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Abstract. According to the three classifications of nucleotides, we divided the sixteen
neighboring dual nucleotides into four classes. We associated each sequence with the
relative frequencies of the dual nucleotides in each class, and obtain a sixteen-component
vector relative to sixteen dual nucleotides. The introduced vector is applied to charac-
terize and compare the coding sequences of the first exon of β-globin gene belonging to
eleven species.

1 Introduction

Mathematical analysis of the large volume genomic DNA sequence data is one of the

challenges for bio-scientists. Thus more and more mathematical methods are applied in the

gene research. In recent years, some researches proposed a class new method to view ,sort

and compare sequences[1-24]. In these methods, a graphical representation of DNA sequence

is introduced. Using the graphical representation, one can reduce a sequence into a series

of nodes in two-dimension, three-dimension even high-dimension[1-4,6-12,19,23]. Based on

the graphical representation, we can obtain some numerical characterization which can be

applied to make similarity analysis, mutation analysis and alignment. In order to depict the

numerical characterization and reduce the complexity of computation. Recently, Liao[20]

and M.Randic[16] considered the triplets of nucleotide bases and proposed some methods to

make similarity analysis of DNA sequences. Qi[23] introduced a 2D graphical representation

of DNA sequence based on dual nucleotides. But the coordinates of the plot is large and
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artificial.

In this letter, we consider the properties of the neighboring dual nucleotides and divide

the dual nucleotides into four classes. The frequencies of the dual nucleotides in each class are

applied to make similarities analysis among the coding sequences of the first exon of β-globin

gene belonging to eleven species.

2 Similarity Analysis

In a DNA primary sequence, the four DNA bases A,C,G and T can be divided into

three classes: purine R={A,G}/pyrimidine Y={C,T},amino M={A,C}/keto K={G,T}, and

weak-H bond W={A,T}/strong-H bong S={C,G} according to their chemical properties.

By considering neighboring two bases and the base order, we can obtain sixteen combi-

nations: AG,GA,CT,TC,AC,CA,GT,TG,AT,TA,CG,GC,AA,CC,GG and TT. According to

the three classifications of the four DNA bases, the dual nucleotides can be divided into four

classes: purine dual nucleotides{AG,GA}/pyrimidine dual nucleotides{CT,TC},amino dual

nucleotides{AC,CA}/keto dual nucleotides{TG,GT},weak-H bond dual nucleotides{AT,TA}
/strong-H bond dual nucleotides{CG,GC},and repeat dual nucleotides{AA,CC,GG,TT}.

In each class, we consider the relative frequencies of the dual nucleotides. Consequently,

the frequencies of the dual nucleotides were computed as following:

dn1 = AG% = AGn−1

AGn−1+GAn−1+CTn−1+TCn−1
; dn2 = GA% = GAn−1

AGn−1+GAn−1+CTn−1+TCn−1
;

dn3 = CT% = CTn−1

AGn−1+GAn−1+CTn−1+TCn−1
; dn4 = TC% = TCn−1

AGn−1+GAn−1+CTn−1+TCn−1
;

dn5 = AC% = ACn−1

ACn−1+CAn−1+GTn−1+TGn−1
; dn6 = CA% = CAn−1

ACn−1+CAn−1+GTn−1+TGn−1
;

dn7 = GT% = GTn−1

ACn−1+CAn−1+GTn−1+TGn−1
; dn8 = TG% = TGn−1

ACn−1+CAn−1+GTn−1+TGn−1
;

dn9 = AT% = ATn−1

ATn−1+TAn−1+GCn−1+CGn−1
; dn10 = TA% = TAn−1

ATn−1+TAn−1+GCn−1+CGn−1
;

dn11 = GC% = GCn−1

ATn−1+TAn−1+GCn−1+CGn−1
; dn12 = CG% = CGn−1

ATn−1+TAn−1+GCn−1+CGn−1
;

dn13 = AA% = AAn−1

AAn−1+GGn−1+CCn−1+TTn−1
; dn14 = GG% = GGn−1

AAn−1+GGn−1+CCn−1+TTn−1
;

dn15 = CC% = CCn−1

AAn−1+GGn−1+CCn−1+TTn−1
; dn16 = TT% = TTn−1

AAn−1+GGn−1+CCn−1+TTn−1
;

where AGn−1, GAn−1, CTn−1, TCn−1, ACn−1, CAn−1, GTn−1, TGn−1, ATn−1, TAn−1,
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CGn−1, GCn−1, AAn−1, CCn−1, GGn−1 and TTn−1 are the cumulative occurrence numbers

of AG,GA,CT,TC,AC,CA,GT,TG,AT,TA,CG,GC,AA,CC,GG and TT, respectively, in the

subsequence from the 1st base to the (n-1)-th base in the sequence, n is the length of the

studied sequence. We define AG0 = GA0 = CT0 = TC0 = AC0 = CA0 = GT0 = TG0 =

AT0 = TA0 = CG0 = GC0 = AA0 = CC0 = GG0 = TT0 = 0. In table 1, we list the

frequencies of the dual nucleotides in each class of the first exon of β-globin gene belonging

to eleven species.

Table 1: The frequencies of the dual nucleotides in each class.

purine/ pyrimidine amino/ keto weak-H bond/ strong-H bond Repeat

AG% CT% AC% GT% AT% CG% AA% CC%

GA% TC% CA% TG% TA% GC% GG% TT%

Human 0.3043 0.3043 0.1333 0.3000 0.1667 0.1667 0.1538 0.2692

0.3043 0.0870 0.1000 0.4667 0.1667 0.5000 0.4615 0.1154

Goat 0.3077 0.3077 0.0870 0.2174 0.1538 0.1538 0.2174 0.1739

0.3077 0.0769 0.1304 0.5652 0 0.6923 0.5217 0.0870

Gallus 0.2917 0.2917 0.1200 0.1600 0.2353 0.1765 0.2000 0.2800

0.2500 0.1667 0.2800 0.4400 0 0.5882 0.5200 0

Opossum 0.2759 0.3103 0.2188 0.1875 0.3000 0 0.1500 0.2000

0.2759 0.1379 0.2188 0.3750 0.2000 0.500 0.4500 0.2000

Lemur 0.3000 0.2667 0.0741 0.2593 0.3077 0.0769 0.1905 0.0952

0.3000 0.1333 0.1481 0.5185 0.0769 0.5385 0.5238 0.1905

Mouse 0.2308 0.3462 0.0968 0.2581 0.2727 0.0909 0.2000 0.2800

0.3077 0.1154 0.0968 0.5484 0 0.6364 0.4000 0.1200

Rabbit 0.3333 0.2083 0.0323 0.3548 0.3000 0.1000 0.2083 0.2083

0.2917 0.1667 0.1290 0.4839 0 0.6000 0.5417 0.0417

Rat 0.2727 0.4091 0.1481 0.2222 0.2353 0.0588 0.2400 0.2400

0.3182 0 0.0741 0.5556 0.2353 0.4706 0.4400 0.0800

Bovine 0.3478 0.2609 0.0833 0.2500 0.1667 0.1667 0.1923 0.1923

0.3478 0.0435 0.1250 0.5417 0 0.6667 0.4615 0.1538

Gorilla 0.2917 0.2917 0.1290 0.2903 0.1818 0.1818 0.1538 0.2692

0.3333 0.0833 0.0968 0.4839 0.0909 0.5455 0.5000 0.0769

Chimpanzee 0.3077 0.2692 0.1143 0.3143 0.2308 0.1538 0.1667 0.2333

0.3077 0.1154 0.1143 0.4571 0.1538 0.4615 0.5000 0.1000

In order to facilitate the quantitative comparison of different species in terms of their

collective parameters, we construct a sixteen-component vector consisting of the frequencies

of the dual nucleotides in each class. The similarities between such vectors can be computed
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by calculating the Euclidean distance and by calculating the cosine of the angle between the

vectors.

Suppose that there are two species i and j, the corresponding vectors are (dni
1, dni

2, dni
3,

dni
4, dni

5, dni
6, dni

7, dni
8, dni

9, dni
10, dni

11, dni
12, dni

13, dni
14, dni

15, dni
16) and (dnj

1, dnj
2, dnj

3, dnj
4,

dnj
5, dnj

6, dnj
7, dnj

8, dnj
9, dnj

10, dnj
11, dnj

12, dnj
13, dnj

14, dnj
15, dnj

16), respectively. The Euclidean

distance between the two vectors is:

dij =

√√√√ 16∑
k=1

(dni
k − dnj

k)
2 (1)

The cosine of θij between the two vectors is:

cos(θij) =
∑16

k=1 dni
k.dnj

k√∑16
k=1(dni

k)
2.
√∑16

k=1(dnj
k)

2
(2)

Obviously, the smaller Euclidean distance is,the more similar are the DNA sequences.

The larger cosine is, the more similar are the DNA sequences. In table 2, we list the simi-

larity/dissimilarity matrix for the coding sequences based on the Euclidian distance between

the 16-component vectors consisting the frequencies of the dual nucleotides. In Table 3, we

list the similarity/dissimilarity matrix for the coding sequences based on the cosine of the

angle between the 16-component vectors consisting the frequencies of the dual nucleotides.

Table 2: The similarity/dissimilarity matrix for the coding sequences based on the Euclidian distance between the

16-component vectors consisting the frequencies of the dual nucleotides.

Species Human Goat Gallus Opossum Lemur Mouse Rabbit Rat Bovine Gorilla Chimpan

Human 0 0.1204 0.1219 0.1055 0.0924 0.0872 0.1095 0.0665 0.0833 0.0128 0.0120

Goat 0 0.0915 0.2131 0.0862 0.0607 0.0838 0.1563 0.0182 0.0611 0.1146

Gallus 0 0.1575 0.1339 0.1080 0.0984 0.2060 0.1184 0.0880 0.1122

Opossum 0 0.0955 0.1551 0.1944 0.1243 0.1980 0.1357 0.0948

Lemur 0 0.0870 0.0640 0.1307 0.0789 0.0843 0.0621

Mouse 0 0.0847 0.1153 0.0954 0.0618 0.0976

Rabbit 0 0.2034 0.0844 0.0735 0.0746

Rat 0 0.1588 0.0883 0.0804

Bovine 0 0.0519 0.0976

Gorilla 0 0.0205

Chimp 0
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Table 3: The similarity/dissimilarity matrix for the coding sequences based on the cosine of the angle between the

16-component vectors consisting the frequencies of the dual nucleotides.

Species Human Goat Gallus Opossum Lemur Mouse Rabbit Rat Bovine Gorilla Chimpan

Human 1.0000 0.9690 0.9553 0.9580 0.9661 0.9699 0.9632 0.9757 0.9732 0.9956 0.9953

Goat 1.0000 0.9707 0.9306 0.9726 0.9806 0.9728 0.9488 0.9943 0.9816 0.9649

Gallus 1.0000 0.9418 0.9518 0.9622 0.9664 0.9257 0.9597 0.9681 0.9589

Opossum 1.0000 0.9652 0.9453 0.9327 0.9540 0.9322 0.9487 0.9620

Lemur 1.000 0.9695 0.9783 0.9527 0.9735 0.9693 0.9776

Mouse 1.0000 0.9712 0.9595 0.9800 0.9785 0.9662

Rabbit 1.0000 0.9297 0.9718 0.9752 0.9761

Rat 1.0000 0.9457 0.9678 0.9705

Bovine 1.0000 0.9831 0.9683

Gorilla 1.0000 0.9928

Chimp 1.0000

Observing Table 2 and Table 3, we find that the more similar species pairs are Chimpanzee

∼ Human,Chimpanzee ∼ Gorilla and Gorilla ∼ Human, while Lemur and Opossum are

dissimilarity to others. The similar results can be found in references[5,13-16,19-20].

3 Conclusion

In this letter, we considered the properties of the neighboring dual nucleotides and

outlined an approach to make similarity analysis of DNA sequences based on the frequencies

of the dual nucleotides. It is useful for computational scientists and biologists to visualize the

local and global features of long or short DNA sequences. The advantage of our method ia

that allow visual inspection of data based on dual nucleotides and the computation is simple.
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