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Extensive genetic variation revealed in
adjacent populations of the schistosome
intermediate host Biomphalaria pfeifferi
from a single river system
BY J. I. HOFFMAN, J. P. WEBSTER*
Wellcome Trust Centre for the Epidemiology of Infectious Disease, Department of Zoology,
University of Oxford, South Parks Road, Oxford OX1 3PS, U.K.

J.

NDAMBAt
Blair Research Laboratory, Box CY 573, Causeway, Harare, Zimbabwe
M. E. J. WOOLHOUSE!
Wellcome Trust Centre for the Epidemiology of Infectious Disease, Department of Zoology,
University of Oxford, South Parks Road, Oxford OX1 3PS, U.K.

AND

Received 14 January 1998; Revised 22 May 1998,
Accepted 22 May 1998

Random amplified polymorphic DNA (RAPD) analysis was used to study genetic vanatiOn among
schistosome hosts of the species Biomphalaria pfeijferi. The analysed snails came from 15 sites along a 6-km
stretch of a Zimbabwean river, providing data on genetic-geographical relationships over, probably, the
smallest scale yet studied for any snail intermediate host species.
Only 6% of the DNA fragments were common to all snails, and snail populations as geographically close
as 100 m were genetically distinct. The most genetically polymorphic snail populations were those
collected within and downstream from human water-contact sites.

Species of freshwater snail belonging to
the genus Biomphalaria are intermediate
hosts for Schistosoma mansoni, the causative
agent of intestinal schistosomiasis. Extreme
fluctuations in the size of Biomphalaria
populations, due to floods, drought or molluscicide treatment, may contribute to the establishment of spatial and temporal genetic
heterogeneity in these snails (W oolhouse,
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1992). As proposed by Michelson and DuBois
( 1978), such genetic heterogeneity may be
partly responsible for the geographical differences seen in snail susceptibility to schistosome infection.
The development of random amplified
polymorphic DNA (RAPD) analysis by
Williams et al. (1990) has provided an accessible and reliable tool to investigate molecular
genetics. RAPD analyses have recently been
shown to be capable of discriminating between
closely related snail intermediate host species
in the laboratory and between field strains
collected from different countries. The snails
investigated in this way include Biomphalaria
glabrata (Vidigal et al., 1994; Larson et al.,
1996) and several Bulinus species (Bu. globosus,
Bu. senegalensis, Bu. forskalii, Bu. camarunensis,
© 1998 Liverpool School of Tropical Medicine
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Fig. 1. Location of the 15 sites, on the Manwanzou and Ruya rivers, at which snails were collected for RAPD
analysis. The two principal human water-contact sites were numbered 1 and 7.

Bu. nasatus and Bu. umblicatus; Langand et al.,
1993; Rollinson et al., 1996; Stothard and
Rollinson, 1996). Demonstration of strain
variation within a country (Langand et al.,
1993) or within a snail population (Vidigal
et al., 1994) has proved elusive. Stothard and
Rollinson (1996) proposed that the apparently
low level of genetic variability seen within
snail popu1ations was the result of the high
levels of self-fertilization characteristic of the
snail species investigated.
The subjects of the present study were
snails, of a previously neglected intermediate
host species (Biomphalaria pfeijferi), collected
directly from field locations in the Zimbabwean highveld. The present study followed
that of W ebster et al. ( 1996 ), in which genetic
differences were described between snail populations as close together as 4.5 km in the
field. In contrast to the related studies on
other snail species, the aim of the present
study was to investigate genetic-geographical
relationships at very fine scales, down to as
little as 100 m, from within a single river
system.

ANIMALS AND METHODS
At least eight snails were collected from each
of 15 sites in the Zimbabwean highveld

(17°05'S, 31°05'E) during August 1995. Two
populations were sampled from the river Ruya
and 13 from its tributary, the Manwanzou
(Fig. 1). The Manwanzou is mostly narrow
and shallow, being no more than 10 m wide
and 2 m deep and is, for most of the year,
slow flowing; at the time of sampling the
upper reaches were dry and the populations
labelled 1-6 were collected from pools.
Populations 1 and 7 were collected from
popular community washing sites; Schistosoma
mansoni is locally prevalent in the area of these
sites.
The collected snails were immediately relaxed in menthol, to prevent bursting of the
hepatopancreas, and then preserved in molecular-grade ethanol prior to genetic analysis.
Genomic DNA was extracted from the tip of
the head-foot region only of each snail (hence
avoiding any potential contamination by any
schistosome stages present), using a standard
phenol-chloroform procedure modified to
overcome the problems associated with DNA
degradation from gastropod nucleases, as described by Vernon et al. (1995). The amplification conditions and reaction mixtures
for the PCR were as described by Okamura
et al. (1993), except that 10-100 ng DNA were
used for each reaction. Amplification occurred
in a total volume of 20 ,ul, overlaid with min-
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eral oil, in a DNA thermal cyder (Perkin
Elmer) for 45 cycles, each of 10 s at 94°C,
1 min at 36°C and 2 min at 72°C and using
the fastest possible transition times (1 °C/ s)
between the different temperature phases.
Twelve arbitrarily selected oligonucleotide
primers (each of 10 bp) were used. Eight
of these were supplied by Ingenious
R&D
Technologies
(Abingdon,
U.K.)
[R&D08 (CGCAGCGTTC), R&D09 (AGCAGCGTGG), R&DIO (TAGCAGCGGG),
R&Dl2 (ATGGATCCGC), R&Dl5 (CTGGCGGCTG), R&Dl7 (GTGATCGCAG),
R&Dl8 (AATCGGGCTG), and R&Dl9
(CATGCAGGCG)] and four by Operon
Technologies
(Alameda,
CA)
[OPROl
(TGCGGGTCCT),
OPR03
(ACACAGAGGG), OPR04 (CCCGTAGCAC), and
OPR05 (GACCT AGTGG)]. Amplification
products were electrophoresed for 8-10 h on
1.4% agarose gels in I X TNE buffer (0.089 M
Tris-borate, 0.002 M EDT A) and stained with
ethidium bromide. The gels were photographed under ultraviolet light usmg
Polaroid 667 film.
As controls, PCR reactions were run without primer, without snail DNA or without
Taq polymerase, and snail DNA samples were
re-run in order to verify repeatability.
Data Analysis
Bands were compared with a marker (lambda
DNA EcoR I Hind Ill digest; Sigma) to
ensure consistent scoring between gels and
to measure band size. Faint, unclear bands
and
high-molecular-weight
fragments
( > 2.5 kbp) were discounted from the analySIS.

For comparisons between samples, bands of
the same size were assumed to correspond to
identical segments of genomic DNA. A binary
data matrix was constructed based upon band
presence/ absence and used to quantify genetic
differences between individuals. For this, Jaccard's similarity coefficients (% scaled) were
calculated using software compiled by Legendre and Vaudor (1991):
}!, 2 = lOOa/(a + b +c)

where a is the number of shared bands be-
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tween individuals 1 and 2, b is the number of
bands present in individual 1 but absent from
individual 2, and c is the number of bands
present in individual 2 but absent from individual 1. Intra-population genetic diversities
were estimated as the mean (s.E.) Jaccard's
distances among snails comprising each population, and these means were then compared
using two-tailed Mann-Whitney U-tests and
commercial statistical software (SPSS; SPSS
Inc., Chicago, IL).

RESULTS AND DISCUSSION
Each primer generated amplification products
with characteristic banding profiles, comprising both monomorphic bands common
amongst snails (species- or strain-specific
markers) and several polymorphic bands
(Fig. 2). Using the 12 primers, 126
bands were scored, of which only 6% were
common to every individual snail. Controls
yielded no DNA bands and re-runs exhibited
identical amplification products to those seen
previously.
The distribution of variation among the
snails of the single river system investigated
was noteworthy. Whilst some populations exhibited low intra- or inter-population variation, particularly the two sites (14 and 15) in
the deep Ruya, a few populations were genetically highly diverse. The most diverse snail
populations were not all continuous in geographical distribution, being interspersed with
populations exhibiting low variability (Figs 1
and 3). Moreover, populations 3, 4 and 5,
which lie within 100 m of one another, were
genetically very different. Genetic variation
therefore occurred on a very small geographical scale within a single river system. Whether
the snails collected along the Manwanzou
came from pools or the open river did not
appear to determine intra-population variation
per se (P = 0.086). However, the two sites
frequented by the local community for washing, sanitation and recreational purposes (sites
1 and 7; Figs 1 and 3) had snail populations
with the highest and third highest diversities
(P = 0.042). Likewise, diversity was very high
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Fig. 2. RAPD-PCR products, from snail populations 14 and 15, created using primer R&DlO, and the DNA
markers (M). In the gels shown, 10 individuals from each population were run, in addition to a further block
of four re-run individuals from various populations (to check for repeatability). (•), Polymorphic bands.

in the two sites immediately downstream of
these human water-contact points (sites 2 and
8; Figs 1 and 3).
The proportion of amplified DNA bands
common to all the Bi. pfeifferi collected in the
present study (6%) is similar to that observed
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Fig. 3. Jaccard's distances for the snail populations
from each collection site: the larger the distance, the
more dissimilar the snails. Vertical lines indicate S.E.

for Brazilian isolates of Bi. glabrata ( < 10%;
Vidigal et al., 1994). However, it is very much
less than that observed by Langand et al.
(1993) in snails of the genus Bulinus from
Cameroon, Equatorial Guinea and Ivory Coast
(57%-74%), or by Webster et al. (1996) in
other Zimbabwean Bi. pfeifferi (87%). What is
perhaps most remarkable about the variation
described here is the geographical scale involved. All the present sites were within a
6-km stretch of river, whereas previous studies spanned at least tens of kilometres (Webster et al., 1996) and often one or more
countries (Langand et al., 1993; Vidigal et al.,
1994). Surprisingly, Langand et al. (1993)
failed to differentiate between geographical
strains (of Bu. forskalli) collected from within
the same country, despite also using the
RAPD technique.
The present data may support the idea that
very local phenomena can drive genetic differentiation in Bi. pfeifferi. In addition to the
spatial genetic heterogeneity predicted from
the metapopulation biology of freshwater
snails (Woolhouse and Chandiwana, 1989;
Vernon and Taylor, 1996; Webster et al.,
1996), the finding that the greatest snail diver-
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sity seen in the present study occurred at or
directly downstream from the two principal
human water-contact sites investigated may
indicate that a human factor could affect the
genetics of Bi. pfeijferi.
Schistosomiasis is endemic in the study area
and humans are likely to be a source of schistosome infection for snails in areas of water
contact. Indeed, Woolhouse and Chandiwana
( 1989) demonstrated that, in a nearby Zimbabwean river system, the distributions of
snails supporting schistosome infections were
closely related to spatial patterns in human
water contact, prevalence of snail infection
being highest at contact sites and in adjacent
regions. Because schistosome infections are
often a cause of mortality in host snails (Woolhouse, 1989; Webster and Woolhouse, 1998)
and hence a force for natural selection, they
could have a significant effect upon the genetics of local snail populations. Associations
between hosts and parasites tend to generate
and maintain genetic polymorphism (May,
1985), as has been predicted in models of
schistosome-snail interactions (Morand et al.,
1996). It is thus possible that increased schis-
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tosome infection in sites frequented by humans could be responsible for elevating
genetic diversity in local snail populations.
The present results appear to be the first to
demonstrate genetic variability between snail
populations as close as 100 m apart. They
refute the earlier proposals of limited intrapopulation variation amongst such wild
intermediate hosts (Langand et al., 1993;
Vidigal et al., 1994; Stothard and Rollinson,
1996) and raise interesting questions on the
possible influences of local phenomena, including humans and sympatric parasite presence, on the genetics of snail intermediate
hosts.

We would like to thank
Rodzi and his team from the Blair Research
Laboratories in Zimbabwe for help in
collecting snails, M. Cortina of the Oxford
University Department of Statistics for assistance in data analysis, and both the BBRC and
the Well come Trust for funding (grant
042687 /2/94/2).
ACKl'\lOWLEDGEMENTS.

J.

REFERENCES
LANGA'\10,]., BARRAL, V., DELAY, B. & jOURDANE, J. (1993). Detection of genetic diversity within snail
intermediate hosts of the genus Bulinus by using random amplified polymorphic DNA markers
(RAPDs). Acta Tropica, 55, 205-215.
LARSON, S. E., ANDERSON, P. L., MILLER, A. N., COUSIN, C. E., RICHARDS, C. S., LEWIS, F. A. & KNIGHT,
M. (1996). Use of RAPD-PCR to differentiate genetically defined lines of an intermediate host of
Schistosoma mansoni, Biomphalaria glabrata. Journal of Parasitology, 82, 237-244.
LEGENDRE, P. & VAUDOR, A. (1991). The R Package: Multidimensional Analysis, Spatial Analysis. Montreal:
University of Montreal.
MAY, R. M. (1985). Host-parasite associations: their population biology and population genetics. In
Ecology and Genetics of Host-parasite Interactions, eds Rollinson, D. & Anderson, R. M. pp. 243-262.
London: Academic Press.
MICHELSON, E. A. & DuBms, L. (1978). Susceptibility of Bahian populations of Biomphalaria glabra/a to
an allopatric strain of Schistosoma mansoni. American Journal of Tropical Medicine and Hygiene, 27,
782-786.
MORAND, S., MAN'\IING, S. D. & WoOLHOUSE, M. E. J. (1996). Parasite-host eo-evolution and geographic
patterns of parasite infectivity and host susceptibility. Proceedings of the Royal Society of London, Series
B, 263, 119-128.
0KAMURA, B., ]01\ES, C. S. & NOBLE, L. R. (1993). Randomly amplified polymorphic DNA analysis of .
clonal population structure and geographic variation in a freshwater bryozoan. Proceedings of the Royal
Society of London, Series B, 253, 147-154.

698

HOFFMAN ET AL.

ROLLINSON, D., STOTHARD,]. R., BROWN, D. S., MIMPFOUNDI, R., ]ONES, C. S. & NOBLE, L. R. (1996).
Towards a molecular characterization of Bulinus. In A Status of Research on Medical Malacology in
Relation to Schistosomiasis in Africa, eds Madsen, H., Kristensen, T. K. & Ndlovu, P. pp. 183-196.
Charlottenlund, Denmark: Danish Bilharziasis Laboratory.
STOTHARD,]. R. & ROLLINSON, D. (1996). An evaluation of random amplified polymorphic DNA (RAPD)
for the identification and phylogeny of freshwater snails of the genus Bulinus (Gastropoda: Planorbidae). Journal of Molluscan Studies, 62, 165-176.
VERNON,]. G. & TAYLOR,]. K. (1996). Patterns of sexual roles adopted by the schistosome-vector snail
Biomphalaria glabrata (Planorbidae). Journal of Molluscan Studies, 62, 235-241.
VERNON,]. G.,JONES, C. S. & NOBLE, L. R. (1995). Random amplified polymorphic DNA (RAPD) markers
reveal cross-fertilisation in Biomphalaria glabra/a (Pulmonata: Basommatophora). Journal of Molluscan
Studies, 61, 455-464.
VIDIGAL, T. H. D. A., NETO, E. D., CARVALHO, 0. D. S. & SIMPSON, A.]. G. (1994). Biomphalaria glabrata:
extensive genetic variation in Brazilian isolates revealed by random amplified polymorphic DNA
analysis. Experimental Parasitology, 79, 187-194.
WEBSTER,]. P. & WOOLHOUSE, M. E.]. (1998). Cost of resistance to Schistosoma mansoni in the snail
intermediate host Biomphalaria glabrata. Transactions of the Royal Society of Tropical Medicine and
Hygiene, in press.
WEBSTER,]. P., ]ONES, C. S., NDAMBA,]., WooLHOUSE, M. E.]. & NOBLE, L. R. (1996). Detection of
genetic diversity within intermediate hosts of the species Biomphalaria pfeijferi using random
amplified polymorphic DNA markers (RAPDs). In A Status of Research on Medical Malacology in
Relation to Schistosomiasis in Africa, eds Madsen, H., Kristensen, T. K. & Ndlovu, P. pp. 205-213.
Charlottenlund, Denmark: Danish Bilharziasis Laboratory.
WII.LIA.MS,]. G. K., KUBELIK, A. R., LIVAK, K. ]., RAFALSKI, J. A. & T!NGEY, S. V. (1990). DNA
polymorphisms amplified by arbitrary primers are useful as genetic markers. Nucleic Acids Research,
18, 6531-6535.
WooLHOUSE, M. E.]. (1989). The effect of schistosome infection on the mortality rates of Bulinus globosus
and Biomphalaria pfeijferi. Annals of Tropical Medicine and Parasitology, 83, 137-141.
WooLHOUSE, M. E. ]. (1992). Population biology of the freshwater snail Biomphalaria pfeijferi in the
Zimbabwe highveld. Journal of Applied Ecology, 29, 687-694.
WOOLHOUSE, M. E.]. & CHANDIWANA, S. K. (1989). Spatial and temporal heterogeneity in the population
dynamics of Bulinus globosus and Biomphalaria pfeijferi and in the epidemiology of their infection with
schistosomes. Parasitology, 98, 21-34.

