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The polymerase chain reaction and restriction fragment length polymorphism (RFLP) of the inter-
nal transcribed spacer (ITS) region of the rRNA gene, using the exeineere used for the molecu-
lar identification of ten species and one subspecies of BraBl@mnphalaria Emphasis is given to the
analysis of B. oligoza B. schrammiandB. amazonicaThe RFLP profiles obtained using this enzyme
were highly distinctive for the majority of the species and exhibited low levels of intraspecific polymor-
phism among specimens from different regions of Brazil. HowBveeregrinaand B. oligozapre-
sented very similar profiles that complicated their identification at the molecular level and suggested a
very close genetic similarity between the two species. Others enzymes indaglihdipdl, Alul and
Mnll were tested for their ability to differentiate these speciesBra@mazonicdhree variant profiles
produced wittDdel were observed. The study demonstrated that the ITS contains useful genetic mark-
ers for the identification of these snails
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Ten speciesand one subspecies 0f1988). To overcome this problem, the use of mo-
Biomphalariaare recognized in BraziB. glabrata lecular techniques as additional tools for the iden-
(Say, 1818)B. tenagophila(Orbigny, 1835),B. tification of these snails has been proposed. In pre-
tenagophila guaibensi®araense, 1984B. vious studies we tested a low stringency poly-
straminea(Dunker, 1848)B. peregringOrbigny, merase chain reaction technique (LS-PCR) (Dias
1835) B. kuhniangClessin 1883)B. schrammi Neto et al. 1993) which permited the differentia-
(Crosse, 1864)B. amazonic®araense 196@. tion of B. glabrataandB. t. tenagophilaand also
oligozaParaense, 1978B. intermediaParaense the identification of very similar species such as
& Deslandes, 19623ndB. occidentalis?araense B. t. tenagophilandB. occidentaligVidigal et al.
1981 Only, B. straminea, B. t. tenagophigmdB. 1996, Pires et al. 1997).
glabrataare found naturally infected witBchis- Recently, we have explored the possibility of
tosoma mansonAmong theseB. glabratais the using sequence polymorphism in the internal tran-
most important due to its wide spread distributioiscribed spacer region (ITS) of the rDNA of
and its high susceptibility t8. manson{Paraense Biomphalaria snails (which includes the 5.8S
& Corréa 1963). In additioB. peregrinaandB. rDNA gene together with the flanking ITS1 and
amazonicaare considered potential hosts of thidTS2 spacers) by means of PCR amplification and
parasite based on experimental infection (Corrégigestion with different restriction enzymes. This
& Paraense 1971, Paraense & Corréa 1973). method was successfully used to construct the

The morphological identification of freshwa- molecular key foAedesspecies (West et al. 1997).
ter snails of medical importance, is greatly comk was also used to distinguish closely related para-
plicated by the extensive intraspecific variation ositic worms and others different organisms (New-
the morphological characteristics used for classton et al. 1998, Wu et al. 1999) and on studies of
cal identification (Paraense 1975, 1981, 1984jenetic variation and identification of snails of the
generaOncomelaniaBulinus and Biomphalaria
(Hope & McManus 1994, Stothard et al. 1996,
Stothard & Rollinson 1997, Rollinson et al. 1998,
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ration of the majorityBiomphalariaspecies from ml proteinase K. Thereafter, 80 ul of protein pre-
Brazil, with special attention t8. oligoza, B. cipitation solution was added to the initial mix. The
schrammiand B. amazonica&pecies which were mixture was vortex vigorously for 10-20 sec and
being studied for the first time. We found diffi- centrifuged at 13,000 rpm for 5 min. The superna-
culty to differentiate betweeB. peregrinaandB. tant was transferred to a microcentrifuge tube con-
oligozawith Ddd, however we propose the use oftaining 200 pl of room temperature isopropanol

others restriction enzymes suchHgzall, Haelll  for DNA precipitation. The mixture was gently
andAlul for identification of these species. mixed by inversion for 20 min and centrifuged at
MATERIALS AND METHODS 13,000 rpm for 5 min. The DNA pellet was washed

) . ] . ~with 300 pl of 70% ethanol and centrifuged for 1

Snail populations Snail populations from dif- min. The pellet was treated with 25 pl of DNA re-
ferent Brazilian localities were used (Fig. 1). Theyydration solution for 30 min at 65°C and stored
number of snails used and the geographical locadt -20°C. The DNA concentrations were estimated
ization from each population are shown in thgyy comparison with known standards on 2%
Table. The snails were identified by means of comethidium bromide stained agarose gels.
parative morphology based on the reproductive Amplificationby PCR- The entire ITS was
organs and shells accordingly to Deslandes (1953mplified using the primers ETTS2 /(5
and Paraense (1975, 1981, 1984, 1988). TAACAAGGTTTCCGTAGGTGAA-3) and

DNA extraction -Total DNA was extracted ETTS1 (3-TGCTTAAGTTCAGCGGGT-3) an-
from the feet of snails using the Wizard Genomighored respectively in the conserved extremities
DNA Purification Kit (Promega) with some modi- of the 18S and 28S ribosomal genes (Kane &
fications. Briefly, the tissues were mechanicallyRollinson 1994). The PCR amplification was un-
disrupted in 200 pl of nucleic lysis solution andjertaken in a volume of 10 pl consisting of: 1-10
incubated at 37°C for 4 h or overnight with 50 Hghg template DNA, 10mM Tris-HCI, pH 8.5, 200

Fig. 1: map showing the localization of the snail populations used. The legend shows the abbreviation of each species mentioned

in the mapBiomphalaria glabratgBg); B. tenagophila tenagophil@tt); B. straminedBs);B. occidentali§Boc);B. t. guaibensis
(Btg); B. amazonicgBa); B. intermediaBi); B. kuhnianaBk); B. peregrina(Bp); B.oligoza(Bo); B. schramm({Bsch).
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um each dNTP, 1.5 mM Mgg:10.8 U of Tag DNA  cies obtained from different localities (Table). Fig.
polymerase, 50 mM KCI, together with 5.0 pmoI3A shows the profiles obtained usibgd with B.
of each primer. The reactions were covered with@ligozacollected in Rio Grande do Sul (lanes 1 to
drop of mineral oil and subjected to the following4) and Santa Catarina (lanes 5 to 10). The profiles
cycle program: initial denaturation step for 3 minwvere very homogeneous for all specimens. Fig. 3B
at 95°C, and then 32 cycles with annealling at 54°6hows the profiles obtained Br peregrinaspeci-
for 1 min, extension at 72°C for 2 min, denaturmens collected from different localities in Minas
ation at 95°C for 45 sec and a final extension steperais. The profiles obtained with peregrina
at 72°C for 5 min. A negative control (no templatevere homogeneous but, as mentioned above, simi-
DNA) was included in all experiments. Three mi-ar to the those obtained froBn oligoza(Fig. 3A).
croliters of the amplification products were Fig. 4 shows the profiles d&. schrammiob-
visualised on 0.8% ethidium bromide stained agaained withDdd. This enzyme produced a simple
rose gels to check the quality of amplification. Therofile with six fragments, which was clearly dif-
remaining 7 pl were mixed with 53 pl of water,ferent from those seem with other species as ob-
and divided into 10 ul aliquots for enzyme digesserved in Fig. 2B (lanes 22 to 28. amazonica
tion. presented three variant profiles with three to nine
Production and evaluation of the rDNA-ITSfragments when treated wilbde (Fig. 5). In fact
RFLP profiles- In the initial experiments the en- in the snails from one locality (Benjamin Constant,
zymeDdd (Amersham, Life Science) was evalu-Amazonas) three profiles were observed: lanes 1,
ated for its ability to differentiate aliomphalaria 2 and 4 show the profiles characterized by pres-
species from Brazil. Addicional enzymes wereence of three bands, lane 3 shows five fragments
tested includingilul, Mnll, (Amersham, Life Sci- and lanes 5, 6 and 7 show the profiles with nine
enceHadll andHpall (Promega Co, USA) in situ- fragments. In the snails obtained from Bar&o do
ations wherDdd was not effective in the separa-Melgago, Mato Grosso (lanes 8 to 10) only one
tion of some species. One microliter (10-12 unitsprofile with five fragments was observed. The
was used for each digestion reaction, together widpecimens with variant profiles, for this species,
1.2 ul of the respective enzyme buffer in a finalere included in Fig. 2B (lanes 25 to 28). The pro-
volume of 12.2 pl. The digestion was performediles obtained withDdd for the ten species and
for 3.5 h at 37°C, and the digestion products werene subspecies of the BrazilRimmphalariasnails
evaluated on 6 or 8% silver stained polyacrylamidare represented in Fig. 6.
gels (Sanguinetti et al. 1994) after phenol/ To obtain animproved molecular separation of
chlorophorm extraction. The results were recordeB. oligozaand B. peregrinaother enzymes were
on Polaroid film 667 (St Albans, UK). A control tested Hpall, Mnll, Alul and Hadlll). Fig. 7A
for the activity of each enzyme was performed bghows the results obtained wkipall which pro-
digesting 150 ng of pUC18. duced the best results with distinct profiles ob-
RESULTS served for each species. Bothdll (Fig. 7B) and
o ) ~Alul (Fig. 7C) produced similar profiles with only
The PCR amplification of thBiomphalaria subtle differencesB. oligozaandB. peregrina
ITS region with the primers ETTS2 and ETTSIHadll profile shows six fragments two of which
resulted in a product of approximately 1.3kb (Figare species-specific f@&. oligoza(Fig. 7B lanes 4
2A). However,B. oligoza(lanes 18 and 19B. to 12). UsingAlul B. peregringpresented one band
peregrina(lanes 20 and 21) ar. amazonica of approximately 200bp distinct frof. oligoza
(lanes 25 at 28) presented an ITS product of apgig. 7C). The enzyminll did not permit the sepa-
proximately 1.0kb. Fig. 2B shows the rDNA-ITS ration of these species (data not shown).
RFLP profiles produced by digestiasith Ddd of
two to four specimens of dliomphalariaspecies DISCUSSION
from Brazil. The profiles obtained with this en-  The possibility of using molecular tools for
zyme permit the easy separation of the majority aflentification of snails of medical importance has
the species analysed with exception Bf contributed to increased knowledge of the genus
occidentalisandB. t. guaibensig¢Fig. 2B lanes 7, Biomphalaria Previously, we have explored other
8 and 9, 10, respectively) a3l oligozaandB. molecular methods to obtain species-specific mark-
peregrina(Fig. 2B lanes 18, 19 and 20, 21, respecers. Initially we observed that the arbitrarily
tively) which presented very similar profiles. Theprimed-PCR (AP-PCR) mirrored the high genetic
reproducibility of the profiles obtained witbde  variability in B. glabrataspecies (Vidigal et al.
for B. oligoza B. peregringa B. schrammand 1994, 1998b). These results demonstrated that this
B. amazonicawvere previously evaluated by in- methodology does not provide good markers for
creasing of the number of specimens for each speolecular identification oBiomphalariaspecies.
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Fig. 2A: silver stained polyacrylamide gel (6%) showing the products of polymerase chain reaction amplification of internal
transcriber spacer (ITS) region Biomphalariaspecies. Lane B. glabratafrom Belém, PA; lane B. glabratafrom, Sabara,

MG; lane 3B. glabratafrom, Esteio, RS; lane B, tenagophildrom Formosa, GQlane 5B. tenagophildrom Vespasiano, MG;

lane 6,B. tenagophildrom Imbé, RS; lane B. occidentalifrom Campo Grande, MS; lane B, occidentalisrom Capetinga,

MG; lane 9B. t. guaibensiffom Esteio, RS; lane 1®. t. guaibensifrom Eldorado do Sul, RS; lanes 11 andBXuhniangrom

Tucurui, PA; lane 138. straminedrom Picos, PI; lane 18. straminedrom Guaira, PRane 15B. straminedrom Floriandpolis,SC;

lane 16 B. intermedigrom Itapagipe, MG; lane 1B. intermedigrom Pindorama, SP; lane 1B, peregrindrom Alfenas, MG;

lane 19B. peregrindrom Bom Jesus da Penha, MG; laneR®ligozafrom Florianépolis, SC; lane B. oligozafrom Eldorado

do Sul, RS; lane 2B. schrammirom Itat de Minas, MG; lane 28. schrammfrom Céssia, MG; lane 28. schrammirom

llicinea, MG; lanes 25 and 2B, amazonicdrom Bejamin Constant, AM; lanes 27 and B8amazonic&rom Bardo de Melgago

MT. Molecular size markers are shown on the left of each gel; B: silver stained polyacrylamide gel (8%) showing the restriction
fragment length polymorphism profiles obtained following digestion of rDNA ITSRal#. The legend is the same as that shown
above.
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TABLE
Species, localities and localization of the populations of snails used

Species Localities (State) Latitude/longitude

Biomphalaria glabrata Belém (Pard) 01s27/48w30
Esteio (Rio Grande do Sul) 29s51/51w10
Sabara (Minas Gerais) 19s53/43w48

B. tenagophila Vespasiano (Minas Gerais) 19s41/43w55
Formosa (Goias) 15s32/47w20
Imbé (Rio Grande do Sui) 29s58/50w07

B. straminea Picos (Piaui} 07s04/41w28
Floriandpolis (Santa Catarina) 27s35/48w32
Guaira (Paran®) 24s04/54w15

B. intermedia Pindorama (Sé&o Paulo) 21s11/48w54
Itapagipe (Minas Gerais) 19s54/49w22

B. peregrina Alfenas (Minas Gerais) 21s25/45w56
Guimarénia (Minas Gerais) 18s50/46w47
Juruaia (Minas Gerais) 21s15/46w34
Bom Jesus da Penha (Minas Gerais) 21s01/46w31

B. schrammi llicinea (Minas Gerais) 20s56/45w49
Itat de Minas ( Minas Gerais) 20s44/46w45
Céssia (Minas Gerais) 20s34/46wW55

B. khuniana Tucurui (Para) 03s46/49w40

B. occidentalis Capetinga (Minas Gerais) 20s36/47w03
Campo Grande (Mato Grosso do Sul) 20s26/54w38

B. t. guaibensis Esteio (Rio Grande do Sul) 29s51/51w10
Eldorado do Sul (Rio Grande do Sul) 30s05/51w36

B. oligoza Eldorado do Sul (Rio Grande Sul) 30s05/51w36
Floriandpolis (Santa Catarina) 27s35/48w32

B. amazonica Benjamin Constant (Amazonas) 04s22/70w01
Bardo de Melgago (Mato Grossb) 16s11/55w41

o)

: laboratory populations

The LS-PCR technique produced a great numbggparation of these species is the presence of the
of bands complicating the identification of the spesma|| number of prostatic diverticula (1 to 6, rarely
cies-specific LSP markers (LS products) (V|d|gal7), or absence iB. oligoza(Paraense 1974, 1975).

et al. 1996, Pires et al. 1997). In the present stugly

B. peregrinathe presence of 8 to 22 prostatic

we demonstrate that PCR-RFLP of the ITS regiogjverticula is reported. However, when specimens
of BiomphalariarDNA, usingDdé, permits the from poth species show similar number of diver-
differentiation of the majority of the ten Brazilian tjca B. oligozamaximum 7 an@. peregrinamini-
Biomphalariaspecies examined. In previous studmym 8) morphological separation of the species be-
ies we demonstrated that restriction profiles resultsomes more difficult. In this case only observation

ing from digestion wittDdd permit the identifi-
cation of B. glabrata,B. stramineaand B.

of the prostatic diverticula covering the spermathecal
body of theB. peregrinacan be considered as a di-

tenagophila(Vidigal et al. 1998a,b). We also usedagnostic character (Paraense 1966, 1975). Here, the
this technique in the study of very similar speciegglecular results obtained with PCR-RFLP sug-
such as. stramineaB. intermediaB. kuhniana  gested a high similarity between these species based

B. peregrina(Caldeira et al. 1998) and. t.

on the similarity of profiles obtained withdd and

tenagophila B. t. guaibensiendB. occidentalis Ay and the identical profiles produced witll.
i ) ) _Although the similarity among these profilédul,

The morphological separation of typical specitipa|, Hadll (7A, B, C) permit the molecular sepa-
mens ofB. peregrinaandB. oligozaare easy taste ration of these species and can be used in cases when
for the specialist in the identification of the morphological identification of th@. oligoza
Biomphalariasnails. The principal characteristic for gnqg. peregrinais not effective. It is noteworthy

(Spatz et al. 1998, 1999).
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Fig. 3: silver stained polyacrylamide gel (8%) showing restriction fragment length polymorphism profiles producBdeismg
digest rDNA internal transcriber spacer (ITS) amplified from specimeBofphalaria oligozandB. peregringrom different
localities in Brazil. AB. oligoza lanes 1 to 4, snails from Esteio, RS; lanes 5 to 10, snails from Florianépolis, E@eBegrina

lanes: 1 to 3 snails from Guimarania, MG; lanes 4 to 6 snails from Alfenas, MG; lane 7, snail from Juruaia, MG; lane snail fr
Bom Jesus da Penha, MG. Molecular size markers are shown on the left of each gel.
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Fig. 4: silver stained polycrylamide gel (6%) showing the restriction fragment length polymorphism profiles obtained by dfgesti
rDNA internal transcriber spacer (ITS) wildd. The DNA of individual snails dBiomphalaria schramnobtained from: lanes 1 to
3, Céssia, MG; lanes 4 to 6, Itat de Minas, MG; lanes 7 to 9, llicinea, MG. Molecular size markers are shown on thegkdft of the
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Fig. 5: silver stained polycrylamide gel (6%) showing the restriction fragment length polymorphism profiles obtained by digesti

of rDNA internal transcriber spacer (ITS) wilide. The DNA of individual snails oBiomphalaria amazonicabtained from

lanes 1 to 7, snails from Benjamin Constant, AM and lanes 8 to 10, snails from Bar@o de Melgaco, MT. Molecular size markers are
shown on the left of the gel.
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Fig. 6: schematic representation of the internal transcribed spacer rDNA restriction patterns of ten Bi@zifihalariaspecies
and one subspecies produced vibitid. The legend shows the abreviation of each speBiesnphalaria glabrata(Bg); B. t.
tenagophilgBtt); B. occidentali§Boc);B. t. guaibensigBtg), B. straminedBs); B. intermedigBi); B. kuhniangBk); B. peregrina
(Bp); B.oligoza(Bo); B. schramm({Bsch) and. amazonicgBa). Molecular size markers are shown on the left of the gel.

that B. peregrinais one of the most widespreadAcre, Mato Grosso do Sul and Rondénia (Paraense
planorbid species in the Neotropical region hencd983). The snails analyzed here were obtained from
according to Paraense (1975), the origin to its sdiwo distant localities and showed three variant pro-
entific name (from the latiperegrinus,meaning files (Fig. 5). Accordingly the molecular identifi-
wanderer, in reference to its wide geographical digation of this species requires that attention is given
tribution). to this diversity of profiles. The schematic repre-
B. schrammis distributed in most regions of sentation of the ITS restriction patterns obtained
Brazil, but has not been found in Amazonasfor BrazilianBiomphalariasnails usind>del can
Parana, Rio Grande do Sul or Santa Catarirt#e used as model for comparative analysis (Fig. 6).
(Paraense 1975). The molecular characters shown The sequences of ITS regions of the Brazilian
here (Fig. 4) very clearly identified specimens beBiomphalariaspecies will be analyzed in the fu-
longing to this species. The distribution Bf ture to better understand the intraspecific and in-
amazonican Brazil is concentrated in Amazonas,terspecific relationships among this species.
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Fig. 7: @lul) silver stained polycrylamide gel (6% or 8%) showing the restriction fragment length polymorphism profiles obtained
following digestion of rDNA internal transcribed spacer Wibeall (A), Hadll (B), Alul (C) amplified fromDNA extracted from
Biomphalaria peregrinandB. oligoza In each gel the snails specimens are: larfi® peregrinafrom Alfenas, MG; lane 2.

peregrinafrom Bom Jesus da Penha, MG; lanes 3 &.7&ligozafrom Eldorado do Sul, RS; lanes 8 at B2,0ligozafrom
Florianépolis, SC. Molecular size markers are shown on the left of the gel.
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We show here that PCR-RFLP is a simple and Tropicobris philippianugDunker) sensu Lucena

rapid technique representing an important advance Rev Brasil Biol 34379-386. _ _
for studies of BraziliarBiomphalariaspecies Paraense WL 1975. Estado atual da sistematica dos

which can be used as an auxiliary tool to morpho-
logical identification. The study demonstrated thalgar
ITS contains useful genetic markers for the identi-
fication of these snails. The results obtained with

planorbideos brasileiraarg Mus Nac Rio de Janeiro
55:105-128.

aense WL 198Biomphalaria occidentalisp.n. from

South America (Mollusca Basommatophora
Pulmonata)Mem Inst Oswaldo Cruz 7899-211.

PCR-RFLP are concordant with the actual Morparaense WL 1983. A survey of planorbid molluscs in

phological systematics proposed for the Brazilian
Biomphalariasnails by Paraense (1975, 1981,

1984, 1988).
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