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When comparing whole genomes one often needs to calculate a distance measure which is
related to the number of mutations in the genomes. Traditionally, this is done by multiple se-
quence alignment methods, which however, do not scale for large genomes. For closely related
organisms, alignment free methods can be applied. Several studies have shown that alignment
free distance calculations well approximate alignment based methods and often lead to conside-
rable improvements in calculation time [1].

One example of such an alignment free method is the Jukes-Cantor corrected distance mea-
sure Kr [2] which is based on the shortest unique substrings between pairs of genomes. Kr is,
for example, implemented in the software KR2 [3]. The latter implements the search for shortest
unique substrings using enhanced suffix arrays [4]. These can become very large, often requi-
ring server class machines when KR2 is applied to large eukaryotic genomes. For example, to
compare 12 Drosophila genomes [5], KR2 requires 72 GB of RAM.

We modified the algorithm used in KR2 such that random access to the enhanced suffix array
is eliminated. The resulting algorithm streams the tables of the enhanced suffix array in sequen-
tial order, leading to a very small memory peak during the calculation. We implemented the
modified algorithm in the GenomeTools-toolkit (http://genometools.org). This provi-
des a scalable solution to computing the Kr-distance measure. For example, the 12 Drosophila
genomes can be compared in about 3 hours using only 3 GB of RAM, which means a 20-fold
space improvement over KR2 and a comparable running time.

We will show that our approach allows to calculate phylogenetic distances on the basis of
whole genome data for sets of whole drosophila and mouse genomes.
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