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Abstract The genetic structure in populations of the
Chagas’ disease vector Triatoma infestans from six localities
belonging to areas under the same insecticide treatment
conditions of Catamarca province (Argentina) was examined
at macrogeographical and microgeographical scales. A total
of 238 insects were typed for 10 polymorphic microsatellite
loci. The average observed and expected heterozygosities
ranged from 0319 to 0.549 and from 0.389 to 0.689,
respectively. The present results confirm that populations of
T. infestans are highly structured. Spatial genetic structure
was detectable at macrogeographical and microgeographical
levels. Comparisons of the levels of genetic variability
between two temporal samples were carried out to assess the
impact of the insecticide treatment. The genetic diversity of
the population was not significantly affected after insecticide
use since different genetic parameters (allele number,
observed and expected heterozygosities) remained stable.
However, loss of low frequency alleles and not previously
found alleles were detected. The effective population size (N,)
estimated was substantially lower in the second temporal
sample than in the first; nevertheless, it is possible that the size
of the remnant population after insecticide treatment was still
large enough to retain the genetic diversity. Very few indi-
viduals did not belong to the local 7. infestans populations as
determined by assignment analyses, suggesting a low level of
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immigration in the population. The results of the assignment
and first-generation migrant tests suggest male-biased dis-
persal at microgeographical level.
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Abbreviations

0 Estimator of Wright’s Fgr

CI Confidence intervals

f Estimator of Wright’s Fg

Fis Inbreeding coefficient

Fsr A measure of the variance of gene frequencies
between populations

Hg Unbiased expected heterozygosity

H,, Expected heterozygosity based on the number of

alleles and sample size
Hp Observed heterozygosity

HW Hardy-Weinberg

IAM Infinite allele model

MCMC Markov chain Monte Carlo
mtDNA  Mitochondrial DNA

Ny Number of alleles

N, Effective population size
PCR Polymerase chain reactions
SMM Stepwise mutation model
TPM Intermediate two-phase model
Introduction

Chagas’ disease (American trypanosomiasis) is a serious
public health problem in Latin America, with about
12 million persons infected and around 90 million living in
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endemic areas (Schmunis 1999). The disease is produced
by infection with Trypanosoma cruzi (Chagas), which is
transmitted by hematophagous insects of the subfamily
Triatominae (Hemiptera: Reduviidae). This subfamily
includes more than 130 species, most of which are actual or
potential vectors of 7. cruzi. Considering the different
habitats described for the members of Triatominae, from
exclusively sylvatic species to those well adapted to human
dwellings, only a few, those with a high degree of adap-
tation to the domestic environment, have been recognized
as effective vectors of trypanosomiasis in humans. Among
them, Triatoma infestans (Klug) is one of the species most
closely associated with man, widely distributed, and con-
sequently of public health importance. It is the main
transmitter of Chagas’ disease in South America between
the latitudes 10°S and 46° S, where it is primarily
restricted to domestic and peridomestic environments.

The analysis of genetic variability is important in
understanding the evolution and dynamics of natural pop-
ulations. Population analyses based in allozymes of
T. infestans produced contradictory results. Dujardin et al.
(1987, 1988, 1998) and Pereira et al. (1996) reported
low polymorphism inferred from results on two or three
polymorphic loci. Contrary to this very low degree
of polymorphism, Garcia et al. (1995a, b) detected an
important level of genetic variability in laboratory colonies,
which could be explained by differences in methodology
(Garcia et al. 1995a). Among the newer molecular markers,
mitochondrial DNA (mtDNA) genes have been used to
analyse T. infestans populations (Monteiro et al. 1999;
Garcia et al. 2003). These maternally inherited markers
exhibited low levels of polymorphism. As microsatellites
or simple sequence repeat markers (Bruford and Wayne
1993; Schldtterer and Pemberton 1994) have permitted
greater resolution of genetic variation in populations, 93
microsatellite loci were isolated from partial genomic
libraries of T. infestans (Garcia et al. 2004). Previously, we
evaluated the possible effect of eradication campaigns on
the genetic structure of the vector populations using 10 of
these microsatellite loci, comparing levels of genetic vari-
ability in natural populations of T. infestans from areas
with different elapsed periods since the last insecticide
treatment and from areas that never received treatment.
Surprisingly, the majority of T. infestans populations from
insecticide-treated localities appeared to have retained a
substantial proportion of genetic diversity. The existence of
subdivision in 7. infestans populations could explain this
result, since a population bottleneck would result in inde-
pendent genetic drift effects that could randomly preserve
different combinations of alleles in each subpopulation
(Pérez de Rosas et al. 2007).

In order to study the macrogeographic and microgeo-
graphic genetic structure of 7. infestans populations from a
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region with the same insecticide treatment, here we
examine the genetic structure of 7. infestans populations
using microsatellite markers from six localities belonging
to Catamarca province (Argentina), all of which received
the last insecticide treatment 5 years before the sample
collection. The microgeographical analysis was carried out
in one of the localities (Medanitos). With the purpose to
assess the impact of the insecticide application, a second
sample from Medanitos collected 16 months after insecti-
cide treatment, was also analysed.

Materials and methods
Sampling

The samples studied, their geographical origin (Fig. 1),
sample size, and collection dates are shown in Table 1.
Samples were collected at four localities of Tinogasta
(Medanitos, Saujil, Fiambald, and Copacabana), one
locality in Poman (Saujil), and one in Capayan (Huillap-
ima) in December of 2004. All these localities received the
last insecticide treatment 5 years before the sample col-
lection date. The insects were captured in each place from
different peridomiciliary sites, all of which were treated
with insecticide after the collection. In Medanitos, the
number of individuals collected in each of the three houses
sampled (house I, II, and III) ranged from 15 to 31 and the
distances between the houses ranged from 140 to 1,220 m.
A second sample from Medanitos was collected 16 months
later, where only one of those houses, the house III, was
found infected with T. infestans (n = 36). A total of 238
individuals of T. infestans obtained from natural popula-
tions were independently analysed as described below.

DNA isolation and polymerase chain reaction

The DNA was extracted from legs of each bug using a
simplified protocol of a phenol-chloroform extraction
procedure reported by Werman et al. (1990). The 10 pri-
mer pairs used for polymerase chain reactions (PCR) were
previously designed and tested for proper amplification of
microsatellite DNA from whole genomic DNA of T. infe-
stans (Garcia et al. 2004). The forward primer from each
primer set was 5'-fluorescent labelled with one of three
dyes, 6-FAM, HEX, or NED (Applied Biosystems). PCR
amplifications were carried out in a Hybaid thermal cycler
(Omnigene) in 25 pl of a solution containing 10 mM Tris-
HCI (pH 8.3), 50 mM KCI, 1.5 mM MgCl,, each dNTP at
200 pM, each primer at 1 uM, genomic DNA (10-50 ng),
and 1 U of Amplitaq Gold (Perkin-Elmer Cetus). Thermal
profiles consisted of an initial denaturation step at 94°C
for 5 min, followed by 30 cycles of 20s at 94°C
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Fig. 1 Geographic origin of the Triatoma infestans samples analysed
from Catamarca (for more detail see Table 1), and pie chart of
combined genetic ancestries of all individuals sampled in each
population, as obtained from STRUCTURE (Pritchard et al. 2000).
The seven different colors correspond to seven different genetic
clusters. Different houses analysed in Medanitos are indicated with
numbers I, II, and IIT

(denaturation), 30 s at 55°C (annealing), and 40 s at 72°C
(extension), with a final extension step of 15 min at 72°C.
Reaction products were visualized after electrophoresis on
a 3% agarose gel (MetaPhor). Size of the PCR products
was estimated relative to an internal standard (GeneScan-
500 ROX) in polyacrylamide gels using an ABI PRISM
377 automated DNA sequencer, GENESCAN 3.1 and
GENOTYPER 2.5 softwares (all from Perkin-Elmer
Applied Biosystems).

Analyses

Allelic diversity, and observed (Hp) and expected (Hg)
heterozygosities were assessed at each locus. Hr was

calculated using the unbiased estimate described by Nei
(1987). Linkage disequilibrium was tested between all
pairs of loci and for all locations using the program FSTAT
version 2.9.3 (Goudet 2001). Genotypic disequilibrium was
not apparent for any pair of loci according to a global test
for each of the 45 different pairs of loci across all popu-
lations based on 900 permutations. Therefore, being
linkage between loci unlikely, we proceeded under the
assumption of statistical independence between loci.

Departures from Hardy-Weinberg (HW) equilibrium
were tested by the inbreeding coefficient F;g (Wright 1951)
using the estimator f of Weir and Cockerham (1984). The
degree of differentiation between and across all sites, and
between different houses at one of the localities was
determined using Weir and Cockerham (1984) estimator
(0) of Wright’s Fg7. On the other hand, Fisher exact test
was performed using the software GENEPOP version 3.4
(Raymond and Rouset 1995) to determine allele frequency
differences between different houses at one of the localities
and between temporal samples.

Single and multilocus f, as well as global and pairwise
comparisons of 0 were calculated by the program FSTAT
version 2.9.3 (Goudet 2001). The significance of all 6 and f
estimates was tested using permutation. Bonferroni cor-
rections (Rice 1989) for multiple comparisons were applied
when necessary. Standard errors of 0 were calculated by
jackknifing over populations and loci, and a 95% confi-
dence interval was generated by bootstrapping over loci.
Significance of global 0 estimate was further evaluated
with an exact G-test after 1,000 randomizations of allele
among sites (Goudet et al. 1996). Isolation by distance was
examined by plotting the pairwise 0 values against the
geographical distances (as straight-line distance between
all pairs of sites) and was tested using the Mantel test with
permutations as implemented in FSTAT version 2.9.3
(Goudet 2001).

A Bayesian approach implemented in the program
STRUCTURE version 2 (Pritchard et al. 2000) was used to
infer spatial population structure. The program STRUC-
TURE uses a Markov chain Monte Carlo (MCMC)
approach to infer the number of populations (K) in a data

Table 1 Sampling site and its code, sample size, and collection date of Triatoma infestans

Sampling site: locality, county Code Latitude Longitude Sample size Collection date: month, year
Huillapima, Capayan CHU 28°44" S 65°59' W 36 December, 2004

Saujil, Poman CSP 28°12' S 66°14' W 18 December, 2004
Copacabana, Tinogasta CCO 28°12'' S 67°29' W 19 December, 2004

Fiambala, Tinogasta CFI 27°41" S 67°37 W 31 December, 2004

Saujil, Tinogasta CST 27°34' S 67°37 W 28 December, 2004

Medanitos, Tinogasta CME 27°31' S 67°36' W 70 December, 2004

Medanitos, Tinogasta CME 27°31" S 67°36' W 36 April, 2006
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set without prior information of the sampling locations.
The no admixture model and uncorrelated allele frequen-
cies within populations were assumed. To choose an
appropriate K value for data analysis, a series of eight
independent runs for each value of K between 1 and 8 were
conducted. In each run, a burn-in period of 100,000 and a
1000,000 run length were performed.

An assignment analysis was performed to identify pos-
sible first-generation migrants as implemented by the
program GENECLASS2 (Piry et al. 2004). The program
uses multilocus genotypes to identify putative immigrants
within each population or subpopulation and the most
likely source of these immigrants. Moreover, we conducted
an assignment test using the exclusion procedure (Bayesian
method) to establish whether any individuals could be
identified as immigrants from populations or subpopula-
tions other than the sampled. The marginal probability of
given individual multilocus genotype was compared to the
distribution of marginal probabilities of randomly gener-
ated multilocus genotypes (10,000 replicates), and if the
P value was <0.01 in case of detection of first-generation
migrants, the individual was considered not belonging to
the population or subpopulation; when assignment test was
carried out, the individual was identified as an immigrant
from unsampled population or subpopulation if the P value
was <0.01 in all the samples analysed. First-generation
migrant and assignment tests were carried out using
Rannala and Mountain (1997) Bayesian individual
assignment method and the Monte Carlo resampling
method of Paetkau et al. (2004).

Two approaches were used to examine any sex differ-
ences in immigration and dispersal. On the one hand,
contingency table analysis was used to determine whether
those individuals identified as putative immigrants
(implemented as first-generation migrants by GENE-
CLASS?2) differed from a 1:1 sex ratio. On the other hand,
the program SPAGeDi version 1.2 (Hardy and Vekemans
2002) was used to determine differences in the mean values
of Kinship coefficient (defined as the probability of identity
by descent of the genes compared) between males and
females within each population or subpopulation. In all
cases, it was used the Loiselle et al. (1995) estimator of
Kinship coefficient, which is especially suitable in cases
when there are low frequency alleles present. The signifi-
cance of Kinship coefficient estimates was tested using
permutation.

Heterozygosity tests compare two estimates of expected
heterozygosity, one based on allele frequencies (Hg) and
the other based on the number of alleles and sample size
(H,,) (Cornuet and Luikart 1996). If a population experi-
ences a bottleneck, rare alleles will be lost and H,, will
decrease faster than Hp. This apparent excess of hetero-
zygosity (Hg > H,,) is an indicator of a recent bottleneck
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event, whereas the converse (Hg < H,,) may indicate an
expansion event. Wilcoxon signed-rank tests were used to
determine if there was a significant number of loci in which
Hg > H,, or Hp < H,,. Estimates of H,, were calculated
under two mutation models, the stepwise mutation model
(SMM) and an intermediate two-phase model (TPM) with
fractions of mutations greater than one repeat of 10%, 20%,
and 30%. We analyse the results based on SMM and TPM
models, since the consensus is that they better approximate
the mutation process at microsatellite loci than the infinite
allele model (JAM) (e.g. Weber and Wong 1993; Di
Rienzo et al. 1994; Primmer et al. 1998). Tests were per-
formed on sampling sites and temporal samples using
BOTTLENECK version 1.2.02 (Cornuet and Luikart
1996).

Differences in allelic richness (number of alleles cor-
rected for sample size), mean number of alleles, and mean
Ho and Hg values between temporal samples were calcu-
lated by Friedman test, followed by Wilcoxon signed-rank
tests, using SPSS Base version 11.5.1 (SPSS Inc., Chicago,
IL). Linkage disequilibrium method as a one-sample
method was used to obtain genetic estimates of the effec-
tive population size (N,) for each temporal sample. This
method was applied to the data as implemented in the
computer program NeEstimator version 1.3 (Peel et al.
2004). Linkage disequilibrium is the non-random associa-
tion of alleles at different loci and can be generated by drift
in a small population among unlinked loci. This relation-
ship can be exploited to estimate the N,.

Results
Macrogeographical scale

A total of 238 insects from six localities were typed for 10
polymorphic microsatellite loci. Allele frequencies are
shown in Appendix I. All loci were polymorphic with the
number of distinct alleles per locus ranging from 8 (loci
TiC09 and TiE02) to 18 (locus TiC02). The 10 microsat-
ellite loci examined were polymorphic within the six
populations investigated with the exception of locus TiC09,
which was fixed for allele 139 in the population from Saujil
(Tinogasta). Each locus presented exclusive alleles in one
of the populations. These private alleles were found in all
populations, ranging from one in Saujil (Tinogasta) to 17 in
Huillapima (Capayan), and suggest limited current levels
of genetic exchange (Pérez de Rosas et al. 2007).
Relatively high genetic diversity levels were detected in
all sampled localities (Table 2). The mean number of
alleles per locus detected per population ranged from 3.7 in
Fiambald (Tinogasta) to 6.4 in Huillapima. The average
observed and expected heterozygosities (Hp and Hpg)
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ranged from 0.319 to 0.549 and from 0.389 to 0.689,
respectively, with the lowest values in the sample from
Fiambala and the highest values in the sample from Huil-
lapima. Significant departures from Hardy-Weinberg (HW)
equilibrium were observed in some of the 10 microsatellite
loci in the populations belonging to the six localities
studied. Deviations from Hardy-Weinberg expectations
were associated with positive Fj;g indicating excess of
homozygotes. Multilocus Fjg analyses revealed a signifi-
cant multilocus heterozygote deficiency in all sampled
localities (P < 0.01 and P < 0.001) (Table 2). The most
probable causes of the observed heterozygote deficiency
could be the population subdivision plus the presence of
null alleles (Pérez de Rosas et al. 2007).

Levels of genetic differentiation among the six popula-
tions was examined using overall and pairwise
comparisons of multilocus Fg; (using the estimator 0,
Table 3). The overall 0 value of 0.169 is significantly
different from zero (P = 0.001), as are all pairwise 0 values
(P < 0.01, FSTAT permutation procedure); 6 values
ranged from 0.100 between the populations of the geo-
graphically closest localities of Saujil and Medanitos (both
from Tinogasta) to 0.285 for the comparison between the
populations of Fiambald and Huillapima. There was a
significant association between geographical distance and
genetic differentiation (0) among sites (Mantel r = 0.56,
P =0.026), suggesting isolation by distance.

Using the program STRUCTURE version 2 (Pritchard
et al. 2000), seven different genetic clusters could be
identified (Fig. 1). As suggested by the Bayesian approach,
there are six distinct, almost homogeneous clusters dis-
tributed across specific, well-separated geographic
locations from Catamarca. The samples from Huillapima,
Saujil (Poman), Copacabana (Tinogasta), and Fiambala
form distinct, nearly homogeneous clusters. The geo-
graphical closest localities of Medanitos and Saujil (both
from Tinogasta) form the two less homogeneous clusters;
~10% of the ancestry of Saujil is shared with the Med-
anitos cluster. Another (seventh) cluster was found in low
proportion (<30%) in Medanitos and was also found in

Table 3 Pairwise matrix of genetic differentiation between popula-
tions from the six localities analysed (6, estimator of Fgy, lower
diagonal) and geographical distance (in Km, upper diagonal)

Location CHU CSP CCO CFI CST CME
CHU - 67.5 165.0 207.5 215.0 217.5
CSp 0.136 - 130.0 157.5 161.3 163.8
CCO 0.160  0.170 - 62.5 72.5 80.0
CFI 0285  0.211 0.222 - 12.5 20.0
CST 0.203  0.165 0.155 0.128 - 7.5
CME 0.178  0.133 0.166 0.162 0.100 -

All estimates of 0 are significant at the 1% level
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small proportions (<5%) in both Saujil samples (one from
Tinogasta and another from Poman).

Results of first-generation migrant test for 7. infestans
from different sampling localities are shown in Table 4.
First-generation migrant test allows to identify putative
immigrants within each population and the most likely
source of this immigrants. Putative migrants were inden-
tified in five populations. Of the nine putative immigrants
identified, six connect the populations of the closest
localities from Tinogasta (Medanitos, Saujil, and Fiam-
bala). Five of these individuals were females, three were
males, and one was a fifth-instar nymph.

To establish whether any individuals could be identified
as immigrants from populations other than the sampled we
used the exclusion procedure (Bayesian method). The
assignment tests showed that only four 7. infestans indi-
viduals out of 202 (1.98%) were not assigned correctly to
any of the six populations sampled during December 2004.
One of these individuals was a male collected in Saujil
(Tinogasta) and three of these individuals were females
collected in Fiambald, Medanitos, and Huillapima.

The mean values of Kinship coefficient (defined as the
probability of identity by descent of the genes compared)
among males and females considered separately in each of
the six populations analysed were significant.

Absence of recent bottlenecks was evidenced by heter-
ozygosity tests. Only in one case, the result was dependent
on the mutation model. Deviation from mutation-drift
equilibrium, as a result of heterozygosity excess, was found
in Huillapima under the TPM model with fractions of
mutations greater than one repeat of 30%, whereas muta-
tion-drift equilibrium was found when analyses were
performed under the SMM and TPM (with fractions of
mutations greater than one repeat of 10% and 20%)
models. SMM and TPM models, were consistent with
heterozygosity deficiency for two of the populations ana-
lysed (Saujil and Fiambala, Tinogasta) and mutation-drift
equilibrium for one (Saujil, Poman), suggesting expansion

Table 4 Results of first-generation migrant test for six populations of
Triatoma infestans using GeneClass 2.0 (Piry et al. 2004)

Sample Putative source
CHU CSP CcCco CFI CST CME

CHU 35 0 0 0 1 0
CSP 0 17 0 0 0 1
CCo 0 0 18 0 0 1
CFI 0 0 0 31 0 0
CST 0 0 0 0 27 1
CME 0 0 0 2 3 65

Rows indicate sampling site, columns indicate potential source of the
insects
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events in the first case and stability in the second. However,
heterozygosity deficiency or stability was detected for
Copacabana (Tinogasta) and Medanitos using SMM or
TPM models, respectively.

Microgeographical scale

Microgeographical analysis was carried out in Medanitos
(Tinogasta), where the number of individuals collected in
each of the three houses (I, II, and III) sampled in
December 2004 was high enough (from 15 to 31) to ana-
lyse them independently. Distribution of allelic frequencies
for the microsatellite loci among the insects captured in
each of the houses of Medanitos is shown in Appendix I.
The level of genetic diversity detected in the different
houses was similar (Table 2). Significant deviations from
HW expectations observed in some of the loci analysed
were associated with excess of homozygotes, with the
exception of locus TiE02, which presented a significant
excess of heterozygotes in the sample from house I. Mul-
tilocus F;g analyses revealed a significant multilocus
heterozygote deficiency in samples from two of the three
houses analysed in Medanitos (P < 0.01) (Table 2).
Genetic differentiation among the samples obtained in
the houses of Medanitos was detected. The overall 0 value
of 0.095 is significantly different from zero (P = 0.001);
Fsr estimate significantly greater than zero suggest that
there is structuring of allele variance between the three
houses. All pairwise 6 values were also significantly dif-
ferent from zero (P <0.01, FSTAT permutation
procedure), with 6 values ranging from 0.053 to 0.149. In
addition, exact tests of allele frequencies revealed

significant differences in allele frequencies among the three
subpopulations (Table 5). Specifically, houses I-II had
significant allele frequency differences at 5 of the 10 loci
(50%), houses I-III had significant allele frequency dif-
ferences at 8 of the 10 loci (80%), and houses II-III had
significant allele frequency differences at 5 of the 10 loci
(50%).

On the other hand, the Bayesian approach suggested that
the T. infestans microsatellite data show the existence of
more than one cluster (K) in Medanitos. Two different
genetic clusters could be identified in the sample from
Medanitos (K =2, P = 1). The sample from the house I
formed a separate cluster. The houses II and III formed
another (Fig. 2). However, ~20% of the ancestry of the
house II is shared with the almost homogeneous house I
cluster.

Putative immigrants were indentified in the three houses
of Medanitos using first-generation migrant test. Only one
out of 15 (6.67%) and of 24 (4.17%) individuals from
houses I and II, respectively, were identified as immigrants
(source-house III). In house III, two of 31 (6.41%) indi-
viduals were identified as potential immigrants, one from
house I and one from house II. Of the four putative
immigrants detected, three were males. Contingency table
analysis indicated that this was not significantly different
from an expected 1:1 sex ratio ()(2 = 004, df =1,
P = 0.845).

The assignment tests showed that only five T. infestans
individuals out of 106 (4.72%) insects from Medanitos
involved in the microgeographical and temporal analysis
were not assigned correctly to any of the houses sampled.
Three of these individuals were sampled during the first
collection date (one male from the house I, one female

Table 5 P-values of Fisher exact test between samples of different houses and temporal samples from Medanitos performed by GENEPOP
(Raymond and Rouset 1995) from allele frequencies of 10 microsatellites

Locus Houses

P11 P11 I1-II1? IE-II° All houses®I11°
TiA02 0.000%* 0.001%% 0.004%%* 0.212 0.742
TiC02 0.477 0.012 0.060 0.002% 0.006%*
TiC08 0.000% 0.000% 0.000%* 0.066 0.002%*
TiC09 0.000%# 0.001%x* 0.252 0.140 0.098
TiD09 0.009 0.000% 0.000%* 0.023 0.058
TiE02 0.142 0.326 0.183 0.003* 0.000%#
TiE12 0.036 0.000%* 0.000% 0.149 0.000%#
TiF03 0.000%* 0.000%* 0.000%* 0.104 0.000% 3
TiF11 0.013 0.008* 0.285 0.000%# 0.000%#%
TiGO03 0.002+ 0.003* 0.571 0.322 0.143
Overall 0.000%#* 0.000% 0.000% 0.000%# 0.000%#

P-values significant after Bonferroni correction: *P < 0.05, **P < 0.01, ***P < 0.001. First and second sample are indicated with * and h,

respectively
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Fig. 2 Pie chart of combined genetic ancestries of all individuals
sampled in each house analysed in Medanitos, as obtained from
STRUCTURE (Pritchard et al. 2000). Different houses are indicated
with numbers I, II, and III

from the house II, and other male from the house III) and
two during the second (two males from the house III).
These individuals could be identified as immigrants from
subpopulations other than the sampled.

There was not a pattern of differences in the mean
values of Kinship coefficient between males and females.
These values for males were significant only for both
temporal samples from house III, and for females were
significant only for house II and second temporal sample
from house III (Table 6).

Temporal variation between two samples
from Medanitos

To assess the impact of insecticide treatment on the genetic
diversity in a population of T. infestans, genetic variability
indicators were compared between the first and the second
sample, 16 months later, from Medanitos. The average
number of alleles (note that allele numbers are not cor-
rected for differences in sample size) was of 6.30 in the
first temporal sample and lower (4.90) in the second,
although not significantly (P = 0.438). No significant var-
iation was observed between mean H, of the two temporal
samples (0.47 and 0.44 for the first and second sample,
respectively) as well as between mean Hg values for the
same samples (0.58 and 0.55 for the first and second

Table 6 Mean Kinship coefficient as calculated by SPAGeDi 1.2
(Hardy and Vekemans 2002) among male and female insects at four
samples from Medanitos

Houses Among males Among females
P 0.083N 0.111%8

? 0.0748 0.364%%*

2 0.187%* 0.127%8

ur® 0.317%# 0.147%%x

NS nonsignificant, **P < 0.01, ***P < 0.001.
sample are indicated with * and °, respectively

First and second

@ Springer

sample, respectively). In Medanitos, only one of the three
houses sampled in December 2004, the house III, was
found infected with T. infestans after insecticide treatment
(16 months later). The two temporal samples from house
IIT reveal a higher degree of similarity in the average
number of alleles and mean H, and Hg (Table 2). How-
ever, we detected 11 alleles in the sample collected in
house III after insecticide treatment that were not detected
in the same house before treatment. Seven of these alleles
were also absent in the samples from the other two houses
(I and IT) sampled in December 2004 (Appendix I). On the
other hand, eight alleles present at low frequencies (<5%)
in the sample from house III before insecticide treatment
were not found in the same house after treatment. Signif-
icant differences in allele frequencies were detected for
comparison between both temporal samples (Table 5).
Allele frequency differences at six of the 10 loci (60%)
were detected when all the sample collected before insec-
ticide treatment (from house I, II, and III) was compared
with the second temporal sample (from house II); the
allele frequency differences were just at three of the 10 loci
(30%) when the first and the second sample from the house
IIT were compared.

Changes induced by insecticide treatment on population
size have been monitored by estimating the effective
population size (N,) in the population of Medanitos before
and after the insecticide treatment. Significant difference in
(N,) estimates, as evidenced by the lack of overlapping of
their respective 95% confidence intervals (CI), was detec-
ted between the first sample (from house I, II, and III) and
the second sample (from house III) of Medanitos, N, = 61
(57-65) and N, = 16 (13-20), respectively. The N, esti-
mates were also significantly different when they were
estimated for the first and the second sample obtained in
the house III, N, = 100 (49-1,007) and N, = 16 (13-20),
respectively. However, heterozygosity tests did not reveal
recent bottlenecks and suggested expansion events or sta-
bility since heterozygosity deficiency or mutation-drift
equilibrium was detected in the second temporal sample
from Medanitos, using SMM or TPM models, respectively.

Discussion

Genetic drift and limited gene flow appear to have gener-
ated a substantial degree of genetic differentiation among
populations of 7. infestans (0 = 0.169, P = 0.001) from a
region with the same insecticide treatment. Significant
isolation by distance, with nearby sites apparently
exchanging more genes than distant ones, was also detec-
ted. Seven different genetic clusters were identified
(Fig. 1). Six populations correspond to six distinct clusters.
The population from Medanitos showed higher
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heterogeneity. Individuals from this locality were found to
consist of a mixture of clusters, one of them in a higher
proportion (67%) than the seventh cluster identified (29%).

In Medanitos, the genetic diversity of the population
was not significantly affected after insecticide treatment
since different genetic parameters (allele number, H, and
Hp) remained stable. However, we detected either loss of
alleles at low frequencies (<5%) in the first sample that
were absent in the second or appearance of alleles in the
second not found in the first (Appendix I), with significant
overall allele frequency differences between both temporal
samples (Table 5). One explanation for the absence of
diversity loss after insecticide treatment may be the size of
the remnant population. The effective population size (N,)
estimated for the population from Medanitos 16 months
after insecticide treatment was substantially lower than the
N, estimated before that treatment. However, the popula-
tion had only been studied for two generations after
insecticide treatment and the remnant population size
probably stayed high enough to maintain its genetic
diversity at the pre-treatment level. On the other hand,
since the number of generations is limited between the
different collections, the appearance of alleles not detected
previously to the insecticide treatment would not be con-
sequence of mutations; they may be a result of migration
from neighbouring demes, although a low level of immi-
gration was suggested by the presence of very few
individuals that did not belong to the local T. infestans
populations, as determined by assignment analyses.

Allelic diversity decreases faster than heterozygosity,
when a population experiences a reduction of its effective
size, and generally develops a heterozygosity excess at
neutral loci. The heterozygosity excess persists only a
certain number of generations until a new equilibrium is
established (Cornuet and Luikart 1996). The results
obtained by heterozygosity tests do not support the
occurrence of recent bottleneck events either in the popu-
lations from the six localities that received the last
insecticide treatment 5 years before the sample collection
or in the population from Medanitos after 16 months of the
first collection and new treatment. Nevertheless, the het-
erozygosity tests used to detect recent bottleneck events
rely on the assumption that each sample is representative of
a population with no immigration and no population sub-
structure. If the population is subdivided into several
reproductive units, this method may not be able to show
evidence of bottlenecks.

In our previous study (Pérez de Rosas et al. 2007), we
analysed samples of T. infestans obtained within different
houses from Siete Arboles (Chaco province), where there
were not peridomestic environments, such as chicken
coops and pig or goat corrals, usually invaded by T. infe-
stans. The heterogeneous distribution of allele frequencies

suggested the existence of some type of stratification in the
population, e.g. subdivision into breeding units with
restricted possibilities of genic exchange that may explain
the observed heterozygote deficiency (Wahlund effect)
(Spiess 1977). The existence of subdivision in 7. infestans
populations is also strongly confirmed in the present study
with specimens collected from peridomiciliary sites in
Medanitos (Catamarca province), where specimens within
human dwelling were not detected. Significant 0 values and
significant differences in allele frequencies provide con-
vincing evidence that there is genetic differentiation among
subpopulations. Triatoma infestans has been characterized
as an insect with restricted dispersal over short distances
and usually remains in the same house or in its immediate
vicinity during its lifetime (Schofield 1988). In this respect,
one should expect mobile species not to show genetic
differentiation over very short distances as indicated the
results of our microgeographical analysis, unless geo-
graphical features and/or very strong selection pressure
prevent gene flow.

We tried to identify the actual subpopulations and assign
individuals to these subpopulations. Two different genetic
clusters were identified in Medanitos. House I shares very
low genetic ancestry with houses II and III, therefore, the
individuals from house I correspond to a separate cluster
and the individuals from houses II and III form another
(Fig. 2). The degree of differentiation between houses II
and III was the lowest (6 = 0.053, P < 0.01). These houses
are the closest, and then genetic interchange is facilitated.
In agreement with the results that support the existence of
stratification in T. infestans populations, three different
clusters were identified in Siete Arboles (Chaco), where
samples from four houses were analysed.

A significant excess of homozygotes was observed in
the samples from two of the three houses analysed in
Medanitos (Table 2). Within two of the four houses ana-
lysed in Siete Arboles, there was also a significant excess
of homozygotes in some loci (data not shown). This het-
erozygote deficiency suggests inbreeding and/or a high
degree of subdivision in the population. The existence of
different randomly mating units (demes) in one house can
be tested by considering different regions of the house. We
were unable to test a greater stratification within each
house because of the limited sample sizes. Investigations
on fine-scale genetic structure should be undertaken to
clarify this issue.

Potential differences in dispersal strategies by males and
females were examined. The assignment tests showed
contradictory results at macrogeographical and microgeo-
graphical scales. Whereas three females and one male
could be identified as immigrants from populations other
than the sampled at macrogeographical level, four males
and one female could be identified as immigrants from
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unsampled subpopulations at microgeographical level. In
addition, results of first-generation migrant tests showed
more males than females (3:1) collected in one house
which could come from the other houses sampled at mi-
crogeographical level, whereas at macrogeographical
range, nine migrants were detected (Table 4), five were
females, three were males, and one was a fifth-instar
nymph. On the other hand, the mean values of the proba-
bility of identity by descent of the genes compared
(Kinship coefficient) from males and females within each
population were significant indicating strong relationship
among all individuals sampled within each locality without
evidence of differences in dispersal between both sexes at
macrogeographical scale.

Sex-biased dispersal in T. infestans is not well docu-
mented, however, relatively short dispersal distances
described by both males and females may have a negative
impact on the T. infestans ability to colonize new areas.
The observed pattern at microgeographical level is con-
sistent with male-biased dispersal. If males are more likely
to disperse than females, then levels of Kinship coefficient
should be higher among adult females than among adult
males within each subpopulation. This is not supported by
a pattern of differences in the mean values of Kinship
coefficient between males and females at microgeograph-
ical level. It is possible that such pattern is not evident due

Appendix

Appendix I Allele frequencies for each locus and sampling site

to the small sample size when both sexes are considered
separately.

Dispersal may be both active and passive. Passive dis-
persion of all stages of the insect development and both
sexes is principally mediated by man. Even when the levels
of immigration were low, the results obtained suggest
passive transport at macrogeographical level, whereas
active transport, principally through male dispersal, may be
possible at microgeographical scale. On the other hand, the
appearance of new alleles in the second temporal sample,
as probable result of migration from neighbouring demes,
does not agree with the significant genetic structuring and
low gene flow inferred for populations of T. infestans.
Further analyses at microgeographical level must be
undertaken to clarify this point and to verify the potential
differences in dispersal strategies of males and females.
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Location  Allele CHU (36) CSP (18) CCO (19) CFI (31) CST (28) CME
First sample Second sample
Total (70) 1(15) 1 (24) II(31) III (36)
Locus
TiA02 171 0.153 0 0.053 0 0.107 0.029 0 0.063  0.016 0.042
173 0.083 0 0 0 0 0 0 0 0 0
179 0 0 0 0 0 0.014 0 0042 0 0
181 0.222 0 0.237 0.210 0.286 0.264 0 0.438  0.258 0.347
183 0.319 0.139 0.211 0 0.036 0.243 0.333 0.083  0.323 0.250
185 0 0 0 0 0 0.021 0 0 0.048 0
187 0.153 0 0 0 0 0 0 0 0 0
195 0 0 0 0.016 0 0 0 0 0 0
197 0 0 0 0 0.036 0.014 0 0.021  0.016 0
199 0.069 0.861 0.500 0.774 0.518 0.407 0.667 0354  0.323 0.361
201 0 0 0 0 0.018 0.007 0 0 0.016 0
TiC02 159 0.278 0.250 0 0 0.054 0.207 0.267 0.167  0.210 0.028
161 0.014 0 0 0 0 0 0 0 0 0
165 0.069 0 0.053 0 0 0.071 0.033  0.063  0.097 0.097
167 0.139 0.583 0.184 0.419 0.054 0.421 0267 0375  0.532 0.500
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Appendix I continued

Location  Allele CHU (36) CSP (18) CCO (19) CFI (31) CST (28) CME

First sample Second sample

Total (70) 1(15) 11 (24) I (31) III (36)

169 0 0 0 0 0.054 0.007 0 0021 0 0

171 0.083 0 0.316 0 0.411 0.007 0 0 0.016 0

173 0.167 0.028 0.105 0.419 0.268 0.257 0433 0292 0.145 0.333

175 0 0 0 0 0 0.007 0 0021 0 0

179 0 0.056 0 0.081 0 0 0 0 0 0

181 0.083 0 0 0.032 0.143 0.021 0 0063 0 0.028

189 0 0.056 0 0 0 0 0 0 0 0

193 0.028 0 0 0 0 0 0 0 0 0

207 0 0 0 0 0 0 0 0 0 0.014

209 0 0 0.079 0 0 0 0 0 0 0

211 0 0 0.211 0 0.018 0 0 0 0 0

215 0 0 0.026 0.048 0 0 0 0 0 0

217 0.014 0 0 0 0 0 0 0 0 0

221 0.125 0.028 0.026 0 0 0 0 0 0 0
TiC08 191 0.069 0 0 0 0 0 0 0 0 0

195 0 0 0 0 0 0.014 0.067 0 0 0

197 0.347 0.417 0.053 0 0.020 0.100 0.400 0.021  0.016 0.097

199 0 0.056 0 0 0.040 0.114 0.133  0.146  0.081 0.014

201 0.139 0.083 0.211 0.034 0.040 0.093 0.233  0.042  0.065 0.056

203 0.444 0.444 0.737 0.879 0.900 0.564 0.167 0479  0.823 0.833

209 0 0 0 0 0 0.014 0 0042 0 0

213 0 0 0 0.017 0 0.007 0 0021 0 0

215 0 0 0 0.069 0 0.071 0 0.188  0.016 0

217 0 0 0 0 0 0.021 0 0063 0 0
TiC09 137 0.233 0.088 0.188 0 0 0.293 0.033 0417 0.323 0.403

139 0.517 0.794 0.500 0.900 1.000 0.686 0.967 0583  0.629 0.583

141 0.233 0 0.313 0.083 0 0.021 0 0 0.048 0

143 0 0 0 0.017 0 0 0 0 0 0

153 0.017 0 0 0 0 0 0 0 0 0

157 0 0 0 0 0 0 0 0 0 0.014

159 0 0.059 0 0 0 0 0 0 0 0

163 0 0.059 0 0 0 0 0 0 0 0
TiD09 188 0.056 0.250 0 0 0.107 0.029 0 0083 0 0

194 0 0 0.026 0.032 0 0 0 0 0 0

208 0 0 0.026 0 0.036 0.007 0.033 0 0 0

210 0.486 0.333 0.711 0.968 0.625 0.771 0.667 0.833  0.774 0.653

212 0.042 0 0 0 0 0 0 0 0 0

214 0 0 0.026 0 0.036 0.021 0 0 0.048 0.028

216 0 0.222 0 0 0 0.079 0 0.021 0.161 0.208

218 0 0 0 0 0.018 0.079 0267 0.063 0 0.111

220 0 0 0 0 0.179 0.014 0.033 0 0.016

222 0.361 0 0 0 0 0 0 0 0 0

224 0.056 0 0.079 0 0 0 0 0 0 0

226 0 0 0.053 0 0 0 0 0 0 0

228 0 0 0.053 0 0 0 0 0 0 0
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Appendix I continued

Location ~ Allele CHU (36) CSP (18) CCO (19) CFI (31) CST (28) CME
First sample Second sample
Total (70) I (15) 1I(24) 1I(31) I (36)
230 0 0 0.026 0 0 0 0 0 0 0
232 0 0.194 0 0 0 0 0 0 0 0
TiE02 149 0.236 0.111 0.395 0.333 0.259 0.350 0.267 0375  0.371 0.458
151 0 0.111 0 0 0 0 0 0 0 0
155 0.042 0.167 0.447 0.350 0.111 0.436 0.567 0396  0.403 0.153
157 0.181 0.194 0.079 0.017 0.352 0.057 0.100 0.021  0.065 0.056
159 0.444 0.333 0.026 0.117 0.167 0.129 0.067 0.125  0.161 0.250
167 0.097 0 0.053 0 0.019 0 0 0 0 0
169 0 0.083 0 0 0 0 0 0 0 0
188 0 0 0 0.183 0.093 0.029 0 0.083 0 0.083
TiE12 301 0.750 0.417 0.053 0.258 0.056 0.107 0.267 0.083  0.048 0.014
303 0.063 0.056 0.158 0.016 0.296 0.471 0.500 0.729  0.258 0.186
305 0 0 0 0 0.037 0.007 0 0.021 0 0
309 0 0.056 0 0 0.111 0.093 0.067 0 0.177 0.086
311 0.031 0 0 0.065 0 0 0 0 0 0
313 0.125 0.444 0.632 0.645 0.444 0.314 0.167 0.167  0.500 0.671
315 0 0.028 0 0.016 0.019 0 0 0 0 0
317 0 0 0 0 0 0.007 0 0 0.016 0.043
319 0.016 0 0 0 0 0 0 0 0 0
321 0.016 0 0 0 0 0 0 0 0 0
323 0 0 0.158 0 0.019 0 0 0 0 0
357 0 0 0 0 0.019 0 0 0 0 0
TiF03 166 0.056 0.111 0 0 0 0 0 0 0 0
168 0.014 0 0 0 0 0 0 0 0 0
170 0.014 0.111 0.211 0.855 0.482 0.229 0.067 0.188  0.339 0.431
172 0.028 0 0 0.065 0 0.021 0.033 0.042 0 0
174 0.014 0 0 0 0 0 0 0 0 0.042
176 0.056 0.222 0.184 0.016 0 0.157 0.067 0.167  0.194 0.056
178 0.083 0 0 0 0 0 0 0 0 0
182 0.125 0.111 0.026 0 0 0 0 0 0 0
184 0.014 0 0.026 0 0.036 0 0 0 0 0
186 0 0 0.026 0 0 0 0 0 0 0
190 0.014 0.056 0.105 0 0 0.157 0.533 0.083  0.032 0.069
192 0.208 0 0.053 0.065 0.232 0.236 0 0.271  0.323 0.278
194 0.167 0.194 0.263 0 0.018 0.150 0.267 0250 0.016 0.042
196 0 0.194 0.105 0 0.214 0.050 0033 0 0.097 0.069
200 0.208 0 0 0 0.018 0 0 0 0 0.014
TiF11 187 0 0 0 0 0 0.029 0.133 0 0 0
193 0 0.028 0 0 0 0.029 0 0.021  0.048 0
197 0.319 0.500 0.053 0.433 0.685 0.929 0.867 0.938  0.952 0.708
199 0 0 0 0 0 0.014 0 0042 0 0
201 0 0 0 0.017 0 0 0 0 0 0
219 0 0.083 0 0 0 0 0 0 0 0
223 0 0 0 0 0 0 0 0 0 0.028
225 0.056 0.194 0.026 0.550 0.148 0 0 0 0 0.264
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Appendix I continued

Location ~ Allele CHU (36) CSP (18) CCO (19) CFI (31) CST (28) CME
First sample Second sample
Total (70) I (15) 1I(24) 1I(31) I (36)

227 0.542 0.194 0.921 0 0.167 0 0 0 0 0
229 0.083 0 0 0 0 0 0 0 0 0

TiG03 164 0 0.167 0 0 0 0 0 0 0 0
204 0.028 0 0 0 0 0 0 0 0 0
214 0 0.139 0 0.185 0 0 0 0 0 0
216 0 0 0.105 0 0 0 0 0 0 0
219 0 0.056 0.132 0 0.019 0.050 0 0.063  0.065 0.028
224 0.014 0 0 0 0 0 0 0 0 0
228 0.472 0 0 0 0.038 0.050 0 0.104  0.032 0.069
230 0.056 0 0.026 0 0 0 0 0 0 0
232 0.167 0.028 0 0 0.038 0.043 0200 O 0 0.014
234 0.028 0 0.079 0 0 0 0 0 0 0.014
236 0 0.083 0 0 0 0 0 0 0 0
238 0 0 0 0.037 0.077 0.279 0.333  0.250 0.274 0.153
240 0.236 0.222 0.632 0.778 0.827 0.571 0.467 0.583  0.613 0.708
242 0 0.083 0.026 0 0 0.007 0 0 0.016 0.014
244 0 0.222 0 0 0 0 0 0 0 0

Sampling sites are here identified by a letter code (see Table 1 for full names). Different houses sampled in CME are indicated with the numbers
I, II, and III. Sample size for each locality and house is shown in parenthesis. Allele size (in italics) is reported in base pairs
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