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Studies based on shell or reproductive organ morphology and genetic considerations suggest exten:
sive intraspecific variation iBiomphalariasnails. The high variability at the morphological and ge-
netic levels, as well as the small size of some specimens and similarities between species complicate tt
correct identification of these snails. Here we review our work using methods based on polymerase
chain reaction (PCR) amplification for analysis of genetic variation and identificati®@iarhphalaria
snails from Brazil, Argentina, Uruguay and Paraguay. Arbitrarily primed-PCR revealed that the ge-
nome of B. glabrataexihibits a remarkable degree of intraespecific polymorphism. Low stringency-
PCR using primers for 18S rRNA permited the identificatiorBofglabrataB. tenagophilsand B.
occidentalis The study of individuals obtained from geographically distinct populations exhibits sig-
nificant intraspecific DNA polymorphism, however specimens from the same species, exhibit some spe
cies specific LSPs. We also showed that PCR-restriction fragment of length polymorphism of the inter-
nal transcribed spacer region @iomphalariaDNA, using Ddel permits the differentiation of the three
intermediate hosts ochistosoma mansbiThe molecular biological techniques used in our studies
are very useful for the generation of new knowledge concerning the systematics and population genet
ics of Biomphalariasnails.
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Biomphalariasnails are found both in Africa recolonization from the low number of remaining
and in the Americas. In both continents membersnails (Paraense 1955). There are two points to be
of this genus serve as intermediate hosts for theghlighted: (1) the re-building of a new popula-
parasitic trematod8chistosoma mansomin Bra-  tion from a few surviving individuals (founder ef-
zil ten species dBiomphalariaare recognized al- fect) could explain low intrapopulation variabil-
though onlyB. straminea, B. tenagophiandB. ity. Jarne and Delay (1991) reported that self-fer-
glabrataare found naturally infected with the paratilization can be selected under certain
site. Of these, the latter is the most important dugircunstances such as low population density or
to its wide distribution and its high susceptibilitylocal environmental conditions, also supporting the
to S. manson{Paraense & Corréa 1963). Thesdow intra population variability. In addition, the
shails are hermaphrodites and can self-fertilize bfikation of these populations may occur in a very
prefer to reproduce by cross-fertilization whershort period of time, due to the high reproduction
paired. These biological characteristics are evolyotential of the species, enhanced by the absence
tionarily very important, providing the organismof intra-specific competition (Paraense et al. 1955);
with the ability to establish colonies from an indi-(2) the limited gene flow (a lack of interconnect-
vidual organism while maintaining genetic varia-ing waterways) between different populations
tion through sexual reproduction (Paraense 1955)ould facilitate the formation of local strains, re-
Most populations are under significant environsulting in interpopulational variability. It has been
mental pressures (rains and droughts) that can droposed that genetic drift working in populations
matically reduce population levels, requiringunder strong environmental pressures, could be

responsible for the genetic heterogenety, patchy dis-

tribution of susceptibility t&. mansonamong

snail populations and also lead to a population
Partially supported by FAPEMIG, CAPES, PIBIC/Structure characterized by relative genetic homo-

FIOCRUZ, Fundacion Roemmeres and Conicet. geneity within, and differentiation among local
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lation detected in allopatric conspecific individu-lation is highly heterogeneous. This was found to
als also indicate extensive genetic heterogeneibe true when any two of the isolates were com-
among populations dBiomphalariasnails from pared using any of the five different primers tested.
separate localities (Paraense 1959). Snails reared and mantained for different periods
The identification ofBiomphalariaspecies is of time were also analyzed, showing no differences
important for epidemiological studies of schisto4n intrapopulation variability levels when compared
somiasis. For a long time malacologists have beemith field populations. This rules out the possibil-
looking for characters that could aid in the speity that selective breeding in the laboratory had
cific identification of these snails. Their morpho-produced inbred strains, irrespective of the length
logical identification is based mainly on the report®f time of maintenance in the laboratory. The high
of Deslandes (1951) and Paraense (1975, 198g&yel of genetic variability found iB. glabrata
1984, 1988) which use shell and reproductive omwas confirmed by amplifying two individuals se-
gan morphology. The high variability of these charlected at random from each of six populations, ei-
acters, the environmental influence on shell siztmer from laboratories or the field (Fig. 1) from
and shape, the small size of specimens, and td#ferent regions of the country, using primers 3307
similarity between some species, complicate spand 3302 (Fig. 2). Less than 10% of the amplified
cific identification, specially for non-experts. fragments were present in all of the analyzed
Isozyme patterns have been useful for the speamples. The average percentage of shared bands
cific identification of Bulinus and Biomphalaria between each pair from the same locality was
snails as well as for investigating the phylogeneti¢4.5% and between all possilble pairs from differ-
relationships and genetic structure of these groupst localities was 43%. These results agree with
(Mulvey & Vryenhoeck 1981, Jelnes 1986, Masthose obtained fdB. glabratain Puerto Rico and
cara & Morgante 1991, 1995, Bandoni etal. 1995)n B. pronausing isoenzymes (Mulvey &
Recently, molecular biology techniques have beevirijenhoek 1982, Mulvey et al. 1988, Paraense et
introduced for the study of freshwater snails (Jarnal. 1992), or foBulinussnails using RAPD analy-
etal. 1990, 1992, Knight et al. 1991, Strahan et adis (Langand et al. 1993). The high variability of
1991, Langand et al. 1993, Stothard & RollinsorB. glabrata(90%) is in contrast with that &chis-
1996, Stothard et al. 1996, Stothard & Rollinsotosoma(10%). The fact that only approx-imately
1997, Remigio & Blair 1997, Lewis et al. 1997).5% of RAPDs products obtained for the different
We here describe our work witBiomphalaria schistosome strains are polymorphic (Barral et al.
shails using three techniques based on the pol$¥993, Dias Neto et al. 1993b), would indicate the

merase chain reaction (PCR). higher relevance of molluscan genetics over para-
ANALYSIS OF GENETIC VARIATION IN BRAZILIAN site genetics in determing the epidemiology of the
ISOLATES OF B. GLABRATA SNAILS BY AP-PCR disease (Simpson et al. 1995).

o ) , From the technical point of view, our data
AP-PCR (arbitrarily primed polymerase chainghowed that AP-PCR analysis is highly appropiate
reaction - Welsh & McClelland 1990, W|I'I|ams_ etfor the study oBiomphalariagenetics since it con-
al. 1990) has been used to study genomic variabfirmed the extensive variability that had been ob-

ity in different groups of organisms (Dias Neto ekeryed by isoenzyme analysis and morphological
al. 1993 b,c, Noyes et al. 1996, Barral et al. 199G} gjes irB. glabrata

including molluscs (Crossland et al.1993, Langand
etal. 1993, Larson et al. 1996, Stothard & RollinsofPECIFIC IDENTIFICATION OF = BIOMPHALARIA
1996). A recent report by Lewis et al. (1997)SNAILS BY LS-PCR

showed some promising results with the AP-PCR  The remarkable degree of intraspecific poly-
approach in analysis &. glabratapopulations morphism detected iB. glabrataby AP-PCR
resistant and susceptible to infection wBh suggested us that this technique would be extremely
mansonjwhere a 1.3 kb marker appears in nearlgifficult to use for species identification. We tested
all resistant progeny and 1.1 kb marker appears ihe low stringency polymerase chain reaction (LS-
all susceptible progeny. We used AP-PCR to estPCR) which uses two specific primers and low
mate intra and interpopulation variability Bf  stringency annealing conditions since products
glabratafrom different localities of Brazil (Vidigal obtained from the highly conserved rRNA genes
et al. 1994). We first compared specimens of twhave less intraspecific variation than those from
field populations from different localities and foundrandomly amplified sequences (Dias Neto et al.
a limited intrapopulation heterogenity in contrastl993a, Vidigal et al. 1996). Several primers were
to the high interpopulation heterogenity observedested for their ability to group specimens of the
These results suggest that each population is higldame species. Primers NS-1 and ET-1 gave the
homogeneous but that the gloBaflabratapopu- best results when they were tested \Bitlglabrata
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andB. tenagophilssamples taken from six locali- SPECIFIC IDENTIFICATION OF = BIOMPHALARIA
ties in Brazil (Vidigal et al. 1996). Even thoughSNAILS BY PCR-RFLP

these primers produced a complex pattern of bands ajthough ve ful for identifvi .
in LS-PCR analysis, at Ieasft four LS .prqducts fofies ofBiogmphe:I);\;Ji;et#e Ocoﬂ]epézt;goﬁrlesgf
eachBiomphalariawere species-specific, indepen-eng produced by LS-PCR represents a problem as
gf;r(‘)tccgr;‘f?ﬁnotﬂgg‘ Orag]r?dt;'nsarl#% r(eFIk?.ts)r. We couldy roqires the correct identification of a few bands
thanB. tenado h'i% e e tech?ﬂe Segeirt]?/\c/):ss out of dozens. To obtain a less variable marker for
Ao pbssibl% t% distingl?i% rena oqhiléfrom the study of these molluscs, we have analyzed pos-
B. occidentaligPires et al 1997) 'Ighgse WO Spe_S|ble sequence polymorphisms in the ITS (internal
" NS : : -franscribed spacer) region of the rDNA (which in-
c;;as arte notIgll&:tlngwsrigglle Ey rgfl’lst morphhqlloglgludes the 5.8S rDNA gene together with the flank-
ics grna?netgsrrgeaggfensh%st (ﬁ) mu;nsosﬁin;%?/ri)oag ing ITS1 and ITS2 spacers) by amplification using
: y PCR and digestion with several restriction enzymes

experiments using this technique withstraminea o :
suggested that this species c;])resents higher int estriction fragment length polymorphism - RFLP)

population levels of variability thaB. glabrata idigal et al. 1998). This method has been success-
B. tenagophilaor B. occidentalisNo sharing of fully employed to distinguish closely related para-

LS products was observed on analyzing se\&ral sitic worms (Gasser et al. 1996, Cunningham 1997)

stramineaspecimens from different iocalities (datand in studies of genetic variation and identifica-

not shown). Although LS-PCR did not allow spe{ion of species of snails such @scomelania
cific identification ofB. stramineanails, they can NUPensis Bulinus and Stagnicola(Hope &
not be mistaken with. glabrata B. tenagophila McManus 1994, Stothard et al.1996, Stothard &
or B. occidentalisin summary we show that LS- Rollinson 1997, Remigio & Blair 1997). We first
PCR permits the differentiatioB. glabrataand —2analyzed differenB. glabrata, B. tenagophiland

B. tenagophiland very similar species suchias B- straminegpopulations in Brazil. The entire ITS

tenagophilaandB. occidentaligVidigal et al. 1996, Was amplified using the primers ETTS1 and ETTS2
Pires et al. 1997). anchored respectively in the conserved extremities

& Biomphalaria glabrata
O B. tenagophila

¢ B. straminea

o B. occidentalis

Full simbol field specimens

Fig. 1: geographical distribution of the snails used.
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of the 18S and 28S ribosomal genes, according tdTS RFLP profiles was demonstrated by analysis
described techniques (Kane & Rollinson 1994¢f diverseBiomphalariaspecimens obtained from
Stothard et al. 1996). The PCR specific amplificadlistinct localities within Brazil. Additional snails
tion of theBiomphalarial TS resulted in a product from Argentina B. stramineandB. tenagophily

of approximately 1.3 kb independent of the specietlruguay 8. stramined and Paraguayh.
The ITS region amplified from all the species studtenagophild were included in the analysis. The re-
ied has sites for the restriction enzymAgd, Ddd,  striction profiles ofB. stramineafrom Argentina
Hadll, Mnll, Msp, Rsd and Sau3a but not for and Uruguay, also showed the same two charac-
Hinfl. Restriction fragments were separated by 6%eristic fragments present in the Brazilian isolates
or 8% polyacrylamide gel electrophoresis anddata not shown). WheB. tenagophilarom dif-
stained with silver. Profiles obtained wilul, Mnll,  ferent localities within Argentina, were compared
Sau3d, Msp andRsd did not permit species iden- with specimens from Brazil and Paraguay, the pro-
tification as extensive intraspecific polymorphisnfiles of the specimens from Argentina appear quite
or invariant RFLP profiles were detected. The moddistinct with two additional fragments that are ab-
promising RFLP profiles were those produced bothkent in the otheB. tenagophilespecimens tested.
with Hadll and Ddd which included invariant spe- However, in alB. tenagophilapecimens the pres-
cies-specific products for three representative spe@nce of a band of approximately 470 bp, was ob-
mens ofB. glabrata B. tenagophilaandB. served allowing identification (Fig. 5). Our results
stramine&Fig. 4). The reproducibility of thedd also showed the possibility asing eggs for snail

1 2 34 5§ 6 7 8 91011 12
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Fig. 2: RAPD profiles of two distind@iomphalaria glabrataspecimens from six different geographical regions using one ng of

template and primers 3307(A) and 3302 (B). Lanes 1 and 2: two individuals from Belém, PA; lanes 3 and 4: two individuals from
Cururupu, MA; lanes 5 and 6: two individuals from Touros, RN; lanes 7 and 8: two individuals from Pontezinha, PE; lanes 9 and
10: two individuals from Aracaju, SE; lanes 11 and 12: two individuals from Jacobina, BA. The PCR products were resolved by

electrophoresis through a 4% polyacrylamide gel followed by silver staining.
(SourceExp Parasitol 79187-194, 1994).
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Fig. 3: silver-stained 4% polyacrylamide gel showing the LS-PCR amplification products obtained with primers NS1-ET1 and 1ng
of DNA extracted from snails obtained from different localities. Lanes 1 aBtb@&iphalaria glabratefrom Belém, PA; lanes 3

and 4:B. glabrata from Cururupu, MA; lanes 5 and B: glabratafrom Touros, RN; lanes 7 andB: glabrata from Pontezinha,

PE; lanes 9 and 18B. glabratafrom Aracaju, SE; lanes 11 and B2tenagophildrom Paracambi, RJ; lanes 13 e B4enagophila

from Imbé, RS; lanes 15 and Bi:tenagophildrom Joinville, SC; lanes 17 and B:tenagophildrom Aragatuba, SP; lanes 19

and 20 B. tenagophil€rom Formosa, GO; lanes 21 and B2tenagophildrom Vila Velha, ES. The species diagnostic bands are

indicated by arrows, and the molecular weight markers, are as shown.
—

(SourceMem Inst Oswaldo Cruz 9739-744, 1996).
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Fig. 4: 6% silver stained polyacrylamide gels showing the RFLP profiles obtained following the digestion of the rDNA ITS with
Ddd. The snail species are: landgBlomphalaria glabratdrom Belém, PA; lane 2B. glabratafrom Aracaju, SE; lane 8. glabrata

from, Sabara, MG; lane &. tenagophildrom Formosa, GO; lane B. tenagophild€rom Vespasiano, MG; lane B, tenagophila

from Vitéria, ES; lane 7B. straminedrom Picos, PI; lane 8. straminedrom Porto Alegre, RS; lane B: straminedrom Varzea

do Poco, BA. Molecular size markers are shown on the left of each gel. The arrows indicate species specific fragments.
(SourceExp Parasitol 89180-187, 1998).
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Fig. 5: 6% silver stained polyacrylamide gel showing the RFLP profiles obtained by digesting the rDNA ID8ekiffhe DNA

was extracted from individu&iomphalaria tenagophila snaitierived from: lane 1, Formosa, State of Goiés; lane 2, Vespasiano,

State of Minas Gerais; lane 3, Imbé, State of Rio Grande do Sul; lanes 4 and 5, Assuncion, Paraguay; lanes 6 to 8, Resisténcia
(Chaco), Argentina; lanes 9 to 12, Corrientes, Argentina. Molecular size markers are shown on the left of the gel.

(SourceExp Parasitol 89180-187, 1998)
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Fig. 6: 6% silver stained polyacrylamide gel showing the RFLP profiles obtained after digesting of the rDNA D&\ithe
DNA used was extracted from the egg8mfmphalaria glabrata, B. tenagophitndB. straminean different days and compared
with the profile produced with adult control DNA. Lane 1, day one egBsglbratg lane 2, day two eggs 8f glabrata lane

3, day three eggs &. glabrata lane 4, adulB. glabratg lane 5, day one eggs Bf tenagophilalane 6, day two eggs &.
tenagophilalane 7, day three eggsBftenagophila lane 8, adulB. tenagophilalane 9,day one eggs d@. straminea lane 10,
day two eggs oB. straminea lanell,day three eggs &. straminealane 12, adulB. straminea.

(SourceExp Parasitol 89180-187, 1998)
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identification withDdd (Fig. 6). This possibility PCR).Nucl Acids Res 2T7763-764.

has important practical implications when the numPias Neto E, Souza CP, Rollinson D, Katz N, Pena SDJ,
ber of collected specimens is low, permitting the Simpson AJG 1993b. The random amplification of
maintenance of live adults in the laboratory for polymorphic DNA allows the identification of strains

further studies. In summary we show here that and species of schistosonMol Biochem Parasitol
: 57: 83-88.

PCR-RFLP of th? ITS region using a single €Nbias Neto E, Steindel M, Passos LKF, Souza CP,
zyme Dde_l),permlts the differentiation of the three = g j1inson D, Katz N, Romanha AJ, Pena SDJ,
intermediate hosts of. mansonifrom South Simpson AJG 1993c. The use of RAPDs for the study
America. The technique is simple and rapid and of the genetic diversity @chistosoma mansoand
may represent an important advance in the preci- Trypanosoma cruzp. 339-345. In SDJ PenaNA
sion of snail population surveys undertaken in Fingerprinting State of the Scienc®irkhauser
South America. To understand better the relation- Verlag Basel, Switzerland.

ships between the different species, as well as tf@sser RB, Stewart LE, Speare R 1996. Genetic mark-
relations between the isolates that resulted in more €rs in ribosomal DNA from hookworm identifica-

: - : tion. Acta Tropica 6215-21.
polymorphic profiles (as seen B. tenagophila . L _
from Argentina or inB. stramineafrom Porto Hope M, McManus DP 1994. Genetic variations in geo

- L . raphically isolated populations and subspecies of

Alegre) the sequencing of the ITS region is being %ngomelgnia hupengdgtermined by a PCRp-based

under'taken. Thg molecular biological techniques RFLP methodActa Tropica 5775-82.

used in our studies are very useful for the generaarne P, Delay B 1991. Populations genetics of freshwa-

tion of new knowledge concerning the systemat- ter snailsTree 6 383-386.

ics and population geneticsBibmphalariasnails. Jarne P, Delay B, Bellec C, Roizes G, Cuny G 1990.
DNA fingerprinting in schistosome vector snails.
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