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1 Introduction

Evolutionary conservation is a powerful signal that can be used to identify protein-coding genes within
related genomes. Promising early approaches ([1], [3], [4], [5])considered conservation between two
species, typically human and mouse, to augment existingab initio gene finding approaches. The grow-
ing availability of genomes from many different species makes it possibleto additionally consider
conservation across multiple related species. Siepel and Haussler [6] have designed a complex proba-
bilistic model to measure conservation and identify exons across many different species. Kellis et. al.
[2] used whole-genome multiple alignments of four yeast species to complete a sweeping re-annotation
of the yeast genome by classifying candidate open reading frames as coding or non-coding, based on
evolutionary conservation of the codon reading frame.

We extend this latter technique to mammalian genomes, a considerably more complex task due to
the exon-intron structure of most mammalian genes. We identify candidateexons within multiple align-
ments of human, dog, mouse, and rat genomes by searching for start codons, stop codons, and splice
sites. We then classify each candidate exon as coding or non-coding by evolutionary measurements
such as reading frame conservation and codon substitution rates, as well as standard protein-coding
measures from the literature. Preliminary results suggest that well-chosen conservation measurements
have striking power to discriminate coding and non-coding regions in mammals, that will further im-
prove as more mammalian genomes become available.

2 Codon Substitution Matrix

A 64-by-64 Codon Substitution Matrix (CSM), specifying the frequency with which each codon of
one species aligns to each codon in another species within protein-coding exons, unifies information
about the species-specific codon usage bias, selection for silent nucleotide substitutions, and selection
for amino acid substitutions with similar chemical properties. We trained CSMson millions of codons
from known protein-coding exons in mammalian species, and, for comparison, comparable numbers
of putative codons from noncoding regions. Candidate exons can thenbe scored by a log-odds ratio
measuring their likelihood to have originated from either a coding or non-coding region, based on their
codon usage and substitution. Figure 1 shows the CSM scores for humanCFTR exons, as well as
nearby spurious candidate exons, aligned to their dog and mouse orthologs.

3 Reading Frame Conservation

Frameshifting insertions and deletions are negatively selected against in protein-coding exons due to
their likely deleterious effect on the biological function of the resulting protein. The Reading Frame
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Figure 1:Coding scores of candidate exons near human CFTR based on Codon Substitution Matrices for human-
dog and human-mouse alignments. Circles represent 26 CFTR exons; crosses are 50 randomly selected spurious
candidate exons from the same chromosomal region.

Conservation (RFC) test developed by Kellis et. al. [2] single-handedly detects known yeast open
reading frames with sensitivity and specificity greater than 99%. The specificity of this test is, however,
limited on short sequences of a few hundred nucleotides or less, such as many mammalian exons,
simply due to lack of evolutionary distance between the species aligned. Nonetheless, the presence of
a frameshifting indel in a candidate exon is strong evidence that it is not, in fact, protein-coding, and
preliminary analysis in the CFTR region shows that this eliminates over 75% ofspurious candidate
exons in a pairwise alignment of human and dog alone.
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