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ABSTRACT: Some species of Rhodnius prove difficult to separate on overt morphological characters, leading to difficulties in determining the cu-
rrent distribution of several of the most epidemiologically significant species. Experiments of the present paper, as well as previous studies, indicate
however an overall agreement between genetic distances computed from electrophoretic data and reproductive isolation (aborted eggs) between
strains, whatever their morphological species attribution. The level of Nei’s genetic distances between intersterile lines, even morphologicaily simi-
lar, is shown to be of the same order as for well established morphologically different species. This consistency of genetic distances with experi-
mental reproductive isolation indicates the potential of isoenzyme electrophoresis to solve some of the taxonomic problems of the genus Rhodnius.
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INTRODUCTION

The 13 described species of Rhodnius comprise one of
the 14 genera of the subfamily Triatominae (Hemiptera:
Reduviidae), many of which are important as vectors of

Trypanosoma cruzi, causative agent of Chagas disease

(South American trypanosomiasis). All species of Rhod-
nius seem-to be of primarily arboreal habitats, often oc-
cupying ecotopes in palm tree crowns or epiphytic bro-
meliads. However, the genus includes some highly
domesticated species such as R. prolixus, the major vec-
tor of Chagas disease in Venezuela, Colombia and parts
of Central America, and R.. pallescens, the major vector
in Panama. Several other species enter dwellings and pe-
ridomestic habitats, and are of local importance in some
areas. Some however, such as R. paraensis and R. do-
mesticus, seem to be entirely silvatic, without epidemio-
logical importance. Species of Rhiodnius tend to be quite
similar in appearence. Type material can be determined
by overt morphological characteristics and, in some ca-
ses, dissection of the male genitalia (LENT & JURBERG,
1969; LENT & WYGODZINSKY, 1979). However, exami-
nation of large series often shows considerable overlap
in many of the key morphological characteristics, espe-
cially for the four species sometimes known as the «pro-

lixus group» (prolixus, robustus, neglectus, nasutis)

(HARRY, 1994; HURTADO GUERRERO, 1992), with some
populations of the putative species being interfertile
(DUIJARDIN et al., 1991). Of these, prolixus is recognised
as a domestic and peridomestic species, and most labora-
tory isolates derive from collections from houses and/or
chicken coops. However, silvatic populations (mainly in
palm tree crowns) have been recognised in parts of Ve-

nezuela and Colombia since the work of GAMBOA
(1962). Palm tree crowns in these regions are also consi-
dered the main habitat of robustus, and these two species
are distinguished only by the lighter-coloured tibia of the
older nymphs and minor differences in the basal plate
struts of the male genitalia (LENT & WYGODZINSKY,
1979). R. neglectus is also very similar to prolixus and
robustus, but is generally distributed south of the Ama-
zon region in the savanna-like areas of Central Brazil,
where it is usually found in palm tree crowns but fre-
quently forms small domestic and peridomestic colonies
(DIOTAUITI & DIAS, 1984).

Because of this, the distribution of these species can-
not at the present be clearly determined, either at the
geographical level (DUJARDIN et al., 1991; WHO, 1991),
or at the ecological level in terms of relative degrees of
domestic and silvatic colonisation. However, clarifica-
tion of spec1es limits and distribution is of considerable
importance in assessing the relative epidemiological 51g-
nificance and control strategies against different species
of Rhodnius (WHO, 1991).

To address these problems, a series of additional ap-
proaches to vector identification are being applied to the
Triatominae (DUJARDIN, 1988; DUJARDIN et al., 1993).
Cytogenetic techniques are currently being evaluated
(PEREZ et al., 1992), as are cuticular hydrocarbon analy-
sis (PEACE, 1990; P. JUAREZ et al., unpublished) and
quantitative studies of metric characters (HURTADO
GUERRERO, 1992; HARRY et al., 1994) or sense organs
(CATALA & SCHOFIELD, 1994). Isoenzyme analysis has
also been used (DUJARDIN, 1990; DUJARDIN et al., 1991;
HARRY, 1992; HARRY et al., 1992a, b; LOPEZ & Mo-
RENO, 1995). This genetic approach may provide the ad-
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ditional advantage of helping in evaluate rates of gene
flow between neighbouring domestic, peridomestic and
silvatic populations (DUJARDIN et al., 1988b; DUJARDIN,
1990; HARRY, 1992). We present here an evaluation of
its taxonomic power with respect to the genus Rhodnius,
using representatives of the prolixus goup (prolixus, ro-
bustus, neglectus) together with one species that is rea-
dily distinguishable from them (R. ecuadoriensis).

MATERIAL AND METHODS

“The insects: Eight populations of Rhodnius (in this paper, the

terms «population» or «strain» are considered equivalent) were
provided from different laboratories (see below), together with a
small collection of R, ecuadoriensis (RES) from palm trees dissec-
ted in 1993 near Porto Viejo, Ecuador. The determination (based
on external morphology) and strain designations are shown in Ta-
ble 1. Strains whose label ends with «J» (RPJ, RRJ, RNJ and REJ)
are the FIOCRUZ reference strains (for R. prolixus, R. robustus, R.
neglectus and R. ecuadoriensis, respectively), reared in the Depart-

ment of Entomology at the Institute of Oswaldo Cruz (FIOCRUZ, .

J. Jurberg). The ecuadoriensis FIOCRUZ reference strain (REJ)
originates from Peru (J.M. Barata, Department of Epidemiology,
Faculty of Public Health, Lima, Peru - November 1979). The ne-
glectus and prolixus FIOCRUZ reference strains (RNJ and RPJ)
were shown  to-be completely intersterile by DUJARDIN et al.

(1991). The neglectus FIOCRUZ reference strain (RNJ) wa§ ac-

quired in 1976 by FIOCRUZ, coming from the state of Goias, and
transported alive in 1988 to the Institute of Tropical Medicine at
Antwerp (ITMA) (Belgium). The prolixus FIOCRUZ reference

strain (RPJ) was an old laboratory colony originating from Vene- -

zuela (locality unknow), while the robustus FIOCRUZ reference
strain (RRJ) came from a sample collected in the Brazilian Ama-
zons. In the present work, we also used the offspring of male RPJ
and female RRJ (RRJ*RPJ) - the reverse cross also is fertile -
which has been reared at the ITMA insectary since 1989 (DUJAR-
DIN, unpublished data). The additional prolixus (RPH) and neglec-
tus (RNB) strains were kindly provided by Dr. M. Harry (HARRY,
1992; HARRY et al., 1992) and Dr. T. Barrett (Instituto Nacional de
Pesquisas da Amazonia, Manaus), respectively. RNB is an old la-
boratory colony established at the Fundagdo Gongalo Muniz (Sal-
vador, Bahia, Brazil), received there in May 1984 from a sub-co-
lony at Harvard University (USA), and sent in 1989 to the ITMA
insectary. Together, these species comprised 107 individuals (25
of them were fifth instar nymphs).

P. SOLANO et al.

Protein extraction: Individual insects were processed by dissec-
ting out the alary muscles and immediately grinding them in 100 pl
enzyme stabilizer solution (GODFREY & KILGOUR, 1976). This
gave clearer final results than the previous method of DuJARDIN &
TIBAYRENC (1985), in which the upper part of the insect (head and
thorax) was crushed as a whole, mixing muscles and chitin.

Isoenzyme electrophoresis: Cellulose acetate electrophoresis was
used. The electrophoretic conditions were according to DUJARDIN
& TIBAYRENC (1985) with minor modifications. Fourteen enzyme
systems were assayed, as follows: ACON (aconitate hydratase or
aconitase, EC 4.2.1.3), DIA (diaphorase, EC 1.6.2.2), G6PD (glu-
cose-6-phosphate dehydrogenase, EC 1.1.1.49), GAPD (glyceral-
dehyde-3-phosphate dehydrogenase, EC 1.2.1.12), aGPD (alpha-
glycero-phosphate dehydrogenase, EC 1.1.1.8), GPI (glucose
phosphate isomerase, EC 5.3.1.9), IDH (isocitrate dehydrogenase,
EC 1.1.1.42), LAP (leucine aminopeptidase, EC 3.4.11), MDH
(malate dehydrogenase, EC 1.1.1.37), ME (malic enzyme, EC
1.1.1.40), 6PGDH (6-phosphogluconate dehydrogenase, EC
1.1.1.44), PGM (phosphoglucomutase, EC 2.7.5.1), PEP-A (ami-
nopeptidase A, EC 3.4.11, substrate I-leucyl-leucyl-leucine) and
PEP-B (aminopeptidase B, EC 3.4.13, substrate I-leucyl-alanine).

Data analysis: The estimation of genetic variability was limited to
the calculation of the proportion of polymorphic genes (P). Allele
frequencies at each locus were compared between strains using the
following chi-square: X2 = 2¢nxeny.Y (xi-yi)**=+* where xi and
yi are the frequencies of allele «i» for the populations x and y, nx

_ and ny are the number of individuals of these populations (results

not shown). Nei’s standard unbiased genetic distances (Ds) were
computed, as well as their variance (NEI, 1987, p. 226). From the
Ds values, an UPGMA was constructed (Fig. 1).

RESULTS
Enzyme polymorphism

Eleven enzymes showed a single' zone of activity
(ACON, GPD, GAPD, GPI, G6PD, LAP, PGM, 6PGD,

- DIA, ME and IDH). For all specimens, two zones of ac-

tivity were recorded for MDH and four zones for the two
PEP systems (PEP-A and PEP-B): the corresponding
loci were named Mdhl, Mdh2, Pepl, Pep2, Pep3 and
Pep4. For the 14 enzyme systems therefore, a total of 17
consistently scorable loci could be considered. Only three
of them displayed heterozygote electrophoretic patterns

Strain* (¢))] 2) 3) N (C)) )
RES R. ecuadoriensis Schofield Ecuador 5 17 1
REJ R. ecuadoriensis Jurberg Peru 1 17 1
RNB R. neglectus Barrett Brazil 16 17 2
RNJ R. neglectus Jurberg Goia, Brazil 16 17 1
RPH R. prolixus Harry Venezuela 16 17 1
RRJ R. robustus Jurberg Brazil 23 17 2
RPJ R. prolixus Jurberg Venezuela 12 17 2
RPJ*RRJ hybrids Dujardin Venezuela 18 17 2

Table 1.- Characteristics of the different strains analyzed. (1) = identification based on external morphology; (2) = responsible for this

morphological identification; (3) = geographic origin of the strain; N = minimum number of specimens analyzed; (4) = number of enzyma-
tic loci; (5) = number of variable loci. * = a three symbol code is used to identify the samples: the first symbol represents the genus (R for
Rhodnius), the second one the species (P for prolixus, R for robustus, N for neglectus, and E for ecuadoriensis), and the last one the name

of the scientist who made the morphological identification.
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Fig. 1.— An UPGMA tree derived from Nei’s standard unbiased
genetic distances (Ds) between strains. Unless the rate of gene
substitution varied greatly among strains, this tree could be regar-
ded as a phylogenetic tree (N1, 1987, p. 313).

for some individuals: Gpd (Fig. 2), Pgm (Fig. 2) and
Mdhl (see Table 2, also explaining the corresponding
alele nomenclature).

The Gpd locus was polymorphic in only one of the
two neglectus strains {(RNB), with three-banded hete-
rozygous patterns suggesting a dimeric quaternary struc-
ture for this enzyme (Fig. 2). The Pgm locus was mono-
morphic in the prolixus strain of Harry (RPH), while it
was polymorphic in the profixus (RPJ) and the robustus
(RRJ) reference strains, as well as in their offspring
(RPJ*RRJ), with a monomeric structure inferred from
the typical two-banded heterozygous patterns (Fig. 2). In
all strains, the anodal zone of activity of MDH (Mdhl)
showed for some individuals typical heterozygous pat-
terns suggesting a dimeric structure. Four alleles were
scored at this locus, two of them (Mdhi-1 and Mdhl-2)
found in all the strains except the R. ecuadoriensis
strains, which showed two other, unique alleles (Mdh1-3
and Mdhl-4). The wild and laboratory R. ecuadoriensis
(RES and REJ, respectively) showed no variable loci ex-
cept at MdhlI. Across the strains, the proportion of poly-
morphic loci ranged from 5,9% (1/17) to 11,8% (2/17).

Between-strain analysis

According to NEI {1987, p. 227), if the X2 uvsed for
allele frequencies comparisons (see Material and Met-
hods) is significant for one locus, any estimate of genetic
distance is different from zero. Our results {not shwn) in-

43

fig. 2.— Photographic record showing variant isozyme profiles on
acetate gel electrophoresis of individuals of PGM (top), GPD
(mid) and GPI (bottom). A =RNJ; B=RPJ; C=RRJ; D=RES; E
= Triatoma infestans.

dicate that all distances were significantly different fro
zero, except the ones between RPH and either RPJ or
RPJ*RRI, between RRJ and RPJ and between RPJ and
RPJ*RRJ. NET's significant genetic distances ranged
from 0,028 (between R. robustus and the hybrid
RPJ*RRJ strain) to 0,850 (between R. ecuadoriensis and
R. neglectus). Interfertile lines (RPJ and RRJ) showed
no diagnostic locus (Ds=0,039), nor did different strains
of the same species (RNJ and RNB, RES and REIJ).
Between established intersterile lines (RNJ and RPJ),
genetic distances (from 0,498 to 0,539 +-0,020 SD)
were of the same order as between R. ecuadoriensis and
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' i sed on is¢
l from the|
RES RNB RNJ RPH RRJ RPJ l RNGZ2: [
REJ i although t
‘ | (DUJARDI}
RNB gl(]) (%) l\ tions were
RNI 50 (28) 34 (nc) .
RPH 723 (25) 513 (20) 539 (20) j various prj
RRJ 720 (25) 498 (20) 514 (20) 31 (nc) ! al.,' 1991)
RPJ 737 (25) 514 (20) 529 (20) 40 (nc) 31 (nc) ‘ various ph
RPJ*RR]J 713 (25) 503 (20) 530 (20) 30 (nc) . from the |
- i (DUJARDIR
Table 3.— Nei’s genetic unbiased distance (Ds) and its standard deviation. Ds values are multiplied by 1000. Values between brackets are ; 1s0enzymy
standard deviations, computed after [(1-1)/(Ir)]'* with I = the Nei’s standardized identity (corrected for sample sizes) and r the number of ! (1993) bej
loci. Since the variance estimation is not allowed when I is higher than 0,85, the standard deviation was not computed in each case (see I xus and n
I
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the remaining species (Ds from 0,713 + -0,025 SD to
0,850 + —0,028 SD). There were six loci (35%) able to
distinguish the neglectus strains from the prolixus and
robustus ones (Gapd, Gpi, Idh, Me, Pep-4, Pgin), and a
minimum of nine loci (53%) distinguishing the strains of
ecuadoriensis from any of the other populations.

DISCUSSION
Within-population study

The within-population polymorphism found here (P
ranging from 0,06 to 0,12) may be regarded as very low
for invertebrates (FERGUSON, 1980; NEI & GRAUR,
1984). However, sample size was very small in some
strains. Furthermore, laboratory colonies can be affected
by strong genetic drift and/or selection that may greatly
lower their genetic variability although, unexpectedly,
the reverse may be true (LEBERG, 1992). Nevertheless,
low values of P were similarly reported in larger samples
of wild caught R. pictipes (P =0,10to 0,19: DUJARDIN et
al., 1988a; HARRY et al., 1992b) and R. pallescens (P =
0,18: LOPEZ & MORENO, 1995), in laboratory strains of
R. neglectus (P = 0,07: DUJARDIN er al., 1991), R. proli-
xus (P =0,07 to 0,23: DUJIARDIN et al., 1988a; HARRY et
al., 1992a, b,.c).[but see 1.OPEZ & MORENO (1995) for
wild caught R.:prolixus in Colombia] and R. robustus (P
=0,00t0 0,16: HARRY, 1992; HARRY ef al., 1992b), sug-
gesting that our results could reflect a general trend to
low polymorphism in the genus Rhodnius. In this regard,

two comments could be added: 1) R. ecuadoriensis from

sylvatic environment in Ecuador (RES) showed only one
variable locus out of 17, the same one found as the uni-
que variable locus for the insectary specimen (REJ), ori-
ginating from Peru; 2) in a genetic drift process occu-
rring in laboratory, there is no reason to expect the same

alleles to be fixed at the same loci in different strains. -

Nevertheless, different old_populations separated for
many generations were almost identical in the present
set of data (RNJ versus RNB, RPH versus RPJ).

Between-populations study

The first comparison of different Rliodnius species ba-
sed on isoenzyme analysis failed to separate prolixus
from the neglectus of Garcia-Zapata (RNGZ! and
RNGZ2: DUJARDIN et al., 1988; DUJARDIN et al., 1991),
although these were clearly different from R. pictipes
(DUJARDIN et al., 1988). Moreover, the RNGZ popula-
tions were found to be completely interfertile with the
various prolixus isolates (DUJARDIN, 1990; DUJIARDIN et
al., 1991) (Table Reprod Isolat). Subsequently however,
various prolixus strains were found to differ at 4-5 loci

from the FIOCRUZ reference strain of neglectus (RNJ)-

(DUJARDIN, 1990; DUJARDIN et al., 1991). Also, marked
isoenzymatic differentiation was found by HARRY
(1993) between reproductively isolated strains of proli-
xus and neglectus (HARRY, 1992).
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Other isoenzymatic studies of the prolixus group have
failed to reveal differences between interfertile lines of
prolixus and robustus collected from palm trees in the
state of Trujillo (Venezuela), an area where silvatic po-
pulations of prolixus have never been reported (HARRY,
1992; HARRY et al., 1992a, b), although again, both were
clearly different from pictipes (HARRY et al., 1992a).

For the present work, the clustering of four different
presumed species (ecuadoriensis, neglectus, prolixus
and robustus) into three distinct groups (Fig. 1) may be
discussed taxonomically using the results of both cros-
sing experiments and genetic analysis.

According to MAYR (1969), reproductive isolation due
to biological mechanisms is the main criterion for spe-
cies attribution. Interfertility between prolixus and ro-
bustus, giving viable offspring since 1989 (RPJ*RRIJ),
does not allow us to confirm the morphologically based
species distinction. However, it does not rule out the
possibility of natural, recent mating barriers separating
these taxa in field conditions. On the other hand, inter-
sterility (aborted eggs) between neglectus (RNJ) and
prolixus (RPJ) is a strong argument for separating these
populations into distinct species (DUJARDIN er al.,
1991). Similar results were reported earlier by CARVAL-
HEIRO & BARRETO (1976). However, this criterion alone
has been a matter of controversies (TEMPLETON, 1989)
and the arguments leading to interpret reproductive iso-
lation prudently are numerous (HARRY, 1994): for ins-
tance, the presence of bacterial symbiotes in Drosophila
may produce an «infectious sterility» (WILLIAMSON et
al., 1971).

In the evolutionary concept, two populations are diffe-
rent species if they descend from distinct lineages and
keep their own identity (WILEY, 1989). This concept
could be used indirectly to attribute populations or labo-
ratory strains to distinct species when genetically quite
different. In practice, we could do so only when the ge-
netic distance is higher than that commonly reported
between conspecific populations. Although we are obli-
ged to accept an arbitrary threshold, studies on various
arthropod "groups indicate that NEI’s genetic distance

- between conspecific populations hardly exceeds O,10

(DUJARDIN, 1990; KREUTZER et al., 1990; LANZARO et
al., 1993; ESTRADA-FRANCO et al., 1993; DUJARDIN et
al.,, 1996). In this study, the magnitude of the genetic
distances found between the intersterile lines of prolixus
RPJ (or robustus RRJ) and neglectus RNJ was more than
one hundred times the distances found between fertile
strains, indicating probable evolutionary divergence.
Slightly higher distances were scored between morpho-
logically well-recognized species (CATALA & SCHO-
FIELD, 1993; LENT & JURBERG, 1969; LENT & WYGOD-
ZINSKY, 1979) such as between the strains of
ecuadoriensis on the one hand (RES, REJ), and the other
populations. Similarly, DUJARDIN et al-(1988a) found 9
diagnostic loci and HARRY et al. (1992) found 12 diag-
nostic loci between R. pictipes and either R. prolixus or
R. robustus. These results give confidence that a high
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genetic distance between neglectus and prolixus reflects
evolutionary divergence. In contrast, neither weak gene-
tic distance, nor laboratory interfertility, between two
populations is definitive evidence of lack of speciation
between them (DUJARDIN ef al., 1987). Insignificant ge-
netic distance and interfertility between robustus and
prolixus (HARRY et al., 1992a, b, 1993: this paper) re-
main compatible with a recent speciation event favoured
by an ecological separation. As stated by HARRY et al.
(1992b, 1993), further studies are needed to elucidate

 this problem. Indeed, if there are different species, a lack

of gene flow should be apparent between robustus and
prolixus collected in sympatry. -

We would propose that high genetic distances (Ds),
combined (or not) with reproductive isolation, confir-
med the status of neglectus (RNJ or RNB) as a species
distinct from the other two (prolixus and robustus). Un-
fortunately, formal attribution of the RNB and RNJ
strains to the type species «neglectus» remains some-
what uncertain, because their geographic origin cannot

~ be confirmed as representing the type locality. If they

were confirmed as R. neglectus, then the clear electro-
phoretic differences observed here with R. prolixus, also
reported by DUIARDIN et al. (1991) and HARRY (1993),
would allow an easy solution to the question of identif-
ying the specimens invading houses in Brazil (D10-
TAIUTI et al., 1984; GARCIA-ZAPATA et al., 1985; Du-

JARDIN et al., 1991) and help improve our knowledge:
.about the geographic distribution of these morphologi-

cally similar species (WHO, 1991).
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