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1. Three Phylogenies

In recent years, a number of methods have been published for estimating evolutionary distances between genomes. In
order to compare the quality of the various methods, the distances are typically converted to phylogenies and the distance
between them measured using the Robinson-Foulds metric. Consider two trees, T1 and T2, the RF-distance between them
is the number of clades present in T1 but absent from T2 plus the number of clades present in T2 but absent from T1. To see
that this might be a problematic measure, consider the following three trees.
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Between trees A and B, the two taxa T2 and T3 were swapped. This leads to a RF distance of 4. In the pair A/C T2 instead
was swapped with T5. Again, this leads to a rooted RF distance of 4, however with quite a different biological interpretation.

2. Comparing Distance Matrices

Alignment-free programs for genome comparison produce distance matrices, rather than trees. It thus makes sense to
compare these matrices directly. We propose the ∆ measure, a variant of the Hausdorff metric.

∆(D,d) = max{|Dij − dij| : 1 ≤ i , j ≤ n}

The more similar the two distance matrices Dij and dij are, the the lower ∆ will be. The above trees were computed from the
following distance matrices.

A
T1 T2 T3 T4 T5

T1 0 2 4 4 34
T2 2 0 4 4 34
T3 4 4 0 2 34
T4 4 4 2 0 34
T5 34 34 34 34 0

B
T1 T2 T3 T4 T5

T1 0 4 2 4 34
T2 4 0 4 2 34
T3 2 4 0 4 34
T4 4 2 4 0 34
T5 34 34 34 34 0

C
T1 T2 T3 T4 T5

T1 0 34 4 4 2
T2 34 0 34 34 34
T3 4 34 0 2 4
T4 4 34 2 0 4
T5 2 34 4 4 0

It is easy to see, that ∆(A,B) = 2 and ∆(A,C) = 32. Thus, A and B are considered much more similar than A and C,
reflecting our intuition about the trees.

3. Twenty-nine E. coli/Shigella Genomes

In a recent analysis Zielezinski et al. (2019) compared
various alignment-free tools. One of their data set
consisted of 29 whole Escherichia coli/Shigella genomes.
The reference phylogeny was computed via the multiple
sequence alignment tool mugsy. A difficulty for phylogeny
estimation here is the significant amount of horizontal gene
transfer.

Escherichia	coli	SE11	DNA
Escherichia	coli	IAI1

Escherichia	coli	E24377A
Shigella	boydii	Sb227
Shigella	boydii	CDC	3083-94

Shigella	sonnei	Ss046
Shigella	flexneri	2a	str.	301
Shigella	flexneri	2a	str.	2457T
Shigella	flexneri	5	str.	8401

Escherichia	coli	str.	K12	substr.	W3110	DNA
Escherichia	coli	str.	K12	substr.	MG1655
Escherichia	coli	str.	K12	substr.	DH10B
Escherichia	coli	BW2952

Escherichia	coli	ATCC	8739
Escherichia	coli	HS

Escherichia	coli	O157:H7	EDL933
Escherichia	coli	O157:H7	str.	Sakai	DNA
Escherichia	coli	O55:H7	str.	CB9615

Shigella	dysenteriae	Sd197
Escherichia	coli	UMN026

Escherichia	coli	UTI89
Escherichia	coli	APEC	O1

Escherichia	coli	S88
Escherichia	coli	ED1a

Escherichia	coli	CFT073
Escherichia	coli	536
Escherichia	coli	0127:H6	E2348_69

Escherichia	coli	SMS-3-5
Escherichia	coli	IAI39

0.001

The table gives the accuracy on this dataset measured
using Robinson-Foulds and the Hausdorff distance.

Tool RF ∆

andi 2 4.67 · 10−3

phylonium 6 4.94 · 10−3

fswm 6 6.59 · 10−3

mash 8 8.28 · 10−3

spaced 8 9.14 · 10−3

alfpy-euclid 26 2.96 · 10−2

4. Eight Yersinia Genomes

This dataset consists of eight full Yersinia genomes. The
short branches are particularly challenging as a small
difference in the estimated distances can easily change the
topology.

Yersinia	pestis	KIM10+
Yersinia	pestis	Nepal516
Yersinia	pestis	CO92
Yersinia	pestis	Antiqua
Yersinia	pestis	biovar	Microtus	str.	91001

Yersinia	pseudotuberculosis	IP32953
Yersinia	pestis	Pestoides	F

Yersinia	pseudotuberculosis	IP31758

0.001

The table gives the accuracy on this dataset measured
using Robinson-Foulds and the Hausdorff distance.

Tool RF ∆

andi 6 1.191 · 10−3

phylonium 8 1.449 · 10−3

spaced 6 2.122 · 10−3

mash 12 2.307 · 10−3

fswm 2 2.317 · 10−3

alfpy-euclid 5 7.331 · 10−3
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