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Introduction Alpha Validation Conclusion
:

BACTERIOPHAGES GENOMES: A MOSAIC STRUCTURE

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

o Each module has variants that perform the same functions,
possibly encoded by dissimilar sequences
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CLASSICAL MULTIPLE ALIGNMENTS
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Central dogma: sequence similarity = functional similarity
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PHAGES MULTIPLE ALIGNMENTS

1 2 3 4 5
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B:[8465-8670] B{8778-9682] — B:{9683-11454] B{11455-11696)
C19688-11450] C{11480-11701]
D:269-9470] %05 91% 1772 D{12111-123%2]
94% 202 91% 242
D{9471-12110)
L =0 J

o The alignments rely on phages genomes features:

» functional collinearity
» a low duplication rate
» the presence of long shared sequences

Introduction



Introduction Alpha Validation Conclusion
: :

THE ALPHA ALIGNER

Ideas
e to use exact matches (= anchor)

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

@ not to linearize the graph in an alignment
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Introduction Alpha Validation Conclusion
: :

THE ALPHA ALIGNER

Ideas
e to use exact matches (= anchor)

o 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
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ALPHA’S CHARACTERISTICS

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

e Time complexity in O(a(M;)M; + nNy)
(where M; is the total length of matches, « is the inverse of the
Ackermann function, n is the number of genomes and N is the total
length of genomes)
= reasonable calculation time
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: :

ALPHA’S CHARACTERISTICS

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

e Time complexity in O(a(M;)M; + nNy)
(where M; is the total length of matches, « is the inverse of the
Ackermann function, n is the number of genomes and N is the total
length of genomes)
= reasonable calculation time

e 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)

1 2 3 4 5
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PhiETA3 ——( A[13250-13457] ) = - = = = = = = = = = = — — = > A[13474-14060] A(A[14318-14542] \— phiETA3
PhiNM2 —»{ B{12955-13162] | - »(_ B{[13167-13717] B:[13718-14304] B:[14305-14473] \- - » B{14481-14705] [—» phiNMm2
phiNM1 C{12960-13167] | ciist72-13722] C:[13723-14309] C{14310-14478] | C:{14486-14710] phiNM1
B206  —» D{1306013567) |-, 551 99% 587 169 ) _»| Di13574-13798] |—»  B236
93% 208 ~o -

B 91% 225

Figure 4 A local alignment of four S. aureus bacteriophages. In column 3, three phages are in a
587 bp exact alighment, with 99 % identical columns. A major deletion in phage B236 spans

columns 2, 3, and 4, and the corresponding arrow is dotted to reflect the fact that some basepairs
are not shown, 9 bp in this case.
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HIGHLIGHTING REARRANGEMENTS (e.g.
RECOMBINATION)
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Figure 5 Modules and variants. Local alignment of four S. aureus bacteriophages clearly showing
modules and variants. Notice that sequences with the same variant in the second column are
switched in the fourth.
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ANCHORS VISUALIZATION, BACKBONE
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Figure 6 The anchor view. Aligning a set of 29 Mycobacterium bacteriophages using m = 175:
the aligner can display the sequence of anchors, or backbone, allowing the user to zoom quickly to
a specific region. Boxes group pairs of anchors bounding a gapless alignment.
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ZOOMING FROM ANCHOR VIEW
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COMPARISON WITH MAUVE
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COMPARISON WITH MAUVE

Mauve misalignments of Mauve misalignments of non-
homolog sequences (in bp) 2168 635 | 1omolog sequences (in bp)

Mauve exclusive valid alignments (in bp) 294 I 778 Mauve exclusive extensions (in bp)

Alpha and Mauve common
alignements (in bp)

Alpha exclusive valid alignments(in bp) 358 8 | Alphaexclusive extensions (in bp)

Figure 9 Alignments comparison. Diagram representing the repartition of 13706 bp of 70 block
alignments by Alpha or Mauve. The top 5 rectangles are from alignments produced by Mauve,
and the bottom 3 are from Alpha alignments. Green and blue rectangles represent valid
alignments, while yellow and red are misalignments.

Validation



Introduction Alpha Validation Conclusion
: :

CONCLUSION AND PERSPECTIVES

o Conclusion

» Alpha produces biologically meaningful alignments
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CONCLUSION AND PERSPECTIVES

e Conclusion
» Alpha produces biologically meaningful alignments
» Implemented in an interactive aligner
» The model is almost parameter free

o Perspectives

» Transfer of annotations

» Extend our mathematical model to deal with rearrangements
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THANK YOU FOR YOUR ATTENTION

o References:

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

» Tool: Alpha
http://www.lirmm.fr/~swenson/alpha/alpha.htm

Any questions 7
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ALPHA PRODUCES GAPLESS ALIGNMENT

phiETA3 —»("A[36543-36711] }—» phiETA3
phiNM2 — | B{36914-37082] —» phiNM2

phiNM1 C:36920-37088) phiNM1
B236 — | D:[36491-36659] |—» B236
98% 169

A[36652-36711] \—» phiETA3
B:[37023-37082] |—» phiNM2

PhiETA3 ——p("A[36543-36647]
phiNM2 ——»{ B:[36914-37018]

phiNM1 C:[36920-37024] C:[37029-37088] phiNM1
B236 | D:[36491-36595] D:[36600-36659] |—»  B236
105 60
- >

Figure 3 Contracted vertices. A example of a contracted vertex (top) and its expanded graph
(bottom) in the alignment of four S. aureus bacteriophages. The length of the vertice is 169
nucleotides, and the percentage of identity is 98 %. In the expanded graph, there are two single
nucleotide mutations that account for the 98% identity.
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QUALITY OF ALPHA GAPLESS ALIGNMENTS

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

o 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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