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Commentary

Confidence in comparative genomics

Elliott H. Margulies’

Genome Informatics Section, Genome Technology Branch, National Human Genome Research Institute, National Institutes

of Health, Bethesda, Maryland 20892, USA

Comparative sequence analysis has become a widespread ap-
proach for identifying and characterizing functional elements
encoded within genomic sequences. Marked by early successes
(for review, see Hardison 2000), a tremendous amount of se-
quencing capacity has been, and continues to be, utilized for
sequencing genomes of related species. Indeed, the choice of ge-
nomes selected for sequencing has less to do with the biology or
utility of a particular species as an experimental model organism,
but rather is guided more by their placement on the evolutionary
tree of life. Optimal species are now characterized by an evolu-
tionary distance (typically measured in neutral substitutions per
site) that maximizes both sequence alignability and the ability to
distinguish neutral DNA from sequences under evolutionary se-
lection. This concept is exemplified in the mammalian species
selected for low-redundancy whole-genome shotgun sequencing
(Margulies et al. 2005; Green 2007) as well as the 12 fly genomes
selected for comparative analyses (Drosophila 12 Genomes Con-
sortium 2007; Stark et al. 2007).

With the increased availability of all these species’ genomes,
various algorithms have been developed to aid in the identifica-
tion of sequences under purifying selection (Blanchette and
Tompa 2002; Boffelli et al. 2003; Margulies et al. 2003; Cooper et
al. 2005; Siepel et al. 2005, 2006), which is Nature’s way of point-
ing out sequences that have remained highly similar throughout
evolution and have thus been “constrained” for some function,
even when we don’t know what function that is. Equally inter-
esting are methods to detect genomic sequences under positive
selection (Clark et al. 2003; Nielsen et al. 2005; Pollard et al.
2006; Prabhakar et al. 2006; Kim and Pritchard 2007), which
highlight rapidly evolving regions that have acquired new func-
tions and might point to functional sequences that make species
unique. In addition, comparative sequencing efforts have had a
major impact on studies of evolutionary biology, helping to re-
solve disputed evolutionary relationships and elucidate mecha-
nisms by which evolution has occurred (e.g., Murphy et al. 2001;
Nikolaev et al. 2007).

Yet, with all these advances, there still remains a “single
point of failure” in the field of comparative genomics—virtually
all analyses rely on the generation of a pre-computed multi-
sequence alignment. These alignments are typically generated by
programs that use a number of computational “short cuts” (such
as a progressive alignment approach) to make the task of building
genome-wide alignments feasible. While methods that combine
the alignment task with other inferences have also been devel-
oped (Alexandersson et al. 2003), they are not widely used in
large-scale studies because of their complexity and computa-
tional cost. Importantly, recent studies have shown that dra-
matic differences exist between multi-sequence alignments pro-
duced by different algorithms (Margulies et al. 2007; Prakash and
Tompa 2007), despite the fact that these alignments are attempt-
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ing to achieve similar goals from the exact same sequence
datasets.

The manuscript by Lunter and colleagues in this issue
(Lunter et al. 2008) describes an interesting solution to the chal-
lenge of imperfect alignments. They first provide a thoughtful
and systematic analysis of the three major classes of biases found
in sequence alignments: (1) gap/edge wander, resulting from the
incorrect placement of gaps due to spurious nonhomologous
similarity; (2) gap attraction, resulting in the joining of two
closely positioned gaps into one larger gap; and (3) gap annihi-
lation, resulting in the deletion of two indels of equal size for a
typically more favorable representation as substitutions. Ex-
amples of these three biases are nicely illustrated in Figure 1 of
their manuscript (Lunter et al., this issue). From this initial analy-
sis, they conclude that certain regions of pairwise alignments do
not have a single theoretically correct solution. Even when the
full evolutionary model is known, multiple evolutionarily plau-
sible possibilities exist. Thus, we may never know with certainty
the correct homology in certain regions of pairwise alignments.

Their approach to overcoming this challenge is rather el-
egant and attacks the problem from a different perspective: In-
stead of trying to get the alignment correct (which they show
might not be possible), they “flag” alignment columns that have
a high probability of not being correct. While such a solution will
not solve the challenges upstream of the alignment process
(namely, identifying the correct orthologous sequences to align
in the first place), their approach does help negate a major con-
tributor to false-positive/negative results in downstream com-
parative sequence analyses. It is encouraging that their approach
should also be amenable to multi-sequence alignments, since
they are typically built up from a series of pairwise alignments.

More than 15% of aligned bases are estimated to be incorrect
in currently available whole-genome alignments between hu-
man and mouse (Lunter et al. 2008). While modest improve-
ments were made on simulated alignments by more careful mod-
eling of the evolutionary process (in particular, with respect to
G + C content and distribution of indel lengths), the majority of
alignment errors could not be resolved, reinforcing the need for
a probabilistic approach in multi-sequence alignment analyses.
These results led them to develop a posterior decoding algorithm
that explicitly models uncertainties in inferred alignments.
Alignment uncertainty is of particular concern in noncoding re-
gions of mammalian genomes, which are notably difficult to
align but also of great interest for identifying regulatory se-
quences.

With this new “probability of correctness” information that
can be assigned to each column of a multi-sequence alignment,
one can envision new approaches that incorporate confidence
measures in myriad downstream comparative sequence analyses.
In essence, we now know which parts of the alignment we can
trust and which parts might be suspect—not because the align-
ment algorithm failed, but because there is no single highly prob-
able result.
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The approach presented by Lunter and colleagues represents
an excellent step toward fully probabilistic approaches to align-
ment and comparative sequence analysis on a genome-wide
scale. We can begin to accept the unavoidable uncertainty in
multi-sequence alignments and ultimately add confidence into
downstream comparative sequence analyses.
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