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• We present a novel coding method that the DNA primary sequence.
• We use a novel method to display the features of those DNA sequences.
• We calculate the similarities/dissimilarities among the eleven species using the Euclidean distance.
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a b s t r a c t

The DNA primary sequence is translated into ‘‘structure graph’’ based on classification of
its four bases. Then the invariants, such as topological indices, are extracted from those
graphic representations of DNA primary sequences, and used to calculate the similarities
among the eleven species. From these similarities/dissimilarities the homologies can be
revealed that they are in agreement with evolutionary relation satisfactorily.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The DNA sequence is a sequence of nucleotides over the four-letters alphabet {A, C,G, T}. The DNA sequence of different
organisms has its ownunique base sequence of genetic information, so the comparison of DNA sequences, such as comparing
the order of 4 bases in the main chain, is very important. By comparing the DNA sequences of different species, we obtain
their similarity, which can be inferred phylogenetic relationship between species distances.

At present, based on this, there have been somemethods of comparing DNA sequences [1,2], however, those method are
not perfect, such as different lengths of DNA sequence comparisons, which remains a failure to properly solve the problem.

With the development of graph theory, people image that using the graph represent the DNA sequence, and then predict
the similarity between sequences by graphical comparison [3–29]. Based on this idea, Nandy [28] at first proposes a graphical
representation of DNA sequences, so that DNA sequences comparison of different lengths is possible. Follow Nandy, some
scientists according to certain rules use A, T, C and G to be different coordinates, and compare with the first exon of some
species, which is a successful application [30–39]. For example, Randic [17,18] have considered kinds of condensedmatrices.
Bo Liao [6,14] have presented three characteristic representations corresponding to the three classifications of the bases of
DNAand constructed several sets ofmatrices to representDNAprimary sequences. However, thosemethods only considered
‘‘graph’’, and completely ignored the ‘‘chemical’’.
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In this paper, we present a novel coding method that the DNA primary sequence is translated into ‘‘structure graph’’. As
an example of the first exon of β-globin gene of eleven different species, we use a novel method to display the features of
those DNA sequences, and calculate the similarities/dissimilarities among the eleven species using the Euclidean distance.
Thismethod can also compare different lengths of DNA sequences, and improve the unique correspondence between graphs
and sequences.

2. Graphical codes of DNA sequences

In chemistry, given a molecular formula, we can draw the corresponding molecular structure, which is consisted of a
main chain and some side chains. Follow this idea; we present a group of graphical codes which translate a DNA sequence
into ‘‘molecular structure’’.

As we all know, a DNA sequence is consisted of four bases A, C, G and T. Based of DNA sequences can be classed this four
bases into groups: purine (A, G)/pyrimidine (C, T), amino(A, C)/keto(G, T) and week-H bond(A, T)/strong-H band(G, C) [25].
We can obtain only three representations corresponding to the three classifications.

For two groups of every classification, we set a group as the main chain, the other as the side chain. For example, in
purine (A, G)/pyrimidine (C, T), A and G are used for main chain atoms, and C and T are used for side chain atoms. Using
these codes, we can obtain an encoding way which is called the AG_CT structure. If C and T are used for main chain atoms,
andA andG are used for side chain atoms,we can obtain another encoding structure. So every classification has two encoding
structures. There are in total six different encoding structures, which are called AG_CT structure, CT_AG structure, AC_GT
structure, GT_AC structure, AT_GC structure, and GC_AT structure, respectively. For example, the sequence GGTGCACCTGAC
is translated into six molecular structures, which are listed in Fig. 1.

On the basis of the above six structure codes, we set 1 on the main chain atoms, and 0 on the side chain atoms. The
distances between themarked 1 atoms and themarked 1 atoms are calculated, which is used forD1i1j, asD1216 is the distance
of the second main chain atom and the sixth main chain atom. Because there are 4 stripes between the second main chain
atom and the sixth main chain atom, so D1216 = 4. The distances between the marked 1 atoms and the marked 0 atoms
are calculated, which is used for D1i0j, as D1206 is the distance of the second main chain atom and the sixth side chain atom.
Because from the second main chain atom to the sixth side chain atom, there are 4 stripes in the main chain, and 1 stripe in
the side chain, so D1206 = 1+4 = 5. So from everymolecular structure a two distancematrix can be obtained. For example,
we encode Fig. 1(a) into 0 and 1 and obtain D1i1j and D1i0j, which is listed in Fig. 2.

3. Graphical invariant extraction

There are a lot of parameterswhich are used to characterize themolecular structure [29]. Themolecular topological index
method [4], which is derived from the structure graph (such as distance matrix). The algorithm is relatively simple, while
often getting better results in the correlation analysis. However, there are many parameters in the molecular topological
index method. To solve this problem, we improve the molecular topological index method, and use only a total molecular
topological index of distance matrix as the graphical invariant. This total molecular topological index of distance matrix is
listed as follows:
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In order to evaluate the new graphical codes and the improvedmolecular topological index, we list the first exon-1 of the
b-globin gene for 11 different species which were reported by Randic et al. [11] in Table 1. In Table 2, we list the improved
molecular topological index of six structures belonging to 11 species (see Table 1).

4. Similarity calculation

In order to facilitate the quantitative comparison of different species in terms of their collective parameters, we compute
the similarity of different species. There are a lot of measure methods [29], such as Hamming distance, Euclidean distance,
TaniMott factor, the correlation angle and so on.We use Euclidean distance to compute the similarity. Suppose that there are
two species A and B, six parameters are SA1 , S
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are the six improved molecular topological indices of six structures which correspond to the species A. The distance dij
between two species is computed by the following formula:

dij =


6

k=1

(S ik − S jk)
2

1/2

where S ik is the mean of the improved molecular topological indices of the kth structures corresponding to the species i. dij
is the measure of the similarity between the species i and species j. Obviously, the smaller dij, the more similar are the DNA
sequences.
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