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Abstract. A method for constructing phylogenetic tree based on a dissimilar-
ity matrix is proposed. In the dissimilarity matrix, the smaller element is, the
more similar are the species. We translate the dissimilarity matrix to a similarity
matrix based on the proposed rules, which is reflective and symmetric. The tran-
sitive closure of the obtained similarity matrix is used to construct a phylogenetic
tree.

1 Introduction

A phylogenetic tree, is a model of the evolutionary history for a set of species.
With more and more DNA and protein sequences have been obtained[1-3] , the problem
of inferring the evolutionary history and constructing the phylogenetic tree has become
one of the major problems in computational biology. This is because the evolutionary
relationship of species provides a great deal of information about their biochemical
machinery.

Phylogenetic analysis using biological sequences can be divided into two groups.
The algorithms in the first group calculate a matrix representing the distance between
each pair of sequences and then transform this matrix into a tree. In the second type

of approaches, instead of building a tree, the tree that can best explain the observed
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sequences under the evolutionary assumption is found by evaluating the fitness of differ-
ent topologies. For example, Jukes and Cantor[4], Kimura[5], Barry and Hartigan[6],
Kishino and Hasegawa[7], Lake[8] proposed various distance measures. Camin and
Sokal[9], Eck and Dayhoff[10], Cavalli-Sforza and Edwards[11], and Fitch gave parsi-
mony methods[12]. Felsenstein et al[13-15] proposed maximum likelihood methods.

But, all of these methods require a multiple alignment of the sequences and as-
sume some sort of an evolutionary model. In addition to problems in multiple align-
ment (computational complexity and inherent ambiguity of the alignment cost criteria),
these methods become insufficient for phylogenies using complete genomes. Multiple
alignment become misleading due to gene rearrangement, inversion, transposition and
translocation at the substring level, unequal length of sequences, etc, and statistical
evolutionary models are yet to be suggested for complete genomes. On the other hand,
whole genome-based phylogenic analysis are appearing because single gene sequences
generally do not possess enough information to construct an evolutionary history of or-
ganisms. Factors such as different rates of evolution and horizontal gene transfer make
phylogenetic analysis of species using single gene sequences difficult. Recently, Liao
proposed a graphical method to construct a phylogenetic tree, which avoids multiple
alignment[16,18,19].

Here, a new method for constructing phylogenetic tree based on a dissimilarity
matrix is proposed. In the dissimilarity matrix, the smaller element is, the more similar
are the species. In our method, we will translate the dissimilarity matrix to a similarity
matrix based on the proposed rules, which is reflective and symmetric. The transitive

closure of the obtained similarity matrix is used to construct a phylogenetic tree.

2 Construction of phylogenetic tree

Recently, some graphical representations are used to make similarity analysis
of gene sequence. Many similarity or dissimilarity matrices are obtained[16-26]. For

example, Liao obtained a dissimilarity matrix based on a 3D representation of DNA
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sequences, which is listed on table 1 [17].

Table 1: The dissimilarity matrix(1.0e4-004) for the coding sequences

Species Chi Gor Hyl L.cat M. fas M. fus M. mul M. syl Pon S.sci T.syr
Chi 0 0.0107 0.0725 0.2649 0.0827 0.1254 0.1155 0.1811 0.0537 0.2802 0.3299
Gor 0 0.0618 0.2542 0.0720 0.1147 0.1048 0.1704 0.0430 0.2695 0.3192
Hyl 0 0.1924 0.0102 0.0529 0.0430 0.1086 0.0188 0.2077 0.2574

L. cat 0 0.1822 0.1395 0.1494 0.0838 0.2112 0.0153 0.0650
M. fas 0 0.0427  0.0328 0.0984 0.0290 0.1975 0.2472
M. fus 0 0.0099  0.0557 0.0717 0.1548 0.2045
M. mul 0 0.0656 0.0618 0.1647 0.2144
M. syl 0 0.1274  0.0991  0.1488
Pon 0 0.2265 0.2762
S. sci 0 0.0497
T. syr 0

The elements of the similarity matrix indicate the similarity relation of the corre-
sponding species. So the elements can be directly used to construct. While, the ele-
ments of the dissimilarity matrix indicate the difference of the corresponding species.
So the dissimilarity matrix should be translated to a similarity matrix.

Algorithm.(Algorithm for constructing phylogenetic trees based on the dissimi-
larity matrix)

INPUT: the dissimilarity matrix D = (d;;) for the coding sequences of some species
{z;},fori=1,2,---,n

OUuTPUT: a phylogenetic tree related to these species.

1. Get the similarity matrix R from the input using the following two steps:
Step one: Translating the dissimilarity matrix D = (dj;) to a matrix D’ = (dj;),where

dgj = 1if7 = j, whereas fori # j, dgj =1—(1.0e—004)x > [2((5;’1\:;: g(iifﬁzj,fj))
k=1,ki,k#j

2(dikVd;k) 2(dikNdj1)
+ (dzk+d_7]k) ! ( (dzk+d_7]k) )]

Step two: Translating the matrix D’ = (dj;) to similarity matrix R = (r;;),where

Z?:l min{dy, d;t}
5 i ldy + i)

Tij =



2. Obviously, R is reflective and symmetric, we can get the transitive closure R = RF

of it using square method. And R is a similarity relation. That is to say, we will obtain
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the transitive closure R by computing R?, R*, RS, ..., R = R2*,

3. Choose an appropriate sequence {ay}, and get the nested sequence of partitions

Moy Tagy**°

from which, we construct the phylogenetic tree.

From Table 1, we can get the corresponding matrix D’ relation matrix R,transitive

closure R.
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0.78841
0.81241
0.96874
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1
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0.82384
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0.96874
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0.82384
0.70668
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0.62354

0.81241
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0.82384
0.70668
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0.61358
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0.96325
1
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1 0.97451 0.81241 0.62354 0.51241 0.81241 0.81241 0.70668 0.81241 0.62354 0.62354
0.97451 1 0.81241 0.62354 081241 0.81241 0.81241 0.70668 0.81241 0.62354 0.62354
0.81241 0.81241 1 0.62354 0.96874 0.82384 0.82384 0.70668 0.91486 0.62354 0.62354
0.62354 0.62354 0.62354 1 0.62354 0.62354 0.62354 0.62354 0.62354 0.96808 0.96124
0.81241 0.81241 0.96874 0.62354 1 0.82384 0.82384 0.70668 0.91486 0.62354 0.62354
R = 081241 081241 082384 0.62354 0.82384 1 0.96325 0.70668 0.82384 0.62354 0.62354
0.81241 0.81241 0.82384 0.62354 0.82384 0.96325 1 0.70668 0.82384 (0.62354 0.62354
0.70668 0.70668 0.70668 0.62354 0.70668 0.70668 0.70668 1 0.70668 0.62354 0.62354
0.81241 0.81241 0.91486 0.62354 0.91486 0.82384 0.82384 0.70668 1 0.62354  0.62354
0.62354 0.62354 0.62354 0.96898 0.62354 0.62354 0.62354 0.62354 0.62354 1 0.96124

0.62354 0.62354 0.62354 0.96124 0.62354 0.62354 0.623564 0.62354 0.62354 0.96124 1

Because R'S = R®, so we can obtain the transitive closure R

1 097451 081241 062354 081241 081241 081241 050668 081241 0.62354  0.62354
0.97451 1 0.81241 062354 0.81241 0.81241 081241 0.70668 0.81241 0.62354 0.62354
0.81241 0.81241 I 0.62354 096874 0.82384 0.82384 0.70668 0.91486 0.62354 0.62354
0.62354 0.62354 0.62354 L 0.62354 0.62354 062354 0.62354 0.62354 0.96808 0.96124
0.81241 081241 0.96874 0.62354 1 0.82384 082384 0.70668 091486 0.62354 0.62354
081241 0.81241 0.82384 0.62354 0.82384 1 096325 0.70668 0.82384 0.62354 0.62354

=
Il

0.81241 0.81241 0.82384 0.62354 0.82384 0.96325 1 0.70668 0.82384 0.62354  0.62354
0.70668 0.70668 0.70668 0.62354 0.706658 0.70668 0.70668 1 0.70668 0.62354 0.62354
0.81241 0.81241 091486 0.62354 0.91486 0.82384 0.82384 0.70668 1 0.62354 0.62354
0.62354 0.62354 0.62354 0.9G898 0.62354 0.62354 0.62354 062354 0.62354 1 0.96124

0.62354 0.62354 0.62354 096124 0.62354 0.62354 0.62354 062354 0.62354 0.96124 1

Then, by choosing the sequence

{0.97451,0.96898,0.96874, 0.96325, 0.96124, 0.91486, 0.82384, 0.81241, 0.70668, 0.62354 }

we can get the nested sequence of partitions

{1,2}, {3}, {4}, {5}, {6}, {7}, {8}, {9}, {10}, {11}
{1,2},{4,10}, {3}, {5}, {6}, {7}, {8}, {9}, {11}
{1,2},{4,10},{3,5}, {6}, {7}, {8}, {9}, {11}
{1,2},{4,10},{3,5}, {6, 7}, {8}, {9}, {11}
{1,2},{4,10,11},{3,5}.{6, 7}, {8}, {9}
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{1,2},{4,10,11},{3,5,9},{6, 7}, {8}
{1,2},{4,10,11},{3,5,9,6, 7}, {8}
{1,2,3,5,9,6,7},{4,10,11}, {8}
{1,2,3,5,9.6,7,8},{4,10,11}
{1,2,3.5,9,6,7,8,4,10,11}
which implies the following relations among these species:

Hylobates

Macaca fascicularis
Pongo
Nacaca fuscata

— Macaca mulatta

{Chirrpanzce
Gorilla

Nacaca sylwvanus
Lemur catta
|:Saimir'1 sciureus
Tarsius syrichta

Figure 1: phylogenic tree based on the proposed algorithm.

Using the DRAWGRAM program in the PHYLIP package(http://evolution.genetics.

washington.edu/ phylip.html), we can obtain the similar phylogenic tree.
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r——-Chimpanzee
L Gorilla

Hylokates

Nacaca fascicularis

Pongo

Nacaca fuscata
Nacaca mulatta
Lemwr catta

Salmiri sciureus

Tarsius syrichta

Macaca sylvanus

Figure 2: phylogenic tree using DRAWGRAM program.

3 Conclusion

Our algorithm provides a simple method to construct phylogenetic tree by com-
puting the transitive closure based on a dissimilarity matrix. Translating the dissimi-
larity matrix to a similarity matrix based on the proposed rules is needed. Using the
graphical representation of sequence, one can obtain the dissimilarity matrix without
needing multiple alignment, so unlike most existing phylogeny construction methods,
the proposed method does not require multiple alignment. Also, both computational

scientists and molecular biologists can use it to analysis DNA sequences efficiently.
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