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ABSTRACT. Anopheles (Nyssorhynchus) oswaldoi (Peryasst, 1922)
S. |., which has been incriminated as a potential human malariavector in
Western Brazilian Amazon, may constitute a cryptic species complex.
However, the most recent study with isozymesindicated high similarity
among samples from the States of Acre, Amazonas and Rondbniain the
Brazilian Amazon. In the present study, 45 individuals were sequenced
from Sena Madureira (State of Acre), Coari (State of Amazonas), S&o0
Miguel (State of Rondénia), and Moju (State of Pard), using the cyto-
chrome oxidase | gene from mitochondrial DNA. Twenty-five haplo-
typeswereidentified in thefour localities, and no hapl otype was shared
among them. The lowest haplotype number was detected in the Coari
sample. The dendrogram based on maximum parsimony analysisyielded
four groups: I) haplotypes 1, 2, 3, 4, and 5 from Sena Madureira and
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haplotypes 17 and 18 from S&o Miguel; 11) haplotypes 13to 16 and 19to
22 from Sao Miguel; 111) haplotypes 23 to 25 from Moju, and 1) haplo-
types 6 to 9 from Sena Madureira and haplotypes 10 to 12 from Coari.
The genetic distance (uncorrected p) obtained among the four groups
ranged from 0.08 to 5.3%, whereas the highest values (4.97 to 5.3%)
were found between groups | (Sena Madureira) and |11 (Moju). Based
on male genitaliaidentification, it was suggested that group | may be A.
oswaldoi s. s. whereas group 1V may be A. konderi. Groups Il and I11
could constitute other lineages or specieswithin A. oswaldoi s. |., whose
taxonomic status remains to be clarified. These results suggest that ad-
ditional studies are necessary using samples of A. oswaldoi s. I. from a
larger geographic area.

Key words. Anopheles oswaldoi s. |., Malaria, Population genetics,
mtDNA, Molecular taxonomy, Brazilian Amazon

INTRODUCTION

Anopheles (Nyssorhynchus) oswaldoi sensu lato (s. |.) has a large geographic distri-
bution, from CostaRicato northern Argentina, including Trinidad (Faran, 1980).

A. oswaldoi (Peryasst, 1922) was described based on the morphology of adults col-
lected in Vale do Rio Doce (Espirito Santo State, Brazil), whereas Anopheles konderi Galvao
and Damasceno, 1942, was described using male genitalia from specimens collected in Coari
(Amazonas State, Brazil). Both species have high morphol ogical similarity and can be separated
only by the apical portion of the mesosoma of male genitalia. A. oswaldoi has an elongate
mesosoma, much longer than wide and without spines. A. konderi has a rounded mesosoma
with tiny pointed spines (small protuberances) on both lateral sides (Causey et a., 1946). Be-
cause of this morphological similarity between the two species, A. konderi was considered as
ajunior synonym of A. oswaldoi for amost five decades (Lane, 1953; seerevisionin Scarpassa,
2005). Later, revised morphological studiesusing al stages (larval, pupal and adult) indicated
that A. konderi may be avalid species (Flores-Mendoza et al., 1998), and currently, A. konderi
was resurrected from synonymy with A. oswaldoi (Flores-Mendozaet a ., 2004). Based on the
second internal transcribed spacer sequences of ribosomal DNA, Marrelli et al. (1999) found
four groups that may correspond to at least four cryptic species: one may correspond to A.
oswaldoi s. s., another to A. konderi, and two other groups may correspond to species for
which morphological identification remainsto be clarified.

Themorphological datafrom Flores-Mendozaet al. (1998) suggested that A. oswal doi
and A. konderi coexist sympatrically in Acre State. In this state, the populations of A. oswaldoi
s. . wereincriminated asapotential human malariavector based on enzyme-linked immunosor-
bent assays and analysis of dissected salivary gland (Branquinho et al ., 1993, 1996). Therefore,
because the taxonomic status of A. oswaldoi s. I. is still controversial, molecular analysis and
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population genetic studies are necessary to better understand the evolutionary relationships of
this*“speciesgroup”. However, it isinteresting that the most recent study using 20 isozymeloci
showed high genetic similarity and the absence of diagnostic loci among samples from the
States of Acre, Amazonas and Rondéniain the Brazilian Amazon (Scarpassa, 2005), indicating
that additional studiesarerequired.

The aim of the current study was a preliminary estimate of the intra- and inter-popula-
tional genetic variability of four samples of A. oswaldoi s. I. from the Brazilian Amazon, using
sequences of the cytochrome oxidase, subunit | (COI) gene of mitochondrial DNA (mtDNA).

MATERIALAND METHODS
Mosquito collection

Specimens of A. oswaldoi s. I. were collected from four localities from the Brazilian
Amazon: SenaMadureira(SMA), State of Acre (09° 03’ S; 68° 39" W), Coari (COA), State of
Amazonas (04° 05" S; 63° 08" W), Municipality of Sdo Miguel (SMI), State of Rondénia (08°
36" S; 63° 49" W), and Moju (MQJ), State of Pard (1° 52" S; 48° 45" W). The samples from
Moju were obtained in July 1998 to 1999, and the samples from the remaining localities were
collected in June 2001 to August 2002. In the SMA site, fifteen specimens were examined,
while in COA, SMI and MOJ localities, 12, 15 and three specimens were examined, respec-
tively (Table 1). The three mosquitoes examined from MOJ were wild-caught females. The
mosquitoes from theremaining localitieswere offspring (F,) of laboratory-reared progeny, where
from one to two individuals of each progeny were used in the analyses. Adult (females) and
offspring (eggs) were identified using the keys of Gorham et a. (1967), Faran (1980) and the
report of Louniboset al. (1997). The male genitaliawere identified when possible according to
the key of Causey et a. (1946). Nine, eight and nine progeny were assayed from SMA, COA,
and SMI, respectively, whereas the identifications of male genitalia were performed on three,
four, and one progeny, respectively. Inthe samplefrom SMA, two progeny wereidentified asA.
oswaldoi and one as A. konderi; all four progeny were A. konderi in COA, and the single
progeny identified in SMI was A. konderi. No male genitalia identification was conducted in
specimens from M OJ, because the sequences analyzed were from wild-caught females. Thus,
because we were unable to identify the male genitalia from all progenies used in the present
study, the samples analyzed are reported as A. oswaldoi s. I.. Following the identifications, the
mosquitoes were kept in a -80°C freezer until the analyses. Two individuals of A. rangeli
Gabaldon, Cova-Garcia and Lopes, 1940, and two of A. nuneztovari Gabaldon, 1940, were
used as outgroups, because they are morphologically and phylogenetically closely related to A.
oswaldoi, and are included in the same section (Albimanus) of the Nyssorhynchus subgenus
(Faran, 1980).

DNA extraction, PCR amplification, purification, and DNA sequencing

Total genomic DNA was extracted from whole mosquitoes using a phenol and chloro-
form method, as described in Sambrook and Russel (2001). Thefragment size of 1226 bp of the
COlI gene of mtDNA was amplified using the primers and PCR conditions described by Zhang
and Hewitt (1997). The PCR products were then checked on 1% agarose minigels, stained with
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ethidium bromide and analyzed under UV light. The PCR purified product was then sequenced
using aBigDye Terminator Cycle sequencing kit. All fragments were sequenced in both direc-
tions. An automated DNA sequencer from Applied Biosystems (ABI PRISM 377 XL) was
used.

Satistical analysis

All sequenceswere aligned by eye using Sequencher Program, version 3.0 (Gene Codes
Corporation, Ann Arbor, MI, 1995) and were imported into PAUP*, version 4.0 (Swofford,
2003), where the maximum parsimony and pairwise distance (uncorrected p) analyses were
performed. Identical haplotypes were identified using MacClade, version 3.07 (Maddison and
Maddison, 1997). Theidentical haplotypeswere considered as asingle unique sequence. Inthe
maximum parsimony analysis, the uninformative characters were excluded, and all characters
wereunordered, with equal weight, and parsimony-informative. Bootstrapping (Fel senstein, 1985)
was conducted using 1000 pseudoreplicates. The uncorrected p sequence divergence was used,
duetothelow level of divergence among the haplotypes. Hapl otypes are deposited in GenBank
under the accession numbers DQ784827 to DQ784851.

RESULTS

Forty-five specimens of A. oswaldoi s. |. were sequenced and the fragment size ob-
tained was 1226 bp of the COI gene (MtDNA), from which 25 haplotypes were identified
(Table 1). In the SMA and SMI, the highest haplotype diversity was detected with 9 and 10
hapl oty pes, respectively. The lowest haplotype diversity wasin COA with three haplotypes. In
MOJ, the three specimens sequenced yielded three different haplotypes. None of the four
localities shared haplotypes. Table 2 shows the 25 haplotypes with their respective variable
positions for the four samples of A. oswaldoi s. |. as well as four haplotypes (26 to 29) of the
two outgroups.

Theaverage nucl eotide composition, including thetwo outgroups, was 29.94%A,, 39.68%
T, 15.65% C, and 14.74% G, with an A + T bias of 69.62%. Intheingroup A. oswaldoi s. |., the
45 sequences had 123 (10.03%) polymorphic sites and 108 (8.81%) were phylogenetically in-
formative. Including thetwo outgroups, A. rangeli and A. nuneztovari, the datahad 176 (14.36%)
polymorphic sites, of which 163 (13.30%) were phylogenetically informative.

Of the 123 variable sites within A. oswaldoi s. I., nine (7.32%) substitutions were
detected at the first codon position, two (1.63%) at the second position, and 112 (91.02%) were
observed at thethird codon position. Of the 123 variable sites, 96 (78.05%) weretransitions, and
most of them occurred at the third codon and werefrom T «» C. Of the 27 (21.95%) transver-
sions, all occurred at the third codon position.

The maximum parsimony analysis (Figure 1) yielded a dendrogram that suggests that
the samples of A. oswaldoi s. |. analyzed are monophyletic with respect to two outgroups, A.
rangeli and A. nuneztovari (84% bootstrap support). The most parsimonious tree generated a
tree-length of 270, a consistency index of 0.670 and a retention index of 0.882. The figure
shows that most hapl otypes were grouped geographically, except the haplotypes 6, 7, 8, 9, 17,
and 18 (see aso Table 1). This dendrogram shows four groups: 1) haplotypes 1, 2, 3, 4, and 5
from SMA, and the haplotypes 17 and 18 from SMI; 1) haplotypes 13 to 16 and 19 to 22 from
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Table 1. Haplotype frequency in four samples of Anopheles oswaldoi sensu lato from the Brazilian Amazon.

Haplotype Sample
SenaMadureira Coari S&o Miguel Moju Total
1 2(0.13) - - - 2(0.04)
2 1(0.07) - - - 1(0.02)
3 1(0.07) - - - 1(0.02)
4 3(0.20) - - - 3(0.08)
5 2(0.13) - - - 2(0.04)
6 2(0.13) - - - 2(0.09)
7 1(0.07) - - - 1(0.02)
8 1(0.07) - - - 1(0.02)
9 2(0.13) - - - 2(0.04)
10 - 8(0.66) - - 8(0.20)
11 - 2(0.17) - - 2(0.04)
12 - 2(0.17) - - 2(0.09)
13 - - 1(0.07) - 1(0.02)
14 - - 1(0.07) - 1(0.02)
15 - - 3(0.20) - 3(0.08)
16 - - 1(0.07) - 1(0.02)
17 - - 1(0.07) - 1(0.02)
18 - - 1(0.07) - 1(0.02)
19 - - 4(0.24) - 4(0.10)
20 - - 1(0.07) - 1(0.02)
21 - - 1(0.07) - 1(0.02)
22 - - 1(0.07) - 1(0.02)
23 - - - 1(0.33) 1(0.02)
24 - - - 1(0.33) 1(0.02)
25 - - - 1(0.33) 1(0.02)
Total 15 12 15 03 45

The haplotype frequency is shown in parentheses.

SMI; [11) haplotypes 23 to 25 from MOJ, and 1V) haplotypes 6 to 9 from SMA and haplotypes
10to 12 from COA. All cladeswerewell supported (Figure 1). The maximum likelihood analy-
sisyielded atree with identical topology (data not shown).

The genetic distance based on the uncorrected p ranged from 0.08 to 5.3% among the
four groups from Figure 1. The highest values (4.97 to 5.3%) were obtained among the haplo-
typesl, 2, 3,4, and 5 from SMA (group I) and the haplotypes 23, 24, and 25 from MOJ (group
I11). Between groups | and IV, it was 4.5 to 5.1%, and between groups | and 11, 3.7 to 4.2%.
Otherwise, the genetic distance within the groupswas |ower than among groups: group | ranged
from 0.08 to 2.8%; group Il from 0.08 to 0.6%; group 11 from 0.3 to 0.7%, and group IV from
0.08 to 1.3%. Between A. oswaldoi s. |. and the outgroup A. rangeli the genetic distance was
3.99 to 6.61%, and between A. oswaldoi s. |I. and A. nuneztovari the distance was 5.63 to
7.59%, suggesting that A. oswaldoi s. 1. and A. rangeli are more closely related than A. oswal doi
s. . and A. nuneztovari, at least for the mitochondrial genome.
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Figure 1. Dendrogram based on maximum parsimony analysis for 25 haplotypes (H1 to H25) obtained within Anopheles
oswaldoi s. I.. The bootstrap proportions are above the branches. Haplotype designations within A. oswaldoi s. . are in
Table 1. A. rangeli and A. nuneztovari were used as outgroups. H26 and H27 = A. rangeli; H28 and H29 = A. nuneztovari.

DISCUSSION

The A + T composition (69.62%) is similar to other insect mtDNA (Clary and
Wolstenholme, 1985; Bernasconi et a., 2000; Mirabello and Conn, 2006). The high frequency of
transitions in the third codon position among the haplotypes of A. oswaldoi s. I. is typical of
populations of the same species/lineages or of recently diverged species (Moritz et al., 1987,
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Simon et al., 1994). When species have been separated for a long time, the accumulation of
third position substitutions is expected to have reached saturation (Pedersen, 1996), by the
increase of transversions and substitutionsin thefirst and second positions. These results were
not observed in the present study, supporting a close relationship among the samples of A.
oswaldoi s. |., despite the four distinct groups seen in Figure 1.

Curiously, none of the four samplesof A. oswaldoi s. I. shared haplotypesindicating an
absence of gene flow among them, with evidence of populations genetically structured. How-
ever, the apparent absence of gene flow may be due to the failure of detecting intermediate
samplesamong localities, but thiscan only be determined with additional sample collectionsand
analyses.

Thelow haplotype number detected in COA issimilar to results obtained with isozymes
(Scarpassa, 2005), suggesting that in the past a strong bottleneck effect or founder effect may
have occurred in this population.

Based on the male genitaliaidentification, we suggest that group | may be A. oswaldoi
s. s. while group 1V may be A. konderi. Groups Il and 11l could comprise other lineages or
specieswithin A. oswaldoi s. I., which remainsto be clarified. Conversely, the isozyme studies
did not indicate differences among samplesfrom these samelocalities (Scarpassa, 2005). These
distinct results may be explained by differencesin the evolutionary rate between the mitochon-
drial genome and the nuclear genome (isozymes). Also, because of the maternal inheritance of
mtDNA,, its effective popul ation size is smaller than that of the nuclear genome and, therefore,
should be more sensitiveto population subdivision (Roderick, 1996).

These data suggest that it is possible to separate A. konderi from A. oswaldoi using
sequences from COIl gene. However, further investigations are necessary in A. oswaldoi s. I.
from alarger geographic area.
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