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ABSTRACT The population genetics of Triatoma dimidiata (Latreille, 1811) from five different
provinces in Guatemala, including three sylvan and three domestic populations, was investigated by
random amplification of polymorphic DNA-polymerase chain reaction. There is a high degree of
genetic variation in all of the T. dimidiata populations as evidenced by high levels of average expected
heterozygosity and polymorphism. Domestic populations are more closely related to each other (D =
0.05-0.085, Nei’s genetic distance) than are the sylvan (D = 0.121-0.189). Within the limited sample
size of three populations, there was a correlation with geographic and genetic distance for the domestic
populations, but not for the sylvan. Surprisingly, one of the sylvan populations was genetically very
similar to the domestic populations. The Fgr demonstrated a high degree of differentiation at the
country-wide level (Fgr = 0.175) and a moderate degree of differentiation within the sylvan (Fg =
0.135) or domestic (Fgp = 0.097) populations. Although these results demonstrated that gene flow is
limited between different provinces in Guatemala, hierarchical analysis showed that barriers between
the Atlantic and Pacific drainage slopes were not biologically significant limiters of gene flow.

KEY WORDS  Triatoma dimidiata, population genetics, random amplification of polymorphic DNA-
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Triatoma dimidiata (LATREILLE, 1811) is one of the two
main vectors of human Chagas disease (or American
trypanosomiasis) in Guatemala, a parasitic infection
caused by the hemoflagellate protozoan Trypanosoma
cruzi. T. dimidiata is native to Latin America; its dis-
tribution encompasses the south of Mexico, through-
out Central American and northern South America
(Zeledo6n 1981). Unlike Rhodnius prolixus (Stal 1859),
which seems to be almost entirely domestic and peri-
domestic in Central America, T. dimidiata is prevalent
in domestic, peridomestic, and sylvan ecotopes (Mon-
roy et al. 2003b), from sea level to ~1,700 m above sea
level (Tabaru et al. 1999). Usinger (1944) suggested
the division of T. dimidiata into subspecies because of
its high morphological variability. This suggestion
should be revisited based on recent molecular data
obtained from ITS-2 sequences, which show that the
Yucatecan T. dimidiata is significantly different from
other populations of T. dimidiata (Marcilla et al. 2001).

T. dimidiata is widely distributed in Guatemala. It is
present in 21 of 22 provinces (WHO 2002) with the
highest rates of infestation in the southeastern prov-
inces (e.g., 34.5% of the houses in regions of Jutiapa
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and 25.4% in Santa Rosa) (Tabaru et al. 1999). The
widespread distribution of this bug and apparent re-
infestation after residual insecticide spraying present
significant challenges to the Central American coun-
tries” initiative for the reduction of transmission of
Chagas disease (Tabaru et al. 1999).

In spite of its major role as a Chagas vector, almost
nothing is known about the population genetics of
T. dimidiata. It seems that the variation in infestation
and infection rates throughout the region are due to
ecological and host factors and also could be related
to differences in the populations of the vectors
(Monroy et al. 2003a). An understanding of the epi-
demiology of the disease and effective control will be
aided by an understanding of the genetic structure of
T. dimidiata. For example, identification of distinct
subpopulations of T. dimidiata would be indicative of
genetic isolation that could have led subpopulations to
differ in vector competence and/or sensitivity to in-
secticides.

Most of the work on population genetics of triato-
mids has involved isoenzyme analysis, which has been
extremely useful in understanding the genetic struc-
ture of South American triatomids, especially Tria-
toma infestans (Klug 1834). However, because isoen-
zyme analysis is often limited to the few polymorphic
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Fig. 1.
six populations compared. Pet: Yaxj4, archeological site, Pe-
tén; AV-lac: National Park Laguna Lachu4, Alta Verapaz;
AV-lan: Lanquin caves, Alta Verapaz; Jt: village El Carrizal,
Jutiapa; Sr: village Agua Zarca, Santa Rosa; Es: village Puerto
de San José, Escuintla; [S]: sylvan, [D]: domestic (number
of individuals per locality).

Map of the Republic of Guatemala, indicating the

loci available, Garcia et al. (1998) proposed the ap-
plication of random amplification of polymorphic
DNA-polymerase chain reaction (RAPD-PCR) for
both taxonomic and population genetic analyses of
triatomids.

In previous work in our laboratory, RAPD-PCR
results demonstrated that populations of T. dimidiata
in houses within a village and among adjacent villages
in Guatemala are panmictic (Dorn et al. 2003). To
better understand the extent of panmixia and the ge-
netic structure of T. dimidiata populations at the
province level and between different ecotopes, we
selected three sylvan and three domestic populations
from different provinces in Guatemala. We investi-
gated the amount of genetic variability within the
domestic and sylvan populations and the degree of
differentiation among these populations.

Materials and Methods

Specimen Collection. Seventy-eight T. dimidiata
bugs were collected from six locations on the Atlantic
(sylvan) and Pacific (domestic) slopes of Guatemala,
between 1999 and 2001, to compare the genetic
variability within and between populations (Fig. 1).
Three sylvan populations from the Atlantic slopes were
studied, including AV-Lachua, Yaxja, and AV-Lanquin.
Eight bugs were collected within the national park
Laguna Lachua (15° 55'00" N, 90°40'30" W) in
the municipality of Cobdn, province Alta Verapaz
(AV-Lachua population). The Yaxja population
(17°09'15" N, 89°22'100” W) consisted of 15 bugs col-
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lected from underground granaries in an ancient
Mayan archeological site of the same name in Petén,
in the municipality of Flores. The last sylvan site stud-
ied was Lanquin’s dark and humid limestone caves
(15°34'47" N, 89°59'30" W), where 15 bugs were col-
lected. The other three sites represented the Pacific
collections, which are domestic. Fifteen bugs were
collected in San José (13°56'00" N, 90°14'28" W),
province of Escuintla (13°56'00” N, 90°14'28” W). This
population has never been treated with insecticides.
The second domestic population was collected in
province of Santa Rosa, at Aguazarca (14°09'23" N,
90°14'28” W), a hilly area where 15 bugs were col-
lected. Finally, 10 bugs were collected in Jutiapa
province, in the temperate village of El Carrizal
(14°25'48" N, 89°57'28” W). It was not possible to
compare domestic and sylvan populations from the
same slope because sylvan populations have not been
found on the Pacific slope of Guatemala and domestic
populations are very rare on the Atlantic.

Each collected bug was placed in a separate vial and
entered into the reference collection of the Labora-
tory of Applied Entomology and Parasitology
(LENAP) at the University of San Carlos in Guate-
mala. Collection data included the life cycle stage or
sex (for adults) and infection status with T. cruzi,
which was analyzed by microscopy of the rectum and
intestines (Dorn et al. 1999).

DNA Isolation. All bug’s legs were removed and
placed in 1.5-pl microcentrifuge tubes containing 95%
alcohol with 5% glycerol and stored at —4°C. DNA was
isolated from the bug legs because they are free of
parasite and blood meal contaminants. The process for
DNA isolation was the same as described by Dorn et
al. (2003), except for the modification in the last step,
where the resulting pellet was resuspended and stored
at —20°C until amplification.

RAPD-PCR. RAPD-PCR was performed with the
four RAPD primers that had previously been shown to
amplify triatomine DNA, as described by Garcia et al.
(1998) with slight modifications. Briefly, DNA was
amplified in a 41-pl reaction mixture containing: 1X
PCR buffer (Applied Biosystems, Foster City, CA)
10 mM Tris-HCI (pH 8), 50 mM KCI, 3 mM MgCl,,
40 pmol of selected decameric primer, and 200 uM of
each dNTP. Primers used included L1, 14, L5, and H3
(QIAGEN, Valencia, CA) (Garciaetal. 1998). To each
reaction mixture was added 2 ul of DNA template and
1 U of TagDNA polymerase for a final volume of 41 ul.
DNA was amplified using a GeneAmp PCR System
2400 thermal cycler (PerkinElmer Life and Analytical
Sciences, Boston, MA) and the following cycle con-
ditions: for L1, L4, and L5, 80°C for 15 min, 94°C for
1 min, 30°C for 2 min, 72°C for 1 min (two cycles); 94°C
for 30 s, 40°C for 2 min, 72°C for 1 min (32 cycles); 95°C
for 30 s, 40°C for 2 min, 72°C for 5 min (one cycle),
hold at 4°C; and for H3, 80°C for 15 min, 94°C for 1 min,
30°C for 2 min, 72°C for 1 min (two cycles); 94°C for
30 s, 40°C for 2 min, 72°C for 1 min (32 cycles); 95°C
for 30 s, 42.7°C for 2 min, 72°C for 5 min, (one cycle),
hold at 4°C. The Taq was added once the thermocycler
had reached 80°C. Negative controls containing all
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components except DNA were included in all runs to
detect contamination. In addition, some samples were
tested in replicate to determine whether RAPD band-
ing patterns were reproducible. We found that RAPD
banding patterns were clearly reproducible in >60
comparisons (datanot shown). Amplicons were run as
stated in Dorn et al. (2003) for agarose gels.

The gel was digitized and the presence or absence
of all bands was scored using GeneProfiler version 4.03
(Scanalytics, Merriefield, WA). Because both ho-
mozygous dominant and heterozygous individuals
show a band, Hardy-Weinberg equilibrium must be
assumed when calculating genotypic frequencies.
Nei’s genetic distance was calculated from the loci
with intermediate band frequencies (between 0.1 and
0.6) by using RAPDDIST (Tabachnick and Black
1997). These band frequencies were selected to obtain
an accurate estimation of the genetic distance, without
over- or underestimating the distance among popula-
tions by including very common or very rare alleles
(Apostol et al. 1993). These frequency limits allow the
selection of the most informative loci because these
show bands at intermediate frequencies (between 0.2
and 0.8). An unweighted pair-group method with
arithmetic average dendrogram was constructed with
Phylip package version 3.5 (Felsenstein 1981). The
fixation index Fgp, which measures the inbreeding
effect caused by population structuring or reduction
in heterozygosity due to genetic drift, was calculated
using RAPDFST (Tabachnick and Black 1997). This
program also calculates the effective number of mat-
ing migrants per generation (Nm) from the Fgr by
using the formula: Fg. = 1/ (4Nm + 1). In this study,
the data obtained by the RAPD-PCR technique were
converted to allelic frequencies with RAPDBIOS
(Apostol et al. 1996) for subsequent analysis with
BIOSYS-2 (Swofford et al. 1997) to analyze the genetic
variability (mean expected heterozygosity per locus
and percentage of polymorphic loci). Because RAPD-
PCR markers are dominant, the heterozygosity must
be calculated from q, the frequency of the recessive
allele (lack of a band), assuming Hardy-Weinberg
equilibrium. This calculated heterozygosity was then
averaged over all loci to give the mean expected het-
erozygosity. The variance was partitioned into its com-
ponent parts in a hierarchical manner at three levels:
the total population of T. dimidiata sampled, each
slope population (Atlantic and Pacific), and each in-
dividual population.

Results

RAPD-PCR results using primers H3, L1, and L5
showed mostly strong, consistent bands of similar in-
tensity (data not shown). In contrast, primer 14
showed a strong monomorphic band around 500 bp
and weaker additional bands. Amplification of T. di-
midiata genomic DNA generated a total of 241 bands.
Thirty-one bands with intermediate allele frequencies
(between 0.1 and 0.6) were selected for further anal-
ysis.
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Table 1. Geographic and Nei’s genetic distance between pop-
ulations within the same ecotope

. Geographic Nel’s.

Location Ecotope distz genetic

istance (km) dist:

istance
Jut/Sr D/D 43.0 0.050
Esc/Sr D/D 60.6 0.081
Esc/Jut D/D 102.0 0.085
AV-Lac/AV-Lan S/S 83.4 0.173
AV-Lan /Pet S/S 187.3 0.189
AV-Lac /Pet S/S 195.6 0.121

AV-Lan, Alta Verapaz-Lanquin; AV-Lac, Alta Verapaz-Lachu4;
D, domestic; Esc, Escuintla; Jut, Jutiapa; Pet, Peten; Sr, Santa Rosa;
S, sylvan.

Nei’s Genetic Distance. Nei’s genetic distance (D),
calculated by pairwise comparisons between the same
ecotope (domestic versus domestic or sylvan versus
sylvan) showed a trend in which domestic populations
are genetically more similar to each other than are
sylvan populations (Table 1). In domestic populations,
genetic distance seems to change with geographic
distance; however, this is not the case in sylvan pop-
ulations (Table 1).

Comparing the different ecotopes (domestic versus
sylvan) two of the sylvan populations seem genetically
distinct from the domestic populations (Table 2). The
dendogram constructed using Nei’s genetic distance,
by using a bootstrap analysis with 1000 iterations,
shows a clear separation of the sylvan Petén and AV-
Lanquin from the domestic populations. However, the
sylvan population from AV-Lachu4, clusters with the
domestic clades (Fig. 2). In contrast to the compari-
sons within ecotopes, there is no correlation between
genetic and geographic distance between all popula-
tions pooled together (p = 0.086, P = 0.761).

Allele Frequency Variance among Populations. Re-
stricted gene flow among subpopulations has resulted
in structuring of the total population. A high degree of
differentiation at the country-wide level (among all
populations, Fgr = 0.175), has resulted in a calculated
1.2 mating migrants per generation (Nm). A moderate
degree of differentiation, Fg = 0.135 (Nm = 1.6) and
0.097 (Nm = 2.3) was observed for the Atlantic (syl-

Table 2. Nei’s genetic distance and geographic distance
between populations of different ecotopes

Geographic Nei's

Location Ecotope di ) genetic

istance (km) di

istance
Esc/AV-Lan D/S 200.3 0.254
Esc/AV-Lac D/S 220.5 0.084
Esc/Pet D/S 387.3 0.167
Jut/AV-Lan D/S 127.1 0.224
Jut/AV-Lac D/S 182.2 0.041
Jut/Pet D/S 309.2 0.125
Sr/AV-Lan D/S 160.0 0.213
Sr/AV-Lac D/S 201.1 0.040
Sr/Pet D/S 345.9 0.118

AV-Lan, Alta Verapaz-Lanquin; AV-Lac, Alta Verapaz-Lachui;
D, domestic; Esc, Escuintla; Jut, Jutiapa; Pet, Peten; Sr, Santa Rosa;
S, sylvan.
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Fig. 2. Consensus unweighted pair-group method with arithmetic average dendrogram based on Nei’s genetic distance,
calculated using 31 RAPD-PCR loci (with 1000 iterations, by using Rapddist). This figure shows the relations between
populations from all the study sites. (Numbers next to the nodes represent the percentage of bootstrap replicates.) LQ,
Lanquin, Alta Verapaz; PT, Yaxj4, Petén; JT, Jutiapa, Santa Rosa; LA, National Park Laguna Lachu4, Alta Verapaz; and SR,

village Agua Zarca, Santa Rosa.

van) and Pacific (domestic) slope populations, re-
spectively (Hartl and Clark 1997).

Little genetic differentiation was observed among
the Atlantic compared with domestic populations,
For = 0.036 (Nm = 6.8).

Heterozygosity and Hierarchical Analysis. The
mean expected heterozygosity in domestic popu-
lations was calculated and found to be very high
and similar to that found in the sylvan populations
(Table 3). Values among individual populations were
also similar and ranged from 0.283 to 0.355 in sylvan
populations and from 0.310 to 0.348 in domestic pop-
ulations. The percentage of polymorphic loci was also
very high from alow of 73.3% in Petén to a high of 100%
for AV-Lachud. A hierarchical analysis of populations
(Wright 1978) showed that the majority of the vari-
ance was found within the individual populations as
opposed to between the Atlantic and Pacific slopes
(Table 4).

Discussion

Genetic Distance. Previous work in our laboratory
indicated that there was little genetic distance among
populations of T. dimidiata found in houses within and
among adjacent villages (Dorn et al. 2003). In this
study, we find a three- to five-fold greater distance
among domestic populations from different provinces
than was found among houses or adjacent villages.

Table 3. Expected heterozygosity and percentage of poly-
morphism in each population

Genetic distance among the sylvan populationsis even
greater, more than twice that of the domestic popu-
lations from different provinces, and an even higher
genetic distance is evident between all the provincial
populations.

Population genetic studies for other triatomid spe-
cies are largely based on isoenzyme analyses. Among
domestic and sylvan T. infestans populations genetic
distance from these studies were estimated at D =
0.001-0.004 (Dujardin et al. 1987) and among nine
colonies from three different countries at D = 0.001-
0.011 (Garcia et al. 1995). Sylvan “dark morph,” com-
pared with the domestic T. sordida (Stal 1859), re-
sulted in a greater genetic distance estimate, D = 0.037
(Noireau et al. 2000). However, because results based
on isoenzymes may not be directly comparable with
those based on RAPD-PCR markers, further work is
required, using other triatomids and T. dimidiata, with
the same technique to gain a comprehensive under-
standing of the differences in genetic distance among
populations of different Triatomine species.

The “isolation by distance model,” first proposed by
Dujardin et al. (1988) and confirmed for T. infestans
(Breniere et al. 1998), may partially explain the in-
creasing genetic distance with geographic distance for
T. dimidiata domestic populations (separated by <100
km). A correlation between genetic and geographical
distances was observed for populations of Triatoma
brasiliensis Neiva 1911 by using RAPD-PCR (Borges et
al. 2000). However, no such correlation is evident for
the T. dimidiata sylvan populations tested here (all at
>80-km separation). Higher genetic distance among

% of
Pop Mean . Polymorphic Table 4. Hierarchical analysis: variance components and
Heterozygosity loci F-statistics combined across loci
S Petén 0.283 73.33 -
s AV-Lanquin 0352 9333 Comparison e F,,
S AV-Lachud 0.355 100.00
D Jutiapa 0.310 76.67 Slope-total —0.39942 —0.036
D Santa Rosa 0.342 90.00 Population-slope 2.01037 0.174
D Escuintla 0.348 83.33 Population-total 1.61096 0.145
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sylvan (compared with domestic) populations could
be due to greater habitat heterogeneity and therefore
more diverse selective pressures present in differ-
ent environments, which include ancient Mayan
granaries (Petén), caves (AV-Lanquin), and forest
(AV-Lachua). It is known that the process of domes-
tication, presumably due to selection under homoge-
neous and stable microhabitat inside the houses,
results in a reduction of the genetic variability
(Schofield et al. 1999).

Clustering patterns in the Nei’s distance dendro-
gram was somewhat surprising (Fig. 2). For example,
the sylvan Lachud population clusters with the do-
mestic populations whereas the other two sylvan pop-
ulations are distinct. The separation of sylvan Lanquin
from other Guatemalan domestic populations also is
supported using head metric characters by traditional
morphometrics (D. M. Bustamante, personal commu-
nication). (Lachud was not tested in the morphometry
study.) The close association of AV-Lachu4 with the
domestic populations may be due, at least in part, to
the small sample size (reflected in low bootstrap val-
ues), or perhaps to the high amount of human migra-
tion into this area. Large numbers of refugees from
Mexico were resettled in the area around Lachua Park
and a major transit route exists nearby. It is possible
that triatomids originating in domestic habitats could
have been passively transported to AV-Lachu4 in the
belongings of the migrants, although there is no direct
evidence of this. Passive transport also could explain
the greater similarity of the domestic populations to
each other.

The domestic Jutiapa population occupies a branch
on the dendrogram separate from the other two do-
mestic populations. Jutiapa shows some of the highest
infestation rates in Guatemala and bugs are not found
in surrounding forest. Therefore, this population may
be more reproductively isolated than others that are
still cocirculating in domestic and sylvan habitats. The
behavior of T. dimidiata is significantly different in
different localities, e.g., T. dimidiata from the Yucatdn
seems to be mostly sylvan and enters houses only
during particular months for reproduction (Dumon-
teil et al. 2002). Therefore, the level of domestication
will affect the degree of genetic distance among these
populations.

Population Structuring, The fixation indices sup-
port division of the Guatemalan T. dimidiata popula-
tion into subpopulations. Populations within a partic-
ular slope (Atlantic or Pacific) showed a moderate
degree of structuring, Fg = 0.135 and 0.097, respec-
tively, and at the country-wide level a great degree of
structuring, Fg. = 0.175. This is in marked contrast to
what was found within a village or between adjacent
villages where very little genetic differentiation is
found (Fgr = 0.025 and 0.019, respectively) (Dorn et
al. 2003). These higher amounts of population struc-
ture (between slopes) are still less than that seen by
RAPD-PCR among different species of triatomids
(Wright’s Fst = 0.29).

The hierarchical analysis showed that with respect
to gene flow, the Atlantic and Pacific drainage slopes
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are not biologically significant as barriers to gene
flow. Future studies analyzing regions defined by their
topography and other parameters such as rainfall
and vegetation type also may contribute to under-
standing the distribution of triatomids and defining
risk for Chagas disease transmission (Carcavallo 1999,
Dumonteil et al. 2002, Gorla 2002).

Genetic Variability. T. dimidiata in Guatemala
shows a high amount of genetic variability as evi-
denced by the high levels of polymorphism (73-
100%) and high average expected heterozygosity
(0.283-0.355), as is often seen with RAPD-PCR (Dorn
et al. 2003). These rates were uniformly high for all
populations, showing that at least in this sampling of six
populations from across Guatemala, there has not
been a significant reduction in genetic variability, not
even in the domestic populations due to genetic drift.
This is similar to the results obtained in an earlier study
analyzing T. dimidiata within a village and among
adjacent villages (Dorn et al. 2003). Due to the diffi-
culty of obtaining large numbers of (especially sylvan)
specimens (Harry et al. 1992, Dujardin et al. 1998,
Zeledon et al. 2001), these conclusions must be con-
sidered preliminary and will require confirmation
with a greater number of samples.
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