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Abstract—Eukaryotic promoters are among the most important functional domains yet to be
characterized in a satisfactory manner in genomic sequences. Most current detection methods
rely on the recognition of individual transcription elements using position-weight matrices
(PWM) or consensus sequences. Here, we study a simple promoter detection algorithm based
on Markov transition matrices built from sequences upward from proven transcription
initiation sites. The performances have been evaluated on the training set and on a test set
of promoter-containing sequences. The results on the training set are surprisingly good, given
that the algorithm does not incorporate any specific knowledge about promoters. Yet, the
program exhibits the pathological behaviour typical of all training set-based methods: a
significant decline in performance when confronted with previously unseen sequences. Thus,
the Markov algorithm, like the others presently available, does not truly capture the essence
of eukaryotic promoters. A detection program based on a Markov model is likely to be blind
to categories of promoters without close representatives in the training set. © 1997 Elsevier

Science Ltd

1. INTRODUCTION

Two main approaches can be used when trying to
recognize functional domains, such as promoters, in
anonymous DNA sequences. Signal-based methods
look for combinations of biologically determined
subsequences known to be present in promoter
regions (i.e. individual promoter elements). Content-

based methods use overall statistical criteria (or
" artificial neural networks) to look for a local
resemblance of the anonymous sequence with
previously identified promoter regions. The first
approach is the most satisfactory as it involves a
detailed understanding of the biological function
under study, here the initiation of mRNA transcrip-
tion, and attempts to mimic the process by which the
transcription machinery recognizes its target. How-
ever, pending the complete understanding of a
biological process, content-based methods offer
provisional solutions of practical use.

A number of programs for recognizing prokaryotic
promoters have been published (Alexandrov and
Mironov, 1990; Demeler and Zhou, 1991; Hirst and
Sternberg, 1992; Horton and Kanehisa, 1992; Hertz
and Stormo, 1996). Locating prokaryotic (mainly
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E. coli) promoters is a relatively easy task, thanks to
the conservation of two well-defined elements, a
TATAAT consensus sequence (the — 10 box), a
TTGACA consensus sequence (the — 35 box), as
well as the nearby presence of a putative coding
region downstream.

The situation is far less ideal for eukaryotic
Polymerase II promoters, the structure of which is
both more complex and variable, and where
“‘consensus” sequence signals are facultative, and/or
of low statistical significance (Claverie ez al., 1997;
Claverie and Audic, 1996) when present. As an
example, Table | lists, for PWMs corresponding to
three of the major transcriptional elements (TATA-
box, CCAAT-box and GC-box; see Bucher, 1990),
the number of promoter regions exhibiting a
significant (p < 0.1) match. The most ubiquitous
signal is the TATA-box, but a method based on
detecting this signal only (at this stringency) would
miss more than half of the promoters and would find
one putative promoter every 2500 bp (assuming a
250-bp promoter window). No single signal can serve
as a reliable anchor in delineating a promoter region.
The simple strategy consisting of looking (at p < 0.1)
for a TATA-box, or a CAAT-box, or a GC-box
would obviously have a better success rate (roughly
68%), but would also increase the rate of false
positive (approximately one every 1000 bp).

The recognition of eukaryotic promoters has been
attempted using a variety of approaches, from simple






