme
(Wallis et al. 1984) and RAPD (N,, = 11.7; Apostol
et al. 1996) studies demonstrated a continuous level of
gene flow among A. aegypti populations from sites
covering ~100 km. Populations of this species span-
ning 700 km in Mexico also seem to be genetically very
homogeneous (N,, ranging from 5.9 to 19.0 individuals
per generation; Gorrochotegui-Escalante et al. 2000).
However, it must be cautioned that these rates of gene
flow were inferred on the basis of differentiation rates
that assumed the island-model population structure
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Fig. 3. Dendrogram based on Nei’s genetic distances (Nei 1978) among A. aegypti populations in Brazil. Bootstrap values
over 50%, based on 1,000 permutations are indicated on the nodes. Locations are listed as in Table 1.
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and migration-drift equilibrium, a situation that is
probably unrealistic for many mosquito populations
(Donelly et al. 1999, Fonseca et al. 2001 ). For example,
populations of Anopheles gambiae and Anopheles
arabiensis (Donelly et al. 2001) and of A. japonicus
(Fonseca et al. 2001) are probably not in equilibrium
because of recent population expansions. The main
reason for disequilibrium is that populations have not
had enough evolutionary time to diverge, so that their
similarity will be the result of the inertia of gene
frequencies over time, instead of the result of a steady
level of gene flow (Avise 2000). In this case, N, values
will usually be overestimated. This study concludes
that Brazilian populations of A. aegypti are genetically
highly differentiated, and this is therefore unlikely to
be affected negatively by the possible bias introduced
by the lack of migration-drift equilibrium in the pop-
ulations analyzed.

The average gene diversity within the subpopula-
tions analyzed (Hg) was 0.266, and in the total pop-
ulation (Hy), it was 0.390. These values are similar to
those found in A. aegypti populations from Puerto Rico
(H = 0.354; Apostol et al. 1996), Trinidad (H = 0.390;
Yan et al. 1999), Mexico (H = 0.339; Gorrochotegui-
Escalante et al. 2000), and Argentina (H = 0.350;
De Souza et al. 2001). The A. aegypti population from
Gracas-PE, reared in the CPqAM laboratory for 4 yr,
had similarly high levels of heterozygosity (H = 0.238)
to those observed in wild Brazilian populations (range,
H = 0.193 in Jaboatio to H = 0.342 in Macei6; data not
shown). Therefore, RAPD markers can retain much of
their variation in laboratory populations, indicating
that they may be suitable for the identification of the
geographical origin of samples even in laboratory cul-
tures. Indeed, in the RAPD analysis performed here,
the laboratory (Gragas-CPqAM) population clustered
together with the other populations from the state of
Pernambuco. Similar results have been obtained in
populations of fruit fly (Ceratitis capitata), for which
the RAPD technique correctly identified the geo-
graphical origin of the laboratory population used
(Haymer and McInnis 1994, Reyes and Ochando
1998).

The A. aegypti populations from the state of Per-
nambuco were genetically very differentiated (Ggy =
0.265), despite the small geographical distance be-
tween them. The observed differences may result
from the frequent and heavy use of insecticides in the
area. This treatment may establish a cycle of extinction
and recolonization that can, as a consequence of ge-
netic drift, increase the genetic differences between
the populations. Similar patterns have been reported
for other populations of this species (Tien et al. 1999,
Paupy et al. 2000). Note that the population from
Virzea, where Temephos treatments occur twice as
often as in the other areas (because of the existence
of a cemetery with many breeding sites), is also the
most differentiated of the Pernambuco populations
(Fig. 3).

The high level of genetic differentiation found
among the Brazilian samples reveals that the A. aegypti
population is highly structured compared with popu-
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lations of the same species in other places of the world.
The observed genetic differentiation may reflect im-
portant differences of vector competence, parasite
susceptibility, or insecticide resistance, so that popu-
lations from different areas in Brazil must be treated
as independent epidemiological units.
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