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Introduction

Various genome-scale sequencing projects create vast amount of genomic data. The next key step is
to deﬁne the function of each gene. One of the powerful tools to investigate gene function is DNA
microarray, which is based on DNA-DNA hybridization at high throughput mode [2]. If there is a
certain degree of DNA sequence similarity between two genes, both of them may give hybridization
signal with the same probe on a microarray. In this case, it is diﬃcult to assign functions for them
according to array data. To target a particular gene, it is necessary to design a gene-speciﬁc probe,
i.e., a segment of a sequence that does not have high sequence similarity to any other sequence in the
sequence pool. Traditionally this task is carried out manually through visually checking the output
of sequence alignments. It takes a long time for researchers and the results may not be reliable. We
have developed a computer program that solves this problem reliably and eﬃciently. This program is
useful in selecting gene-speciﬁc fragments, which can be used as the input to design PCR primer pair
for PCR ampliﬁcation and microarrays.
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2.1

Method
Mathematical Formulation

The problem can be formulated as follows. Assume we have a collection of N sequences S, which
consists of s1 , s2 , ..., sN . For sequence sm (1 ≤ m ≤ N ) with nm genetic bases sm
k (1 ≤ k ≤ nm ), the
goal is to ﬁnd the longest segment of genetic bases sm
,
i.e.,
a
≤
k
≤
b,
such
that
the following three
a,b
m
k
conditions are satisﬁed: (1) the maximum sequence similarity between sa,b and s (k = m) is smaller
than a user speciﬁed value simmax ; (2) the segment has at least lmin bases, i.e., b − a > lmin ; (3)
if sm and any sk (k = m) have a local sequence alignment with a minimum length of fmix and an
expectation value of Emax or less, the aligned portion of sm should not overlap with the sm
a,b segment.

2.2

Algorithm

Our algorithm combines the fast local alignment using the BLAST [1] for all the pairwise sequence
comparisons, and a global alignment using dynamics programming [4], which is slow but guarantees
to ﬁnd a global optimal solution, for selected sequence comparisons. The following steps are carried
out to solve the problem formulated above:
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• Carry out a local alignment for each sm (1 ≤ m ≤ N ) against the whole sequence database S
using the BLAST to ﬁnd all the local alignment with an expectation value of Emax or less. If
no such a local alignment is found other than the self alignment, we will use the whole sequence
of sm as the gene-speciﬁc fragment. Otherwise it is included in the sequence set Q.
• Assume a sequence qu with nu genetic bases in Q ﬁnds local alignments (other than the self
alignment) with wu sequences puv (1 ≤ v ≤ wu ) that have an expectation value of Emax or less.
We carry out a global alignment between q u and each puv using dynamics programming. For a
u (1 ≤ i ≤ n − l
u
segment qi,j
u
min + 1, i + lmin − 1 ≤ j ≤ nu ) in q , if the three conditions described
in Mathematical Formulation are satisﬁed for the global optimal alignment between q u and
u is recorded as a possible gene-speciﬁc fragment. Then we choose
every puv (1 ≤ v ≤ wu ), qi,j
u
u is found to satisfy the three
the longest segment qa,b among all possible solutions. If no qi,j
conditions, the user may need to adjust the speciﬁed parameters to redo the calculation, or
it may indicate that two sequences are too similar so that ﬁnding a gene-speciﬁc fragment is
impossible.
u can have an alignment (other than the global optimal alignment) with a pu
• Verify whether qa,b
v
that yields a sequence similarity of simmax or larger. We carry out the global alignment between
u (instead of q u in the last step) and each pu (1 ≤ v ≤ w ) using dynamics programming.
qa,b
u
v
u is selected as the geneIf none of puv has a sequence similarity of simmax or larger, then qa,b
u
speciﬁc fragment for q . Otherwise we use the next longest segment in the possible gene-speciﬁc
u to check. However, the latter case is rare, since we have not found it in our
fragments of qi,j
preliminary test.
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Implementation

The computer program is written in the C programming language. It has been tested on various
Unix/Linux platforms, including Silicon Graphics, Sun, DEC, and Pentium PC. On average, it takes
a few seconds for each sequence to ﬁnd a solution. The program reads a ﬁle of all sequences in the
FASTA format. A user has options to specify parameters either at the command line or in a parameter
ﬁle. The default values for the parameters are
simmax = 80%; lmin = 100; Emax = 10−15 ; fmix = 50.
We are using the program to design gene-speciﬁc fragments in actually experiments. Preliminary
results indicate that it meets the need for the design. The program also links to the primer3 program
[3] for the automated primer design.
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