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DomiciliatedRhodnius prolixusind sylvatidR. colombiensisvere analyzed in order to confirm their
genetic divergence and verify the risk that the latter represents in the domiciliation process, and to
provide tools for identifying the sources of possible reinfestation by triatomines in human dwellings
allowing control programs to be undertaken. Comparison of random amplified polymorphic DNA
amplification patterns and cluster analysis suggests reproductive discontinuity between the two spe-
cies. The calculated statistical F value of 0.24 and effective migration rate of 0.6 individuals per
generation are insufficient to maintain genetic homogeneity between them and confirm the absence of
present genetic flowR. colombiensigresents higher intrapopulation variability. Polymerase chain
reaction of ribosomal DNA supports these findings. The low genetic flow between the two species
implies thatR. colombiensiglo not represent an epidemiological risk for the domiciliary transmission
of Trypanosoma cruzn the Tolima Department. The lower variability of the domicilidegrolixus
could result in greater susceptibility to the use of pesticides in control programs.
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Rhodnius prolixugStal, 1859)s the main vec- The most effective control measures against the
tor of Trypanosoma cruzthe causative agent of disease involves interruption of vectorial and trans-
Chagas disease in many countries of South afasional transmission of the parasite. In order to
Central America. This disease affects around lachieve this goal the Southern Cone countries in
million people in the region (Schmunis 1994). InLatin America designed and developed strategies
Colombia, 3.3% of the population are infected anébr domiciliated vector control programs based on
10% are at risk of acquiring the infection. Althougtthe eradication of the insects from dwellings by
more than 20 different species of triatomines havgpraying with residual insecticides. In Colombia
been described harborifigcruziin the countryR.  triatominesoccurs both in sylvatic and domestic
prolixusis by far the most important vector responhabitats and reinfestation of treated households
sible for transmission (Guhl & Schofield 1996). by wild triatomines could be a problem. Thus, en-

The social and economic impact of Chagas digemological studies that allow the origin of rein-
ease is high. It is estimated that the burden of tHesting insects to be identified should be an inte-
disease in Latin America is higher than malariagral part of control and epidemiological surveillance
schistosomiasis and leishmaniasis. The diseasepi®grams.
ranked as the fourth cause of mortality in Latin  The presence of sylvatitatomines in the coun-
America (Schmunis 1994). try has been reported by several authors on palm
trees, mainlyAttalea butyracean Tolima Depart-
ment (Susunaga et al. 1991, L6pez & Moreno 1995).
These specimenes were reported previously as
sylvatic Tolima population by Dujardin et al. (1999)
This research was supported by UNDP/World Bankand were clearly differentiated by isoenzymes meth-
WHO Special Programme for Research and Training igds from other species within the geRi®dnius
I(r:oplcal Dlsctje_ases. hor. Fax: +57.1.3374540. E _ll_:urthermore, Moreno et al. (1999) described the
. u%ﬁgi%?gnég% ZSL gg ax: +of-1- - E-Mallsyvatic individuals aR. colombiensisThe present
F?eceived 19 May 2000 study intends to confirm the genetic divergence

y . . L
Accepted 6 August 2001 between both species. Thirty two individuals of




1044  Molecular Differentiation of Rhodnius ¢ Carlos Jaramillo et al.

each species were selected in order to establishs with specific sequences: ITS1: 3TCCGTAGGTG
other molecular markers that allow the species BACTGCGG5'; ITS4: 3 TCCTCCGCTTATTGATAS;
be differentiated, based on a random amplified polyTS 5: 3GGAAGTAAAAGTCGTAACAAGGS'.
morphic DNA (RAPD) technique that detects ge- The amount of reagents was based on that
netic polymorphisms and the amplification of ribofound to be optimal for PCR assays (25 pl of reac-
somal genes. tion mixture). Good resolution of the bands was
MATERIALS AND METHODS obtained with 5 ng of primer per reaction. Briefly,
the following reaction conditions were used: ITS5-
Insects A total of 62 individuals oR. prolixus  |TS4 pair of primers: 2 mM of dNTPs, 2.5 pl of PCR
were captured inside 10 human dwellings imbuffer-l0X, 4 mM of magnesium chloride, 0.1 pM of
Coyaima, in the Department of Tolima, where evieach primer, 5 units of ampli-Taq polymerase and
dence of domiciliation was presem; colom- 5 | of DNA. ITS1-ITS4 pair of primers: 2 mM of
biensis:a total of 62 individuals were captured ingNTPs, 6 mM of magnesium chloride, 2 pl of PCR
sylvatic habitats on 12 palm treds;butyracean  puffer-10x, 0.2 uM of each primer, 2.5 units of ampli-
a radius between 10 m to 100 m from the humaraq, and 5 pl of DNA. Negative controls using dis-
dwellings in the same locatioR. colombiensis tjlled water were used to detect possible contami-
specimens were identified according to Moreno &iations. Amplification was completed using a Perkin
al. (1999). . Elmer machine with a “touchdown PCR” profile,
DNA extraction To carry out the RAPDs, DNA which allows a reaction within a range of annealing
from 32 domestic and 32 sylvatic individuals wasemperatures. Program of 33 cycles of denaturation
extracted from six macerated legs of each specit 92°C for 30 sec, annealing at 55°C for 30 sec
men, by consecutive purifications with phenO'-Ch|O-(_O_5°C/(:yc|e) and extension at 72°C for 40 sec was
roform according to Gomes et al. (1998) with somgerformed, the entire 25 ml reaction was mixed with
modifications. The samples were washed Wwitlg || of standard agarose gel loading buffer contain-
hypoclorite before extraction to avoid contact Withng bromopheno| blue, and e|ectrophoresed
foraneous DNA. For the PCR-rDNA reactions through a 1%. agarose-Tris-Borate-EDTA gel con-
DNA was obtained from the legs of the specimengining ethidium bromide. The amplified PCR frag-

triturated with a hand-held plastic pestle, designeghents were visualized by UV light illumination.
to fit into the base of a standard 1.5 pl microfuge RESULTS

tube and using the QlAamp tissue kit from QIAGEN.
The DNA extracted was stored at -70°C until use.  For the detection of the amplification products,
DNA gquantification- DNA quantification was the best resolution was obtained when 6% acry-
performed by comparison with samples of knowfamide gels were used. Primer amplification of RAPD-
concentration through electrophoresis in 0.8% ag&®CR markers showed clear banding patterns for each
rose gels stained with ethidium bromide and bgpecies (Fig. 1). Remarkable differences in patterns
spectrophotometry with a DyNA Quant, usingbetween the two species were observed. Compari-
Hoechst dye 33258. sons of amplification pattern and cluster analysis
RAPD-PCR- Five of 25, Operon Kit A 1-20® suggests reproductive discontinuity between them.
(OPA) and Ready to go 1-5® (RTG) primers werd he results obtained for each pattern were converted
chosen as they showed polymorphisms of welinto matrixes of binary data, representing O the ab-
defined amplification (1-5 RTG), under the condi-sence of a fragment and 1 its presence. The analysis
tions suggested by the manufacturer. Amplificawas carried out by dividing each gel in horizontal
tion was visualized by electrophoresis in 2% agaregions, each of which lies between two bands of
ose gels stained with ethidium bromide and 6%nolecular weight marker (Fig. 1).
acrylamide stained with silver nitrate accordingto  Cluster analysis was perfomed calculating
Sanguinetti et al. (1994). Jaccard’s dissimilarity index to compare each pair of
Phenograms The genetic information was ar- individuals using the UPGMA algorithm. The first
ranged in a matrix of binary data that were crossesiep is a comparison of all the individuals, selection
with UPGMA algorithm in order to create of the two closest, turning them into only one so
phenograms, using Jaccard’s dissimilarity index witthat they lose their individual identity and can be
software Syntax 5.1. Statistical F (Fst) was calcwonsidered as a single individual. Then this indi-
lated and the effective migration rate between thédual is compared with the remaining specimens
two species was estimated using the RAPDBIO8nd forms a new pair with the closest individual.
program. This process can involve many cycles and is re-
PCR amplification of ribosomal genesAm-  peated for all the individuals until the last cluster
plification was done using the GIBCO BRL Tagq DNApair is unified. Finally, phenograms are constructed.
polymerase recombinant kit using universal primThe analysis of them suggests that the two species
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D1 D2 D3 D4 M S1 S2 S3 S4 homozygotic in genotype and its absence in the
= - Ry recessive homozygotic genotype. However, there

E . l ! is no information for heterozygotes, so three differ-

= I ent ways to calculate Fst were used: Wright's Fst

B= R (1951), Weir and Cockerham (1984), Lynch and

- e 2 ; e e Milligan (1994). The unknown number was esti-
: et B B B mated by these three measures, using Hardy-
Ees e e Weinberg's equilibrium as a hypothesis. The analy-
- - - : sis of the polymorphisms generated by RAPDs was

undertaken using four assumptions, following
Apostol et al. (1993).
Fig. 1: amplification pattern generated by primer RTG 3. The Fst value according to Wright's method
Poly?]gryltamide tztael (?%I%hdyfd with Sl?lverl\;itratel- Dll-D41was 0.290, and the migration rate was 0.6 individu-
amplification pattern 10 oanius prolixu . molecular : H
Wei%ht marke?, 100 bp ladder; Spl-S4:;SampIification pat-als per_ generation benNe,en the two species. Based
tern for R. colombiensis on Weir and Cockerham’s method, Fst was 0.463
and Nm was 0.3 while according to Lynch and
Milligan’s method, Fst was 0.446 and Nm was 0.3.
are effectively reproductively isolated (Fig. 2). In all cases the Nm obtained was insufficient to
The migration rate between species (Nm) wasiaintain genetic homogeneity between both spe-
also estimated in order to evaluate the potentiaies.
dispersion from one population to the other. To Fig. 3 shows that applying rDNA-PCR with ITS5-
estimate Nm, the Fst was calculated according 18 'S4 primers, the domiciliated population amplified
Wright (1951). a band of 1115 bp and a band of 533 bp; the syl-
RAPDs can be used to detect polymorpb@  vatic population presented as main products 1175
which segregate as dominant alleles. Consequenthp and 582 bp. Using the ITS1-ITS4 primers,Rhe
the presence of a band determines the dominagmtolixus presented a band of 1102 bp and fhe
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Fig. 2: phenogram generated for sylvatic and domiciliated populatioRhadniusin Colombia, using Jaccards dissimilar-
ity index and the UPGMA algorithm
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colombiensisa band of 1171bp. Both speciessis and comparison of othiehodniuspecis. Four
evidenciated a band of approximately 556 bp (Figsiwutation types, that can be revealed by RAPD, pro-
3, 4). The size of the bands was calculated usirtyiced this variability: punctual mutations (e.g. an-
linear regression. After several reactions, it wasealing site), inversion in one of the annealing sites,
found that five units of ampli-Taq polymerase in d@nsertion and deletion within the amplified region.
25 pl reaction was the appropriate amount to corsylvatic populations of most species present a
sistently amplify the diagnostic rDNA fragments,higher variability than conspecific domiciliated
using the ITS5-ITS4 primers, and that 2.5 units gbopulations (Guhl & Schofield 1996). The results
Taq were sufficient for the amplification of DNA, of the present study provide more evidence of this,
using ITS1-ITS4 primers (Figs 3, 4) asR. colombiensis more variable thaR. prolixus
This can be seen clearly in the phenogram elabo-
DI.SCUSSION o rated by using the UPGMA algorithm and the
~ Atotal of 25 primers were initially evaluated, jaccard’s dissimilarity index. The first ramification,
five of which showed the presence of polymorgrouping all the wildR. colombiensisspecimens,
phisms in the two species. The results show thaks a value of 0.7 units, while the branch grouping
oligonucleotides RTG 1-5 provide clear amplificathe domiciliatedR. prolixusoriginates around 0.4
tion patterns that could be used as a basis for analyhits. This low variability is an important clue for
the implementations of programs by insecticide
spraying, due to the reduced likelihood of resis-
PM D S D S D S D S PM tance to pesticides. In theoB), prolixus Jike Tri-
atoma infestangKlug, 1834)presents a popula-
tion structure where differences are a matter of the
geographic distance between populations (Dujardin
et al 1998). In order to corroborate this interpreta-
tion, the effective migration rate (Nm) was calcu-
lated using the methodologies of Wright (1951),
Weir and Cockerham (1984) and Lynch and Milligan
(1994).

The more Fst increases the more differentiates
the populations. Negative values for Fst due to
surrounding errors in the calculations can be inter-
preted as Fst equal to zero (Long 1986). The values
obtained for Nm show the approximate number of
Fig. 3: agarose gel electrophoresis of PCR amplified rDNAndIVId.uals m!gratllng from one population to the
gene using ITS1-ITS4 primers, for the first four lanes andther, in atypical island model. The calculated av-
primers ITS5-ITS4 for the next lanes. S: sylvatic indi-erage value for Fst in the studied populations was
vidual, D: domiciliated individual, PM = 100 bp molecular 0.029. It can be concluded that the average effec-
weight markers tive migration rate is 0.6 individuals per generation,

insufficient to maintain both populations as geneti-
PMDSDSDSDSDSDSDSDSD s pvealy hom'ogeneous. Nm and Fst values can be in-
terpreted in terms of other published values (Bossart
& Scriber 1995). Apostol et al. (1993) reported an
Nm = 11.7 forAedesaegyptithe main vector of the
yellow fever and dengue arboviruses) in Puerto
Rico and Bossart and Scriber (1995) reported an
average Nm = -0.0032 for the butterfdapilo
glaucusin Ohio, Georgia and Florida. In all cases,
the studied populations show genetic flow. A com-
parison of these values with the ones obtained in
our study suggests that these populations do not
currently have genetic flow doing) test, ac-
cording to Workman and Niswander (1970) and
; ; Apostol et al. (1995), where the null hypothesis is
Fig. 4: agarose gel electrophoresis of PCR amplified rDNF{hat the two SPeC'es are genetically identical or that
gene using ITS1-ITS4 primers. S: sylvatic individual; D:there is genetic flow between them. The number of
domiciliated individual; PM: 100 bp molecular weight mark- degrees of freedom is given by n-1, where n is the
ers number of subpopulations. The program used to
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