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ABSTRACT 

A novel 3-D graphical representation of protein 
sequence has been introduced. A right cone of a 
unit base and unit height has been selected to 
represent protein sequences on its surface. The 
twenty amino acids have been represented by 20 
circles and all protein’s residues have been re- 
presented by n lines on the cone’s surface. All 
the spots which represent the protein’s residues 
have been shown in the cone’s top view. The spa- 
tial median of all the spots is used as a new de- 
scriptor of any protein sequence. This approach 
was applied on two short segments of protein of 
yeast Saccharomyces cerevisiae. The examina- 
tion of the similarities/dissimilarities for the eight 
ND5 proteins and the six β-globin proteins illus- 
trate the utility of our approach. A linear correla- 
tion and significance analysis have been pro- 
vided to compare our results and the percentage 
sequence alignment identity. 
 
Keywords: Right Cone; Non Equal Proteins; Spatial 
Median; Similarity/Dissimilarity; Linear Correlation 
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1. INTRODUCTION 

There is a huge gap between the growth of protein se- 
quence and the structure databases. Many researchers in 
different areas have tried to bridge this gap. Protein stru- 
cture prediction has succeeded in doing this with little 
charges compared with the experimental methods as 
NMR and X-ray crystallography. Sequence analysis plays 
an important role in protein structure prediction; proteins 
with similar sequences mostly have similar structures [1]. 
Usual representation of protein sequences is alphabetic 
representation or what is called letter sequence represent- 
tation (LSR). LSR represents any protein sequence by 
letters corresponding to the 20 amino acids. The 20 
amino acids’ letters are A, R, N, D, C, Q, E, G, H, I, L, K, 
M, F, P, S, T, W, Y, and V. It is difficult to recognize and 

compare different sequences by using LSR. So, many 
mathematical approaches were proposed to translate pro- 
tein sequences from letters to 2D or 3D graphical repre- 
sentations accompanied by mathematical objects such as 
vectors or matrices to use them as sequence descriptors 
and compare these mathematical objects. Numerical 
characterization is very useful whatever it is depending 
on a graphical representation [2-16] or not [17]. However, 
approaches in which the numerical characterization is 
preceded by a graphical representation are better than 
those with non-graphical representation because the gra- 
phical representation introduces a visual inspection. 

Graphical representation of protein sequences may be 
depending on selecting a geometrical object to represent 
residues or assigning vectors to residues. An example of 
assigning vectors to residues in 2D was done by assign- 
ing a vector of two components to each amino acid [9]. 
These two components were pKa of NH3+ and COOH as 
x- and y-coordinates respectively. It is modified by rep- 
resenting the y-coordinate as the difference between each 
pKa (COOH) of each amino acid and the average of all 
pKa (COOH) of all twenty amino acids [12]. An example 
of assigning vectors to residues in 3D was introduced by 
selecting three physicochemical properties of amino acids 
side chains which are hydropathy index, amino acid side 
chain charge, and mean accessible surface area (ASA) of 
side chains [15]. Another 3D graphical representation of 
proteins based on five-letter model of amino acids which 
converts the twenty letters of amino acids to only five 
letters [13]. Therefore, a vector of three components was 
assigned to each letter in the reduced sequence. 

A square [3,4] and circle [6] are examples of 2D geo- 
metrical objects, while a tetrahedron [4] and sphere [16] 
are examples of 3D geometrical objects. Recently, a unit 
radius sphere was selected to represent any protein se- 
quence on its surface [16]. The sphere’s surface was di- 
vided into 20 latitude like-circles and n longitude-like 
semi-circles; n is the protein sequence length. The ob- 
tained 3D graphical representation was represented by an 
assignment of 20 amino acids without depending on a 
pre-graphical representation of its RNA sequence. 
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In this paper, a right cone with a unit base radius and 
unit height has been chosen to represent any protein se- 
quence on its surface. The idea of our approach has been 
illustrated by applying it on the two short segments of 
protein of yeast Saccharomyces cerevisiae. This approch 
is applied on the eight ND5 proteins and on the six β-globin 
proteins and the similarity/dissimilarity are measured for 
each type. Our approach is compared with the percentage 
sequence alignment (PID%) through a linear correlation 
and significance analysis. 

2. 3-D GRAPHICAL REPRESENTATION 
OF PROTEIN PRIMARY SEQUENCES 

A geometric cone has been selected to represent any 
protein sequence on its surface. A right cone of height h 
and base radius r is oriented along the z-axis, with vertex 
pointing up, and with the base located at z = 0 as shown 
in Figure 1. The right cone can be described by the fol-
lowing parametric Equations: 

 
 

x = r h-u cos h

y = r h-u sin h

z = u

θ

θ               (1) 

For 0  u  h and 0  θ  2. 
We have chosen the cone’s height and radius by unity 

(h = 1, r = 1). Twenty circles and n lines are drawn on the 
cone’s surface to represent any protein sequence of length n. 
Each circle represents one of the different 20 amino acids, 
and each line represents a single residue of the protein 
sequence’s residues. The base circle is considered as the 
first circle. The circumference of the base circle is di- 
vided into n equal divisions by using n-points. The coor- 
dinates of the first point with θ equal zero are (1, 0, 0). 
Each line is drawn by using one of these points and the 
vertex. So, the circumference of all the twenty circles is 
divided into n equal divisions as shown in Figure 2. 

The 20 different amino acids have been ordered al-
phabetically due to 3-Letter code. Therefore, the 20 cir-
cles have been assigned to the 20 amino acids from base 
to vertex. The base circle is assigned to A-amino acid, 
and the 2nd circle is assigned to R-amino acid and so on. 
The distance in z-direction between each circle and the 
base circle is uj. This distance is the height of each circle. 
The circle's radius and its height are calculated by the 
following Equations: 

 j

j j

u j 1 2

r =1 u

 



0
              (2) 

where j = 1, 2, 3, ···, 20 
The alphabetic order of the 20 amino acids, circles’ 

radii, and the height of each circle are listed in Table 1. 
By substituting in Eq.1, our proposed approach is ex-
pressed as follows: 

 

Figure 1. Display a right circular cone. 
 

 
Figure 2. The 3-D graphical representation of the thirty resi- 
dues of protein I. 
 
Table 1. Alphabetic order of 20 amino acids due to 3-letter 
code and corresponding circles’ heights and radii. 

No. Amino acid
3-Letter 

code 
1-Letter 

code 
Circles’ 
height 

Circles’ 
radii 

1 Alanine Ala A 0.0 1.0 
2 Arginine Arg R 0.05 0.95 
3 Asparagine Asn N 0.10 0.90 
4 Aspartic acid Asp D 0.15 0.85 
5 Cysteine Cys C 0.20 0.80 
6 Glutamine Gln Q 0.25 0.75 
7 Glutamic acid Glu E 0.30 0.70 
8 Glycine Gly G 0.35 0.65 
9 Histidine His H 0.40 0.60 

10 Isoleucine Ile I 0.45 0.55 
11 Leucine Leu L 0.50 0.50 
12 Lysine Lys K 0.55 0.45 

13 Methionine Met M 0.60 0.40 
14 Phenylalanine Phe F 0.65 0.35 
15 Proline Pro P 0.70 0.30 
16 Serine Ser S 0.75 0.25 
17 Threonine Thr T 0.80 0.20 

18 Tryptophan Trp W 0.85 0.15 
19 Tyrosine Tyr Y 0.90 0.10 
20 Valine Val V 0.95 0.05 
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GGPGCSSFTGL”. Each protein I and protein II consists 
of 30 residues. The thirty residues of protein I are repre- 
sented on the cone as shown in Figure 2. The x, y, and 
z-coordinates of the two protein segments are listed in 
Table 2, which are calculated by using Eq.3. The amino 
acid “W” is the 1st residue in each of the two protein 
sequences; its coordinates are calculated by putting i = 1 
and j = 18 in Eq.3. The 3-D graphical representations of 
the two segments are similar except for four spots. The 
Euclidean distance is used to detect the similarity be-
tween the two 3-D graphical representations of the two 
segments of protein. The Euclidean distances have been 
calculated between the two protein segments coordinates. 
The Euclidean distances between the x, y, and z-coordi- 
nates of the two protein segments are listed in the last 
column of Table 2. According to Table 2, the Euclidean 
distances are equal zero except for the positions 2, 11, 14, 
and 27. This means that the two proteins have four mis-
matching amino acids. 

 
 

ji j

ji j

ji j

x = 1 u cos 2π i 1 n

= 1 u sin 2π i 1 n

z =u

y

     
              (3) 

where r = 1 , h = 1,  j = 1, 2, 3, ···, 20; depending on the 
amino acid corresponding circle’s number, and i = 1, 2, 
3, ···, n; depending on the residue’s position in the pro-
tein sequence and n is the protein sequence length. The 
spots of our 3-D graphical representation are calculated 
by using Eq.3. These spots are placed at the intersections 
of the circles and lines. Therefore, our 3-D graphical 
representation is obtained as walking in 3-D space over 
the intersections of the 20 circles and n lines on the cone’s 
surface. 

We have applied our approach on the two short seg- 
ments of “yeast Sacchromyces cerevisiae”. Protein I sequ- 
ence is “WTFESRNDPAKDPVILWLNGGPGCSSLTGL” 
and protein II sequence is “WFFESRNDPANDPIILWLN 
 
Table 2. Two proteins x, y and z-coordinates and the Euclidean distance between the corresponding points. 

No. I x y z II x y z Distance 

1 W 0.150000 0.000000 0.85 W 0.150000 0.000000 0.85 0.0 

2 T 0.195629 0.041582 0.80 F 0.342351 0.072769 0.65 0.212132 

3 F 0.319740 0.142357 0.65 F 0.319740 0.142357 0.65 0 

4 E 0.566311 0.411449 0.30 E 0.566311 0.411449 0.30 0 

5 S 0.167282 0.185786 0.75 S 0.167282 0.185786 0.75 0 

6 R 0.475000 0.822724 0.05 R 0.475000 0.822724 0.05 0 

7 N 0.278115 0.855950 0.10 N 0.278115 0.855950 0.10 0 

8 D 0.088849 0.845343 0.15 D 0.088849 0.845343 0.15 0 

9 P –0.03136 0.298356 0.7 P –0.03136 0.298356 0.7 0 

10 A –0.30902 0.951056 0.0 A –0.30902 0.951056 0.0 0 

11 K –0.22499 0.389711 0.55 N 0. 45 0.779422 0.1 0.636396 

12 D –0.56876 0.631673 0.15 D –0.56876 0.631673 0.15 0 

13 P –0.24271 0.176335 0.7 P –0.24271 0.176335 0.7 0 

14 V –0.04568 0.020336 0.95 I –0.50245 0.223705 0.45 0.707107 

15 I –0.53798 0.114351 0.45 I –0.53798 0.114351 0.45 0 

16 L –0.50000 0.0 0.5 L –0.50000 0.0 0.5 0 

17 W –0.14672 –0.031186 0.85 W –0.14672 –0.031186 0.85 0 

18 L –0.45677 –0.203368 0. 50 L –0.45677 –0.203368 0. 50 0 

19 N –0.72812 –0.529006 0.10 N –0.72812 –0.529006 0.10 0 

20 G –0.43493 –0.483044 0. 35 G –0.43493 –0.483044 0. 35 0 

21 G –0.325 –0.562916 0. 35 G –0.325 –0.562916 0. 35 0 

22 P –0.09271 –0.285316 0.70 P –0.09271 –0.285316 0.70 0 

23 G –0.06794 –0.646439 0.35 G –0.06794 –0.646439 0.35 0 

24 C 0.083622 –0.795617 0.20 C 0.083622 –0.795617 0.20 0 

25 S 0.077254 –0.237764 0.75 S 0.077254 –0.237764 0.75 0 

26 S 0.125 –0.216506 0.75 S 0.125 –0.216506 0.75 0 

27 L 0.334565 –0.371572 0.50 F 0.234195 –0.260100 0.65 0.212132 

28 T 0.161803 –0.117557 0.80 T 0.161803 –0.117557 0.80 0 

29 G 0.593804 –0.264378 0.35 G 0.593804 –0.264378 0.35 0 

30 L 0.489073 –0.103955 0.50 L 0.489073 –0.103955 0.50 0 
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We have proposed cone’s top view in order to obtain a 

good visualization of our 3-D graphical representation. 
In this one view we can see all the points that represent 
the protein’s residues. 

3. 3-D PROTEIN SEQUENCE DATA 

Protein sequences that are used to prove our approach 
were downloaded from GenBank. The data of eight ND5 
(NADH dehydrogenase subunit 5) proteins are: human 
(Homo sapiens, AP_000649), gorilla (Gorilla gorilla, NP 
_008222), common chimpanzee (Pan troglodytes, NP_ 
008196), pygmy chimpanzee (Pan paniscus, NP_008209), 
fin whale (Balaenoptera physalus, NP_006899), blue 
whale (Balaenoptera musculus, NP_007066), rat (Rattus 
norvegicus, AP_004902), and opossum (Didelphis virgi- 
niana, NP_007105). The data of six β-globin proteins are: 
human (AAA16334, 147 aa), gorilla (CAA43421, 121 
aa), chimpanzee (CAA26204, 125 aa), lemur (AAA 
36822, 147 aa), opossum (AAA30976, 147 aa), gallus 
(CAA23700, 147 aa). 

4. SIMILARITY/DISSIMILARITY ANALYSIS 

The spatial median (x, y, z) of all the spots that 
represent the protein residues has been calculated to 
characterize each protein numerically. This means that 
each protein is represented by one point of three coordi- 
nates. The Similarity/dissimilarity analysis becomes simpler 
than before. 

The similarity/dissimilarity analysis can be measured 
by calculating correlation angle or Euclidean distance be- 
tween the proteins’ descriptor. We have calculated the 
Euclidean distance between the spatial median of each 
protein. The smaller Euclidean distance is the more similar 
two protein’ sequences. The Euclidean distance between 
each ND5 proteins are given in Table 3 and between 
each β-globin proteins are given in Table 4. 

5. RESULTS AND DISCUSSION 

Firstly, this approach is applied on the eight ND5 pro- 
teins. The 3D graphical representations are shown for 
three proteins in Figure 3. Figures 3(a) and (b) indicates 
the mismatching amino acids for human protein with 
opossum protein. In the figure, black spots are the similar 
amino acids in the proteins. Red spots are the amino acids 
only in human proteins. Blue spots are the amino acids 
only in opossum protein. Figure 3(a) contains 603 spots 
corresponding to the 603 residues of human protein; all 
spots are shown in one view. Figure 3(b) contains 602 
spots corresponding to the 602 residues of opossum pro- 
tein. The zigzag line is omited from the long protein graphs 
to avoid overlaping due to the huge number of spots.Our 
3D graphical representation has no loss of information. 
We can reconstruct the underlying protein primary se- 
quence as each node in our 3D graph represents a single 
residue. The similarity/dissimilarity matrix of the eight 
ND5 proteins based on the Euclidean distance between 
the spatial median is illustrated in Table 3. Table 3 dis- 
plays that the proteins of human, gorilla, common chim-
panzee, and pigmy chimpanzee are more similar with 
each other; fin whale and blue whale are also similar. On 
the other hand, opossum protein is dissimilar to all the 
other seven proteins. According to the results listed in 
Table 3, it is easy to notice that our results agree with the 
results of sequence alignment and the known fact of 
evolution [18-20]. Then, the approach is applied on the 
six β-globin proteins. The similarity/dissimilarity matrix 
of the six β-globin proteins based on the Euclidean dis- 
tance between the spatial median is illustrated in Table 4. 
Table 4 displays that the proteins of human, gorilla and 
chimpanzee are more similar with each other. On the 
other hand, opossum and gallus proteins are dissimilar to 
them. These results agree with the results in [13]. 

 
Table 3. The similarity/dissimilarity matrix of the eight ND5 proteins based on the Euclidean distance between the spatial median. 

Species Human P. Chimp C. Chimp Gorilla B. Whale F. Whale Rat Opossum 

Human 0 0.002225 0.00378 0.00558 0.006497 0.0068041 0.0100119 0.016124 

P. Chimp  0 0.002533 0.00659 0.008137 0.0082644 0.0112593 0.017977 

C. Chimp   0 0.00639 0.00812 0.008696 0.010272 0.017476 

Gorilla    0 0.002729 0.002777 0.005664 0.013156 

B. Whale     0 0.0023998 0.004532 0.017177 

F. Whale      0 0.00628717 0.0123578 

Rat       0 0.0085934 

Opossum        0 
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Table 4. The similarity/dissimilarity matrix of the six Beta globin proteins based on the Euclidean distance between the spatial median. 

Species Human Chimp Gorilla Lemur Opossum Gallus 

Human 0 0.0180318 0.022675 0.023674 0.03382 0.0525337 

Chimp  0 0.0126752 0.0142755 0.0492066 0.0641284 

Gorilla   0 0.0240527 0.0540075 0.071813 

Lemur    0 0.0458723 0.0562006 

Opossum     0 0.0247543 

Gallus      0 

                      

 

(a)                                                  (b) 

Figure 3. The cone’s top view (a) for human protein compared with opossum; (b) for 
opossum protein compared with human. Black spots are the similar residues, red spots are 
different residues in human and blue spots are different spots in the opossum. 

 
Table 5. The correlation coefficients results for the eight ND5 proteins of our approach and the approaches in Literatures [12] and 
[15] as compared with percentage sequence identity (PID%) matrix. 

 
Our approach (spatial 
median) & (PID%) 

Literature [12] (eigen 
values) & (PID%) 

Literature [12] (geometrical
centers) & (PID%) 

Literature [15] (eigen 
values) & (PID%) 

Literature [15] (geometrical 
centers) & (PID%) 

Human –0.84053 –0.656483 –0.915386 –0.724891 –0.921205 

Gorilla –0.39599 –0.850747 –0.761416 –0.759909 –0.912772 

C. Chimp –0.87942 –0.837621 –0.92687 –0.791591 –0.924979 

P. Chimp –0.88017 –0.856455 –0.92901 –0.772065 –0.853676 

B. Whale –0.64315 –0.656156 –0.756074 –0.606621 –0.711809 

F. Whale –0.65278 –0.345057 –0.794181 –0.577719 –0.798888 

Rat –0.79509 –0.573368 –0.686251 –0.855125 –0.634028 

Opossum –0.8389 –0.504069 –0.642957 –0.831681 –0.500243 

 
Table 6. The t-values computed for the correlation coefficients |r| ≥ 0.7, based on them the significance is determined. 

 
Our approach (spatial 

median) & (PID%) 
Literature [12] (eigen 

values) & (PID%) 
Literature [12] (geometrical 

centers) & (PID%) 
Literature [15] (eigen  

values) & (PID%) 
Literature [15] (geometrical 

centers) & (PID%) 

Human 3.80035 --- 6.01594 2.78412 6.26423 

Gorilla --- 4.28266 3.10756 3.09298 5.91225 

C. Chimp 4.52513 4.05698 6.53271 3.42746 6.43984 

P. Chimp 4.54205 4.38952 6.64206 3.21409 4.33678 

B. Whale --- --- 3.05642 --- 2.68129 

F. Whale --- --- 3.45774 --- 3.5141 

Rat 3.2112 --- --- 4.36411 --- 

Opossum 3.7754 --- --- 3.9629 --- 
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We have compared our similarity/dissimilarity matrix’s 

results of Table 3 with the percentage sequence identity 
(PID%). We have used the PID% matrix [15]. Our com- 
parison is done through a linear correlation and signifi- 
cance analysis [15]. The correlation coefficients results 
for the eight ND5 proteins of our approach as compared 
with PID matrix are listed in the 1st column of Table 5. 
We also have listed the previous comparisons of litera- 
tures [12] and [15] with (PID %) matrix in Table 5; they 
are applied on the same ND5 proteins. Because we have 
a small set of data (n = 8) which can result high correla- 

OPEN ACCESS 

tions, we considered the significance of correlation to 
check whether the correlation of two sets of data is suffi- 
ciently strong or likely occurred by chance. We checked 
for statistical significance for correlation coefficient val- 
ues that are greater than 0.7. The correlation coefficients 
of PID% matrix and our approach and the two approa- 
ches in Ref. [12] and [15] are listed in Table 5. Our sam- 
ple data equals eight so we use (6) degrees of freedom. A 
t-value of 2.447 or greater indicates a significance of less 
than 0.05 chance of having occurred by coincidence. By 
calculating the r-values’ corresponding t-values in Table 
6, all computed t-values are greater than 2.447. This in- 
dicates that r-values in Table 5 are not occurred by 
chance. 

6. CONCLUSION 

A good visualization is obtained by representing the 
protein residues on the surface of a right cone of a unit 
radius and unit height. This approach has no loss of in- 
formation and is independent on a pre-graphical repre- 
sentation of the RNA triplet codons. It is graphed on a 
limited space and all the spots representing protein’s resi- 
dues can be shown in one view (the cone’s top view). This 
approach is applied on two short and equal segments of 
protein of yeast Saccharomyces cerevisiae. Our approch 
is applied also on eight ND5 proteins and six β-globin 
proteins which are long and non-equal proteins to prove 
its utility. Our similarity/dissimilarity results are compared 
with PID% through linear correlation and significance 
analysis. 
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