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Genetic Structure of 7Triatoma sordida
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The genetic population ofriatoma sordidaroup 1, a secondary vector of Chagas disease in Bo-
livia, was studied by multi-locus enzyme electrophoresis. A total of 253 nymphal and adult specimens
collected from seven neighbouring localities in the Velasco Province, Department of Santa Cruz, were
processed. The relatively low genetic variability was confirmed for this species (rate of polymorphism:
0.20). The absence of genetic disequilibrium detected within the seven localities was demonstrated. A
geographical structuration appears between localities with distances greater than 20 km apart. Al-
thoughT. sordidapresents a relatively reduced dispersive capacity, its panmictic unit is wider than
compared withT. infestans Genetic distances betwe#&n sordidapopulations were correlated with
geographic distance. Gene flow between geographic populatiofis sérdidaprovides an efficient
framework for effective vigilance and control protocols.
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Triatoma sordida(Hemiptera: Reduviidae) is ability to form large coloniesT. sordidaholds a
a blood-sucking insect vector dfrypanosoma poor vectorial significance in domiciliary condi-
cruzi, the causative agent of Chagas disease. Ittisn (Noireau et al. 1997). Nevertheless, its wide
widely distributed throughout central Brazil, eastdistribution, tendency to invade domestic environ-
ern and central Bolivia, the Chaco region of Paranent, and vectorial competence in laboratory al-
guay, and northwestern Argentina where it occuiew us to consider it a triatomine of potential epi-
primarily in a silvatic environment (Lent & demiological importance (Schofield 1994). The
Wygodzinsky 1979, Diotaiuti et al. 1995). In wideprincipal features of biology and ecology ©f
areas of the Southern Corie sordidais more of- sordidaare quite well known (Forattini et al. 1982,
ten found in peridomestic habitat and can also forf@arcavallo & Martinez 1985). With reference to
domestic colonies (Forattini 1980, Dias 1988its dispersive pattern, this species shows a higher
Noireau et al. 1996). propensity for flight than doe§. infestans

T. sordidais currently considered as a possibléSchofield et al. 1991). Nevertheless, in spite of
substitute to the present domestic vettamfestans some works, the mobility of. sordidawith rela-
in the transmission oF. cruzi The process of do- tion to artificial ecotopes was little studied
miciliation may also be primary without any rela-(Forattini et al. 1971).
tion to a previous eradication of the main vector Previous works agreed with the existence of at
(Dias 1988, Noireau et al. 1996). Owing to its inleast two biological species occurring within
sordida(Panzera et al. 1997, Noireau et al. 1998).
Consequently, the first step of any study about
populations of this triatomine should be the ge-
netic characterization of the biological species. The
yopulation genetics, which estimates the gene flow

etween geographic populations, provides an effi-
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genetic variability and equilibrium in various do-(PGM, EC 2.7.5.1.); and 6-phosphogluconate de-
mestic populations df. sordidaand estimated their hydrogenase (6-PGDH, EC 1.1.1.44). Conditions
level of genetic differentiation. for electrophoresis and enzyme staining were as
previously described by Noireau et al. (1998).
MATERIALS A.ND METHODS . Statistical methodsGenetic interpretation was
~ Study areas The field-work was carried out hased on a previous descriptionTosordidavari-
in Velasco Province located on the north of thepility (Noireau et al. 1998). A locus was defined
Department of Santa Cruz, Bolivia. This Provinceys polymorphic if the frequency of the rarest allele
forms part of the Chiquitania region and is madgas® 0.02 in at least one of the samples. Genetic
up of a mosaic of semi-humid woodland andariability was estimated by the rate of polymor-
wooded savanna (cerrado). The main climatic chaghism (P) and the mean number of alleles per lo-
acteristics are: (i) a mean annual rainfall of 1,208us (A). For the analysis of genetic equilibrium
mm, including a dry season between May and Sepnd spatial subdivision @ sordidapopulations,
tember, (i) moderate temperatures with an annughly two possible alleles were taken into account:
mean of 26°C and (iii) a mean relative humiditythe most frequent one (a), and all other ones plot-
which fluctuates between 57 and 78%. Seven ried together as a unique allele (N). Analysis of spa-
ral localities located in two areas were studied ifial subdivision ofT. sordidapopulations was per-
1995 (Noireau et al. 1997). The first area, situatefdrmed in triatomines issued from conglomerates
around the town of San Ignacio de Velasc@localities pooled by area) and whole population,
(16°23'S; 60°58'W), included three localities situ-using Nei's F statistics analysis (Nei 1987). Fit and
ated 20+9 km apart on an average: Cochabambitgs measure the departure from panmixia of indi-
(CBA), Recreo (REC) and San Juan Bautista (SJB)iduals relative to the total population and its sub-
The second area included four localities around thsopulations, respectively. Fst measures the gene
town of San Miguel (16°41'S; 60°59'W) situatedfrequencies differences among subpopulations.
30+13 km apart on an average: GuapomocitRei's standard genetic distances (Ds) were plotted
(GUA), Cerrito (CER), Tacoigo (TAC) and Cotocaagainst geographical distances between localities
(COT). The dwellings investigated are mainly of(21 pairwise comparisons) and the coefficient of
wattle and daub construction and roofed with stravjetermination assessed from a second order bino-
A preliminary study performed in 1994 showedmial curve. The Mantel test was used to confirm
thatT. sordidawas the only triatomine species in-the statistical significance of the coefficient of de-
festing houses in these localities (Noireau et ajermination (Sokal & Rohlf 1995).

1996).
Insects- Manual collection off. sordidawas RESULTS

carried out in 88 houses of the seven selected lo- Insects A total of 253 nymphal and adult speci-
calities during February 1995. Triatomine specimens ofT. sordidawere collected from seven lo-
mens caught in sleeping quarters of houses (walhlities. Data on the number of individuals pro-
or bed) were placed in plastic bottles containingessed by locality are summarized in Table I.
filter paper and transported to the laboratory. Isoenzyme variability A single zone of enzy-
Isoenzyme electrophoresidNymphal instars matic activity or band was scored for DIA, GOT,
and adults of both sexes were used. Alary muscl&s-6-PDH, GPI, PGM and 6-PGDH, while two
were dissected out and ground in 1®f an en- bands interpreted as two distinct loci were scored
zyme stabilizer (dithiothreitol, E-aminocaproic acidfor GPD, IDH, LAP, MDH and ME. Four bands
and EDTA, each at 2 mM). Extracts were stored atorresponding to four loci were scored for PEP-A.
-70°C until used. MLEE was performed on cellu-Thus, the studied set of enzymes represented a to-
lose acetate plates (Helena Laboratories, Beatal of 20 gene loci. The allelic distributionldh2
mont, TX). The following 12 enzyme systems werandMdh2 assigned ouf. sordidapopulations to
assayed: diaphorase (DIA, EC 1.6.2.2.); aspartatiee group 1 as previously described by Noireau et
aminotransferase (GOT, EC 2.6.1.1.); glucose-@&l. (1998).T. sordidasample showed four poly-
phosphate dehydrogenase (G-6-PDH, E@orphicloci Mdhl, Pep4 Pgmand6-Pgdh. The
1.1.1.49.); glucose phosphate isomerase (GPI, B@riable loci segregated for tw6-Pgdh or four
5.3.1.9.);a-glycerophosphate dehydrogenasé€Pep4 MdhlandPgm alleles, according to local-
(GPD, EC 1.1.1.8.); isocitrate dehydrogenasiy of collection. Consequently, the genetic vari-
(IDH, EC 1.1.1.42.); leucine aminopeptidase (LAPability of T. sordidasample was apparently low (P
EC 3.4.11); malate dehydrogenase (MDH, EG 0.20 and A = 1.35). Isoenzyme pattern was inde-
1.1.1.37.); malic enzyme (ME, EC 1.1.1.40.); amipendent of the insect stage except for Gl
nopeptidase A (PEP-A with substrate L-leucylwhere only adults showed an activity. The obvi-
leucyl-leucine, EC 3.4.11.); phosphoglucomutaseus polymorphism aPep4and6-Pgdhwas not
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TABLE | ciency atMdh1locus with significant value of Fit
Genotypes ifTriatoma sordidaaccording to the (P <0.01). The difference between local and total
locality of collection uni-locus statistics suggested spatial structuring of
Locality  No. of Pgm Mdh1 the population also known as the Wahlgnd effect
insects (Cockerham 1973). Because our collections were

analyzed aa aN NN aa a/N NN Mmade over the same month (February 1995), we
can discard a variation of genotypic proportions

CBA 41 39 1 0 37 4 0 withtime. The spatial partition was confirmed by
REC 20 19 1 0 17 2 0 significant results of Fst among populations from
SJB 48 48 0 0 41 4 1 the area 2 and the pooled populations from both

areas (Table I). The calculated index of Nei's stan-
Totalareal 109 106 2 0 95 9 2 (ard genetic distance was highly correlated to geo-
graphical distance between localities (R = OB5;

gg: 322 22[; % t 213; l; 21 < 0.01), co_nforming with the isola}tion dist_ance

model of Richardson et al. (1986) irrespective of
TAC 37 3% 1 0 17 17 3 topography (Figure). The Mantel test (5040 runs)
CcoT 42 3r 5 0 20 14 7 confirmed the statistical significance of the deter-

Totalarea2 144 126 15 1 77 51 13 mination coefficient® = 0.007).

TOTAL 253 232 17 1 172 60 15

a/a: homozygotes for the prevailing allele; a/N:Nei's distance (Ds)

heterozygotes between the prevailing allele and any other 6 - a
one; N/N: homozygotes for alleles other than the
prevailing one. LI

0.004

amenable to a reliable allelic interpretation (het-
erozygote patterns not clearly defined) and these
loci were not considered for further genetic inter- .00z
pretation.

Genetic structure of. sordidapopulations-
The distribution of genotypes T sordidaaccord-
ing to the locality of collection is showed in Table ~ **®
I. Within samples oT. sordidafrom each locality, Distance between samples (k)
departure from Hardy-Weinberg equilibrium was
tested by the F statistics (Fis). Observed genotygenetic relationships between populationgraitoma sordida
frequencies @gmandMdhlwere consistent with according to the geographical distance between them. Each point

. : epresents a single pairwise Nei’s standard genetic distance (Ds)
random mating expectations (Table ”)' In contras etween localities according to distance. These indices are com-

thel POOled samples.proceeding from the seven |90ted from allelic frequencies. The line represents the second
calities showed evidence of heterozygote defierder binomial, with a coefficient of determination of 0.65.

TABLE Il

F statistic8 at two polymorphic lociRgmandMdhl) amongTriatoma sordidgpopulations
from the two surveyed areas

Pgm Mdh1
Fis Fit Fst Fis Fit Fst
Area 1 CBA - REC - SJB -0.005 0.014 0.019 0.095 0.105 0.011

Area 2 GUA - CER - TAC - COT 0.012 0.092 0.681 0.075 0.101 0.028
Areal+2 CBA-REC-SJB-GUA-  0.010 0.096 0686 0.079 0.178 0.099
CER - TAC - COT

a: Fis and Fit represent the indices of fixation of individuals relative of the different subpopulations and total
population, respectively. Fstis the gene frequencies difference among populations. Values were calculated according
to Bilton (1992);b: P < 0.001;c: P < 0.05;d: P < 0.01.
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DISCUSSION caL_Js_ed .by gene frequencies d.ifferences among lo-
o ) calities issued from area 2 which are more distant
All'analyzed domiciliary specimens from theapart than localities from area 1 (30 + 13 km vs. 20
Velasco region pertain to the first group Bf + 9 km, respectively). On the basis of allozyme
sordidaas described by Noireau et al. (1998). Upjata, genetic distances between populations were
to now, the whole of. sordidapopulations domi- found to be generally correlated with geographic
ciliated in Bolivia form part of this group which distance (Figure). Geographical differences would
seems to present a higher ability to colonize housesplain the genetic heterogeneity with no need to
(Noireau et al. 1998). Moreover, this group has gfer climatical or ecological differences.
wider distribution through the Southern Cone coun-  To be effective, the design of control protocols
tries thanT. sordidagroup 2 which seems to be against a triatomine species should consider its
restricted to the Chaco. . population structure (Schofield et al. 1995). Al-
In our study, the obvious polymorphism ob-though the low enzymatic polymorphism rate ob-
served aPep4and6-Pgdhwas not amenable to a served irfT. sordidaimits the interpretation of gene
reliable allelic interpretation when tf@pdlac- flow between populations, our data as a whole are
tivity was exhibited only in adult stages (Noireaucompatible with a wider panmictic unit far
et al. 1998). Consequently, allozyme frequenciesordidacompared witi. infestansthe main vec-
at only two loci PgmandMdh1) were scored as tor of Chagas disease in South America, and sug-
convenient genetic markers for the populations Qjest the higher flight ability of the first mentioned
T. sordidagroup 1. The relatively low genetic vari- species (Schofield et al. 1991). The demonstration
ability for this species is similar f infestandut  of a geographical structuration between localities
apparently lower than values reportedfosordida  more distant than 20 km apart points out the rela-
group 2 andl. guasayanavith the same electro- tively reduced dispersive capacity bfsordida
phoretic procedure (Dujardin et al. 1998, Noireau This study clearly suggest that insecticidal con-
et al. 1998). FronT. sordidanatural populations trol interventions againgt. sordidawill encoun-
from the State of Minas Gerais, Brazil, Monteirorer more difficulty than those agairiBtinfestans
etal. (1997) reported a very low level of gene variawhile thisspecies has silvatic foci which may lead
tion (6.7% of the 30 loci were polymorphic). Ac-to a reinfestation of houses, the wider panmictic
cording to Forattini (1980), the Brazilian phyto-unit of T. sordidafavours also the reappearance of
geographic region of “cerrado”, which includesjomestic vectors due to immigrants from

Minas Gerais, would be the endemic center of thgeighbouring localities in case of poor geographic
sordidaspecies. The arguments of a restricted disnsecticide coverage.

tribution (Chaco) and higher isoenzyme variabil-
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