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Bacteriophages genomes: a mosaic structure

Modular theory of phage genome organization [Botstein, 80]:
biological functions are grouped into modules whose order is
mostly conserved along the genomic sequence

Each module has variants that perform the same functions,
possibly encoded by dissimilar sequences
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Classical multiple alignments

Central dogma: sequence similarity ⇒ functional similarity
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Phages multiple alignments

The alignments rely on phages genomes features:
I functional collinearity
I a low duplication rate
I the presence of long shared sequences

Introduction 4



Introduction Alpha Validation Conclusion

The Alpha aligner

Ideas

to use exact matches (= anchor)

to order them in a graph representing their succession in the
genomes

not to linearize the graph in an alignment

⇒ we work on graphs, representing partial order, to capture
mosaicism of sets of genomes
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Alpha’s characteristics

One parameter m: minimal length of matches. Allow to
adjust the alignment view

Time complexity in O(α(Ml)Ml + nNl)
(where Ml is the total length of matches, α is the inverse of the

Ackermann function, n is the number of genomes and Nl is the total

length of genomes)

= reasonable calculation time

Functional collinearity hypothesis: Alpha detects large
rearrangements events that contradict this hypothesis and
does not perform the alignment in such a case
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Highlighting rearrangements (e.g. deletions)
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Highlighting rearrangements (e.g.
recombination)
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Anchors visualization, backbone
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Zooming from anchor view
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Comparison with Mauve
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Comparison with Mauve
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Conclusion and perspectives

Conclusion

I Alpha produces biologically meaningful alignments

I Implemented in an interactive aligner

I The model is almost parameter free

Perspectives

I Transfer of annotations

I Extend our mathematical model to deal with rearrangements
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Thank you for your attention

References:

I Article: “Aligning the unalignable: bacteriophage whole
genome alignments”, BMC Bioinformatics, to appear

I Tool: Alpha
http://www.lirmm.fr/∼swenson/alpha/alpha.htm

Any questions ?
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Alpha produces gapless alignment
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Quality of Alpha gapless alignments

Comparison with 3 other alignment tools : Clustal,
MUSCLE and T-Coffee

491 alignments compared over 3 datasets

Only 8 regions of disagreement. For 7 regions, Alpha
alignments are validated by translating in a.a. (tblastx).
For the last region, the right solution is unknown.
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