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Abstract

We study the problem of finding higher order motifs un-
der the levenshtein measure, otherwise known as the edit
distance. In the problem set-up, we are given � sequences,
each of average length �, over a finite alphabet � and
thresholds � and �, we are to find composite motifs that
contain motifs of length � (these motifs occur with atmost
� differences) in � � � � � distinct sequences.

Two interesting but involved algorithms for finding
higher order motifs under the edit distance was presented
by Marsan and Sagot[7]. Their second algorithm is
much more complicated and its complexity is asymptot-
ically not better. Their first algorithm runs in ��� �
����������������, where � � �, � 	 �, �
���� is a con-
cave function that is less than 1, � � �
� and � is the
expected number of all monad motifs. We present an alter-
native algorithmic approach also for Edit distance based on
the concept described in [3, 4]. The resulting algorithm is
simpler and runs in ��� ������������� expected time.

1. Introduction

Pattern discovery in unaligned DNA sequences is a fun-
damental problem in computational biology with impor-
tant applications in finding regulatory signals. Existing ap-
proaches on finding patterns focus on monad patterns, oth-
erwise known as common motifs[9] or simply motifs[8],
that correspond to relatively short contiguous strings[1]. A
new problem of finding composite motifs, otherwise known
as structured motifs[12] or higher order motifs[11], arises,
when the number of monad motifs, �, that participates in a
biological process is greater than one. The relative position
of each monad motif is now important and is not random but
sterically defined. In eukaryotic, these monad motifs may
interact with one another. Recently, increasing efforts have
been made to tackle this problem, but with respect to ham-
ming distance[11, 6]. It is known[1, 8, 10] that sequences

of organisms exist, where insertion and deletions are impor-
tant to find regulatory signals. It is this challenge that we
consider in this project. We consider here the simple unit
measure, whereby, the Edit distance between two strings
�������� and ��������, Æ��� �� is defined as follows:

Æ��� �� �min�Æ��� �� �� 	 �� Æ��� � � �� 	 �� Æ��� �� � �
�� 	 ���� ���,

where ���� �� is 0, if ����� � ����� else 1. The concept
of a model is used in the two algorithms described below.
A model of length � is a pattern over �� . A valid model,
also known as a consensus, is a model that present a single
representation for all reoccurrence of a motif.

2. Two Suffix tree-based Algorithms

The algorithms we will implement in this project are
built using the Generalised Suffix tree (��� ), an hybrid
of a suffix tree (�� )[1]. Marsan and Sagot[7] considered
theoretically the finding of higher order motifs under the
edit distance and presented two algorithms. Their second
algorithm is much more complicated and its complexity is
asymptotically not better.

Theorem 1 The running time of their first algorithm under
the edit distance is ��� �����������������, where � � �,
� 	 �, �
���� is a concave function that is less than 1,
� � �
� and � is the expected number of all monad
motifs.

� is omitted in the complexity analysis given in [7], but
� is not constant. Under the hamming distance, Buhler
and Tompa[5] estimated � � ���

�
��� ������

������� ,
where �� is the probability that a given motif of length � ,
occurs with upto � substitutions at a given position of a
random sequence. We showed in [1] that under the edit
distance, �� � ��������������.

The naive method proposed by Marsan and Sagot[12, 7]
consisted basically of extracting and storing all valid motifs
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of length � and verifying which pairs of such motifs could
represent valid composite motifs, given an interval of dis-
tance. Observe that the motifs that formed a composite mo-
tif, must not come from the same model but must be on the
same � sequences with defined distance between each other.
Therefore, the extracting of motifs and verifying of a pos-
teriori of which pairs of such motifs could represent valid
composite motifs, can be performed simultaneously. This is
the key observation in the construction of our alternative al-
gorithmic approach[1]. It begins by finding motif under the
edit distance (using our motifs extraction algorithm in [4]),
and then simultaneously verify if it form composite motifs
with another existing motifs.

Theorem 2 The running time of our algorithm under the
edit distance is ����������������, where � � �, � � ���
and �	
��� is a concave function less than 1.

3. Conclusion

We have presented and considered the theoretical effi-
ciency of two algorithms for finding higher order motifs un-
der the edit distance. More indepth work will be done in [2]
as was carried out in [4]. There, we will compare their prac-
tical efficiency and effectiveness using real and simulated
data.
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