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Abstract
Signiﬁcant progresses of visualization technology of DNA sequences have been made
by solving visual effect problems of degeneracy, loss of information, difﬁculty in multidimensional space and difﬁculty for long DNA sequences. Different from traditional models focusing on visualization effect problems, we propose a novel visualization tool —
GC-Curve, which not only solves all the visual effect problems mentioned above, but also
can show the GC-content of a DNA. GC-content is an important feature of DNA, which
is related to the stability of DNA, the density of genes, natural selection, mutational bias,
etc. So the visualization reﬂecting GC-content has great potential in many applications.
The applications of GC-Curve on similarity analysis, GC-content analysis, stability analysis and melting temperature prediction are presented. A software of GC-Curve is available
at https://www.box.com/s/g872v3pq4kuz86sj5coq.
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Introduction

The availability of massive data of DNA sequences creates a great need of viewing and analyzing DNA sequences. Graphical representation is considered as a visualization tool of DNA
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-534sequence, and provides useful insights into local and global characteristics of a sequence, which
are not easily obtainable by other methods [1].
Since the ﬁrst graphical representation of DNA sequences was proposed by Hamori and
Ruskin [2, 3], a large number of different graphical representations have been published. In
the early phase, Gates [4], who viewed a DNA sequence as a “path” in the (x, y) plane [5],
designed an important graphical representation, which is very simple and easy to observe. In
this representation, four vectors in orthogonal directions, representing four bases, move around
in the Cartesian coordinate to draw a graph, which is called DNA walk technology. However,
these three visualization methods are accompanied by high degeneracy and loss of information.
Degeneracy and loss of information became two main barriers of DNA graphical representations [6]. Many researchers made great efforts to solve these two problems. Guo et al. [7]
improved Gates’s model with a low degeneracy representation. Wu et al. [8] introduced a DBCurve with non-degeneracy, but with loss of information.
Some scholars found that it was much easier to solve these two problems in multi-dimensional space than in 2D space. For example, Zhang and Zhang [9, 10], Yao et al. [11], Qi and
Fan [12], Qi et al. [13], Cao et al. [14], Yu et al. [15], Xie and Mo [16], Yu et al. [17], Cao et
al. [18], Huang and Wang [19] adopted 3D graphical representations. Liao et al. [20], Chi and
Ding [21], Tang et al. [22] used 4D approaches.
But as stated in [23], visualization effect in multi-dimensional space is not as good as in 2D
space. Scientists continued to study visualization methods in 2D space. For example, Randić et
al. [24], Qi and Qi [25], Zhang et al. [26], Bielińska-Wa̧ż, D. and Subramaniam [27,28] adopted
spectral representations. Stephen et al. [29], Zhang et al. [1], Huang et al. [30], Zhang [23]
continued to improve DNA walk technology. Randić et al. [31], Qi et al. [32] used coding
methods. Randić et al. [33, 34] proposed representations of DNA as maps.
Besides degeneracy and loss of information, many representations need a lot of space. Jeffrey [35] ﬁrst designed a compact representation, which needs limited space to represent long
sequences. But the representation has degeneracy. Randić et al. [31], Zhang et al. [36] proposed
compact graphical representations, avoiding degeneracy and loss of information. In addition to
these three properties, Randić et al. [34], and Zhang et al. [37] made representations colorful.
Zhang [23] found that many models, such as [24,25,38–40], suffered difﬁculty of observing
when showing long DNA sequences, and built a dual-vector model to conquer the problem.
However, all the problems mentioned above are visual effect problems. We ask: “beside
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DNA? And build more applications according to the biological feature.” There are some buds
of this idea. Some visualizations can reﬂect the length of a DNA sequence, for example [23,
24], and some can reﬂect the difference of numbers between two kinds of DNA bases, for
example [16, 23]. But they are incidental and too simple. In this paper, we propose a novel
visualization—GC-Curve. GC-Curve not only solve four visual effect problems at the same
time, but also can reﬂect the GC-content of a DNA. GC-content is an important feature of DNA,
which is related to the stability of DNA [41], the density of genes [42], natural selection [43,44],
mutational bias [43], etc. So the visualization of GC-content is very helpful to analyze DNA
sequences.

2

GC-Curve

Zhang [23] proposed a dual-vector visualization model of DNA sequences, which shows that
dual-vector technology is more powerful than one-vector technology. In this work, we still
adopt the dual-vector technology. In this section, we will introduce the construction of GCCurve. According to the construction of GC-Curve, two mathematic models have been built.
Finally, we present properties of GC-Curve.

2.1

Construction of GC-Curve

In this subsection, the construction of GC-Curve is given. As shown in Fig. 1a, each DNA base
of G, C, T and A is indicated by two vectors as follows:
(1, 1), (1, 1) =⇒ G
(1, 2), (1, 0) =⇒ C
(1, 0), (1, 0) =⇒ T
(1,-1), (1, 1) =⇒ A
A GC-Curve can be obtained by connecting all the vectors one by one. For example, as
shown in Fig. 1b, the GC-Curve of DNA sequence ‘CATG’ is given. In particular, we start at
the origin the point (0,0). The ﬁrst base is ‘C’, so we move from the point (0,0) to the point (1,2),
and then to the point (2,2) according to the assignments mentioned above. The second base is
‘A’, so we move from the point (2,2) to the point (3,1), and then to the point (4,2). Continue the
moving, we can get the whole GC-Curve.
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Figure 1: (a) The representations of four DNA bases in GC-Curve. (b) The GC-Curve of
sequence ‘CATG’. From this ﬁgure, we can know that GC-Curve extends 2U along X axes to
represent each nucleotide no matter ‘A’, ‘T’, ‘C’ or ‘G’, so the value of the end point in X axes
can reﬂect the length of the given DNA sequence. From this ﬁgure, we can also know that
GC-Curve extends 2U along Y axes to represent ‘G’ or ‘C’ whereas GC-Curve extends nothing
along Y axes to represent ‘A’ or ‘T’, so the value of the end point in Y axes can reﬂect the number
of G+C of the given DNA sequence. So GC-content can be reﬂect by Yend /Xend = tanθ. The
mathematical proofs are presented.

2.2

Mathematical Models of GC-Curve

According to the construction of GC-Curve, we present two mathematical models of GC-Curve
in this subsection. Firstly, we need to deﬁne some variables:
1, we describe a DNA sequence as SEQ = S1 S2 ...Si ...Sn where Si ∈ {A, T, C, G}, n is
the length of this DNA sequence and SEQ is the whole DNA sequence. It means the DNA
sequence SEQ is a sequence of alphabets.
2, (Xj , Yj ) is the point of GC-Curve. (X0 , Y0 ) = (0, 0) is the start point, and (Xend , Yend ) is
the end point.
Model 1. Given a DNA sequence, draw the GC-Curve

Y2i−1

⎧
⎪
⎪Y2i−2 + 1,
⎪
⎨Y
2i−2 + 2,
=
⎪
Y
2i−2 ,
⎪
⎪
⎩
Y2i−2 − 1,

if Si = G,
if Si = C,
, i = 1, 2, ..., n.
if Si = T,
if Si = A.

(1)
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Y2i−1 + 1,
⎪
⎪
⎪
⎨
Y2i−1 ,
Y2i =
⎪
Y2i−1 ,
⎪
⎪
⎩
Y2i−1 + 1,

if Si = G,
if Si = C,
, i = 1, 2, ..., n.
if Si = T,
if Si = A.

(2)

X2i−1 = 2i − 1, i = 1, 2, ..., n.

(3)

X2i = 2i, i = 1, 2, ..., n.

(4)

In this model, each Si is given. We can calculate each point (Xj , Yj ) of GC-Curve according
to these 4 equations, and then connect all points with beelines. In this way, we can obtain the
GC-Curve.
Model 2. Given a GC-Curve, obtain the DNA sequence
⎧
G, if Y2i − Y2i−1 = 1 & Y2i−1 − Y2i−2
⎪
⎪
⎪
⎨C, if Y − Y
2i
2i−1 = 0 & Y2i−1 − Y2i−2
Si =
⎪
T,
if
Y
2i − Y2i−1 = 0 & Y2i−1 − Y2i−2
⎪
⎪
⎩
A, if Y2i − Y2i−1 = 1 & Y2i−1 − Y2i−2

= 1,
= 2,
= 0,
= −1.

(5)

, i = 1, 2, ..., n.
In this model, each point (Xj , Yj ) of GC-Curve is given. We can calculate each Si according
to this equation, and then connect each Si one by one. So we can obtain the DNA sequence as
SEQ = S1 S2 ...Si ...Sn .

2.3

Advanced Properties of GC-Curve

In this subsection, using mathematic methods, we present several properties of GC-Curve.
Deﬁnition 1 (Degeneracy). There is one or more circuits in a graphical representation.
Deﬁnition 2 (Loss of information). A graphical representation has loss of information, if readers cannot reconstruct the original DNA sequence from a graphical representation, because the
correspondence between DNA sequences and graphical representation is not one to one.
Property 1. There is no degeneracy in GC-Curve.
Proof. Reduction to absurdity:
Suppose that there is a circuit in GC-Curve. So there exist two points overlapping themselves. That is to say, i = j must exist, making(Xi , Yi ) = (Xj , Yj ). So Xi = Xj . According to
the Equations (3) and (4), Xi = i and Xj = j. Hence i = j. This contradicts i = j. Therefore,
there is no circuit and degeneracy in GC-Curve.
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GC-Curve has no loss of information.
Proof. First, we prove that for a given GC-Curve there is a unique DNA sequence correspondingly.
Reduction to absurdity:
Suppose that corresponding to one GC-Curve, there exist two different DNA sequences,
SEQ1 = S11 S12 ...S1i ... and SEQ2 = S21 S22 ...S2i .... So there must exist an m, making
S1m = S2m . Since (X10 , Y 10 ) = (X20 , Y 20 ) = (0, 0), and according to the Equations (1) and
(2), a k must exist, making Y 12k−1 = Y 22k−1 or Y 12k = Y 22k and 0 < k ≤ m. It means that
there are two different GC-Curves. This contradicts one given GC-Curve.
Second, we prove that for a given DNA sequence there is a unique GC-Curve correspondingly.
Reduction to absurdity:
Suppose that corresponding to one DNA sequence, there exist two different GC-Curves,
Curve1 and Curve2. So a point P 1(X1m , Y 1m ) in Curve1 must exist, which is different to
the point P 2(X2m , Y 2m ) in Curve2. That is to say, an m must exist, making (X1m , Y 1m ) =
(X2m , Y 2m ). By the Equations (3) and (4), X1m = m and X2m = m. It implies that X1m =
X2m . Therefore, it must be Y 1m = Y 2m . Since (X10 , Y 10 ) = (X20 , Y 20 ) = (0, 0), there
must exist a l, making Y 1l − Y 1l−1 = Y 2l − Y 2l−1 and 0 < l ≤ m. According to the Equation
(5), a k must exist, making S1k = S2k , where 2k = l. It means that there must be two different
DNA sequences. This contradicts one given DNA sequence.
So the correspondence between DNA sequence and GC-Curve is one to one, and there is no
loss of information.
Property 3. The X-coordinate value of the end point indicates the length of a sequence. That is
Length = Xend /2.

(6)

Proof. According to the Equation (4), Xend = 2n = 2 ∗ Length. So Length = Xend /2.
We can understand this result easily by Fig.1a. From Fig.1a, we can see that GC-Curve
extends 2U along X axes to represent each nucleotide no matter A, T, C or G. So Length =
Xend /2.
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of a sequence. That is:
G + C = Yend /2.
Proof. Substitute Equation (1) into Equation (2), we have
⎧
⎪
⎪Y2i−2 + 2, if Si = G,
⎪
⎨Y
if Si = C,
2i−2 + 2,
, i = 1, 2, ..., n.
Y2i =
⎪Y2i−2 ,
if Si = T,
⎪
⎪
⎩
Y2i−2 ,
if Si = A.
We set a new variable Fi as follows:

1, if Si = G or C,
Fi =
, i = 1, 2, ..., n.
0, if Si = T or A.
From Equation (9) and Equation (8), we can obtain
⎧
Y2i−2 + 2, if Si = G,
⎪
⎪
⎪
⎨Y
if Si = C,
2i−2 + 2,
Y2i =
⎪
Y
if Si = T,
2i−2 ,
⎪
⎪
⎩
Y2i−2 ,
if Si = A.
⎧
Y2i−2 + 2 ∗ 1, if Si = G,
⎪
⎪
⎪
⎨Y
if Si = C,
2i−2 + 2 ∗ 1,
=
⎪
Y
if Si = T,
2i−2 + 2 ∗ 0,
⎪
⎪
⎩
Y2i−2 + 2 ∗ 0, if Si = A.
⎧
Y2i−2 + 2Fi , if Si = G,
⎪
⎪
⎪
⎨Y
if Si = C,
2i−2 + 2Fi ,
=
⎪
if Si = T,
Y
2i−2 + 2Fi ,
⎪
⎪
⎩
Y2i−2 + 2Fi , if Si = A.

(7)

(8)

(9)

(10)

= Y2i−2 + 2Fi
= Y2(i−1) + 2Fi .
So
Yend = Y2n = Y2(n−1) + 2Fn
= Y2(n−2) + 2Fn−1 + 2Fn
= Y2(n−2) + 2(Fn−1 + Fn )
= ...
= Y0 + 2(1 + 2 + 3 + ... + Fn−1 + Fn )
= 0 + 2(1 + 2 + 3 + ... + Fn−1 + Fn )
= 2(G + C).

(11)
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G + C = Yend /2.

(12)

We can understand this result easily by Fig.1a. As can be seen in Fig.1a, GC-Curve extends
2U along Y axes to represent each nucleotide of C and G, while the Y-coordinate value add
nothing to represent A and T. So G + C = Yend /2.
Property 5. The end point indicates the GC-content of a DNA sequence. That is:
GC content = Yend /Xend = tanθ.

(13)

Proof. According to the Equation (6) and Equation (7), we can get
G+C
A+G+C +T
G+C
=
Length
Yend /2
=
Xend /2
= Yend /Xend

GC content =

(14)

= tanθ.

3

Applications of GC-Curve

In this section, we present several applications of GC-Curve. The ﬁrst one is similarity analysis
based on numerical descriptor. And the second one is sequence analysis based on a visual
inspection of GC-Curves, which includes GC-content analysis, stability analysis, and melting
temperature prediction. Finally, a corresponding software of GC-Curve is given.

3.1

Similarity analysis based on numerical descriptor

Numerical descriptor comparison is a kind of similarity analysis of DNA sequences, proposed
by Randić et al. [24]. In this method, numerical descriptor is extracted from a visualization
of DNA sequence, then is used to do quantitative analysis by comparing. It was proved to be
effective and used by many authors. Some good numerical descriptors have been proposed, such

-541Table 1: The relationships of the end points of the second vector to represent four DNA bases.
(From Fig.1(a))
DNA base
G
G
G
C
T
C

DNA base
T
C
A
T
A
A

relationship
different
the same
different
different
the same
different

G-C and T-A are the same, others are different. However, actually, all the relationships between
two different DNA bases should be different. The end point of the second vector to represent a
DNA base will save at the even points of GC-Curve according to the DNA walk technology.
So “the same” information saving in the even points of GC-Curve is noise when we do
similarity analysis. Therefore, we remove all even points when we characterize a GC-Curve.
Table 2: The relationships of the end points of the ﬁrst vector to represent four DNA bases.
(From Fig.1(a))
DNA base
G
G
G
C
T
C

DNA base
T
C
A
T
A
A

relationship
different
different
different
different
different
different

They are all different. The end point of the ﬁrst vector to represent a DNA base will save at the
odd points of GC-Curve according to the DNA walk technology. It means the relationships at
the odd points in GC-Curve among DNA bases are all different. So the odd points of
GC-Curve can be used to characterize a GC-Curve.
as [23, 24, 45].Here, we adopt the numerical descriptor similar to [23], because it is reasonable,
simple, and very fast to be calculated.
From the representations of four DNA bases (see Fig. 1a), we know that the end point (2,2)
of the second vector to represent ‘G’ is different with the end point (2,0) of the second vector
to represent ‘T’, but is the same with the end point (2,2) of the second vector to represent ‘C’.
As can be seen in Table 1, there are two “the same” relationships. However, actually, all the
relationships between two different DNA bases should be different. So “the same” information
saving in the even points of GC-Curve is noise when we do similarity analysis. Therefore, we
remove all even points when we characterize a GC-Curve.
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of the end points of the ﬁrst vector to represent four bases are all different (Table 2). It means
the relationships at the odd points in GC-Curve among DNA bases are all different. So we use
the odd points to characterize a GC-Curve. We calculate Mxy (like covariance) as follows:

(Xc , Yc ) = (

Mxy =

1
n

1
n

n

X2j−1 ,

1
n

n

Y2j−1 ).

(15)

(X2j−1 − Xc )(Y2j−1 − Yc ).

(16)

j=1

j=1

n

j=1

For one sequence, we can get 24 different graphs by assigning A, T, C, G to four basic
dualvectors in 4! = 24 different ways. For each graph, we can get one Mxy . So we can obtain
 (see Equation (17)) as the numerical descriptor of a sequence. We
a 24-dimensional vector D
call this method, using 24-dimensional vector from all the 24 assignments as the numerical
descriptor [23], as 24-enumerate technology. Using 24-enumerate technology, we can avoid the
arbitrariness of DNA bases assignment.
 = [M 1xy , M 2xy , ..., M 24xy ].
D

(17)

 i and
Suppose that there are two sequences i and j, and the corresponding descriptors are D
 j respectively. The similarity between these two sequences can be calculated by Euclidean
D
distance:
i − D
 j .
dij = D

(18)

The smaller Euclidean distance is, the more similar the DNA sequences are. That is to
say, the distances between evolutionary closely related species are smaller, while those between
evolutionary disparate species are larger.
The method is illustrated on the coding sequences of the ﬁrst exon of beta-globin gene of 11
species. The similarity result is shown in Table 3. From Table 3, we ﬁnd that Human-Gorilla
and Goat-Bovine are the most similar. It is reasonable and consistent with other publications.
As shown in Table 4, we list the similarities between human and several species in current
publications. It shows that Human-Gorilla is the most similar whereas Human-Gorilla, HumanGallus, Human-Opossum, Human-Bovine are the most different. This is consistent with our
results.
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gene of 10 species based on the Euclidean distances between the end points of the descriptor

vectors D.
Species
Human
Goat
Opossum
Gallus
Lemur
Mouse
Rabbit
Rat
Gorilla
Bovine

Human
0

Goat
0.934
0

Opossum
0.833
1.242
0

Gallus
0.820
1.097
0.918
0

Lemur
0.344
0.975
0.871
1.047
0

Mouse
0.435
1.312
0.737
0.903
0.626
0

Rabbit
0.477
0.626
1.080
0.955
0.445
0.904
0

Rat
0.364
0.965
0.668
0.929
0.213
0.572
0.521
0

Gorilla
0.241
1.051
0.980
0.800
0.435
0.506
0.520
0.485
0

Bovine
0.908
0.149
1.214
1.171
0.919
1.284
0.609
0.918
1.047
0

Table 4: The similarity between human and other species.
Methods

Gorilla

Gallus

Opossum

Bovine

Goat

Lemur

Mouse

Rabbit

Rat

Our work, Table 3

0.241

0.820

0.833

0.908

0.934

0.344

0.435

0.477

0.364

Zhang [37], Table 1

1.568

5.417

4.631

4.867

4.777

2.764

3.184

3.192

2.622

Xie et al. [16], Table 3

0.042

1.148

0.647

0.074

0.079

0.525

1.49

0.376

1.100

Zhang [23], Table 1

0.263

1.156

1.186

0.361

0.477

0.500

0.444

0.535

0.527

Yao et al. [40], Table 10

0.005

0.029

0.030

0.014

0.016

0.013

0.017

0.011

0.012

Liao et al. [46],Table 5

0.026

0.106

0.096

0.049

0.052

0.064

0.031

0.051

0.049

Liu et al. [39], Table 5

0.008

0.242

0.282

0.075

0.108

0.176

0.076

0.102

0.097

It shows that Human-Gorilla is the most similar whereas Human-Gallus, Human-Opossum,
Human-Bovine, Human-Goat are much more different. This is consistent with our results.

3.2

Sequence analysis based on a visual inspection of GC-Curves

The most important feature of GC-Curve is that GC-Curve can reﬂect the GC-content of a DNA.
GC-content is an important feature of DNA, which is related to the stability of DNA [41],
the density of genes [42], natural selection [43, 44], mutational bias [43], etc. So GC-Curve
has great potential in many applications. In this subsection, we will use this feature to do
some analyses based on a visual inspection of GC-Curves, which includes GC-content analysis,
stability analysis, and melting temperature prediction.
3.2.1

By observing GC-Curve, we can know easily the GC-content of a DNA sequence,
and also know the variations in GC-content within a DNA sequence.

As shown in Fig. 2, the end point of human approximates to the point (900,500). According
to the Equation (13), the GC-content of the human sequence is about 500/900 = 55.5%. The
end point of opossum approximates to the point (900,350). Analogously, the GC-content of the
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almost in a straight line, so GC-contents within the human sequence are very uniform. The GCCurve of opossum is not as steady as human, and indicates that GC-contents within the opossum
sequence change a lot. The GC-Curve of opossum grows slowly from point ‘A’ to point ‘B’,
while the GC-Curve of opossum grows faster from point ‘B’ to point ‘C’. It indicates that the
GC-content of the fragment from ‘A’ to ‘B’ is higher than the GC-content of the fragment from
‘B’ to ‘C’.
3.2.2

By a visual inspection of GC-Curve, we can do some stability analysis of a DNA
sequence.

From molecular biology, we know that the GC pair is bound by three hydrogen bonds, while
AT pairs are bound by two hydrogen bonds. So DNA with high GC-content was believed to
be more stable than DNA with low GC-content. However, Yakovchuk et al. [41] showed that
the hydrogen bonds is not the main stabilizing factor in the DNA double helix. So here we say
“DNA with high GC-content is possibly more stable than DNA with low GC-content”, and use
it to do analysis. As can be seen in Fig. 2, the GC-Curve of human grows faster than the GCCurve of Opossum. The GC-Curve of human is at the top of the opossum curve. It indicates
that the complete coding sequence of beta-globin gene of human is possibly more stable than
opossum.
3.2.3

By observing GC-Curve, we can predict the melting temperature (Tm ) of a DNA.

Tm is deﬁned as the temperature at which half of the DNA strands are in the random coil
or single-stranded state. Tm is very important in nucleic acid thermodynamics, and can be
predicted by following equation [47]
Tm = 64.9 +

41 ∗ (G + C − 16.4)
.
A+T +G+C

(19)

The equation can be reduced as
41 ∗ (G + C − 16.4)
A+T +G+C
41 ∗ 16.4
G+C
−
= 64.9 + 41 ∗
A+T +G+C A+T +G+C
41 ∗ 16.4
.
= 64.9 + 41 ∗ GC content −
Length

Tm = 64.9 +

(20)
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Human
Opossum
400

300
C
200

B

A

100

0

−100

0

100

200

300

400

500

600

700

800

900

Figure 2: The GC-Curves of the complete coding sequences of beta-globin genes of human
(solid) and opossum (dashed). The end point of human approximates to the point (900,500).
According to the Equation (13), the GC-content of the human sequence is about 500/900 =
55.5%. The GC-Curve of the human sequence grows very steady and almost in a straight line,
while the GC-Curve of the opossum sequence is very ﬂexural. It indicates that the GC-contents
within the human sequence are very uniform whereas the GC-contents within the opossum
sequence change a lot. The GC-Curve of human is at the top of the opossum curve. It indicates
that the GC-content of the human sequence is higher than the opossum sequence, and that
the human sequence is possibly more stable than the opossum sequence, and that the human
sequence has a higher melting temperature than the opossum sequence.
In most cases, DNA sequence is long. So we have
41 ∗ 16.4
≈ 0.
Length

(21)

So Tm can be predicted by GC-content as
Tm ≈ 64.9 + 41 ∗ GC content.

(22)

From the Equation (22), we know that the DNA with higher GC-content has higher melting
temperature. As shown in Fig. 2, the GC-Curve of human is at the top of the opossum curve. It
indicates that the human sequence has higher melting temperature than the opossum sequence.
The end point of human approximates to the point (900,500). According to the Equation (22),
we can predict that Tm ≈ 87.7.

3.3

The software of GC-Curve

To facilitate biologists, we have developed a software of GC-Curve. As can be seen in Fig.
3 (top), the software is very simple and very easy to use. Input a DNA sequence and its
name, then click “Draw”. The corresponding GC-Curve will be drawn immediately. Fig.

-5463 (bottom) shows three sequences in a window. The software of GC-Curve is available at
https://www.box.com/s/g872v3pq4kuz86sj5coq.

Figure 3: The software of GC-Curve (left). Three DNA sequences in the same window (right).
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Discussion

Visualization of DNA sequences is an important means for sequence analysis, and provides useful insights into local and global characteristics of a sequence, which are not easily obtainable
by other methods [1]. Signiﬁcant progresses have been made in the past three decades for visualizing DNA sequences by solving the problems of degeneracy, loss of information, difﬁculty
in multi-dimensional space and difﬁculty of observing when showing long DNA sequences.
However, a question is whether a visualization tool is able to visualize some biological features
in addition visual effect.
In this paper, different from traditional methods focusing on visual effect, we propose a
novel visualization tool—GC-Curve, which not only solves all the visual effect problems mentioned above, but also can reﬂect the GC-content of a DNA. We also build two mathematics
models for GC-Curve, and present properties of GC-Curve.
GC-content is an important feature of DNA, and it is related to the stability of DNA [41],
the density of genes [42], natural selection [43,44], mutational bias [43], etc. So, GC-Curve has
great potential in many applications. In this paper, applications of GC-Curve on similarity analysis, GC-content analysis, stability analysis, and melting temperature prediction are presented.
GC-Curve is the ﬁrst visualization model which can reﬂect GC-content. GC-content is
related to many important features of DNA, and GC-Curve has great potential in many applications.
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