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GENETIC DESIGN OF DRUGS WITHOUT SIDE-EFFECTS*
NIAQTIE DENG!, GUOJUN LIF, ZIMACO LI¥, BIN MAY AND LUSHENG WANGH

Abstract. Consider two sets of strings, B (bad genes) and G {good genes), as well as two integers
dy and dg (dy < d,). A frequently cccurring problem in computational biology (and other fields) is
to find a (distinguishing) substring s of length L that distinguishes the bad strings from good strings,
i.e., such that for each string sy € B there exists a length-L substring &5 of s¢ with d{=, &) = ds (close
toe bad strings), and for every substring w; of length L of every string gy € G, d{s.w;) = dy (far from
good strings).

We present a polynomial time approximation scheme to settle the problem: ie., for any constant
£ = 0, the algorithm finds a string s of length L such that for every s; € B there is a length-L
substring ¢; of a; with dt;, s5) = (1 + €)dy, and for every substring w; of length L of every g € G,
dfug, 5) = (1 — e)dy if a solution to the original pair (dy = dy) exists. Since there is a polynomial
number of such pairs (dy, dy), we can exhaust all the possibilities in polynomial time to find a good
approximation required by the corresponding application problems.

Key words. approximation algorithms, computational molecular biology, distinguishing sub-
string selection

AMS subject classifications. G8W235, 00027, 92020

DOIL. 10,1137 /50097539701397825

1. Introduction. Research effort in molecular biology, such as the human ge-
nome project, has heen revealing the secret of our genetic composition, the long DNA
sequences that can determine many aspects of life. Applications that use this informa-
tion have posed new challenges to the design and analysis of efficient computational
methods.

A frequently recurring problem in biological applications is to find one substring
of length L that appears (with a few substitutions) at least once in each of a set of
bad strings (such as bacterial sequences) and is not “close” to any substring of length
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