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A population genetics study ofAnopheles darlingi (Diptera:
Culicidae) from Colombia based on random amplified polymorphic

DNA-polymerase chain reaction and amplified fragment lenght
polymorphism markers

Ranulfo Gonzalez/+, Richard Wilkerson", Marco Fidel Suarez, Felipe Garcia,
Gerardo Gallegon, Heiber Cardenas, Carmen Elisa Posso, Myriam Cristina DuqueU

Facultad de Ciencias y rdcullad de Salud. Universidad del Valle, ('.ali, Colombia *Depanment of Entomology, Walter Reed Army
Institute of Research. Silver Spring, MD. US "~Intemational Center ofTropical Agriculture, Cali, Colombia

The genetic variation and population structure of three populatiolls of Anopheles darlingi from Colombia
lVere studied using random amplified polymorphic markers (RAPDs) and amplified fragment length polymor.
phism markers (AFLPs). Six RAPD primers prodllced 46 polymorphic fragments, while two AFLP primer com­
binations produced 197 polymorphic fragments from 7/ DNA samples. Both of the evaluated generic markers
showed the presellce of gene flow, suggesting that Colombian An. darlingi populations are in pamnixia. Average
genetic diversity. estimated from observed heterozygosity. was 0.374 (RAPD) and 0.309 (AFLP). RAPD and
AFLP markers showed little evidellce of geographic separation betweell eastern and westem popularions;
however, the FST vailles showed high gene flow between the two western populations (RAPD: FST =0.029; Nm:
8.5; AFLP: FST = 0.05/; Nm: 4.7). According to molecular variance analysis (AMOYA), the genetic distance
between populations was significallt (RAPD:cf>ST =0.084; AFLP:cf>sr =0.229. P < 0.00/). The FST distances
and AMOYAs using AFLP loci support the differentiation of the Guyana biogeographic province population
from those of rhe Choco-MagdCllena. In this lasr region. Choco Clnd Cordoba populations showed the Ilighest
genetic flow.

Key words: amplified fmgment length polymorphism - Allopheles darlillg; - genetic diversity· malaria vectors - random amplified
polymorphic DNA - polymerase chain reaction - Colombia

Anopheles darlingi is recognized as the most anthro­
pophillic and endophagous species of Anopheles in the
Americas (Fleming 1986), the primary malaria vector
in the Neotropics (Conn et al. 2001), and is considered
the most important malaria vector in the Amazon Basin
(Conn et al. 1999). It is most frequently found in the hot
and humid lowlands, with a discontinuous distribution
from Southern Mexico to Northern Argentina, but not
reported in Costa Rica, Nicaragua, and Panama (lin­
thicum 1988, Manguin et al. 1999). In Colombia, it is
found up to an altitude of 450 m in the premontane zone
of the Andes (Fleming 1986), which is characterized by
three large mountain ranges and variety of geographic
features (Fig. I) that clearly separate the eastern from
the western regions and possibly limit the free gene flow
between these regions.

Based on the original description of An. darlingi by .
Root (1926), phenotypic variation and differences in
hematophagous behavior have contributcd to generating
a certain degree of confusion regarding its specific taxo-
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nomic status (Galviio et al. 1937, Galviio & Barreto 1938,
Galviio 1940, Linthicum 1988, Rubio-Palis 1998). Given
the foregoing and the great importancc of this species, a
series of population studies were conducted. using mor­
phological and molecular tools (Manguin 1999). ori­
ented toward clarifying both taxonomic status and ge­
netic structure within its range of distribution.

Lounibos and Conn (2000) recently reviewed the use
of molecular markers in the study of the ecology and
genetics of All. darlingi. Its biting behavior was sum­
marized by Rosa-Freitas et al. (1992), and Zimmerman
(1992) demonstrated great variability in post-blood feed­
ing/resting behavior. Depending on the region of study.
one, two, and even three peaks of major biting activity
have been observed, as well as variation in the extension
or ti me interval of peak hematophagous activity. Hudson
(1984) and Klein and Lima (1990) suggest that this in­
dicates the existence of a species complex. Neverthe­
less, from morphological studies did not reveal substan­
tial differences among populations throughout the area
of distribution, including populations in isolated zones
(Linthicum 1988, Rubio-Palis 1998, Manguin et aJ.
1999). According to Linthicum (1988) the diagnostic
characters arc very constant, even for the Guatemalan
and Honduran populations and intcrpopulational varia­
tion is almost equal to intmpopulational variation.

Additionally, several studies on this species have shown
great genetic population variability (Kreutzer et aI. 1972,
Steiner et at. 1982, Tadei et aU 982. Rosa-Freicas et al.
1992. Freitas-Sibajev et al. 1995, Mendes dos Santos et al.
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with respect to the others. This is in contrast with find­
ings using an mtDNA marker (Conn ct at. 1999). in which
nine collection sites were compared, including Doumdo
in Brazil, with no substantive differences detected in
haplotype or nucleotide diversity. In Colombia. accord­
ing to Gonzalez (2001), An. dllrlingi showed morpho­
logical variation and different biting behavior between
populations from the Choc6-Magdalena biogeographic
region and Guyana.

In this study, based on observed polymorphism, us­
ing two dominant markers, RAPD-PCR and amplified
fragment length polymorphism (AFLP), we analyzed
three populations sepamted by a geographic gradient in
order to determine whether genetic structure exists in
Colombian An. darlingi populations.

MATERIALS AND METIIODS

Collection, handling and identification of All.
darling; - The analysis was carried out using samples of
An. darlingi collected from three locations in Colom­
bia: Bete (06° 00' 00" Nand 76° 46' 60" W) in the mu­
nicipality of Medio Atrato, Choco Province; Granada
(030 32' 19" N and 73° W) in the municipality of Granada,
Meta Province; and Tai in the municipality of lierralta,
Cordoba Province (Fig. I). Mosquito samples were col­
lected using human bait following standard WHO (1975)
recommendations. They were identified morphologically
(Linthicum 1988) and preserved in 1.5 ml-micro­
centrifuge tubes al -70°C.

DNA extraction and RAPD-PCR and AFLP condi­
tiolls - DNA isolation was done according to Cocn et al.
(1982), modified as in Romans (Black IV & DuTeau
1997). The samples were analyzed using RAPD-PCR and
AFLP markers.

RAPD-PCR - Specific amplification reaction condi­
tions were standardiZed in order to obtain well-defined,
consistent and reproducible banding patterns: I nglpl
DNA, IX buffer, 2.5 mM MgCI2, 0.2 mM dNTPs, 0.2
mM oligonucleotides, IU Taq, adjusted to 25 pi with
H20. The RAPD amplification was done with a seven­
step protile (initial denaturation cycle at 94°C for 3 min;
35 cycles at 94°C for 30 s, 35°C for 45 sand noc for I
min 30 s. The linal extension was done at 72°C for 5
min). Followed by a soak temperature of 4°C. The am­
plifications were done in a MJ Research PTC-I 00 plate
thermocycler. Amplification products were visualized on
1.5% agarose gels according to the method of Sambrook
et al. (1989). A total of 75 RAPD-PCR Womer oligo­
nucleotides from Operon Technologies® were first
tested on three individuals from each locality. Negative
controls were used in all reactions in order to detect
artifacts and to verify the amplification reliability. Six
RAPD-PCR primers (A05, A13, B05, B12, B14. W09)
were chosen for testing 64 samples (24 from Choc6, 26
from Meta, and 14 from Cordoba). The location selec­
tion criteria was ba'ied on sepamtion by distance and the
presence of the Andean mountain mnge as a geogmphic
barrier (Fig. I). Samples were run in gels at 300 V in a
horizontal electrophoresis chamber (Life Technologies
Inc.) for approximately I h. Lambda DNA, digested with
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Fig. I: gengmphic location of three Colombian Anopheles darling; popu­
lalions: Rete (Choco), Tierrallll (Cordoba), and Granada (Meta).
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1996, Rafael & Tadei 1998,2000, 1999, Manguin et aI.
1999,Connctal. 1999, Malafronlcetal. 1999, Conn 2(01).

Mendes dos Sanlos et aI. (\996) analyzed II enzymes
in four Amazonian populations and found variation with
respect to the number of alleles and polymorphism in al1
the studied populations, Latcr, Mendes dos Santos et aI.
(1999), analyzed 19 isozyme loci in four populations from
the Amazon River Basin and found that they were geneti­
cally similar, but that the one from the centml Amazon
region had high polymorphism in comparison to the
marginal populations, which were primarily monomorphic.

Using a combination of morphological data, mndom
amplified polymorphic DNA-polymemse chain reaction
(RAPD-PCR), isozymes and internal transcribed spacer
(ITS2) sequences in samples from Central and South
America, Manguin et aI. (1999) found that although the frag­
ments produced by RAPD-PCR showed evidence of geo­
graphic partition, all populations were sepamted by rela­
tively short genetic distances. According to Conn ct al.
(1999), the heterogeneity observed in this species' biting
behavior (Rosa-Freitas et al. 1992), variation in si1.e
(Lounibos et aI. 1995, Chariwood 1996), and geogmphic
differences in blood seeking periodicity can be partly ex­
plained by population structure and gene-flow patterns that
could also affect the species' vector capacity.

Analyzing the ITS2 sequences from five Brazilian
slates, Malafronte et al. (1999) found that they were al­
most identical. However, the population from the South­
east (Dourado, state of Sao Paulo) had 4-5% divergence
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Fig. 2: majorily consensus tree lJPGMA in Ihree Colombian Anophrles darling; populations (Cordoba. <..naco. and Meta) analyzed from Ien amplified
fmgmenllenglh polymorphisms loci. The branch nllmber indicales Ihe limes Ihal the lopology was explained.

Pst I, was used as the molccular-size standard in each run.
The banding ~ttems were visuali7.cd with ethidium bromide
(0.8 Jlglml). Gels and banding patterns were recorded with
EagleEye lIT" (Stratagcne) equipment.

AFLP - An analytical system II kit (GIBCO BRL) was
used. Sixteen AFLP primer combinations were iniatilly
screened and two combinations were chosen from those:
(E-AC/M-CAA and E-AG/M-CAG). Preamplificalion
was done with a 20-cycle PCR (30 s at 94°C, 60 s at
56°C, and I min at nDc, soak at 4°C). The radioactive
labeling of primer EcoR I (selected) was done with
dATPIy-32PI. The selcctiveAFLPamplificalion was done

with an II-step profile (initial cycle at 94°e for 30 s,
65°e for 30 s, and noe for 1 min; 12 cycles at 94°e for
30 s, 65°e for 30 s (lowering O.70C per cycle each time).
and noc for I min; and 23 cycles at 94°C for 30 s, 56°C
for 30 s, and noc for I min). Both the preamplification
and selective amplification were done in a MJ Research
PTe-IOO thermocycler. Seventy samples (28 from Choco,
27 from Meta and 15 from Cordoba) were tested.

Amplification products were separated on 6% poly­
acrylamide vertical gels at constant current (- 100 W
and approximately 1800 V). The gel was placed on
Whatman 3 MM, covered with vinyllilm, dried and ex-
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TABLE I

Average heterozygosity expected in three Colombian populations of Anopheles dllrlingi, using three methods with randon amplilicd
polymorphic DNA-polymerdSCchain reaction (RAIlD-PeR) and amplified rragmentlength polymorphism (AfLP) loci

Marker Subpopulation

Average
heterozygosity

expected

Bayesian method

Unironnq Nonunironnq
distribution distribution

AFLP

RAPD-PCR

Meta
Choco
Cordoba
Total

Meta
(lloca
Cordoba
Total

0.2835
0.2474
0.2326
0.3034

0.3579
0.3534
0.3567
0.3742

0.3024
0.2741
0.2824
0.3093

0.3679
0.3706
0.3833
0.3785

0.2990
0.2683
0.272.'i
0.3089

0.3688
0.3745
0.3862
03804

TABLE II
H,o;timatc of Fsrand Nm among Colombian Anopheles darling; populations with random amplified polymorphic DNA-polymerase

chain reaction (RAPD-PCR) and amplified rragments length polymorphism (AFLP) loci

Marker

RAPD-PCR

AFLP

Wright Thetn Lynch & Milligan

Population pairs FST Nm F~T Nm FST Nm

Cordoba-Meta 0.055 4.30 0.090 2.50 0.071 3.30
ChocO-Meta 0.049 4.90 0.074 3.10 0.065 3.60
C6rdoba-Ch0c6 0.029 8.50 0.023 10.80 0.008 30.40
Total 0.060 3.90 0.068 3.40 0.057 4.20

Cordoba-Meta 0.106 2.10 0.224 0.90 0.220 0.90
Choc6- Meta 0.111 2.00 0.224 0.90 0.213 0.90
Cordoba - Choco 0.051 4.70 0.103 2.20 0.096 2.40
Total 0.127 1.70 0.199 1.00 0.200 1.00

TABLE III

Results ofAMOVA in three Colombian Anopheles darlingi populations with random nmplified polymorphic DNA-polymerase chain
reaction (RAP))-PCR) and ampl ilied rragments Iength polymorphism (A A_P) loci

Marker
Source or
variation

Sum or squares
(SS)

Mean Variance
squares components

(MS) (%) Q

Distances
(rST)

Significance
(P)

111.478 8.43RAP))-PCR

AFLP

Between
populations
Within
populations

Between
populations
Within
populations

55.739

19.508

289.256

1259.747

1190.015

144.628

18.526

91.57

22.93

77.07

0.084

0.229

<0.001

<0.001

a : by variance components.

posed to x-ray film, developed and kept for further analy­
ses. Data from the RAPD andAFLPbanding patterns from
each sample were coded in a binary data matrix.

Analysis of rhe RAPD and AFLP patrerns - A dis­
tance matrix (I-M) was generated with the RAPDPLOT
program of Black IV (1993, 1995). This matrix was es­
timated from the fraction of pairings (M), using the for­
mula M =NAi/N.,.. where NAB is the total number of pair­
ings between individuals A and B (for both the absent or
present bands) and N]' the total number of "loci" (frag­
ments) in the study. These were then used to generate
the respective sets of 100 matrices read by PHYLIP 3.5C

(Felsenstein 1993). Each matrix of the set was collapsed,
using "Neighbor joining" algorithm with the UPGMA
method for generating dendrograms from which the de­
finitive tree was obtained by means of the strict-con­
sensus and majority-rule options Black IV (1993, 1995).

In order to analyze the consistency with which the
RAPD and AFLP datasets supported the phenetic ratio
between the possible taxa, a bootstrap analysis of 100
pseudoreplicates was run, using the RAPDBOOT 1.0
program (Black IV 1995).

Poplliarion generics allalysis - Genetic variation and
the genetic structure of the three All. darlillgi populations
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\~'c:e ass~sse~ by calcula~ing heterozygosity. the F~Tsta­
tlstlCS, migratIon/generation rates (Nm). molecular analy­
sis of variance (AMOVA) and the genetic distances.

Population diversity and genetic differentiation were
analyzed using the allelic RAPD and AFLP allele fre­
quencies. Three methods were used: the tmditional square
root of q (Apostol et al. 1996), the Lynch and Milligan
(1994) method. and a Bayesian method proposed by
Zhivotovsky (1999). Because of the difficulties of ob­
taining heterozygosity from dominant markers (Black
IV 1993, 1995. Black IV & Munstermann 1996. Taba­
chnick & Black IV 1996. Van et al. 1999). we calculated
it according to Black IV and Munstermann (1996) and
Apostol et al. (1996). who take into account the absent
bands (q) and estimate of the null allele frequency q{i)
at locus; (I =I.....L) in populations j(j =l •...•r) as: q~{J)
=YXj (i). where xj (i) is the null recessive homozyg6tes
frequency in populationj at locus i.

The FST values and thc Nm migration rates were cal­
culated using the RAPDFST program (Black IV 1995),
assuming RAPD locus andAFLPdominance and a popu­
lation at Hardy-Weinberg equilibrium. The RAPDFST
program estimates the F.rr from the formula proposed
by Wright (1951). It also estimates the effective migra­
tion ratc (Nm) and the population structure (SST)'

Genetic variation components within and among
populations were estimated by AMOVA using WINA­
MOVA 1.5 (Excoffier et al. 1992) and AMOVA-PREP
1.01 (Miller 1998) programs. The fl>ST value. which is
analogous to FST' represents the population structure.
Significance levels and the F values were computed 1000
times by nonparametric exchange procedures.

In addition. the genetic distances between the popu­
lations were analyzed with the RAPDDlST 1.0 program
(Black IV 1997). Based on each RAPDorAFLPdataset,
a distance matrix (I-S) was generated (Nei's similitude.
1972); S =2NABI(N~ + NB). where NAB is the number of
fragments that indiViduals A and B share in common. NA
is the number offragments from individual A and No' the
number of fragments from individual B. The consistency
with which the data set supported the estimated ratios
between the populations was evaluated by means of a
bootstrap of 100 pseudoreplicates as described earlier.

RESULTS

In the three populations. the six RAPD oligos (A05.
AB. B05, B12, B14. W09) produced 45 polymorphic
bands. while thc two AFLP primer combinations (F.-AC!
M-CAA and E-AG/M-CAG) produced 197.

Analysis ofthe RAPD and AFLP patterns - The clus­
ter analyses with the RAPD markers using the
RAPDPLOT (Black IV 1993), based on two genetic dis­
tance matrices (I-M and loS) and the subsequent
bootstrapping, showed different individuals clustering
degrees from the three populations analyzed (Chaco.
Meta, and C6rdoba) (cluster not presented). The low lev­
els of probability obtained in these c1ustcrings with AFLPs
do not indicate a significant geogmphic partition (FIg. 2).

Population genetics analyses - Both the RAPD and
AFLP patterns revealed great genetic diversity (Nei
1972). The expected average heterozygosity is presented

in Table 1. The aver-elgc values nlOged from 0.3534 to
0.3862 throughout the 45 RAI>D loci and from 0.2326
to 0.3093 throughout the 197 AFLP loci.

Population genetic strllctllre - The results of the
Wright's estimate (1951) and Lynch and Milligan's
(1994) FST and thela indices. using the data from RAPD
loci. rangcd from 0.023 to 0.090; while the AFLP data
ranged from 0.051 to 0.224 (Table II). These statistics
based on AFLP data were approximatcly double of those
obtained with RAPD data. Both markers showed the same
trend: that is. the F~T values for population pairs using the
RAPD and AA.P data, respectively. had higher values for
Choc6-Meta (RAPD =0.055-0.090; AFLP =0.106-0.224)
and Cordoba-Meta (RAPD =0.049-0.074; AFLP =0.111­
0.224) in comparison with those for Choco-Cordoba
(RAPD =0.008-0.029; AFLP = 0.051-0.103).

Using the RAPD markers. the three gene flow esti­
mators showed greater flow among the three populations
(Nm =2.5-30.4) than with the AFLP markers (Nm =0.9­
4.7) (Table II). With both markers it was observed that
there was greater gene flow between Choco and Cordoba.

Similarly, the AMOVA for both sets of markers pro­
duced higher«l>ST values for the analyses withAFLPdata
(Table III). The percent variation explained on the basis
of the variance components also showed appreciable dif­
ferences between the two types of markers: 8.4 and 23%
for RAPD and AFLl~ respectively.

Despite there being high values of intrapopulation
variation (92 and 77% for RAPD and AFLp' respectively).
a significantly high interpopulation variance was detccted
for both markers (p < 0.001). The fl>ST calculated with
the AFLP data set was similar to the other FST statistics
calculatcd (Table IV). On the other hand, the estimators
«I>ST between population pairs and the modified
coancestry coefficient showed once again that the popu­
lations from Choco and Cordoba had greater genetic dis­
tances with rcspectto the population from Meta

In confirmation of the foregoing. the alleles frequen­
cies were consistently different for a large number of
loci from evaluated populations. When calculating Nei's
(1972) genetic distances between populations using both
data sets. with a bootstrapping of 100 pseudoreplicates.
the consensus tree showed a greater genetic similarity
between the populations from Choco and Cordoba than
between Meta and Choco or Meta and C6rdoba (Fig. 3).

DISCUSSION

The results based on the cluster analyses, especially
for RAPD loci, showed that the Colombian An. darlingi
populations are panmitic. Similarly. based on the infor­
mation of five RAPD-PCR primers, Manguin et al.
(1999), demonstrated evidence of geographic partition­
ing among the analyzed populations. however, the genctic
distances separation were very small and. they concluded.
that the An. darlingi populations are conspecific.

The values of genetic diversity obtained in this study
are nearly three times greater than those observed by
Manguin et al. (1999) (0.063-0.122). who used 31
isozyme loci from seven populations from throughout
the range of distribution of All. darlingi. However.
Mendes dos Santos et al. (1999). working with isozymes.
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TABLE IV

Distances <IlST among pnirs of Anopheles darling; Colo~bian populations with mndom m~pliti~ polymorphic.polymerase chain
I\.'action (RAPD-PeR) and amplified fragments length polymorphism lacl (AFLP)

Marker

RAPD-PCR

AFLP

Populntion p.1.irs

Cordoba -Meta
Chaco-Meta
Cordoba-Choeo

Cordoba· Meta
Chaco-Meta
Cordoba-Choco

l1>sr value a

0.1072
0.0960
0.0130

0.2443
0.2765
0.0860

Modified co-ancestry
coefficient (<Ilsr) b

0.1134
0.1009
0.0131

0.2801
0,3237
0.0899

(I: distances <Ilsr.among population pairs; b: distances <Ilsramong population pairs. modified co-ancestry coefficient (-Inll- <Ilsr l=tl2N).

A r---META

LOA!-CHOCO
98.0

L.!-- c6RDOBA

'G=:
100.0

I c6RDOBA

Fig. 3: genetic distance (I-M) tree for Ihree Colombian Allol'"elesdar/bIg;
populations based on analysis of A: 45 polymorphic modom amplified
polymorphic DNA-polymcmse chain reaction loci; B: 197amplified fmg.
mentlength polymorphism loci. The braneh number indicates the limes
lhal the topology was consistent.

recorded higher values with a greater observed and ex­
pected intralocus heterozygosity, respectively. in the
Manaus population (Amazonas) (Ho =0.432 ± 0.11; He
=0.375 ± 0.08) than for the population from Cachoeira
Porteira, Pam (Ho =0.236 ± 0.09; He =0.290 ± 0.11).
Although these values are similar to those obtained by us
with the aforementioned markers, they are lower than those
obtained using C<Hfominant markers (Yan et aI. 1999).

With data from RAPD loci of Aedes aegypti from
Puerto Rico, Apostol et aI. (1996) found an expected
heterozygosity of 0.354. similar to that found by Posso
et al. (2003) in An. mmeztovllr; from Colombia and by
us in this study. Yan et aI. (1999) discuss the variations
that can occur when calculating genetic diversity depend­
ing on the marker type used. In Ae. aegypt; from Trinidad
and Tobago, they found that the heterozygosity observed
with the Rt-:LPs was significantly higher (0.47-0.60) than
expected with the AR..P data (0.39). values considered
to be fairly high.

The FST calculations of Manguin et aI. (1999) in the
seven An. darling; populations, obtained on the basis of
31 isozymatic loci, are comparable with those for RAPDs
(0.102). but lower than those for the AFLPs in this study.
Based on the Nm calculations between pairs of populations,
greater gene flow was observed between the Choc6 and
Cordoba populations, as expected from the cluster analy­
ses described previously; but that was apparently overesti-

mated with the RAPD technique, given that according to its
loci, the Nm values between Choc6-Cordoba were high.
especially based on Lynch and Milligan's FST (1994).

The differences observed in the FST' estimated with
hoth types of markers in this study. could be explained
in the same sense that Yan et aI. (1999) argue. They indi­
cate that the differences found among the FSTestimates
in Ae. aegypti, when using RAPD, AFLP, RFLP, and iso­
zyme markers, could be the result of differences in the
mutation rate of these loci. which can be examined in
Wright's (1951) FST formula: t-:ST =1/[I+4Nim+u)I,
where Ne is the effective size of the population, m the
migration rate and u the mutation rate. Thus the F~T value
can be seriously underestimated if the loci mutation rates
are is relatively high. RAPD loci tend to have higher mu­
tation rates than the AFLP and RFLP loci; thus the FST
calculated from RAPD markers could be underestimated.
On the other hand, the isozymatic markers mutation rate
is generally lower than for the DNA markers so higher
FST estimates can be expected. According to Slatkin and
Barton (1989), the theta statistic tends to overestimate
the migration rate; but with our RAPD data we observed
that although theta was slightly higher than Wright's FST,
it was, in any case, threefold less than that of Lynch and
Milligan (1994) for the Chac6-Cordoba comparison. In
the case of Lynch and Milligan's AFLP, theta and FST' the
data were practically identical; the highest value was
obtained with Wright's F,S1'

In the AMOVA (Table Ill), we observed. that the per­
centage of the variance components among populations,
was less with RAPD than AFLP markers. Considering
that the sample size used with both markers types were
approximately the same, the results differences should
stem basically from the mutation rate and the number of
analyzed traits (bands) (Yan et aI. 1999). Based on the
AFLP loci analyses, it was observed that there was an
indication of geogmphic subdivision between the west­
ern and eastern populations, the same as for the cluster­
ing methods. Between the two western populations
(Choco-Cordoba). there were indications of a difference
comparable to random mating. For both types of data,
there was a high value in the intmpopulation variance
component (RAPD =0.91, AFLP =o.n).

If we consider that the populations from Choco and
Cordoba correspond to one ecoregion and Meta to a dif­
ferent one. the cI>ST values could correspond to a struc-
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ture type similar to that reported by Conn et al. (1999).
based on mitochondrial DNA data from samples of All.
darlingi in Bolivia, Bra7.i1, and Venezuela.

In conclusion, it is possible that the eastern and west­
ern populations of An. darling; are genetically differ­
ent. Nevertheless, given the dctccted diffcrences with
the two markers used, the search for the population struc­
ture should be re-analyzed, using other molecular mark­
ers such as microsatcllites and mitochondrial DNA. At
the same time, parameters should be measured to pcr­
mil the analysis of its dispersion, its vectorial capacity
and competence. as well as other factors that may con­
tribute to defining whether the populations can be con­
sidered epidemiologically different.

ACKNOWLEDGMENTS

To DrJ Tohme, International Center ofTropical Agriculture
for use of the laboratory facilities, Yadira Rangel. Jan Conn. J
Montoya, N Carrejo. and RE Gonzalez for their support in the
manuscript critical reading. This research was performed under
a Memorandum of Understllnding between the Walter Reed Army
Institute of Research and the Smithsonian InstilUtion. with insti­
tutional support provided by both organizations. Thc material to
be published rellects the views of the authors and should not be
construed to represent those of the US Dept. of the Army or the
Dept. of Defense.

REFERENCES

Apostol BL. Black IV WC, Reiter P, Miller BR 1996. Population
genctics with RAPD-PCR markers: thc breeding structurc
of Aedes aeRypt; in Puerto Rico. Heredity 76: 325-334.

Black IV WC 1993. PeR with arbitrary primers: approach with
carc. Illsect Mol Bioi 2: 1-6.

Black IV WC 1995. StlItistical analysis of arbitrary primed PCR
patterns in molecular taxonomic studies. In JP Clapp. Melli­
ods in Molecular BioloRY, 1'01 50: Species DiaRlloslic
Prolocol PCR alld Otller Nucleic Acicl Melhods. Human
Press, Totowa. NY, p. 39-55.

Black IV WC.DuTeau NM 1997. RAPD-PCRand SSCPanaly­
sis for insect population genetic studies. In JM Crampton.
eB Beard. C Louis (eds). Molecular Biology ofInsect Dis­
ease Vectors: A Methods Manual. Chapman and Hall. En­
gland. p. 362-363.

Coen ES, Stracha T. Dover G 1982. Dynamics of concerted
cvolution of ribosomal ADN and histone gene families in
the melanogaster species subgroup of Drosophila. J Mol
Bioi 158: 7-35.

Conn JE, Bollback JP. Onyabe DY. Robinson TN, Wilkerson RC,
Povoas MM 2001. Isolation of polymorphic microsatellite
markers from the malaria vector Anopheles darlingi. Mol
Ecol NOles I: 223-225.

ConnJE, Freitas-Sibajcv MGR,l.uzSLB. Momen H 1999. Mo­
lecular population genetics of the primary malaria vector
A,wpheles darling; using mtDNA. J Am Mosq Cotltrol
Assoc 15: 468-474.

Charlwood JD 1996. Biological variation in Anopheles darlingi
Root. Mem Insl Oswelldo Cruz 9/: 391-398.

Excoffier L. Smouse PE, Quatlro JM 1992. Analysis of molccu­
lar variance inferred from metric distances among ADN
hllplotypes: application to human mitochondrial ADN restric­
tion data. Genetics /31: 479-491.

Felsenstein J 1993. PHYLIPS (Phylogeny Inference PlIckage)
v. 3.5c. Dcpartment of Genetics. The University of WlIsh­
ington, Seattle. \VA.

Aeming G 1986. Biologra y Ecologra de los VeclOres de la
Malaria. OPS. WlIshington. DC. 54 pp.

Freitas-Sibajev MG, Conn J, Mitchell SE, CockbumAF, Seawright
JA, Momen H 1995. Mitochondrial ADN and morphologiclll
analyses of Anopheles darlingi populations from Brazil
(Diptera: Culicidae). Mosq Syst 27: 78-99.

Galviio ALA 1940. Contribui~o ao conhecimento dos anopheli·
nos do grupo Nyssorllynchus dc Sao Paulo c rcgi6es vizinhas
(Diptera. Culicidae). Rev MilS Pal/Usta 24: 399-484.

Galviio ALA, Barreto MP 1938. Contribuilfiio ao conheci­
mento dos primeiros estadios dos anophelinos de Sao Paulo.
Rev Bioi HYR 9: 110-115.

Galvao ALA, Lane J. Correia R 1937. Notas sobre as N\'sso­
rhynclllls de Sao Paulo. V. Sob<: os NyssorhYlldllls de Novo
Oriente. Rei' Bioi Hyg 8: 37-45.

Gonzalez R 2001. Alldlisis Motfomelrico y Molecular de AIIOpll­
eles (N)'ssorllyncllus) darUIIRi Rool. 1926 (Diptera Culi­
cidae ell Colombia). Thesis, Universidad del Valle. 215 pp.

Hudson JE 1984. A'lOp/reles darlingi Root (Diptera: Culicidae)
in the Suriname rain forest. BII// E1I1omol Res 74: 129-142.

Klein TA, Lima 1BP 1990. Seasonal distribution and biting pllt­
terns of Atwpheles mosquitoes in Costll Marques. Rondonill.
Brazil. JAm Mosq COJllrol Assoc 6: 700-707.

Kreutzer RD. Kitzmiller JB. Ferreira E 1972. Inversion polymor­
phism in the salivary gland chromosomes of Anopheles
darlingi Root. Mo.~q News 32: 555-565.

Unthicum KJ 1988. A revision ofArgyritllrsis section of the sub­
genus Nyssorilyllclllls of Anopheles. Mosq Syst 20: 98-271.

Lounibos LP, Conn JE 2000. Malaria vector heterogeneity in South
America. Am Entolll0146: 238·249.

Lounibos LP, Nishimura N, Conn J. Loure:nlfO-de-Oliveira R 1995.
Life history correlates of adult size in the malaria vector
Anopheles darlillgi. Mem IIISI Oswaldo Cruz 90: 769-774.

Lynch M. Milligan BG 1994. Analysis of population genetic struc­
lure with RAPD markers. Mol Ecol3: 91-99.

Malafronte RS. Marrelli MT, Marinolli 0 1999. Analysis of ITS2
DNA sequences from Brazilian Anophelesdarlingi (Diptera:
Culicidae). J Med Entomol36: 631-634.

Manguin S. Wilkerson R. Conn J. Rubio-Palis Y. Dannoff-Burg
JA, Roberts R 1999. Population structure of the malaria vec­
tor in South America. Anopheles darlingi. using isozyme.
random amplified polymorphic DNA. internal transcribed
spacer 2. and morphologic markers. Am J Trop Med H),R
60: 364-376.

Medes dos Santos JM. Lobo JA. Tadei P, Eucleia BC 1999.
Intrnpopulational genetic differentiation in Anopheles (N.)
darlingi Root, 1926 (Diptera: Culicidae) in the Amazon re­
gion. Genet Mol BioI 22: 325-331

Mendes dos Santos JM, Tadei WP. Contel PB 1996. E1ectro­
. phoretic analysis of II enzymes in natural populations of
Anopheles (N.) darlingi Root, 1926 (Diph:ra: Culicidae) in
the Amazon region. Acta Amazmlica 26: 97-113.

Millcr MP 1998. AMOVA-Prep 1.01. A program forthe prepa­
ration ofAMOVA input files from dominant-marker row datll.



262 RAPD-PCR and AflPs of An. darling; of Colombia· Ranulfo Gonzalez et al.

Department of Biological Sciences. Northern Arizona Uni­
versity. Flagstaff. AZ.

Nei M 1972. Genetic distance between populations. American
Naturalist 106: 283-292.

Nei M 1978. Estimation of average heterozygosity and genetic
distance from a small number of individuals. Genetics 89:
583-590.

Posso CE, Gonzalez R, cantenas H, Gallego G, Duque MC, Suarez
MF2003. Random amplified polymorphic DNA analysis of
Anopheles mmeztovuri (Diptera: Culicidae) from Western
and Northeastern Colombia. Mell Inst OSlValdo Cruz 98:
469-476.

Rafael MS. Tadei WP 1998. Metaphase karyotypes of Allopl,·
eles (Nyssorhyllchus) darlillgi Root and A. (N) nUlleZlovar;
Gabaldon (Dip; Culicidae). Genet Mol 8io12/: 351-354.

Rafael MS. Tadei WP2000. Heterochromatin variation in ehro·
mosomes of Anopheles (Nyssorhynchus) darling; Root and
A. (N.) mllleztovari Gabaldon (Diptera: Culicidae). Gellet
Mol 8io123: 67-70.

Root FM 1926. Studies on Brazilian mosquitoes. J. The anophe­
lines of the N)'ssorhYllchus group. Am J Hyg 6: 684-717.

Rosa-Freitas MG, Broomfield G, Priestman A. Milligan P. Momen
H. Molyneux DH 1992. Cuticular hydrocarbons. isocnzymes
and behaviorof three populations of Allopheles darlingi from
Brazil. JAm Mosq COllfrol Assoc 8: 357·366.

Rubio·I'alis Y 1998. Caracterizaci6n morfomctrica de poblacioncs
del vector de malaria Anopheles (N)'ssorhynchus ) darlingi
Root (Diptera: Culicidae) en Venezuela. Bol Ellfolllol Vellez
13: 141-172.

Sambrook J, Fritsch CR. Maniatas T 1989. Molecular Cloning:
A Laboruwry Mallual. 2nd ed., Cold Spring Harbor Labo·
ratory Press, NY. p. 6.3-6.34.

Slatkin M, Barton NH 1989. A comparison of three indirect meth­
ods for estimating average levels of gene now. El'oluliOll
43: 1349·1368.

Steiner WWM. Narang S. Kitzmiller JB, Swofford DL 1982.
Genetic divergence and evolution in neotropical Allopheles
(subgellus N)'ssorityllclllls). In WWM Steiner, WJ Taba­
chnick, S Narang (eds), Recellf Del'elopmellls ill the
Genetics of Insect Disease Vectors, Stipes Publishing,
Champaign, IL, p. 523-550.

Tnbachnick WJ, Black IV WC 1996. Population genetics in vec­
tor biology. In BJ Beaty, WC Marquardt (eds), The Biology
of Disease Vectors, University Press of Colorado. Niwot,
co. p. 417-437.

Tadei WI', Santos JMN, Rabbani MG 1982. Biologia de
anofelinos amazonicos. V. Polimorfismo cromosomico de
Anopheles darlingi Root (Diptcra: Culicidae). Acw Ama­
::ollicu 12: 353-369.

WHO-World Health Organization 1975. MUJIIlLllon Pmctical En­
tomology in Muillrill: ParI I. Vector Biollomics and Org(mi·
Ullion ofAmillUllaria Activities, No. 13. Geneva. 191 pp.

Wright S 1951. The genetical structure of populations. AmI
Ellgenetics 15: 323-354.

Yan G, Romero-Severson J, Walton M, Chadee DO. Severson
DW 1999. Population genetics of the yellow fcvcr mosqui10

in Trinidad: comparisons ofamplified fragment length poly­
morphism (AH..P) and restriction fragment length polymor­
phism (RH..P) markers. Mol Ecol8: 951-%3.

Zhivotovsky LA 1999. Estimating population structure in diploids
with multilocus dominant DNA markers. Mol &018: 907-913.

Zimmennan RH 1992. Ecology ofmalaria vectors in the Americas
and future direction. Melllinst Oswaldo CrtlZ 87: 371-383


