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0. Sequence to Phylogeny
>Genome_A
AAGGAAGTCT
TGCCCTGGAA
>Genome_B
AGGACGTCTT
GCCCTCGGAA

>Genome_C
CAGGAAGTCT
TGCCCTGGAAA
>Genome_D
AATGATGTCT
GGCTCTGGAAA
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1. Anchor Distances
Counting SNPs is the one of the most widely used
measure of evolutionary distances available.
Unfortunately, when comparing whole genomes, one has
to first locate homologous sequences.
To find homologous sequences, we first look for long and
unique matches, termed anchors. Two equidistant
anchors form a pair, surrounding a homologous sequence
and thus allow counting SNPs.
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We use an enhanced suffix array to find anchors.
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2. Results
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We evaluate our implementation andi
against other distance measures using
simulated sequences (100 kbp). This first
diagram shows the performance of each
method as a function of different
substitution rates (100 runs).

Here, the substitution rate was fixed at
0.1 but a variable number of indels were
added. Substitution rate and total errors
(SNPs + indels) are shown as lines.
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As a final test using simulated data we
introduced recombination, as this leads to
local variation in the substitution rate.

To evaluate the accuracy of the methods on real data, we
chose a sample of 29 E. Coli and Shigella genomes
(Eco29). On average the genomes have a length of
4.9 Mbp amounting to 128 MB of data.
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3. Alignment-Free Support Values

Alignment-free methods can yield distances and hence
distance-based phylogenies with surprising speed and
accuracy. But without a multiple sequence alignment
(MSA), bootstrapping cannot be applied to obtain
confidence values. Instead, one can verify to what extend
the tree fits the computed distance matrix.
An alternative to bootstrapping proposed by Guénoche
and Garreta (2001) is the proportion of supporting
quadruples. A quadruple a,b, c,d is called supporting an
edge e, if D(a,b) + D(c,d) <
min{D(a, c) + D(b,d),D(b, c) + D(a,d)}.

a1

a|A|
c1

c|C|

d1

d|D|

e

b1
b|B|

The relative amount of supporting quadruples can thus be
interpreted as confidence value for a given edge.

SV e =

∑
a,b,c,d 1(a,b, c,d support e)

|A||B||C||D|

4. Evaluation
To asses the quality of these new support values, we
simulated trees of 100 taxa with genomes of 100 kbp. For
these genomes we computed their bootstrapped trees (100
replicates) and their quadruple distances. It is then possible
to compare the support of a clade with its corresponding
edge. For 100 trees we found a correlation of 0.6.The
logarithmic heatmap shows clusters of corresponding
support values.

For a comparison on real data, we again used the sample
of 29 E. Coli/Shigella genomes.
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