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1. Introduction

It is well known that species phylogenetic analysis based on single genes or parts of
the genomes are often inconsistent because of factors such as variable rates of evo-
lutions and horizontal gene transfer. The availability of more and more sequenced
genomes allows phylogeny construction from complete genomes that is less sensitive
to such inconsistency. For such long sequences, construction methods like maximum
parsimony [2] and maximum likelihood [4] are often not possible due to their in-
tensive computation requirement. Other methods such as the neighbour joining [6]
method, require a measure of distances between any two genomes. We present in
this study a measure of genetic distance between genomes based on information the-
ory [7, 9]. This method uses the exzpert model [3], a biological oriented compression
algorithm, to estimate the information content of sequences. We demonstrate that
our distance measure can be applied to build the phylogenetic tree of a number of
Plasmodium parasites from their genomes.

2. Method and Results

Similar to [1], our work is based on the premise that if two sequences are related, one
sequence must tell something useful about the other, whose information content can
be measured by lossless compression. The information content Zx of sequence X can
be approximated by the length of the encoded message obtained by compressing X
using the expert model. If a sequence Y related to X is available, the expert model
can compress sequence X based on the background knowledge from sequence Y to
give a measure of conditional information content of X given Y, Zx|y. The more
related Y to X, the more information we can save for compressing X. In other
words, the difference between the information content of X and the conditional
information content of X given Y is a measure of similarity of the two sequences.
The quantity is defined as the shared information: Ix y = Ix —Ixy-

In theory, Ixy should be equal to Zy,x as they both present the
shared information of the two sequences. However, this is not always
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the case in practise due to arithmetic errors in compression. We there-
fore take the average of the two as the similarity measure of the
two sequences. As the two genomes may

have different lengths, and they may Py

have nucleotide composition bias, we

normalise the similarity measure by a

factor of Zx + Zy: Pk
Ix —Ixyy +Iv —Ixy
Sxy =
~ Ixy +Ixyy p
Ix +1y Pg
In other words, the distance measure is:
_ Ixyy +Ixy

D = 2
oY Ix +1y @)

We applied the distance measure
to build the phylogenetic tree of eight P
malaria parasites of the Plasmodium
genus, namely P. berghei, P. yoelii, Pr
P. chabaudi (rodent malaria), P. fal-
ciparum, P. vivax, P. knowlesi, P. re- P

ichenowi (primate malaria) and P. gal— Fig. 1. Tree constructed by Neighbour Joining.

linaceum (bird malaria). Their genomes

were obtained from PlasmoDB release 5.4 [10]. Pairwise distances were computed as
Eq. 2. The tree was generated using the neighbour joining [6] method and is shown
in Fig. 1. The tree is consistent with some of earlier work [5, 8].
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