The distinguishing substring selection problem (DSSP) has been proven to be
NP-complete, and it is defined as follows:

Input:

® AsetSy={s"1,s",..., s} of n1 (good) strings of length at least L.
® Aset Sp = {S1, S2,..., Snz} Of n, (bad) strings of length at least L.
® Two non-negative integers dq and dy, dg > dp,

Output:

Find a string x such that each strings; € S, has at least a length L substring v;
of si with HD(x, v; ) <d,,, and for every strings’; € S, HD(x, v; ) >d, for each

length-L substring v of s'.

The qualified sequence finding problem is defined as follows:
Input:

Given a set of n candidate-genes, C = {cy, Cy,..., Cn}, a Set of m

excluded-genes, E = {es, €»,..., em}, and three integers L, dy and dr, L > dy > df.

Output:

Find a sequence r of length L such that there exists a subset of
candidate-genes T, T < C, and for each gene t, €T, HD(r,u)<d, for some
length L substring u; of t; and for each gene g, e{EuUC-T}, HD(r, u; )>d,

for any length L substring u'; of g;.

Theorem 1. The problem of finding a qualified sequence r maximizing the size of T is
NP-complete.

Proof.

1. Finding a qualified sequence r maximizing the size of T is in NP.



Given a qualified sequence r, we can verify the sequence and obtain the size of T
in polynomial time. We compute the Hamming distance between r and all
subsequences, which are enumerated from the candidate-genes and the
excluded-genes by a sliding window. Next, we examine whether r is within a dr
distance to some candidate-gene(s) and has at least a dy distance to all of the other
genes. If r meets the above conditions, then r is valid, and the size of T is the number
of candidate-genes that are within dr distance to r. Otherwise, r is invalid, and the

size of T is zero.

2. Reduce the DSSP to the problem of finding a qualified sequence r maximizing

the size of T.

Given an instance | of DSSP, we construct an instance F of finding a qualified
sequence r maximizing the size of T as follows. Let C=S,, E=Sg, dy=dy and dr=d.
Obviously, this can be done in polynomial time. Now, we show that there is a string x
that meets the conditions for instance | if and only if there is a valid sequence r

maximizing the size of Tand T = C for instance F.

First, suppose there is a string x such that each strings, € S, has at least a length
L substring vi of s; with HD(x, v, )<d, and in every strings’;e S for each length L
substring Vv'i of s', HD(x, v} )>d,. Define sequence r = x and T = Sp. Obviously,
each sequence t, €T has a length L substring u; of tj with HD(r, u )<d; in every
sequence g, e {E UC —T} for each length L substring «j of gi, HD(r, u, )>d, , and

the size of T is maximum.

Conversely, suppose there is a sequence r and T, where T = C such that each
stringt, e T has a length L substring u; of t; with HD(r, u,) < d, , and for every string

g, e{EUC-T}, HD(r, u;)=d,for each length L substring ' of gi. Define string

X r. Obviously, each strings, €S, has a length L substring v; of s; with



HD(x, v;)<d, and for every strings’, €S, for any length-L substring v'; of s?,

HD(x, v )>d,.

Because DSSP can be reduced to the problem of finding a qualified sequence r
maximizing the size of T in polynomial time, finding a qualified sequence r

maximizing the size of T is an NP-complete problem.



