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The correct identification oBiomphalaria oligozgB. orbignyi andB. peregrinaspecies is difficult
due to the morphological similarities among th&nperegrinds widely distributed in South America
and is considered a potential intermediate hosBehistosoma mansonVe have reported the use of
the polymerase chain reaction and restriction fragment length polymorphism analysis of the internal
transcribed spacer region of the ribosomal DNA for the molecular identification of these snails. The
snails were obtained from different localities of Argentina, Brazil and Uruguay.

The restriction patterns obtained witival enzyme presented the best profile to identify the three
species. The profiles obtained with all enzymes were used to estimate genetic similaritie®.among
oligoza B. peregrinaandB. orbignyi. This is also the first report oB. orbignyi in Uruguay.

Key words:Biomphalaria orbignyi -Biomphalaria peregrina Biomphalaria oligoza snails - ribosomal DNA
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Biomphalariasnails are present in several counGrande do Sul (Carvalho et al. 1998), and the first
tries of America and Africa, and some species sengetection of a focus of schistosomiasis in the same
as intermediate hosts for the tremat8dhistosoma state (Graeff-Teixera et al. 1999) suggest the pos-
mansoni In Brazil, ten specieand one subspecies sibility of expansion of the disease from Brazil to
of Biomphalariaare known. However, only three the neighbour southern countries.
species are naturally infected wih mansoniB. The extensive intraspecific variation of the
glabrata (Say, 1818) B. tenagophila(Orbigny, morphological characteristics commonly used for
1835) andB. straminegDunker, 1848) whildB. identifying freshwater snails of medical impor-
peregrina (Orbignyi, 1835) and. amazonica tance, greatly complicates the classical identifica-
Paraense, 196®ased on experimental infection,tion (Paraense 1975&. orbignyiParaense, 1975
are considered potential hosts of the parasitannot be differentiated froB. peregrinaneither
(Corréa & Paraense 1971, Paraense & Corrésy shell characteristics nor by the morphology of
1973). In Argentina and Uruguay there are no resertain genital organs and has also been consid-
ported cases of schistosomiasis mansoni. Howevered as a variety &. peregringby Orbigny (1837),
the presence @. tenagophilaB. stramineagnd as mentioned by Paraense (1975b). This species
B. peregrinain these countries (Paraense 1966yas originally described in 25 localities from Ar-
1970), the continuous extension of schistosomiagentina and was described as refractarysto
sis mansoni to southernmost Brazil (Paraenseansoniinfection (Paraense 1975b). It was also
1987), the recent finding d8. glabratain Rio reported in Cuba by Yong and Perera (1989). Yong

et al. (1991, 1995) and Yong and Perera (1989)
reported thaB. orbignyiis very similar toB.
havanensiandisoenzymatic techniques were used
as auxiliary tools to identify these snails. However,

: ; - B. havanensitias been considered a potential in-
Work partially supported by Fapemig, Probic/lUFMG, . -
Ubacy?and gonCSE y rapemg termediate host 06. manson{Richards 1963,
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(1957) reported thd. havanensigmentioned as scribed by Vidigal et al. (2000).
Taphius maygpis indistinguishable fronB. PCR-RFLP analysis The entire ITS (which
peregrinaby shell characteristics. includes the 5.8S rDNA gene together with the
Later, Paraense and Deslandes (1958a) afidnking ITS1 and ITS2 spacers) was amplified
Paraense (1966) discussed the morphological resing the primers ETTS2 (5-TAACAAGGTTT
lations between these species. CCGTAGGTGAA-3) and ETTS1 (5-TGCTTAA
B. oligozaParaense, 1974 was studied b\GTTCAGCGGGT-3) (Kane & Rollinson 1994).
Paraense and Deslandes (1958bYmpicorbis The PCR amplification conditions were the same
philippianusand was found in four Brazilian statesas used by Vidigal et al. (1998). Several enzymes
(Mato Grosso, Parana type locality, Santa Cataringsed in our previous studies wiBiomphalaria
and Rio Grande do Sul) and in Cérdoba Provincenails (Vidigal et al. 1998, 2000, Caldeira et al.
Argentina. This species is resistantomansoni 1998, 2000, Spatz et al. 1999) were tes#ddt,
infection (Paraense pers. commun.). Paraengidew England Biolabs, USARdd, Hadll, Rs4d,
(1974) stated that Brazilian specimens were incoHap Il (Promega) andval (Boehringer Man-
rectly identified a®lanorbis philippianu®©unker, nheim). Digestion and RFLP analysis were per-
1848, (synonym oB. peregring, and compared formed as described by Vidigal et al. (1998). The
B. oligozawith B. orbignyishowing that these spe- localities and number of specimens used for the
cies can be distinguished only by some morphanolecular analysis are shown in the Table.
logical characteristics (Paraense 1975b). Quantitative analysis of the restriction profiles
The polymerase chain reaction and restrictionThe bands observed in each lane of the gels, pro-
fragment length polymorphism (PCR-RFLP)duced with the six enzymes, were compared with
analysis of the internal transcribed spacer (ITS)ll the other lanes of the same gel. A matrix of
region of the rDNA has been used for species idetaxon/character were constructed on the basis of
tification in snails of the genuSncomelanisand presence/absence of each band, where only easily
Bulinus(Hope & McManus 1994, Stothard et al.visible bands were scored and minor less intensely
1996, Stothard & Rollinson 1997). In previousstaining bands were ignored. The percentage of
studies, we have shown PCR-RFLP as a potentighared bands was calculated using the Similarity
tool to identify severaBiomphalariaspecies from Coefficient of Dice (Dice 1945) and NTSYS-PC
Brazil and other regions from South Americagprogram, Version 2.0 (Rohlf 1992). These data
(Vidigal et al. 1998, 2000, Caldeira et al. 1998were clustered with UPGMA, Unweighted Pair
2000, Spatz et al. 1999). In the present work, wéroup Method Analysis (Sneath & Sokal 1962)
report the use of this technique for specific identiand used for the construction of the phenetic tree.
fication of B. oligoza, B. peregrinandB. orbignyi The comparison was made among individual snails
from different localities of Brazil, Argentina and of the same species from different localities and
Uruguay. We have also used restriction profiles tamong snails from different species. The average
estimate genetic similarities among these speciesimilarity among all the individuals was calculated
MATERIALS AND METHODS and marked on the tree as the phenon line. Diver-
) o __ gence below the phenon line indicates separation
Snail samples and morphological identificationof distinct groups. The genetic distance was calcu-
- The studies were undertaken using samples fted using the coefficient of Nei and Li (1979)
field populations from Argentina, Brazil and Uru-and Treecon for Windows program (Version 1.2,
guay (Table). Ten specimens of each populatiogan de Peer & De Wachter 1994). These data were
were killed and fixed (Deslandes 1951, Paraensgustered with UPGMA and Neighbour-joining, NJ
1976). Before fixing the specimens, thellr foot'wa Saitou & Nei 1987, Studier & Keppler 1988) and
removed for subsequent DNA extraction. Fixedised for the construction of genetic distance trees.
specimens were identified by means of comparghe reliability of the UPGMA and NJ distance trees
tive morphology of the reproductive organs angvere assessed by the bootstrap method (Felsenstein
shells, according to Paraense and Deslandesgs) with 1,000 pseudoreplications. Only boot-
(1958a), and Paraense (1974, 1975a, b). In addtrap values higher than 70% were considered sig-

tion, snails identified aB. havanensigPfeiffer, nificant (Hillis & Huelsenbeck 1992) and values
1839) obtained from three different localities in h|gher than 50% were shown in the trees.

Cuba and maintained in the Departamento de

Malacologia, Instituto Pedro Kouri, Havana, Cuba, RESULTS

were included in this study. Morphological identification of the snail popu-
DNA extraction -Total DNA was extracted lations- Results of morphological identifications

from the foot of each snail using the Wizard Geef the snails are shown in the TalBe orbignyiis

nomic DNA Purification Kit (Promega) as de-reported for the first time in Uruguay.
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TABLE
Species, localities, geographical coordinates and abbreviations Biothphalariapopulations used
Species No. of Localities Geographical  Abbreviation
specimens coordinates
B. orbignyi 6 San Roque, Corrientes Province, AR 28s34/58w43  BorCOARL1 to 6
2 Termas, Arapey, URU 30s58/57w32 BorARAURUL1 and 2
4 Sierra Quijadas, San Luis Province, AR 31s30/68w30  BorSLARL1 to 4
4 La Carlota, Cordoba Province, AR 33s26/63w18 BorCOBARL1 to 4
4 Chamical, La Rioja Province, AR 30s21/66wW19 BorCHRIAR1 to 3
4 Patquia, La Rioja Province, AR 30s35/66w53  BorPARIAR1 to 4
Total 24 6
B. peregrina 2 Alfenas, MG, BR 21s25/45w56  BprMGBR1 and 2
1 Bom Jesus da Penha, MG, BR 21s01/46w31  BprBMGBR1
2 Buenos Aires Province, AR 34s36/58w27 BprBAAR1 and 2
2 Cérdoba Province, AR 31s25/64w10  BprCoBARL1 and 2
2 Cholila, Chubut Province, AR 42s31/71w27  BprCHUAR1 and 2
2 Paso de Los Toros, URU 32s49/56w31 BprPTURU1 and 2
Total 11 6
B. oligoza 2 Eldorado do Sul, RS, BR 30s05/51w36 BolRSBR1 and 2
2 Florianopolis, SC, BR 27s35/48w32  BolSCBR1 and 2
4 Cordoba Province, AR 31s 19/65w05 BoICOBAR1 to 4
Total 8 3

AR: Argentina; BR: Brazil; URU: Uruguay

Restriction profile analysisAfter morphologi- with Hadll (Fig. 1B) were more complex than
cal identification, snails were submitted to molecuthose produced witMval and also showed poly-
lar analysis. The PCR amplification of themorphism among thB. peregrinasnails (lanes 1
Biomphalarial TS region with the primers ETTS2 to 11). Although the profiles obtained f@&.
and ETTS1 resulted in a product of approximatelperegrinasnails from Brazil, Argentina and Uru-

1 kb forB. oligozaandB. peregrinaVidigal etal. guay were distinct, two bands (120 bp, approxi-
2000) and 1.3 kb fdB. orbignyi(data not shown). mately) were shared among 8ll peregrinaspeci-
Fig. 1 shows the rDNA ITS restriction profiles of mens.Hadll produced a clear species-specific
representative specimensfperegrindrom Bra-  pattern foB. oligoza(lanes 12 to 19) with six frag-
zil (lanes 1 to 3), Argentina (lanes 4 and 5, 8 tments (two of them are species-specific, see ar-
11), and Uruguay (lanes 6 and B);oligozafrom  rows in the Fig. 1B). FoB. orbignyi(lanes 20 to
Brazil (lanes 12 to 15) and Argentina (lanes 16 td2), theHadll profiles showed some polymor-
19); andB. orbignyifrom Argentina (lanes 20 to phism, but at least five fragments were shared
42), produced by the digestion whitval (Fig. 1A), among all snails belonging to this species.
Haelll (Fig. 1B), which exhibit the most promis- By the analysis of the profiles obtained with
ing profiles for specific identification of the threeHpall enzyme (data not shown) three points can
species. Thé&lval produced two distinct profiles be noted: (a) profiles foB. peregrinafrom

for B. peregrinaandB. oligozasnails. The pro- Cérdoba an@. oligozawere similar; (b) the other
files showed two clear fragments 8rperegrina B. peregrinashowed some polymorphic bands and
andB. oligoza although some polymporhism cansome bands shared By oligoza However, one

be observed (lanes 6, 7, 9). These profiles exhilditagment of approximately 290 bp was shared
(a) one fragment of 700 bp approximately, sharedmong most dB. peregrinaspecimens (except the
amongB. peregrinaandB. oligozaspecimens; (b) specimens from Cérdoba); and (c) this enzyme al-
one fragment of approximately 300 bp (P1)Bor lowed the separation 8 orbignyifromB. oligoza
peregrinasnails; and (c) one fragment f8. andB. peregrinaalthough some interpopulational
oligozaof 200 bp approximately (O1). However, polymorphism was observed.

this enzyme produced two polimorphic profiles for The enzymeAlul (data not shown) showed
B. orbignyispecimens (profile 1: lanes 20 to 35;similar profiles forB. peregrinaandB. oligoza
profile 2: lanes 36 to 42). The profiles produceénd some polymorphism f&. peregrinaDue to
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the similarity of the profiles betwedh peregrina the separation of these specimens fRroligoza.
andB. oligoza it was not possible to separate thes€or B. orbignyithis enzyme produced a profile
two species using this enzyme. HowevBr, that, in spite of its complexity, allowed the sepa-
peregrinasnails from Brazil showed one exclu-ration of this species frorB. peregrinaandB.
sive band of approximately 200 bp, which allowedaligoza.

A

1358~

03—

310~

194-{

118~

IGIT I8 1% 2320 22 2% 24 25 E€ 2728 28 30 31 3R NN A4 34 MG 37 38 35 40 4

“TPH”
REERIRE

Fig. 1: silver stained polyacrylamide gels 6% showing the polymerase chain reaction and restriction fragment length polymor-
phism profiles obtained following the digestion of the rDNA internal transcribed spacer witfivig) (B) Hadll. Lane 1:
Biomphalaria peregrindrom Alfenas, MG, Brazil; lane 2B peregrinafrom Bom Jesus da Penha, MG, Brazil; laneB3:
peregrina,from Alfenas, MG, Brazil; lanes 4-8. peregrinafrom Buenos Aires, Argentina; lanes 6B.:peregrinafrom Paso

de los Toros, Uruguay; lanes 88: peregrinafrom Cholila, Argentina; lanes 10-1B. peregrinafrom Cérdoba Province,
Argentina; lanes 12-13B. oligozafrom Floriandpolis, SC, Brazil; lanes 14-1B: oligozafrom Eldorado do Sul, RS, Brazil;
lanes 16-19B. oligozafrom Cérdoba Province, Argentina; lanes 20-B5:orbigny from San Roque Corrientes Province,
Argentina; lanes 26-27. orbignyi Termas, Arapey, Uruguay; lanes 28-8L:orbignyiSierra Quijadas, San Luis Province,
Argentina; lanes 32-38. orbignyiLa Carlota, Cérdoba Province, Argentina; lanes 3583&rbignyifrom Chamical, La Rioja
Province, Argentina; lanes 39-4B: orbignyifrom Patquia, La Rioja Province, Argentina. Molecular size markers are shown on
the left of each gel. The arrows on Meal figure indicate species-specific fragment8obligoza(O1) andB. peregrinaP1).

The arrows on theladll figure indicate species-specific fragmentsBofoligoza
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Theenzymeddd andRsd (data not shown) centage of bands shared among all the possible
did not permit a clear identification of the threepairs was 54% and is represented in the dendro-
species either because of very similar profiles bgram (Fig. 3) by the dotted line (phenon line),
tweenB. peregrinaandB. oligozaor extensive in- which supports the presence of the three groups
traspecific polymorphism presented B/ composed byB. peregrina B. oligozaandB.
peregrina. orbignyi. In the distance tree obtained with Nei

As the best results were obtained wiikal, and Li coefficients two main clusters can be ob-
this enzyme was also tested in order to sep&ateserved, one composed Bf peregrinaand B.
havanensisrom the species studied here. Fig. Dligozaand another witlB. orbignyi supported
shows the comparison amak¥igal profiles of three by a high bootstrap value (100%). We have found
B. havanensisnails obtained from different locali- that in most cases, individuals from the same lo-
ties of Cuba an®. peregring B. oligozaandB. cality cluster together and that these branches were
orbignyi specimens from Brazil, Argentina andsupported by bootstrap values over 70%. These two
Uruguay. This enzyme produced a simple profilenain clades were also confirmed with a high sta-
for B. havanensishowing two clear fragments tistical reliability when NJ cluster with Nei and Li
which were very distinct from those obtained fodistance (1979) and 1,000 pseudoreplications were
the other species. used (data not shown). This tree reinforced the

Analysis of the similarity among speciebhe closer relation betwedB. peregrinaandB. oligoza
similarity and distance analysis were performethy a high bootstrap value (1009B).orbignyiclus-
using a taxon character matrix previously conter was also supported by a high bootstrap value
structed using the 146 bands obtained with the s{200%).
restriction enzymes used. The trees, obtained us-
ing Dice (Fig. 3) and Nei and Li coefficients (data DISCUSSION_ )
not shown) and UPGMA cluster, show the genetic The PCR and RFLP analysis of the internal tran-
similarity and distance among the three speciggstibed spacer region, used here, has been useful
analyzed. Both trees exhibit similar topology. Inn systematic studies &iomphalariasnails to as-

Fig. 3 the degree of intraspecific similarity wassist the classical morphological identification and
approximately 51% foB. peregrina 80% forB. 0 estimate genetic similarities amoBgom-
oligozaand 69% foB. orbignyi.The average per- Phalariaspecies. Using this technique Caldeira et
al. (1998) studied and confirmed tBestraminea
complex proposed by Paraense (1988) based on
morphological similarities amorig} stramineaB.
kuhnianaandB. intermediaAlso using this meth-
odology, Spatz et al. (1999) proposed e
tenagophilacomplex due to the morphological and
molecular similarities among. t. tenagophilaB.

t. guaibensisandB. occidentalis Caldeira et al.
(2000) also using PCR-RFLP studi&d prona
populations from Lake Valencia (Venezuela) and
outside this lake, in which morphological differ-
ences had been previously described by Paraense
etal. (1992). The first authors observed that in spite
of these differences, similar profiles were gener-
Fig. 2: silver stained polyacrylamide gels 6% showing the regted for both populations. This molecular data pro-
striction fragment length polymorphism profiles obtained fol-y;jqe support to this group suggested by Paraense
lowing the digestion of the rDNA internal transcribed spacer
with Mval. Lane 1:Biomphalaria havanensisom Canasi, etal. _(1992) a,nd re_vealed to be an useﬂ“ t0'0|. for
Cuba; lane: B. havanensifiom Santa Rita, Cuba; laneB: ~ Studying species with great phenotypic plasticity.
havanensisrom Guatao, Cuba; lane B: peregrindrom Bom  After testing several enzymes, Vidigal et al. (2000)
Jesus da Penha, MG, Brazil; |an65peregrinafrom Alfenas, Showed that SpeC|f|C Separa“on between Braz”lan

MG, Brasil; lane 6B. peregrinaCholila, from Chubut Prov- : : :
ince, Argentina; lane B. peregrinafrom Cérdoba Province, pOPUIatlonSDf B. ohgozaandB. peregrmabecame

Argentina; lane 8B. oligozafrom Eldorado do Sul, RS, Bra- difficult due to the similarity of the profiles gener-
zil; lane 9:B. oligozafrom Cérdoba Province, Argentina; lane ated by this technique.

10: B. orbignyifrom San Roque, Corrientes Province, Argen-  |n the present study we selecidligozaand
tina; lane 11B. orbignyifrom La Carlota, Cérdoba Province, g - haregrinafor a more extensive analysis using
Argentina; lane 12B. orbignyifrom Chamical, La Rioja Prov- . . - .
ince, Argentina; lane 13. orbignyifrom Patquia La Rioja snail pOPUIatlonS from Brazil, Argentina and Uru-

Province, Argentina. Molecular size markers are shown on thguay andseveralen;ymes.B. orbignyi WaS in.-.
left of each gel. cluded due to the high morphological similarities
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Fig. 3: unweighted pair group method analysis dendrogram using Dice similarity coefficiintrgthalaria peregringBpr),

B. oligoza(Bol) and B. orbignyi(Bor) constructed using the polymerase chain reaction-restriction fragment length polymor-
phism profiles produced with all enzymes used. The numbers shown are indices of similarity. The letters refer to species and th
localities from where the snails originate. Population names follow Table.

with B. peregrina B. oligozaand B. peregrina the tree produced, using UPGMA and Dice coeffi-
exhibited very similar profiles witbdel and Rsd ~ ¢ient, the phenon line supported (Figti# pres-
(data not shown) aril. peregrinapresented some €nce of three groupB. peregrina, B. oligozand
polymorphism wherlul andHpall were used, so B- orbignyi but suggests th&. peregrinaandB.
they did not allow an easy identification of the spe@ligozaare more closely related thBnperegrina
cies. However, when we usédul, B. peregrina @ndB. orbignyi Trees constructed using UPGMA
from Brazil presented one particular band, of apand NJ clusters and distance coefficients supported
proximately 200 bp, which allowed the separatiothe formation of two groups: one that clusteed

of these specimens froB oligoza as previously peregrinaandB. oligozaalso suggesting that these
showed by Vidigal et al. (200@. peregrindrom  SPecies are more close!y re!ated, an.d another group
Cérdoba showed similar profilesBooligozavhen that clustered alB. orbignyipopulations. These
theHpall enzyme was used. These results mirrof¥0 main clades were supported by high bootstrap
the high variability of8. peregrinaand the high Values obtained after 1,000 replications showed in
genetic similarity between these species. Howevdhe UPGMA distance tree and statistical reliability
we can highlight thaDdd, Alul, Hadll, Hpall ~When NJ cluster was used (data not shown). Al-
andRsd enzymes permitted the differentiation ofthough by UPGMA three clusters can be distin-
B. peregrinaandB. oligozafrom B. orbignyi. The ~ 9uished (Fig. 3) and by NJ only two, both analysis
profiles obtained with all enzymes were used t§tress the high genetic similarity betweBn
construct phenetic trees using UPGMA that assuni€regrinaandB. oligoza _

that all lineage have diverged on equal amounts. However, by morphological charactei,

On the other hand, the NJ method, conceptuallgeregrinais more similar td. orbignyithan toB.
related to the traditional cluster analysis, does n&ligoza.Indeed, typical specimensBf peregrina
make that assumption (Swofford et al. 1996). 1@nd B. oligozaare easily distinguishable by the
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number of prostatic diverticul8(oligozaexhibit assistance on the morphological identification of the
a small number, 1 to 6, rarelyB, peregrina8 to  snails. To Dr Gloria Perera Puga and Mary Yong,
22) but sometimes, and due to the variability ofnstituto Pedro Kouri, Cuba who gave us the
this character, some specimens may present sin@'—omphala”a havanensisnails. To Roberta Lima
lar number of the prostatic diverticulg. (oligoza aldeira for the assistance in the discussion of this work.
maximum 7,B. peregrinaminimum 8) making REFERENCES

their ident_ification very dlfflCU't \/\_/hen this OCCurs, Caldeira RL, Vidigal THDA, Paulinelli ST, Simpson
B. peregrinacan only be identified by the pres-  AjG, carvalho OS 1998. Molecular identification
ence of prostatic diverticula covering the  of similar species of the genBsomphalaria(Mol-
spermathecal body (Paraense 1966, 1975a). The lusca: Planorbidae) determined by a PCR-RFLP.
differentiation ofB. orbignyifrom B. peregrinais Mem Inst Oswaldo Cruz 9219-225.

based on differences in male genitalia. The wide¢aldeira RL, Vidigal THDA, Matinella L, Simpson AJG,
portion of the distal segment of the vas deferens is Carvalho OS 2000. Identification of planorbids from
narrower than the middle portion of the penial Venezuela by polymerase chain reaction amplifica-

; ; ; tion and restriction fragment length polymorphism
sheath irB. peregrinaand about the same width (PCR-RFLP)Mem Inst Oswaldo Cruz 9571-177.

in B. orblgnyl(Parqense 1975D). . Carvalho OS, Nunes IM, Caldeira RL 1998. First re-
Moritz and Hillis (1996) mentioned that the 4 of Biomphalaria glabratain the State of Rio

development of molecular systematic has not re- Grande do Sul, BraziMem Inst Oswaldo Cruz 93:

sulted in widespread refutation of data produced 39-40.

by morphological analysis. These authors reportetiorréa LR, Paraense WL 1971. Susceptibility of

that, in general, studies that incorporate both mo- Biomphalaria amazonic#o infection with two

lecular and morphological data will provide much  strains ofSchistosoma mansoiitev Inst Med Trop

better descriptions and interpretation of the biobeslsic:j Eslﬂolt%?f?g’gg-c 2 de dissecacio & exame de

logical diversity of the organisms studied. Dis- . ‘ > <

agreement between morphology and molecul%icplanorbldeodRev Serv Espec Saude PuB71-382.

- e LR 1945. Measures of the amount of ecological
results suggests the complex relation am8ng association between specisology 26 297-3025.J

peregring B. orbignyiandB. oligoza.So, based re|senstein J 1985. Confidence limits on phylogenies:
on our results, we have proposed that phylogenetic an approach using the bootstregolution 39:783-
relationships among these similar species should 791.
be clarified later by sequence analysis of the IT8raeff-Teixeira C, Dos Anjos CB, Oliveira VC, Velloso
region. CFP, Fonseca MBS, Valar C, Moraes C, Garrido
In a previous molecular studf. peregrina CT, Amaral RS 1999. Identification of a transmis-
showed more intraspecific variation when com-  sion focus ofSchistosoma mansoini the southern-
pared withB. intermedia B. kuhnianaand B. most Brazilian State, Rio Grande do 3vem Inst
straminea(Caldeira et al. 1998). The high intraspe;  OSwaldo Cruz 949-10. : : .
i . . 2 Hillis DM, Huelsenbeck JP 1992. Signal, noise and reli-
cific morphological and genetic variability ob-

. . ability in molecular phylogenetics analyseiered-
served here foB. peregrinamay be attributed to ity'ééf |189_195TJ phylogenet Y

its dispersion and wide distribution in thepgpe M, McManus DP 1994. Genetic variations in geo-
neotropical region, contrasting with low levels of graphically isolated populations and subspecies of
variability and limited geographical distribution  Oncomelania hupensidetermined by a PCR-based

of B. oligozaandB. orbignyispecies. RFLP methodActa Trop 57:75-82.
Additionally, the Mval enzyme was used to Kane RA, Rollinson D 1994. Repetitive sequences in
separatdB. peregrinaB. oligozaandB. orbignyi the ribosomal DNA internal transcribed spacer of
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