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Analysis of the genomes of schistosomes and one of their intermediate hosts, Biomphalaria glabrata,
using Random Amplified Polymorphic DNA (RAPD) demonstrated that intraspecific genetic polymaor-
phism in the parasite is limited but in the snail is highly pronounced. This suggests an important role
Jor the snail in the determination of the epidemiology of the disease. In addition to their intraspecific
stability, schistosome derived RAPDs exhibit a high level of interspecific polymorphism and are thus
ideal for the construction of phylogenetic trees. For the detection of intraspecific polymorphisms ex-
lensive variation in the mitochondrial DNA is being exploited for the development of a PCR based test
Jor Schistosoma mansoni. Gene level polymorphims are being analvzed by Low Stringency Single Spe-

cific Primer PCR.

The biological interaction of the schistosome
with its hosts is fundamentally influenced by their
respective genetic constitutions. Although we have
a profound and rapidly expanding knowledge of
the human genome, that of the schistosome and
its intcrmediate snail hosts is ¢xtremely limited.
[n order to gain insight into the extent of genetic
variability of the schistosome and its intecrmediate
hosts and the relevance of such variation both to
the biology of the discase and efforts towards its
control we have undcrtaken PCR based studies of
the genetic polvmorphisms of these organisms.

The technique that we exploited most is a re-
cent development of the PCR (polymerase chain
rcaction) named Arbitrarily Primed-PCR (AP-
PCR) (Williams et al. 1990, Welsh & McClielland
1990). This methodology results in the amplifica-
tion of anonymous regions of the organism’s ge-
nome and provides an indication of scquence
change whilst avoiding problems of bias inherent
i the study of a small number of genes by direct
sequencing. Simply, the proportion of amplified
fragments [known as Randomly Amplificd Poly-
morphic DNAs (RAPDs)] that exhibit polymor-
phism (usually presence or absence) reflect the
genetic polymorphism of the population being stud-
led. A preliminary analysis of species from the
Schistosoma haematobium and S. mansoni groups
(D1as Neto et al. 1993a) using a number of prim-
ers showed that quite distinct patterns of RAPDs
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are always obtained with DNA isolated from adult
worms from diffcrent species. Comparison of DNA
from diffcrent strains of the same specics, on the
other hand, produced RAPD profilcs with very
little variation. Recent analysis of individual or-
ganisms from any given strain has found that ap-
proximately 5% of the bands are polymorphic (Dias
Ncto et al. unpublished observations). These data
had a number of implications. Firstly, they indi-
cated the applicability of the tcchnique for the phy-
logenetic genetic analysis cven for the closely re-
lated schistosome specics within each group. Thus,
amore formal and exicnsive analysis using RAPDs
produced from nine species and involving more
than 500 individual DNA fragments was under-
taken (Kaukas et al. 1994). A phylogenetic trec
calculated on the basis of band sharing ordered
the best characterized species as one would pre-
dict from biological characteristics. Secondly. the
quite distinct RAPD profiles produced by differ-
cnt species and their reproducibility showed that
they were highly suitable for the identification of
specics of organism in survey situations particu-
larly as the technique works well cven with indi-
vidual cercanac or miracidia. Thirdly, it was im-
mediately clear that schistosomes do not cxhibit
cxtensive intraspecific genetic variation. Within
specics the similanty of RAPD profiles of strains
1solated trom quite distinct geographic areas was
striking and contrasts with data that we have col-
lected from scveral other groups of organisms.
When studying 7rvpanosoma cruzi, for example,
we found that all DNA fragments amplified from
six primers were polymorphic within the species
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(Steindel et al. 1993). Lastly. the fact that poly-
morphisms can be detected in individual free liv-
Ing stages of the schistosome life cycle now makes
the detailed studies of population genetics of schis-
tosomes a possibility.

The results obtained when AP-PCR was ap-
plicd to the study of the genomc of Biomphalaria
glabrata werc in complete contrast to thosc ob-
tained with schistosomes in that analysis of DNA
prepared from snails obtaincd from different geo-
graphical regions of Brazil showed extremcely high
levels of polymorphism (Vidigal et al. 1994). Nev-
crtheless, when specimens from the same region
were compared a low level of polvmorphism was
observed. The results showed that B glabrata
cxhibits a remarkable level of genetic vanabihity
that we explain on the basis of genctic drift due to
the mollusks ability to rcconstitute populations
from one or very fcw specimens. The contrast bet-
ween the genctic variability of the schistosome and
1ts intermediate host indicates that the genetics of
the snail may plav at least as important a rolc in
the determination of the epidemiology of schisto-
somiasis as thosc of the parasite it self.

An important DNA polymorphism exhibited
by the schistosome 1s that which distinguishes the
male [rom the femalc parasite. We developed a new
PCR technique called Low Stringency-PCR (LS-
PCR) 1n order to exploit this polymorphism for
schistosome sex determination of cercariac shed
from single sex infcctions of B. glabrata. a funda-
mental step 1n undertaking genetic crosscs with
schistosomes 1n the laboratory. It had aircady been
shown that specific PCR amplification of a highly
repeated regron of the female specific W chromo-
some 1dentifics females (Gasscr et al. 1991). How-
ever, a mechanism for providing an internal con-
trol was needed to show that the absence of the
fcmale specific amplification indicated that the
cercanae being analyzed were males. We showed
that this could be achicved by using the female
spectfic primers under low stringency conditions
so that with male DNA, a serics of non-specific
bands are reproducibly amplified (Dias Neto et al.
1993b). These bands contrast with the specific
pattern that 1s maintained when  female DNA s
amplified, even under the altered conditions. Thus
distinct male and female patterns arc produced
using the same pair of primers allowing confi-
dent sex determination.

Current approaches to the more detailed analy-
sis of the of DNA polymorphism in schistosomes
and 1ts relevance to discase include the analysis
of the mitochondrial DNA (mtDNA) of the schis-
tosome. Mitochondrial DNA 1s usually maternally
inherited and is typically highly variable as it is
not subject to the same proof recading mechanisms
as genonmuc DNA. In the study of schistosomges the

usc of mtDNA may be extremely valuable because
of the lack of rearrangement. Thus. the study of
the mtDNA of cggs produced from a given patient
will directly reflect the female population of adult
worms of that individual. This 1s not the casc with
genomic markers (other than those on the W chro-
mosome) because of the usually sexual reproduc-
tion of thesc parasites. It has alrcady been shown
that the schistosome mtDNA is highly variable in
terms of siz¢ (Dcespres ¢t al. 1991). Detailed se-
quence analysis of the variable region is now be-
ing undertaken 1o accurately define the basis of
this siz¢ polymorphism. This had permitted the
construction of PCR primers which wc have found
to amplify highly variable mtDNA fingerprints due
to a complex arrangement of repeats within the
polymorphic region (data not published). This test
offcrs greal promisc for the analysis of natural
populations.

Another potentrally very powcrlul approach
that we are also beginning (o apply to the study of
the schistosome i1s another low stringency PCR
technique that we have devcloped named LSSP-
PCR (Low Stringency Single specific Primer- PCR)
that has the ability to detect point mutations in
gene s1zed fragments (Pena et al. 1994). The ap-
proach wc arc taking 1s to apply this to the study
of individual genes of interest such as those that
encode proposed vaccine candidates to establish
whether or nol the gene exhibits polymorphism in
natural populations. This not only has importance
in terms of providing further data concerning the
genetic variability of schistosome populations but
also 1mplications for the possible application of a
schistosome vaccinc.

[n conclusion, the potential now exists for sig-
niftcant head way to be made in the field of schis-
tosome genetics using DNA based techniques par-
ticularly those that involve low stringency PCR in
its various forms. The preliminary data that we
have achicved appear solid and are entirely con-
sistent with previous studies of schistosomes and
their intermediate hosts using more traditional
approaches. It 1s hoped that our ongoing investi-
gations of inter and intra-specific genetic varia-
tion in schistosomes will not only contribute to our
deeper biological understanding of the organism
but also aid in the rational design and develop-
ment of means of control.
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