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Introduction

The precise location of exons in higher eukaryotes is partially determined by the presence
of canonical splice signals, such as the 5’ splice site, the 3’ splice site and the branch signal.
The degeneracy of the canonical signals necessitates accompanying auxiliary splicing cis-
regulatory elements, such as exonic splicing enhancers and silencers (ESEs/ESSs) [5], which
act as binding sites for protein trans-factors, to promote or repress exon inclusion. For
example, serine-arginine rich proteins bind
to ESEs [2], and recruit the spliceoso-
mal machinery to promote splice site selec-
tion. In contrast, ESSs presumably interact
with another class of trans-factors to sup-
press the recognition of splice sites, thereby
‘masking’ decoy exons in non-coding regions
[3]. In addition to their roles in constitu-
tive splicing, both splicing enhancers and
silencers contribute significantly to the reg-
ulation of alternative splicing in a variety
of biological scenarios [1]7 and their impor— cross-validated Neighborhood-Inference score
tance is underscored by the fact that ge-
nomic mutations that fall in splicing cis-
elements have led to numerous splicing-
associated genetic diseases [6].
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Figure 1: Histogram of Neighborhood-Inference
scores obtained by tenfold crossvalidation of
trusted ESE (666) and ESS (386) hexanucleotides.

Method and Results

Because of their importance in both constitutive and alternative splicing, as well as splicing-
associated diseases, recent efforts have been undertaken to systematically identify mam-
malian ESEs [4, 8] and ESSs [8, 7]. Here, we developed a new algorithm, Neighborhood-
Inference, that utilizes sets of trusted ESE and functionally antagonistic ESS sequences to
predict new ESEs and ESSs, based on the premise that ESE and ESS motifs are compact in
sequence space. The Neighborhood-Inference score for a test sequence is mainly dependent
on the ratio between trusted ESEs and ESSs in its neighborhood, as defined by Hamming

IDepartment of Biology, Massachusetts Institute of Technology, Cambridge, MA. E-mail: MBS
stadler@mit.edu, NS nshomron@mit.edu, CBB cburge@nmit.edu

2Current address: Laboratory of Genetics, The Salk Institute, La Jolla, CA. E-mail:
geneyeo@salk.edu



distance, with higher weights applied to near neighbors compared to distant neighbors. In
effect, our method predicts that oligonucleotides whose sequence neighbors are predomi-
nantly of one class (e.g., ESEs) are likely to belong to the same class. Cross-validation tests
using known elements support the validity of this method (Figure 1). Most true ESSs obtain
Neighborhood-Inference scores below zero, and most true ESEs scores above zero, with only
minor fractions of the two sets obtaining overlapping scores. A cohort of newly predicted
cis-elements is being experimentally verified in a splicing reporter mini-gene construct in
vivo.

Outlook

Our approach allows expansion and refinement of the class boundaries of known splicing
cis-elements and could potentially be generalized and applied to other classes of antagonistic
regulatory elements.
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