CATTAGAT – Web Server for Primer Specificity Scan
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Introduction

We have implemented a program, CATTAGAT, for quickly ﬁnding likely binding sites of PCR primers
in the human genome. It allows searching for individual primers as well as primer pairs, with a special
batch processing of a large number of primers. A typical query takes about 10 seconds, with results
available both visually and in FASTA format.
Primer search Searching for a string of bases in the human genome may be done in a variety of
applications. Our service is tailored to the needs of someone about to perform a Polymerase Chain
Reaction (PCR) hybridization experiment. We are thus interested in ﬁnding the locations in the
genome where a given primer, or a primer pair, is likely to hybridize. Based on empirical experiments
and the existing literature we have developed three criteria for determining this.
1) The last suﬀ bases of the primer must match exactly with the candidate area of the genome.
Hybridization at the 3-end of the primer seems critical for primer extension. Typically, suﬀ =4.
2) At most dist edits can separate the primer and the matched area. Here edit is deﬁned in
the sense of edit distance and corresponds to the insertion, deletion or replacement of a single base.
Typically, distis about 4, or 20% of primer length.
3) At most adj consecutive diﬀerences are allowed. Our empirical evidence suggests that consecutive mismatches are signiﬁcantly more deleterious to primer hybridization than disjoint mismatches.
Typically, adj =2.
Note that this last criterion diﬀers from the usual BLAST-implementation which has a larger
penalty for opening a gap than for extending it. Another important diﬀerence from BLAST is that
our method is designed for shorter query strings. Unlike BLAST we cannot assume the existence of a
contiguous area of 11 bases identical in the search primer and the match.
Our program accepts suﬀ, dist and adj, within reasonable limits, as parameters from the user. To
perform an exact search dist is simply set to 0.
The classical form of PCR uses two primers to amplify a sequence of length 100-1000 base pairs.
Our service supports doing this in silico. The two primers can have diﬀerent values of suﬀ, dist and
adj as described above. In addition the user must specify the maximum number of bases between the
two primers.
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Implementation

Algorithms for computing the edit distance between two strings are well known. Our additional
criterion of a maximum number of consecutive mismatches requires an extension to the usual dynamic
programming approach, where a a dimension representing the constraint is added to the edit distance
matrix. This, however, slows down an already expensive algorithm.
To ﬁt the whole genome in the memory of a standard workstation, we encode each base using 2
bits. For the purpose of our application, we can simply represent unknown bases as As. This allows
us to speed up the search using parallel processing, proceeding as follows.
We ﬁrst make use of the (biochemically motivated) criterion that the last few bases must match
exactly, performing an exact search. Next we introduce a fast conservatively approximate matching
ﬁlter to eliminate those sites that are far from matching the primer. By using 16 bits of the input
string at a time as an index into a table storing the editing distance to the primer we can quickly
eliminate a large fraction of non-matches. This is similar to an approach suggested by [1]. The next
sieve consists of a bit-parallel algorithm due to [3]. This eﬃcient method is based on the observation
that the dynamic programming involved in aligning two strings can be computed whole columns at a
time, with entries diﬀering at most by a unit between columns.
For most reasonable searches the Myers algorithm will quickly eliminate all but a handful of
possible matches. The few remaining candidates can then be resolved by the full dynamic programming
algorithm without signiﬁcantly aﬀecting the time complexity.
In many practical applications the scientist would like to review a batch of primers at a time, for
example to weed out primers with very many matches. We have added a variation for this processing,
which allows for a more cache-sensitive approach than searching for each primer at a time. This
reduces the amortized time for each primer to about one second.
Access A web server running CATTAGAT is available for public access at http://genome.cs.hi.
is. We hope to maintain a high up-time but can presently make no guarantees. Normal queries should
take no longer than a minute to be processed and usually much less. The user query and its results
are stored in our database for a short period of time. This allows the user to review the results of
old queries, thus saving time. The code (written in C and PHP) is available at the website under the
terms of the GNU General Public License ([2]). It would be straightforward to install the service with
a diﬀerent genome or genomes.
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