F INDING S YNTENIC R EGIONS IN M ULTIPLE
U NANNOTATED , U NALIGNED G ENOMES
Matthis Ebel1 , Ingo Bulla2 and Mario Stanke1
1

Institute of Mathematics and Computer Science, University of Greifswald {matthis.ebel, mario.stanke}@uni-greifswald.de

2
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I NTRODUCTION

I – G ENOME G RAPH

We present a new approach for finding tuples of homologous regions in multiple
genomes. Our aims are

Mustafa et al. [4] developed a tool (based on [1]) that stores and queries a colored De Bruijn graph of multiple genomes very efficiently. Our work is based
on this graph which delivers the shared k-mer sets over the input genomes from
which we start. For each k-mer, it also delivers the position information for each
genome it occurs in.

• the fast identification of orthologous genes and other genomeic elements
• without the need for an alignment
A downstream application is de novo comparative genome annotation of clades.
We target clades of many related genomes that
• are alignable
• may have undergone genome rearrangements since the most recent common
ancestor
The approach is based on k-mers, short sequences of length k, that have exact
matches in multiple genomes. We expect that in the conserved coding regions of
homologous genes, there are many such k-mers. We seek to use accumulations
of shared k-mers as hints for finding homologous regions.
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S ELECT C UBES
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II – G EOMETRIC H ASHING
Geometric hashing is a technique to find recurring patterns in data that may have
undergone affine transformations such as relocation [5]. With it we efficiently
identify sets of k-mers that all have similar relative distances with respect to a
reference genome. We use rounded positions to find related k-mers also if short
indels happened in some sequences. If a k-mer has a match in s input genomes,
it is mapped to a cube in a s − 1 dimensional space. All k-mers that have a
similar relative offset in their occurences appear in the same cube. Cubes with
significant number of k-mers suggest approximate “alignment” offsets.
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The cubes at which k-mers are grouped can have less than s − 1 dimensions if
a k-mer occurs only in a subset of the s species. Collecting all of these k-mers
is done by applying a partial order on the set of cubes and drawing the transitive
reduction, also known as Hasse diagram. This links related cubes of different
dimensionality.

Hasse diagram

relative distance

Each point inherits the k-mers from the connected lower dimensional points.
From all points, a suitable subset is chosen via a scoring function. The score of
a point accounts for the number of k-mers it contains and the number of genomes
each k-mer covers. This subset is then used to extract homologous regions.
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IV – H OMOLOGOUS R EGIONS
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Tuples of homologous regions are extracted from the highest scoring cubes. As
there can be huge gaps between regions with high k-mer density, an algorithm
needs to be applied that finds a good balance between number and size of contiguous region tuples and k-mer coverage. The details of this extaction step are
work in progress.
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