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Genetic Markers between Biomphalaria glabrata Snails
Susceptible and Resistant to Schistosoma mansoni Infection
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The analysis of the genetic variability related to susceptibilitydoistosoma mansomfection in the vector of
the genuBiomphalarias important in terms of a better understanding of the epidemiology of schistosomiasis itself,
the possible pathological implications of this interaction in vertebrate hosts, and the formulation of new strategies
and approaches for disease control. In the present study, the genetic variabiBtyghdbratastrains found to be
resistant or susceptible to S. mansoni infection was investigated using DNA amplification by random amplified
polymorphic DNA-polymerase chain reaction (RAPD-PCR). The amplification products were analyzed on 8% poly-
acrylamide gel and stained with silver. We selected 10 primers, since they have previously been useful to detect
polymorphism among. glabrataand/orB. tenagophilaThe results showed polymorphisms with 5 primers. Polymor-
phic bands observed only in the susceptible strain. The RAPD-PCR methodology represents an adequate approach
for the analysis of genetic polymorphisms. The understanding of the genetic polymorphisms associated to resistance
may contribute to the future identification of genomic sequences related to the resistance/susceiafitplodlaria
to the larval forms of S. mansonand to the development of new strategies for the control of schistosomiasis.

Key words:Schistosoma - Biomphalartagenetic variability - polymorphism - random amplified polymorphic DNA -
polymerase chain reaction

Until mid 1980s the emphasis on the control of schis- The control of the vector has been tried by different
tosomiasis was mainly directed to the combat againstethods, which include: the use of synthetical
vector. After the discovery of more efficient and less toximolluscicids, like niclosamide (WHO 1993), molluscicids
chemotherapeutics drugs (oxamniquine, praziquantel), thevegetal origin (Jurberg 1989, Schall et al. 1998), modifi-
World Health Organization (WHO) started to emphasizeations in their natural habitat and use of predators or
morbidity control (WHO 1985, Dias et al. 1995, Lardans &ompetitors of those vectors (Paraense 1987, Capron 1993,
Dissous 1998). Despite the fact that the emphasis direcleardans & Dissous 1998, Pointier & Augustin 1999,
to chemotherapy has reached favorable results, regaRbintier & Jourdane 2000, Amarista et al. 2001).
ing reduction of morbidity, a significative reduction of the  The genetical aspects, regarding the susceptibility of
transmission was not obtained (Barbosa 1995, Lardanss&ail vector to infection bgchistosoma mansgniere
Dissous 1998). As a result of those aspects, the contrehlized, in a pioneer way, by Newton (1955). The author
program proposed in 1993 by the WHO kept the emphasissociated the albino phenotype with a high pattern of
on morbidity control. However other measures were asusceptibility to the infection by Porto Rico strairsohis-
sociated, such as: improvement on sanitary qualities, watesoma mansonand proposed, for that phenotype, a
supply to population, vector control and sanitary educgolygenic inheritance pattern. Richards et al. (1992), em-
tion (WHO 1993, Dias et al. 1995). ploying techniques of classical genetic, proposed that

An important aspect to be considered in the contrglusceptibility ofBiomphalaria glabratato infection by
program context is the emergent problem of resistance®rmansonivould present distinct patterns of inheritance
tolerance of parasites to the main drugs used in schisttependable on the age of the snail. In that manner, the
somiasis chemotherapy (Dias & Goncgalves 1992, Cialesultant phenotype would be determined by various
1993, Araujo et al. 1996, Conceigéo et al. 2000, Liang et gkenes in the young mollusk and by only one gene (mo-
2001). Due to those aspects, the combat against vectoogenic) in the adult mollusk. In fact, up to the moment,
associated to other control measures, is again emphasizbd.patterns of inheritance, regarding susceptibility, were
not very well established.

Several techniques of molecular biology for studies of
genetic variability in schistosomiasis vectors have been
used (Knight et al. 1991, Milller et al. 1996, Spatz et al.
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plified the possibilities of polymorphisms analysis, as 0.2 mM of each dNTP, and 7 pmol of each random primer
allowed the use of small arbitrary nucleotide segmen¢d0 bp) (Gibco, BRL). Ten primers were used: 1 (5'-
without the need of a previous knowledge of genes an@BGGTAACGCC-3’), 2 (5-CTGATGCTAC-3'), 4 (5'-
or genomic sequences. AGTGCTACGT-3"), 8 (5'- CTCTCCGCCA-3’), 9 (5-
Vidigal et al. (1994) have used the technique of RAPDEAGGCCCTTC-3'), 10 (5'-GGTCCCTGAC-3"), 12 (5-
PCR for studies of the genetic variabilityBnglabrata AGGGAACGAG-3), 14 (5- GTTGCCAGCC-3)and 15 (5-
Larson et al. (1996) and Lewis et al. (1997), developelGCCGAGCTG-3’). The amplification conditions were
studies betweeB. glabratastrains, resistant and sus-as follows: 1 cycle at 95°C for 5 min, 2 cycles at 95°C for 30
ceptible to infection bys. mansonimanaging to associ- sec, at 30°C for 2 min and at 72°C for 1 min, and 33 cycles
ate some markers to resistance and susceptibility. Simitduring which the annealing temperature was changed to
studies were accomplished by Abdel-Hamid et al. (1999)0°C and the time of the extension step was increased to 5

using mollusks oB. tenagophilaspecies. min during the final cycle. The PCR products were stored
In this article, the technique of RAPD-PCR was usedt -20°C.
for analysis of the genomic DNA, B. glabratastrains, Polyacrylamide gel electrophoresis and silver stain-

in an attempt to associate possible polymorphic markersy - Four microliters of each DNA amplification reaction
related to susceptibility/resistance to infection by $he was added to 2.5 ul sample buffer (0.125% bromophenol
mansoni The comprehension of genetic basis of susceptue, 0.125% xylene cyanol, and 15% glycerol) and the
tibility/resistance of snails t8. mansoninay, as it was mixture was submitted to 8% polyacrylamide (29/1
proposed by Rollinson et al. (1998), base the elaboratiagrylamide-bisacrylamide) gel electrophoresis in TBE (2
of new strategies for the control of schistosomiasis. mM Tris-borate, EDTA, pH 8.0) at 60 volts. The gels were
fixed in 10% ethanol and 0.5% (v/v) acetic acid for 15 min,
MATERIALS AND METHODS stained with 0.2% silver nitrate for 15 min, washed with
Snails stocks S. mansonfesistant and -susceptible dejonized water for 5 min, and developed with 0.75 M
B. glabratasnails (BH strain) obtained by self-fertiliza- NaOH and 0.1 M formaldehyde for 15 min (Santos et al.
tion as described by Zanotti-Magalhaes et al. (1997) wetggg).
used..The mollusks were maintgined in glass aquaria and polymorphism analysis Genetic variability of the
fed with lettuce leaves and calcium carbonate. susceptible and resistant strains was evaluated by ana-
Experimental infectionEach mollusk was challenged |yzing the electrophoretic band patterns obtained on the
with 10 miracidia (BH strain) db. mansonaccording to gels and by determining the coefficient of similarity as
Zanotti-Magalhaes et al. (1997). They were placed in glagéscribed by Dice in 1945.
jars containing chlorine free water for 2 h a®@5Suscep-
tibility was determined after 30 days through cercariae RESULTS
release favoured by an incandescent lamp. Susceptibility Susceptibility or resistance Bf glabratasnails toS.
to infection was monitored from 4 weeks up to 12 weekaansoniinfection was studied starting 30 days post in-
post-exposition. fection and continuing thereafter weekly up to 10 weeks
DNA extraction- The DNA was extracted from the after miracidia exposure. The obtained results pointed out
foot of individual snails (resistant and susceptible strainghat only 63% of the examined snails (100 snails) yielded
using lysis buffer containing 2% CTAB (Winnepenninckxhigh infection frequencies in contrast to about 37% of
et al. 1993, Abdel-Hamid et al. 1999) and incubated witthese snails were refractory.
proteinase K (2 pg/ml) for 2 h, following extraction with A total of 10 primers were tested and polymorphic
phenol, phenol:chloroform (1:1) and chloroform:markers were obtained with 5 of them (primers 4, 8, 9, 10,
isoamylalcohol (24:1) and incubation with ribonucleas&2). These primers were adopted for having been used in
A (350 pg/ml). The DNA was precipitated by adding isoprior works, in which specific polymorphic markers were
propanol (2:3 v/v) and leaving overnight at room temdetected: among lineages from different regions of Brazil
perature. After centrifugation DNA was washed in 75%Vidigal et al. 1994), betwed® glabratastrains resistant
ethanol, 10 mM ammonium acetate for 30 min and recoend susceptible 6. mansorinfection (Larson et al. 1996),
ered by centrifugation (12000 g) for 10 min (4°C). The pein B. tenagophila{Abdel-Hamid et al. 1999) and those
let was ressuspended in TE (10 mM de Tris, 1ImM dmade with the genetic material of the paraSitmansoni
EDTA, pH 8.0) and the DNA concentration and purity(Sire etal. 1999).
was determined by 2% agarose gel electrophoresis using The genomic DNA, amplified with primer 4 (5'-
the gel photodocumentation system (EDAS) DC 120 ZoomGTGCTACGT-3’), as shown in Fig.1, presented a poly-
Digital Camera (Eastman Kodak, NY, USA) and spectranorphic band of nearly 4060 bp, present only in the sus-
photometrically (Spectrophotometer Ultrospec Illceptible lineages.
Pharmacia, UK) at absorbances of 260 and 280 nm. Fig. 2 presents the results of amplification with primer
DNA amplification by RAPD-PCRThe method of 8 (5'-CTCTCCGCCA-3’). According to Fig. 2, there is a
Simpson et al. (1993) was used, with small modificationband of 1.750 pb that occurs only in the susceptible lin-
Two nanograms of genomic DNA obtained from the snailsage (well 6, 7 and 8).
were amplified with a PTC 200 Peltier Thermal Cycler (MJ The results presented in Fig. 3 arise from the electro-
Research - USA) using RAPD-PCR. Each reaction waoresis polyacrylamide gel of material resultant from
carried out in a final volume of 20 pl containing 1 unit Tagmplification of genomic DNA frorB. glabratawith primer
DNA polymerase (Gibco, BRL, MD, USA), 1X PCR buffer,9 (5’-CAGGCCCTTC-3’). According to Fig. 3 (wells 6, 7
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and 8) a polymorphic marker of 1.100-bp was obtained,

2 3 4 5 6 T B 9%
which was found only in the susceptible lineages.
Primer 10 (5-GGTCCCTGAC-3') presented a polymor-
phic band, with approximately 1100-bp, present only in the S161
susceptible lineage, according to Fig. 4, wells 6, 7 and 8. ol
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T Fig. 3: random-amplified polymerase chain reaction from genomic
DNA of Biomphalaria glabratastrains resistant and susceptible
using arbitrary primer 9. Lanes - 1: 1-Kb DNA Ladder; 2: negative
control (amplification without DNA); 3: R1 (resistant); 4: R2 (re-
sistant); 5: pool (R1 and R2); 6: S1 (susceptible); 7: S2 (susceptible);
8: pool (S1 and S2); 9: negative control (amplification without
i DNA). Samples were analyzed by electrophoresis through a 8%
polyacrylamide gel and visualized by silver staining. Polymorphic
E | band is indicated by arrow.
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Fig. 1: random-amplified polymerase chain reaction from genomic

DNA of Biomphalaria glabratastrains resistant and susceptible

using arbitrary primer 4. Lanes - 1: 1-Kb DNA Ladder; 2: negative FIbI-
control (amplification without DNA); 3: R1 (resistant); 4: R2 (re-

sistant); 5: pool (R1 and R2); 6: S1 (susceptible); 7: S2 (susceptible);

8: pool (S1 and S2); 9: negative control (amplification without 71 Dh=
DNA). Samples were analyzed by electrophoresis through a 8%
polyacrylamide gel and visualized by silver staining. Polymorphic -

band is indicated by arrow. T
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Fig. 4: random-amplified polymerase chain reaction from genomic
DNA of Biomphalaria glabratastrains resistant and susceptible
using arbitrary primer 10. Lanes - 1: 1-Kb DNA Ladder; 2: negative
control (amplification without DNA); 3: R1 (resistant); 4: R2 (re-
sistant); 5: pool (R1 and R2); 6: S1 (susceptible); 7: S2 (susceptible);
8: pool (S1 and S2); 9: negative control (amplification without
DNA). Samples were analyzed by electrophoresis through a 8%
polyacrylamide gel and visualized by silver staining. Polymorphic
band is indicated by arrow.
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— Fig. 5 corresponds to the electrophoresis in gel of

polyacrylamide resultant from the amplification of genomic
E My DNA with primer 12 (5-AGGGAACGAG-3). Itis verified,

Fig. 2: random-amplified polymerase chain reaction from genomié’vIth that primer, the acquisition ofa ba.”d of nearly .800 bp
DNA of Biomphalaria glabratastrains resistant and susceptible(Wells 6, 7 and 8), whose occurence is only restricted to
using arbitrary primer 8. Lanes - 1. 1-Kb DNA Ladder; 2: negativssnails of susceptible lineage.
control (amplification without DNA); 3: R1 (resistant); 4: R2 (re-
sistant); 5: pool (R1 and R2); 6: S1 (susceptible); 7: S2 (susceptible); DISCUSSION

8: pool (S1 and S2); 9: negative control (amplification without ; ig : : ,
DNA). Samples were analyzed by electrophoresis through a 8% The genomic DNA ampllfled with primer 4 6

polyacrylamide gel and visualized by silver staining. Polymorphié\G TGCTACGT-3'), according to Fig. 1, presented a poly-
band is indicated by arrow. morphic band, of approximately 4060 bp, between the re-
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1 2 3 4 S 6 7 8 9 amplification of genomic DNA, in the obtaining of a poly-

P ; | | morphic marker of 1750 pb, whose occurrence may only
be verified in the susceptible lineage of the mollusk, ac-
cording to Fig. 2. The amplification of genomic sequence
of the parasite and the vector mollusk from the same primer,
presents two immediate occurrences: the parasite and the
vector may present similar genomic sequences which
could, in its turn, be implied in the definition and estab-
lishment of the relation parasite/host, and, as a second
consequence, care and caution should be adopted in the
amplification of the genomic DNA of the vector mollusks
infected, in order to avoid contamination of the samplers
with genetic material of the larval forms of the parasite.

With primer 9 (5’-CAGGCCCTTC-3"), which corre-

Fig. 5: random-amplified polymerase chain reaction from genomi%ponds to primer OPA-01 employed by Larson etal. (1996),

DNA of Biomphalaria glabratastrains resistant and susceptible@ POlymorphic marker of 1.100-bp was found (Fig. 3). That
using arbitrary primer 12. Lanes - 1: 1-Kb DNA Ladder; 2: negativdand was repeatedly found only in the susceptible lin-

control (amplification without DNA); 3: R1 (resistant); 4: R2 (re- eages. Larson et al. (1996) obtained, with primer OPA-01 a

sistant); 5: pool (R1 and R2); 6: S1 (susceptible); 7: S2 (susceptiblgang of 400 bp, characteristic of susceptible lineage (M-
8: pool (S1 and S2); 9: negative control (amplification wnhoutu ’

DNA). Samples were analyzed by electrophoresis through a B/De)' That Ilneag(_e was obtained b_y NeV\_/ton, n 195_5 _a_nd
polyacrylamide gel and visualized by silver staining. Polymorphi€0mbines the albino phenotype with a high susceptibility
band is indicated by arrow. to infection by Porto Rico strain fro®. mansoniThe
distinct origins of M-line and BH strains, employed in the
current work, could justify the acquisition of distinct poly-
morphic bands from the amplification with a primer with
] . ) equal sequence of nucleotides. In other words, the sus-
sistant and susceptible lineage and that marker occurigshtible lineages in question present specific markers but
only in the susceptible lineages. Vidigal et al. (1994), enthey are different among themselves.
ploying an equivalent sequence of oligonucleotides found, \yjith primer 10 (5-GGTCCCTGAC-3'), which corre-
in individuals ofB. glabrataspecies, collected in field, sponds to primer OPA-06, employed by Larson et al.
polymorphic bands in snails of different places in Brazil1996), a polymorphic band was obtained, with nearly 1100-
In the present study, descendants from snails maintaingd present (and repeatedly obtained) only in the suscep-
in the laboratory for more than 20 years were used. Thyfle lineage (Fig. 4). Such results were agreeing with the
although resistant and susceptible strains were studigghes obtained by Larson et al. (1996) in the susceptible
we could expect that the genetic variability was low, singgeage (M-line). It seems it is a matter of a specific marker
laboratory strains are submitted to much less intense $€the susceptible lineage.
lective pressures than field isolates are, i.e., natural con- A polymorphic band of approximately 800 pb was
ditions. This fact may explain the high coefficient of simitgund in the susceptible lineage of the mollugks
larity observed for the strains studied here (Table) arflaprataafter the amplification of the genomic DNA with
also the expressive quantitative difference in genetic vafjrimer 12 (Fig. 5), whose sequence of oligonucleutideos
ability obtained by Vidigal et al. (1994) with an (5. AGGGAACGAG-3’) was employed by Abdel-Hamid
oligonucleoride sequence similar to primer 4. ~etal. (1999) for the analysis of the genetic variability be-
Sire etal. (1998) employed a series of aleatory primefgeen resistant and susceptible lineagesBof
for the analysis of genetic diversity 8f mansonadult  tenagophila The authors did not detect, with that primer,
worms originated of cercarie, obtained from a naturglny polymorphic marker between the resistant and sus-
population ofB. glabrata in a site of transmission at ceptible cepas. It is concluded that the primer may am-
Guadeloupe Island. Among the 18 tested primers, 3 pfify a very preserved area of the gendBnéenagophila
them allowed the detection of polymorphic markers. Ongnd, apart from allowing the detection of a marker of the
of those oligonucleutide sequences (5-CTCTCCGCCAgysceptible lineage, that primer presents itself potentially
3’) was used in this project (primer 8) and resulted, aftgfteresting for taxonomic studies among the sympatric

TABLE
Dice’s similarity coefficient#) between resistant and susceptible straifBi@hphalaria glabratassnails
Primers P4 P8 P9 P10 P12
No. of shared bands between resistant and susceptible strains (a) 20 20 30 17 25
No. of bands in susceptible but not in resistant strains (b) 1 1 1 1 1
No. of bands in resistant but not in susceptible strains (c) 0 0 0 0 0
Similarity coefficient (S) 0.98 0.98 0.98 0.97 0.98

aS=2al2a+b+c
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species which includB. glabrataandB. tenagophila  Cioli D, Pica-Mattoccia L, Archer S 1993. Drug resistance in
Some studies have used isoenzymes and pigmenta-schistosomesarasitol Today 9162-169. .

tion analysis to define specific susceptibility markers ifFonceicéo MJ, Argento CA, Corréa A 2000. Studgofisto-

B. glabrata (Mulvey & Vrijenhoek 1981, Mulvey & soma njansonsol_ate_s from patients with failure of treat-

Wooddruff 1985), but no marker was safely associated MENt with oxamniquineMem Inst Oswaldo Cruz 9375-

with resistance or susceptibility. Even through no CIeEBias LCS Gongalves ER 1992. €histosoma mansodiz
association has been found in the present work between 55 a5 droga<i Hoje 14 22-25.

a specific marker anifl. glabratasusceptibility, identical pjas LS, Marcal-Janior O, Glasser CM 1995. Control of schis-
results have been obtained by Larson et al. (1996), which tosomiasis transmissiomMem Inst Oswaldo Cruz 9285-
led to the identification of a 1100 bp marker shower only 288.
in the susceptible strains. Therefore, we presume this iP&e LR 1945. Measures of the amount of ecological associa-
specific marker to the susceptible strain. tion between specieEcology 26 297-302.

Knight et al (1999) analyzed through RAPD-PCR Fgannotti-Passos LK, Souza CP 2000. Susceptibility of
and F2 generations and the F1 versus parental backcrossSiomphalaria tenagophilandBiomphalaria stramineo
progeny. This approach led to the identification of two Schistosoma mansoinifection detected by low stringency

. - polymerase chain reactioRev Inst Med Trop S&o Paulo
markers, one 1200 bp band with OPM-04 primer and 1000 42 291-294.

bp band with OPZ-11 primer. Those markers were foung e p 1989. Plantas empregadas como moluciscidas: uma
only in non-susceptible strains. This is an indication that vis3o criticaMem Inst Oswaldo Cruz 876-83.
markers of segregation may be foun@imglabrataresis-  Knight M, Brindley PJ, Richards CS, Lewis FA 198thisto-
tant toS. mansoninfection. soma mansoniise of a cloned ribosomal RNA gene probe

A possible existence of transposable elements in the to detect restriction fragment length polymorphisms in the
snails opens new perspectives of approach for transfec- intermediate hodtiomphalaria glabrataExp Parasitol 73
tion of sequences with incorporation to the snails ge- iéf?tsl-v%gf/l'iller NA. Patterson CN. Rowe CG. Michaels G
nome (Richards et al. 1992). The markers or genomic se* M ' _ ’ 2y VL JOES 2
quences associated to resistance could be useful for theC2" D: Richards CS, Lewis FA 1999. The identification of
production of transgenic snails. The perspective of ac- markers segregating with resistanc8ohistosoma mansoni

. . ) . ; infection in the snaBiomphalaria glabrataProc Natl Acad
quisition of transgenic snails strains resistaniSto Sci 96 1510-1515.

mansoninfectionimplies the exceeding of many theo-knight M, Ongele E, Lewis FA 2000. Molecular studies of
retical difficulties, especially the experimental ones. In  Biomphalaria glabrataan intermediate hosts 8thisto-
spite of that, such methodological approach presents in- soma mansonint J Parasitol 30 535-541.

teresting perspectives (Lardans & Dissous 1998), whichardans V, Dissous C 1998. Snail control strategies for reduc-
in association with other measures, will allow the elabora- tion of schistosomiasis transmissidtarasitol Today 14

tion of new strategies for the control of schistosomiasis. 413-417. _ _ _
Larson SE, Andersen PL, Miller AN, Cousin CE, Richards CS,
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