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ABSTRACT
Summary: A drawback of the Amplified Fragment Length
Polymorphism (AFLP) fingerprinting method is the difficulty to correlate the different fragments with their DNA
sequence. The AFLPinSilico application presented here
simulates AFLP experiments run on either cDNA or genomic sequences, producing virtual fingerprints that allow
high throughput identification of AFLP fragments. The
program also enables biologists to manage experiments
through simulations done beforehand, thereby reducing
the number of experiments that have to be run. AFLPinSilico is available through the www or as a stand-alone
version, through a command line executable (available
upon request, for any platform running PERL).
Availability: For academic use http://www.psb.rug.ac.be/
bioinformatics/AFLPinSilico.html.
Contact: strom@gengenp.rug.ac.be

Amplified fragment length polymorphism (AFLP), first
described by Vos et al. (1995), is a fingerprint technique
based on selective PCR amplification of DNA restriction
fragments. AFLP consists of a double digestion of the
DNA and ligation of the fragments to oligonucleotide
adapters specific for each restriction enzyme. Those
adapters, with nucleotides from the fragment ends,
referred to as the selective nucleotides, serve as target
sites for primer annealing and PCR amplification. As
a consequence, only the subset of the DNA templates
with the two different restriction sites will be amplified
(Vos et al., 1995). One drawback of this technique is the
difficult characterization of the fragments, which need
to be sequenced after DNA extraction from gel bands or
capillary electrophoresis fractions. Nevertheless, AFLP
is more and more performed in organisms for which
complete sequences are available. In this case, the pattern
and electrophoretic migration of AFLP fragments can be
anticipated from the sequence, allowing identification of
each fragment.
Here, we describe an application called AFLPinSilico
that mimics AFLP experiments and produces virtual fin∗ To whom correspondence should be addressed.
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gerprints that enable the identification of fragments based
on their length and the choice of selective nucleotides.
AFLPinSilico has already been successfully applied to reproduce cDNA-AFLP results and to test restriction enzymes as well as digestions of BAC sequences, contributing to the creation of high-resolution maps based on AFLP
fingerprints (Peters et al., 2001; http://www.arabidopsis.
org/search/marker search.html).
The algorithm searches for all the restriction sites,
given as ‘strings’, and returns all fragments that would
result from the digestions and selective amplification. The
addition of the selective nucleotides is implemented by
adding them to the ‘string’ that represents the restriction
site, taking into account the strand, which is important for
non-palindromic restriction sites. To run the AFLPinSilico
program, the user needs to provide a file in FASTA-format
with either genomic or full-length cDNA sequences
and the sequence of both restriction sites of the chosen
enzymes, using the extended UIPAC-code. The selective
nucleotides, if relevant, should also be given. Optionally
for higher accuracy, the length of the adapters can be taken
into account. The output is the list of fragments ordered by
their respective length, as it would appear with a real experiment (Fig. 1) The limitations of AFLPinSilico depend
on the sequence availability and quality. For example, at
this moment, modeling full genome AFLP mapping is
feasible for Arabidopsis while genome-wide cDNA-AFLP
fingerprinting is not since many cDNAs are lacking or
not yet full length. Indeed, for cDNA-AFLP experiments
3 UTR sequences are essential for the reliability of the
output. As a consequence we can only expect reliable
results on subsets of all the genes present in the genome,
which in many cases might be sufficient. For analysis
of large genome sequences, the main problem resides
in fragments of similar size, which albeit different, do
co-migrate. This lack of resolution is inherent to the AFLP
technique itself. Therefore, in practice, smaller genomic
sequences—about the size of a BAC—should be used to
produce usable fingerprints and allow their safe modeling.
Nevertheless, some unique fragments were found looking
genome wide, and used as markers for the Arabidopsis
genetic map (Peters et al., 2001). When applying AFLP,
c Oxford University Press 2003; all rights reserved.
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Fig. 1. Experimental and virtual AFLP data This figure shows on the right a typical AFLP gel electrophoresis pattern for a genomic DNA
sequence (here the Arabidopsis BAC clone F26P21 (AL031804) after SacI and MseI double digestion, no selective nucleotides used) and on
the left the AFLPinSilico output for this BAC. Every gel band has been extracted and sequenced to check if the experimental pattern was
correctly modeled with the characteristic fragment length and sequence. This has been performed on different gels allowing us to conclude
that unequivocal identification is possible for sequences up to the size of a BAC. The AFLPinSilico output is giving for each fragment: an ID
(1) corresponding to the order of the fragment along the sequence, the enzyme restriction sites at the borders, with their relative order (2), the
sequence (3), the respective position of the 5 (4) and 3 (5) borders relative to the DNA under analysis (here, the BAC clone) and the size of
the fragment, in number of base pairs.

time-consuming and costly trials need to be performed.
Simulation is therefore a suitable alternative to reduce the
number of trials as different enzyme combinations can be
tested beforehand. The number of primer combinations
increases exponentially with the number of selective
nucleotides, increasing the number of gels to be run
(Bachem et al., 1996). AFLPinSilico simulation might
allow the choice of the most informative combinations.
AFLPinSilico also allows to follow bands over different
experiments or over a time-course. The combination of
the semi-quantitative detection of transcripts by AFLP
together with in silico simulation transforms the fingerprinting method into a worthy alternative for microarrays,
finding even more efficiently the low abundant transcripts
(Breyne and Zabeau, 2001). In conclusion, AFLPinSilico
performs AFLP simulations with different combinations
of restriction enzymes or selective nucleotides, on organisms or data sets for which DNA sequences are available.
It allows identification of the fragments and the genes
they are tagging, sparing the collection and sequencing
task. Besides data analysis, such simulations can be used

by experimentalists to efficiently plan and design AFLP
based experiments, saving time and expensive trials. This
is especially important when designing cDNA-AFLP
experiments where the goal is to have, for all the genes of
interest, one specific tag.
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