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ABSTRACT: In this study, we propose a new two-dimensional graphical representation of DNA sequence 

based on a choice of four horizon lines. The 2D representation is constructed in a probabilistic framework. Following the 

new approach, we perform the similarity analysis among coding sequences of the first exon of beta-globin gene from 

eleven species. Our results coincide with current biological analyses. We also compare our method with some existing 

DNA sequence comparison algorithms and find that ours is more intuitive and effective. 
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INTRODUCTION 

 

With the rapid development of sequencing 

technology, more and more DNA data has been 

acquired. It has currently been a big challenge for 

scientists to analyze the DNA sequences quickly 

and effectively. One important step in this topic is to 

graphically represent the DNA sequence, such that it 

keeps the information of primary data as more as 

possible. A large number of biologists, computer 

scientists and mathematicians applied solid 

computational tools to represent the biological 

sequences such as DNA, RNA and protein. Among 

of them, the graphical representation provides a 

simple and efficient visualization way, which has 

been used for numerically compare the biological 

sequences. 

More than thirty years ago, Hamori and 

Ruskin (HAMORI; RUSKIN, 1983; HAMORI, 

1985) introduced the first 3D graphical 

representation H-curve of DNA sequence. Up to 

now, many other multi-dimensional graphical 

representations of DNA sequence were followed 

(NANDY et al., 2006; JIN et al., 2017), including Z-

curves (ZHANG; ZHANG, 1994), 4D graphical 

representations (CHI; DING, 2005; LIAO et al., 

2005; TANG et al., 2010) and 6D model (LIAO; 

WANG, 2004). In particular, Gates (1985), Nandy 

(1994) and Leong and Morgenthaler (1995) map 

DNA sequence to a random walk in the (x, y) plane 

using four unit vectors to represent the four bases 

along corresponding axis directions respectively. 

However, those representations may have 

degeneracy and loss of information. In order to 

overcome these two problems and analyze genes, 

many other representations were studied. For 

example, 2D or 3D representations were discussed 

(GUO et al., 2001; RANDIC et al., 2003b; a; YAU 

et al., 2003; YAO et al., 2005; ZHANG et al., 2005; 

QI et al., 2007; QI; FAN, 2007; CAO et al., 2008; 

YU et al., 2009; ZHANG, 2009; CAO et al., 2010; 

YU et al., 2010; YU et al., 2010; XIE; MO, 2011; 

YU et al., 2011; HUANG; WANG, 2012; YU et al., 

2013; YU et al., 2014; ZHANG et al., 2014; ZOU et 

al., 2014; HUANG; YU, 2016; LI et al., 2016; LI et 

al., 2016).  

Specifically, Randic et al (2003a; b) 

introduced a 2D graphical representation of DNA 

sequence based on four horizontal lines and 

performed similarity analysis by a proposed L/L 

matrix. Furthermore, Yu et al. (2011) applied 

probabilistic methods with the help of graphical 

representation to compare the DNA sequences. 

Motivated by their works, we assign a nucleotide of 

DNA sequence as a point on one of the horizon 

lines. Then using this representation in a 

probabilistic framework as a new descriptor, the 

similarity/dissimilarity of the first exon of beta-

globin gene of eleven species was studied. 

 

MATERIAL AND METHODS 

 
Yu et al (2011) proposed a 2D graphical 

representation of DNA sequence by defining a 

probability distribution of it, such that each 

nucleotide of the sequence has a number as an 

assigned probability and the sum of the probability 

equals to one. In their setting, the same nucleotide 

may have different probabilities, which depends on 

the location in the DNA sequence. In this section, 

Received: 20/09/17 

Accepted: 20/02/18 



745 

2D graphical representation…       LIU, H 

Biosci. J., Uberlândia, v. 34, n. 3, p. 744-750, May/June 2018 

we will explain a 2D probabilistic representation 

based on horizon lines. 

In contrast to representation in Yu et al.’s work, 

each nucleotide is indicated by a number as follows: 

0.3 → A,  

-0.3 → T,  

0.2 → C,  

-0.2 → G. 

Here A and T are corresponding to the same 

number up to a sign for differing in the graph, so as 

C and G, since A-T and C-G are two base pairs. 

Similar to (RANDIC et al., 2003a; b), we have four 

horizon lines paralleling to x-axis with y values 0.3, 

-0.3, 0.2, -0.2 respectively and each nucleotide of a 

DNA sequence is mapped to a point on one of these 

lines such that a representation curve is derived by 

connecting these points one by one. For example, 

the representation of sequence TGCAC can be 

shown in Table 1, and the corresponding graphical 

representation of this sequence is drawn in Figure 1.  

 

Table 1. Representation of sequence TGCAC. 

sequence x-coordinate y-coordinate 

T 1 -0.3 

G 2 -0.2 

C 3 0.2 

A 4 0.3 

C 5 0.2 

 

 

 
Figure 1. The graph corresponding to TGCAC. 

 

This representation also has no loss of 

information and degeneracy, that is to say, the curve 

has no circuits and the mapping between the DNA 

sequences and the curves of graphical representation 

is one-to-one (YAU et al., 2003). 

 

RESULTS 

 
Based on the representation of DNA 

sequence, Randic et al (2003a; b) used matrices to 

provide numerical characterizations of DNA 

sequences which could be used to make similarity 

analysis of DNA sequences. They proposed an L//L 

matrix to characterize a DNA sequence with 12-

component vectors, and obtained the similarity 

result by computing the Euclidean length of the 

difference of the vectors. This technical of mapping 

a zigzag curve to a vector is very effective for DNA 

similarity analysis. In this section, we characterize a 

sequence as a 4D vector. For two DNA sequences, 

we also compute the Euclidean length of difference 

of two 4D vectors derived from these two 

sequences, which reflects the similarity/dissimilarity 

between them.  

For a DNA sequence of length n, we have a 

corresponding zigzag curve based on the assignment 

of bases as described in Table 1. Let (xi, yi) be the 

point corresponding to the i-th nucleotide of the 

sequence, then we can define the elements of matrix 

E evolving y-coordinate only, as follows: 

��� = �
�� − ��� − 	 							i ≠ j
						0													i = j. 

So the matrix E is symmetric, and has real 

eigenvalues such that the maximum of these 

eigenvalues exits. 

For a DNA sequence, we have four difference 

graphs by interchanging assignment values 

corresponding to bases A and T, similar to bases C 

and G. These four curves are symmetry with respect 

to the x-axis. For each choice of the assignment for 

the basic four nucleotides, we can get a number by 

taking the maximal eigenvalue. So we get four 
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numbers ��, ��, ��, 	��, then a 4D vector by 

assigning ��� = ���, ��, ��, 	��� 
If we have two sequences with the 

corresponding descriptors P���� and 	P���� respectively, 

then similarity indexes between these two sequences 

can be defined by the Euclidean distance of these 

two vectors: � = ����� − 	�����. 

Thus the smaller d reflects that the DNA 

sequences are more similar.  

Now we use this method to study the 

similarities among the coding sequences of the first 

exon of beta-globin genes of eleven species based 

on the data information listed in (JIN et al., 2017) 

from GenBank. The result is shown in Table 2. In 

this table, we can see that (1) Human-Gorilla, 

Gorilla-Chimpanzee and Human-Chimpanzee are 

most similar. (2) Among the similarity of Human to 

other ten species, Human-Gorilla is the minimum, 

while Human-Gallus is the maximum. (3) Opossum, 

Lemur, Mouse, Rabbit, Rat, Gorilla, Bovine and 

Chimpanzee achieve the maximum at Human or 

Gallus. 

 

Table 2. The similarity result (1.0e-2) for the coding sequences of the first exon of beta-globin gene of 11 

species. 

Species 
Hum

an 

Go

at 

Oposs

um 

Gall

us 

Lem

ur 

Mou

se 

Rab

bit 
Rat 

Gori

lla 

Bovi

ne 

Chimpa

nzee 

Human 0 
7.3

38 
6.235 

14.5

58 

5.48

7 

5.00

9 

10.1

18 

9.3

64 

0.02

0 

6.45

6 
0.417 

Goat  0 
11.11

1 

9.10

3 

9.10

4 

4.70

9 

6.87

0 

7.1

27 

7.33

5 

3.46

3 
7.316 

Opossu

m 
  0 

15.2

67 

6.10

4 

6.99

5 

10.9

98 

9.0

57 

6.22

2 

8.52

0 
6.072 

Gallus    0 
13.1

58 

9.66

6 

5.66

0 

8.3

83 

14.5

47 

9.17

6 
14.420 

Lemur     0 
4.97

4 

7.67

4 

7.7

29 

5.47

0 

7.24

2 
5.134 

Mouse      0 
5.32

4 

5.3

18 

4.99

6 

2.97

8 
4.824 

Rabbit       0 
5.1

76 

10.1

04 

5.95

9 
9.892 

Rat        0 
9.34

8 

4.17

7 
9.079 

Gorilla         0 
6.44

6 
0.400 

Bovine          0 6.293 

Chimpa

nzee 
          0 

 

In order to compare our method with other 

ways, we list several highly cited results about the 

similarity of human with other ten species, which it 

is shown in Table 3. As in (PENG; LIU, 2015), we 

normalize the index by Human-Goat ratio such that 

the result can be compared easier. From Table 3, 

most results indicate that Human-Gorilla and 

Human-Chimpanzee are more similar than other 8 

species, which is consistent with our result. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



747 

2D graphical representation…       LIU, H 

Biosci. J., Uberlândia, v. 34, n. 3, p. 744-750, May/June 2018 

Table 3. The similarity indexes between human and other species. All indexes are normalized to Human-Goat 

ratio. 

Methods Goat Opossum Gallus Lemur Mouse Rabbit Rat Gorilla Bovine Chimpanzee 

Our work 1 0.85 1.98 0.75 0.68 1.38 1.28 0.00 0.88 0.06 

Chi and Ding 

(2005) 
1 3.71 0.82 2.73 0.69 0.50 0.48 0.07 3.59 0.58 

Randic et al. 

(2003a) 
1 2.43 1.79 1.43 1.37 0.69 0.70 0.34 1.38 0.28 

Zhang (2009) 1 2.49 2.42 1.05 0.93 1.12 1.11 0.55 0.76 2.01 

Yu et al. 

(2009) 
1 1.14 1.12 1.07 0.78 0.77 0.86 0.27 0.78 0.41 

Xie and Mo 

(2011) 
1 8.20 14.54 6.65 18.87 4.76 13.94 0.54 0.93 0.08 

 

DISCUSSION 

 
Based on the facts that A-T and C-G are two 

base pairs, we choose four basic horizon lines where 

the points corresponding to DNA sequence lie in. 

Then we use a new matrix E to analyze the 

similarity/dissimilarity among eleven species by 

their coding sequences of the first exon of beta-

globin gene. We use the same probability for a base 

even in different species, which is different from the 

methods used in (YU et al., 2011; ZHANG; CHEN, 

2011). Roughly speaking, they regard a DNA 

sequence as an union of disjoint events such that the 

sum of the probability equals one, while we regard a 

DNA sequence as a random result, a sequence of 

probability. On the other hand, we focus the change 

of the probability of the sequence, and consider the 

matrix E just involving y-coordinates, in-depending 

x-coordinates. Thus the expression of E is much 

simpler than the L/L matrix in (RANDIC et al., 

2003a; b), which shows that the cost of computing is 

reduced and our method is much faster. 

In Table 3, one can see that, by our method, 

(1) the index of Human-Gallus is the maximum; (2) 

the indices of Human-Gorilla and Human-

Chimpanzee are the two minimums. In fact, (2) is 

consistent with the results in (RANDIC et al., 

2003a; YU et al., 2009; XIE; MO, 2011), but (1) is 

not true for other methods, such as in the results of 

(PENG; LIU, 2015). Among these 11 species, only 

Gallus is not mammalian, while Human, Gorilla and 

Chimpanzee belong to Primates, thus our result 

about Human-Gallus is more convincing. It implies 

the power of our new method.   

In this study, we develop a new method to 

combine the geometrical and probabilistic 

information to analyze and compare the DNA 

sequences. Actually, some similar works with 

protein sequence have also been proposed (YAU et 

al., 2008; YU  et al., 2011). Our approach can also 

extended to other biological sequences such as 

protein sequence. For example, we may consider 20 

amino acids as 20 vectors instead of 4 nucleotides as 

4 vectors here. Thus, further studies may be needed 

to decide what combination of 20 amino acid 

vectors to compare protein sequences. Furthermore, 

our method with sequence can be extended to study 

the two-dimensional structures of DNA or RNA as 

the fact that sequence determines structure and 

structure determines function. Our study provides an 

intuitive and efficient tool for DNA sequence 

comparison studies, which will be used to study 

more biological data in the near future.  
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RESUMO: Neste estudo, propomos uma nova representação gráfica bidimensional da sequência de DNA 

baseada na escolha de quatro linhas horizontais. A representação 2D é construída em uma estrutura probabilística. 

Seguindo a nova abordagem, realizamos a análise de similaridade entre as seqüências codificantes do primeiro exon do 

gene da beta-globina de onze espécies. Nossos resultados coincidem com as análises biológicas atuais. Também 

comparamos nosso método com alguns algoritmos de comparação de sequências de DNA existentes e descobrimos que o 

nosso é mais intuitivo e eficaz. 
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PALAVRAS-CHAVE: Curva em zigue-zague. Linhas de horizonte. Caracterização numérica. Análise de 

similaridade. 
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