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Simple sequence repeat anchored polymerase chain reaction amplification (SSR-PCR) is a genetic typing
technique based on primers anchored at the 5’ or 3’ ends of microsatellites, at high primer annealing temperatures.
This technique has already been used in studies of genetic variability of several organisms, using different primer
designs. In order to conduct a detailed study of the SSR-PCR genomic targets, we cloned and sequenced 20 unique
amplification products of two commonly used primers, CAA{@myl (CA}RY, usingBiomphalaria glabratge-
nomic DNA as template. The sequences obtained wereBioylelbratagenomic sequences. It was observed that 15
clones contained microsatellites between priming sites. Out of 40 clones, seven contained complex sequence repeti-
tions. One of the repeats that appeared in six of the amplified fragments generated a single band in Southern
analysis, indicating that the sequence was not widespread in the genome. Most of the annealing sites for the
CAA(CT), primer contained only the six repeats found within the primer sequence. In conclusion, SSR-PCR is a
useful genotyping technique. However, the premise of the SSR-PCR technique, verified with the; PARELT)
could not be supported since the amplification products did not result necessarily from microsatellite loci amplifi-
cation.
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Microsatellites, or simple sequence repeats (SSR), daeger than expected, probably due to primer annealing at
DNA sequences characterized by short (2-6 nucleotidedifferent positions within the repeats. Zietkiewicz et al.
tandemly arranged repeats with a total length not excedd994) overcame this problem by anchoring CA-repeat
ing 200 bp. They are highly polymorphic (Litty & Luty primers at their 5’ or 3’ ends, reducing the number of pos-
1989, Weber & May 1989, Tautz 1989) and widely distribsible annealing templates and increasing specificity. With
uted in the eukaryote genome, therefore generatingttdas methodology the repeated regions and intervening
unique genotypic profile that permits individual identifi-sequences were targeted for amplification. The cited in-
cation and relationship categorization (Beckman & Werestigators named the technique SSR-PCR and obtained
ber 1992, Goldstein etal. 1999). Consequently, assayssatcessful results with several species of eukaryotes,
microsatellite loci have rapidly become established asnaainly with the (CA}RY primer, anchored at the 3’end,
powerful tool for the analysis of mating systems and popunder high stringency conditions.
lation structure (Queller et al. 1993). Microsatellites have SSR-PCR has already been applied to studies on in-
been used for the study of the genetic structure of humtaaspecific variability offrypanosoma cruzi, Leishmania
populations (Santos et al. 1993, Santos & Tyler-Smithraziliensisand Schistosoma mansofOliveira et al.
1996), mammals (Ishibashi et al. 1997), birds (Gibbs et d1997) and to intra- and interspecific studies of snails of
1997), snails (Mavérez et al. 2000), fungi (Groppe et ahe genuB8iomphalaria(Caldeira et al. 2001, Campos et
1995), and numerous other species. al. 2002). However, a detailed characterization of the am-

DNA amplification of microsatellites with locus non- plification targets has never been performed. Sequenc-
specific primers were first employed in studies of speciesg of the amplicons would be important for the exact
differentiation in fungal strains (Meyer et al. 1993). Suchetermination of the amplified templates and the identifi-
procedure, however, may produce a number of bandation of microsatellite loci, without the need to generate
microsatellite-enriched genomic libraries or a large num-
ber of sequences. The microsatellite loci identified in this
manner could be checked for the presence of polymor-
phism and used for studies of population genetics, such
as the dispersal processe®8inglabrata(Carvalho et al.
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MATERIALS AND METHODS 1989) and detected using the DIG Nucleic Acid Detection
DNA extraction and PCR amplificationDNA was Kit (Roche Diagnostics) according to manufacturer’s in-

extracted from body parts, excluding the visceraBof Structions.
glabratafrom Pernambuco, Brazilsing the phenol-chlo- RESULTS

roform method as described by Simpson et al. (1982). SSR- PCR amplification using the CAA(CTnd (CAJRY

PCR products were amplified using the pratocol prevbrimers resulted in multiple bands varying in size from 250

ously described by Caldeira et al. (2001). t0 800 b ; : .
. - p (Fig. 1). We cloned 20 unique amplicons from
Cloning and sequencing of PCR produdR prod- each amplification reaction. No identities with the se-

ucts were cloned using the pCR-l TOPO kit and tran%{uenced fragments were observed by BlastN analysis

formed. into electrocompete,nt.TOPE@;cherlchla.\ col against the GenBank (accession number BH772738 to
according to manufacturer’s instructions (Invitrogen)

. S §H772817).
Twenty unique amplification products were cloned and "o ,0Jivasker analysis of the sequenced fragments
sequenced from each PCR assay with primers CAACT\o ifie 15 that contained simple sequence repeats ele-
and (CA}RY. Plasmid was isolated using the Qwage%e

lasmid miniprep kits according to the manufacturer's prancnis (Table). We observed di-, tri-, tetra- and pen-
P prep g . P'% nucleotide repeats that were classified as perfect (only
tocol. Sequencing was carried out using fluorescent

labeled M13 reverse and forward universals primerae repetitive motif without interruptions) or imperfect
P epetitive motif intercalated with non-repetitive se-

fluorescently labelled and the Thermo Sequenase ! ;
- ences). In all of the sequences obtained only the exact
(Amersham Pharmacia) in an ALF Automated Sequenc U_mber of repeats designed in the primers was observed.

(Amersham Pharmacia). Sequences were named CT [am
plified with CAA(CT)g] or CA [amplified with (CA}RY],
using 1 through 20 for clone number and the letters F or R
for forward and reverse sequencing primer, respectively. TABLE

Sequence analysisThe sequences obtained were Sequences containing intervening repeated regions
edited using the Bioedit software (http://jwbrown.Seoluence

mbio.ncsu.edu/BioEdit/bioedit.html). Blast N (www. Microsatellite-like Classification
ncbi.nlm.nih.gov/blast) was used for identity search3-CAf (CACG), Perfect
RepeatMasker (http://ftp.genome. washington.edu/cgi=CTf (CGT) Perfect
bin/RepeatMasker) was used to detect the presence.,c ":f (g¢)3 Per;ect
microsatellites, and DNA tools (http://www.crc.dk/,_ A (CT)/ (CT) Perfect
. 4-C (GA);o (GA)g Perfect
dnatools) was used to search for complex repetitive serT, (CT),4 (CT), Perfect
guences within clones. 5-CTr Tho Imperfect
Southern blot A probe was constructed from clones-CTr (GT)yp Imperfect
7CT using the PCR DIG probe synthesis kit according toCTf (CAT)g Perfect
manufacturer instructions (Roche Diagnosticgd. 9-CTr (CATAG)/ (GT)g Perfect
glabratagenomic DNA (50 ng) was digested widindlll, ~ 11-CTf (CGATA), Perfect
Pvul, Xba andXhd restriction enzymes (Life Technolo- 12-CTf (CA) Perfect
gies) and separated on 0.7% agarose gel. The dige cgﬁ (((é'ﬁr));e Egggg:
DNA was transferred to a positively charged nylon me 50-GAr (CG), Perfect

brane (Roche Diagnostics) by capillarity (Sambrook et al-
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Fig. 1: silver-stained 6% polyacrylamide gels showing simple sequence repeat-anchored polymerase chain reaction ampifilestion p
from tenBiomphalaria glabrataindividuals. Lanes 1 to 10 show profiles obtained by utilizing the primer CAA(@mY lanes 11 to 20
profiles obtained by utilizing the primer (C4gY. Molecular size markers are shown on the left of each gel.
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Complex internal repetitive elements were identified if8. glabratawith anchored SSR-PCR, by Vidigal et al. (1994)
seven sequences of the CT clones after DNA tools anaBnd Langand et al. (1999) using AP-PCR and by Mulvey
sis. The 7CT clone that contained the repeand Vrijenhoek (1982) using isoenzymes.

(ATGTACTCC), also observed in six other amplified frag- It was very interesting to observe that some of the
ments, was used as a probe for Southern blot analysis éwnes contained another microsatellite locus between the
the verification of the distribution of the fragment in theprimer annealing sites. Species that do not have many
B. glabratagenome. Only one band was obtained whesequences deposited in GenBank may benefit from the
this fragment was used as a probe (Fig. 2). sequencing of SSR-PCR-generated amplicons for the iden-
tification of microsatellite loci (Oliveira & Johnston 2001).
This would considerably lower the cost of constructing
microsatellite-enriched genomic libraries or generating a
large number of sequences for the identification of repeti-
! tive sequences (Gibbs etal. 1997).

In conclusion, the SSR-PCR methodology amplifies
genomic fragments, but not exclusively anchored at
microsatellite sequences. Therefore, the premise of this
technique is not supported by this study. The results
obtained by SSR-PCR should not be interpreted as the
amplification of microsatellite loci, and analytical rules simi-
Fig. 2: Southern blot analysis of digestiBiomphalaria glabrata |ar to those for RAPD or AP-PCR should be used. This
DNA probed with clone 7CT. methodology can also be useful for the identification of

microsatellites, since there were repetitive sequences
DISCUSSION within a number of sequenced fragments.
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