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INTRAPOPULATIONAL GENETIC DIFFERENTIATION IN Anopheles (N.) darlingi
ROOT, 1926 (DIPTERA: CULICIDAE) IN THE AMAZON REGION

Joselita Maria Mendes dos Sartodorge Arturo Lob§ Wanderli Pedro Tadeand Eucleia P. Betioli Contel

ABSTRACT

Four natural Amazonian Anopheles darlingi populations were analyzed for 19 loci, 12 of which showed variation, i.e., 68.4% of
polymorphic loci. The Ariguemes, Rondénia, population was the most variable, with a large number of alleles per locus (2.26
+ 0.27) and high polymorphism (P = 63.15). The highest values of observed and expected intralocus heterozygosity were
observed in the Manaus, Amazonas, population (Ho = 0.432 + 0.11; He = 0.375  0.08), and the lowest in the Cachoeira
Porteira, Para, population (Ho = 0.236 + 0.09; He = 0.290 + 0.11). Wright's F-statistic revealed disequilibrium caused by an
excess of homozygotes, as shown by the F_ > F_values (F = 0.083 > 0.026) reflecting intrapopulational differentiation. The
four populations studied were genetically similar, as indicated by distance and similarity values. Chromosomal variation of
Amazon population also did not indicate geographical differentiation, and populations in the central region of the Amazon
Basin showed high polymorphism in relation to the marginal populations, which were mainly monomorphic.

INTRODUCTION and Capanema), but none showed morphological differ-
ences, and nucleotide divergence estimates were not high

An increasing number of studies on biological an(Rosa-Freitagt al, 1995).
genetical variability oAnopheles darlinghave been pub- In the present study, four populationgtoflarlingi
lished in the last few years due to the importance of thigere analyzed using enzymatic variation of 19 loci to un-
mosquito as the major vector of human malaria in Brazilerstand the genetic structure of this species, which is the
especially in the Amazon region. These studies have depmincipal vector of human malaria in the Brazilian Ama-
onstrated plasticity in response to environmental changesn.
which might affect the transmission of this disease (Santos
et al, 1981, 1985; Tadei and Santos, 1982; Tadeil, MATERIAL AND METHODS
1982;Rosa-Freitast al, 1992, 1995; Harbada al, 1993).

Chromosome polymorphism studies have revealed Mosquitoes were obtained from natural populations
significant genetic differentiation between populations dfom four locations in the Amazon region: Ariquemes (10
A. darlingi from northern and southern Brazil. High fre-S, 63W) and Porto Velho/Samuel98, 63 W), State of
guencies of inversion in heterozygotes were observedRondbénia; Manaus %, 60W), State of Amazonas, and
populations from the Amazon region (Kreuteeal, 1972; Cachoeira Porteira {$, 57W), State of Para (Figure 1).
Tadei and Santos, 1982; Tad@eial, 1982). Wild females laid eggs individually in the labora-

Brazilian populations of.. darlingi revealed spe- tory, and from each single brood an average of five indi-
cific differences in hydrocarbon profiles from llha deviduals were used for each single enzymatic system (Table
Maracd, State of Roraima, and Jaru, State of RonddmjaElectrophoretic techniques and enzyme recipes were
(Walsh, 1989, in Rosa-Freitat al, 1995). Distinctive those described in Steiner and Joslyn (1979) and Lima and
hydrocarbon patterns in this species were also found Gpntel (1990). The gels were prepared as described by
Rosa-Freitast al (1992) in Dourado (S&o Paulo) and Cost&antoset al (1996). The following loci were analyzed:
Marques (Rondénia), although specimens from JuturnaiB&T1, EST2, EST5, LAP1, LAP2, LAPS5, IDH1, IDH2,
were often misassigned. However, these authors did r@DH1, ODH2, ODH3, AO1, AO2, XDH1, GDH, G-6PDH,
find significant behavior or allozyme differences in thes6-PGDH, a-GPDH andPGM.
populations. Allele frequencies were estimated directly from the

Mitochondrial DNA and morphological studiesdata. In the case of null alleles, their frequencies were es-
were carried out for six Brazilian populationsfofarlingi  timated by maximum likelihood, using the dominance
(Juturnaiba, Dourado, Costa Marques, Cuiaba, Manauspdel of inheritance. Proportion of polymorphic loci (P),

heterozigosities and Wright's F-coefficients were estimated

using the Biosys Program (Swofford and Selander, 1981).
'Coordenacéo de Pesquisas em Ciéncias da Salde, INPA, Alameda codihe fixation index within I00I0U|ati0nSiQ:W35 also calcu-
Ferreira, 1756, 69011-970 Manaus, AM, Brasil. Send correspondence kated using ALPHA software of the Genioc Program col-

gEM-'V'-IS-d Biolodia. Universidad da Costa Rica. San José. Costa Ri lection (Cabello and Krieger, 1997), with option 4 (calcu-
scuela de Biologia, Universidad da Costa Rica, San José, Costa Ric3,.;: }
SDepartamento de Genética, Faculdade de Medicina de Ribeirdo Pre?g"tlon of F between SyStems)' A dendrogram was con

14049-900 Ribeirdo Preto, SP, Brasil. structed using the UPGMA method (NEi, 1978).
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Figure 1 - Collection sites oAnopheles darlingpopulations in the Amazon region.
Table | - Gene frequencies of alleles at each locus oAtiepheles darlingpopulations
analyzed. (N) = Sample size; O = null allele; nc = frequency not calculated; - = inexistent
allele;* = rare PGM alleles.
Population
Locus Allele Ariquemes Porto Velho / Cachoeira Manaus
Samuel Porteira
EST2 (N) 273 223 236 56
F 0.468 0.363 0.460 0.518
S 0.532 0.637 0.540 0.482
EST5 (N) 397 209 198 41
A 0.307 0.218 0.291 0.341
B 0.227 0.409 0.376 0.427
C 0.260 0.249 0.151 0.146
D 0.206 0.124 0.182 0.086
IDH1 (N) 145 299 76 106
A 0.024 - 0.020 0.108
B 0.952 0.930 0.908 0.741
C 0.024 0.070 0.072 0.151
ODH1 (N) 133 119 136 106
F 0.135 0.155 - 0.146
S 0.865 0.845 1.000 0.854
(N) 0 126 0 0
F nc 0.125 nc nc
S nc 0.657 nc nc
(0] nc 0.218 nc nc
AO1 (N) 130 135 131 98
F 0.977 0.978 1.000 1.000
S 0.023 0.022 - -
PGM (N) 156 119 84 101
A 0.170 0.134 0.179 0.074
B 0.647 0.702 0.780 0.861
C 0.048 0.164 0.042 0.064
Al 0.042 - - -
B! 0.093 - - -
No. of alleles/locus 2.26 £ 0.27 2.05+0.23 1.94 +0.23 1.89 +D.22
% Polymorphic loci 63.15 57.89 52.63 52.63
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RESULTS Manaus population showed the highest level of heterozy-
gosity. This result contrasts with those obtained for num-
Allelic frequencies and polymorphism ber of alleles per locus and percentage of polymorphic loci,

for which Manaus presented the lowest variability. The

Twelve of the 19 loci studied presented genetic variRorto Velho/Samuel population presented a wide range of
ability in the four population€£ST1 EST2, ESTS5, LAPS5, observed heterozygosity and an amplitude of expected
IDH1, ODH1, ODH2, ODH3, AO1, AO2-PGDH, and heterozygosity. Most of the loci analyzed also had excess
PGM. LAP1, LAP2, IDH2, XDH1, GDH, G-6PD&hd6- homozygotes, with highly significant F values at the 1%
PGDH were monomorphic in all populatianghe locus- level for [oCiIEST2
PGDH showed variation only in the Ariquemes population. Despite the excess homozygotes observed in most

Table | shows the number of alleles per locus iof the loci analyzed, we also detected excess heterozy-
each of the four populations. The Ariquemes populatiagyotes for locu€ST5n AriquemesQODH1in Porto Velho/
was the most polymorphic and presented the largest nu8amuel andEST2 IDH1 andPGM in Manaus. Of these,
ber of alleles per locus. The Manaus and Cachoeira Porterdy EST2in Manaus an&ST5n Ariguemes showed sta-
populations showed the lowest degree of polymorphististically significant (P < 0.05) excess heterozygosity.

and the lowest number of alleles per locus. The total F calculated by maximum likelihood
(Table 111) shows that there was significant disequilibrium
Hardy-Weinberg equilibrium in favor of excess homozygosity in the Ariquemes, Porto

Velho/Samuel and Cachoeira Porteira populations. The

Most of the loci analyzed in the Ariguemes andnean F for Manaus was 0.01 £ 0.03, which does not differ
Manaus populations were not in Hardy-Weinberg equilitsignificantly from zero. However, the standard error for
rium (Table II). Porto Velho/Samuel and Cachoeira Porteithe F estimates in the other populations ranged from 0.02
population loci were found to be in equilibrium, excepto 0.03, being much lower than the mean estimated val-
for EST2in the latter andDHL1 in both. HoweverEST2 ues. The F coefficient was higher in Cachoeira Porteira
homozygotes from the same population were more frand lower in Porto Velho/Samuel, possibly due to the in-
guent than expectedEST2*F/EST2*F and EST2*S/ fluence ofEST2locus which did not show disequilibrium
EST2*Sgenotypes). The same was observed in Ariquemes,Porto Velho/Samuel.
where homozygote classes for the same |dES3I 9 pre- However, as can be seen from the values for each
sented significantly higher values than heterozygotes, alodus, mean F was significantly different between sys-
this pattern (excess of homozygotes) was not observed fems of the Ariqguemes and Cachoeira Porteira popula-
all loci for which chi-square values were significant. Iions, precisely those with the highest F values. This re-
the Manaus population, the heterozygote class was the &gt was obtained from the chi-square values for hetero-
frequent for theeST2locus. geneity (Table I1).

Estimate of heterozygosity and F Population genetic structure
coefficient of Wright
Fs and F values varied considerably from locus to
Levels of observed and expected intralocus helbcus. k; values were greater thag Values for almost all
erozygosity varied within each population (Table IIl). Théoci, with the exception oEST5andIDH1 (Table 1V).

Table Il - Chi-square values observed in test of Hardy-Weinberg equilibrium for five
polymorphic loci in natural populations éhopheles darlingi

Population
Locus Number of Ariguemes Porto Velho/ Cachoeira  Manaus
phenotypes Samuel Porteira

EST2 3 68.25(1) 0.55(1) 46.85(1) 18.41(1y
EST5 10 84.57(6) 8.08(6) 6.13(6) 14.21(¥%
7.24(3y

IDH1 6 10.61(3) 23.94(1y 16.28(3) 5.72(2)
1.43(1y 3.45(1) 4.36(1)°

ODH1 3 3.25(1) 0.83(1) - 4.52(1)
PGM 15 102.97(8)" 5.50(3) 7.04(3) 5.81(3)
44.87(3)° 2.23(1¥ 0.34(1) 0.77(1)

*= Class comprising all the phenotypes that were not observédieles grouped (C + Dy=
Alleles grouped (A + Cy= Alleles grouped (A+ B+ C). - =x? was not calculated. (i) = d.f. =
the number within parenthesg$ < 0.05;(T1P < 0.01.
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Table 1l - Observed (Ho) and expected (He) heterozygosity and respective Wright F-
value for each locus in thenopheles darlingpopulations analyzed.

Population
Locus Ariguemes Porto Velho/ Cachoeira Manaus
Samuel Porteira

EST2 Ho 0.249 0.439 0.275 0.785

He 0.497 0.462 0.496 0.499

F 0.499** 0.049 0.445** -0.573*
EST5 Ho 0.778 0.665 0.666 0.634

He 0.744 0.707 0.717 0.671

F -0.045** 0.059 0.071 0.056
IDH1 Ho 0.082 0.093 0.157 0.490

He 0.093 0.130 0.169 0.416

F 0.110 0.284** 0.070 -0.175*
ODH1 Ho 0.270 0.182 0.000 0.198

He 0.233 0.164 0.000 0.249

F -0.156 -0.109 - 0.207*
AO1 Ho 0.015 0.014 0.000 0.000

He 0.044 0.042 0.000 0.000

F 0.659 0.666 - -
PGM Ho 0.397 0.394 0.321 0.490

He 0.539 0.462 0.358 0.416

F 0.263** 0.146 0.103 -0.177
Total Ho 0.298 £ 0.11 0.297 + 0.09 0.236 + 0.09 0.432 +0Q11

He 0.358 + 0.11 0.327 £ 0.10 0.290 + 0.11  0.375 + (.08

F 0.143 + 0.02 0.106 + 0.03 0.177 £ 0.03  -0.01 + 0{03

X2het 95.82**(6) 9.20 (6) 33.04**(4) 39.77**(5)

- = F not calculated; **P < 0.01; *P < 0.05; d.f. = the numbers within parentheses.

Table IV - Analysis of intra- and interpopulation genetic structure by theThus, we observed that gene frequency variability had an
Wright F-statistic in natural populations Ahopheles darlingi

Locus ~ F. F,

EST2 0.106 0.117 0.013
ESTS -0.001 0.022 0.023
IDH1 -0.017 0.034 0.050
ODH1 0.113 0.150 0.041
AO1 0.659 0.663 0.070
PGM 0.198 0.221 0.029
Mean 0.083 0.107 0.026

intrapopulational origin, and allele origin did not have
much of an effect on the probability of sampling two dif-
ferent alleles in the set of populations.

Genetic distance and similarity data indicate that
the four populations studied are genetically similar (Table
V). The Ariquemes population is the closest to the Manaus
population. Nevertheless, Ariquemes, Cachoeira Porteira
and Porto Velho/Samuel have more in common geneti-
cally with each other than with Manaus (Figure II). The

F. and F are the F values (fixation index) of the individuals in the subManaus population is alone in a separate cluster.

populations and total population, respectivelyisthe degree of differen-
tiation of the subpopulations in relation to the maximum possible differ-

entiation in complete fixation.

Table V - Matrix of genetic distance and similarity among the four
Anopheles darlingpopulations.

Population 1 2 3 4

1 Ariquemes Fhkkk 0.012 0.010 0.024

2 Porto Velho/ 0.988 ok 0.011 0.019
Samuel

3 Cachoeira 0.990 0.989 kkokok 0.012
Porteira

4 Manaus 0.976 0.981 0.989 Fkkokk

DISCUSSION AND CONCLUSIONS
Levels of genetic variability

Allele frequency was not uniform for the different
loci. Of the 19 loci analyzed, six presented variation. The
observed deviation from genetic equilibrium was due in
part to a larger number of observed than expected homozy-
gotes, except for locUsST2in the Manaus population.

Crouau-Roy (1988) pointed out that many studies
have shown significant levels of heterozygote deficiency
in natural populations, but usually these deficiencies are
observed at some allozymic loci and/or only in some popu-

The values above the diagonal correspond to unbiased genetic distancelgﬂpns which have Ot_her loci 'n_equ'“b”um- It has also
those below the diagonal correspond to unbiased genetic identity (Nei, 1943¢en observed that different loci do not present the same
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Figure 2 - Dendrogram resulting from grouping populations on the basis of genetic similarity by the unweighted pairing group rhedhtthvatic mean
(UPGMA), determined by Nei (1978). A, Ariquemes; B, Cachoeira Porteira; C, Porto Velho/Samuel, and D, Manaus.

heterozygote deficiency. These observations have beslas Cianchiet al. (1985) detected a wider range of both
frequently made in mosquitoes (Sanatsal, 1985; Van polymorphism and expected heterozygosity (3R <
Driel et al, 1987; Hiiet al,, 1991) and other insects (Stur-0.78; 0.09%< He < 0.24). The large scope of genetic vari-
geon and Mitton, 1986: Crouau-Roy, 1988). These defibility in Anophelesspecies has been closely related to
ciencies were attributed by these investigators to differetite very structure of the population, such as differential
tial genotype selection, inbreeding, null alleles, foundenating, mutation, selection, and genetic drift.
effect (bottleneck) and even the population structure it- Considering the values observed forAhéarlingi
self. The same results were observed by Scarpassa (1988)ulation studied, there was high heterozygosity with
in a natural population &. nuneztovarirom Tucurui for levels close to those for the gerDalex (0.290< He <
three nonspecific esterase loci. The author attributed thés875). The same is true for polymorphism (0.828 <
results to ecological alterations introduced into the ar€631). H and P values obtained in the present study con-
which probably affected the genotype frequencies, withast with those reported by Lanzasbal (1990) for the
different adaptive values for homozygote classes. A. quadrimaculatusomplex in which heterozygosity was
In the case of null alleles for loc@DH1 of Porto much lower (0.1&G H < 0.18). However, polymorphism
Velho/Samuel population, it can be seen that the locussisowed a greater amplitude of variation (&32< 0.60).
in Hardy-Weinberg equilibrium. The occurrence of null
alleles was observed in lo& andB of EST-Cof A. Genetic structure and population differentiation
punctipennigNarang and Kitzmiller, 1971) and in the al-
dehyde oxidase d&. nuneztovar{Naranget al, 1979). The disequilibrium resulting from excess homozy-
On the basis of the data presented, though the al@tes was observed in strainsfofstepheng(Van Drielet
les had different frequencies among populations, the ladi, 1987), in which Evalues were higher than,Falues
analyzed showed a certain homogeneity, with no detdor most of the loci analyzed. Mean fixation among the
tion of diagnostic loci for the various populations. different loci was low (fF= 0.107). However, locuSpdh
The proportion of polymorphic loci in the 19 lociof A. stephensind locusAO1of A. darlingihad high fixa-
analyzed inA. darlingiindicates a high level of polymor- tion indexes (= 0.831 and 0.663, respectively). The loci,
phism even though the number of alleles per locus showespeciallyGpdhandA01, did not make an equal contribu-
small variation. Narangt al (1979) also found a high tion in either species. Fak. darlingi, the fixation index
level of polymorphism (P = 0.632) for a populationfof indicated the occurrence of some type of isolation in most
darlingi from BR-174 (Manaus-Boa Vista). A relativelyof the loci analyzed, which interferred with random mat-
high degree of polymorphism has been also describedimg within each population.
A. quadrimaculatuy Naranget al (1989) in 50% of the Based on fixation index data, variability of allele
33 loci analyzed. However, Van Driet al (1987) found frequencies irA. darlingi populations is judged to be of
in strains ofA. stephensirom Pakistan that only six loci intrapopulation origin, resulting from differentiation within
were polymorphic of the 16 loci analyzed. This specidhese populations. This differentiation was produced by
also showed lower observed heterozygosity as compamdess homozygotes within each locus and was more rel-
with A. darlingi (Ho = 0.065 to 0.086/0.236 to 0.432). Forevant within than between populations. However, elevated
21 populations of different and incipient specieAmbph- genetic divergence between populations of C species of
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A. quadrimaculatugNaranget al, 1990) was observed, Levando-se em conta os niveis de heterozigosidade intraloco
as indicated by thegfvalue of 0.219. Genetic divergenceobservados e esperados, os maiores valores foram observados
between populations can be observed when a certain 8&populaco de Manaus (Ho = 0,432+ 0,11; He = 0,375 + 0,08)

gree of reproductive isolation has already become est&f2S menores na populacéo de Cachoeira Porteira (Ho = 0,236 +

lished in the populations, as described by Narengl. 0,09; I_—|e =0,290 £ 0,11). Quando analisados'pe_las estatisticas F
(1990). de Wright, os resultados mostraram desequilibrio decorrente de

_ T excesso de homozigotos, conforme mostram os valoregxe F
The genetic distance and similarity between the fOlth (0,083 > 0,026), denotando uma certa diferenciacao intrapopu-

A. darlingi populations indicate that these populations ajgional. As quatro populagdes estudadas foram semelhantes
genetically similar (0.97& | < 0.990) although they are geneticamente, conforme indicam os valores de distancia e simi-
geographically isolated. The genetic distance of these pojifidade. As variagdes cromossémicas de populages da Amazonia
lations was very small (0.0K0D < 0.024), with Ariquemes né&o indicaram diferenciagéo geogréfica, e na regido central da
showing the smallest genetic distance (0.010) comparegtia amaz6nica, estas foram altamente polimérficas em relagéo
to Cachoeira Porteira. However, this difference was na$ marginais, que foram predominantemente monomorficas.
significant, so that Ariquemes, Cachoeira Porteira and
Porto Velho/Samuel were grouped into the same cluster REFERENCES
of the dendrogram.

Comparing these data with those for other mo§abe”g’ Z-H-zndg”e%?f;:'l"é é?g;)-senéocj Sistema para Andlises de

H H H HS H H ados de Genetic , RIO de Janeiro.
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