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Abstract 
According to the partial order constructed on a selected pair of physico-chemical properties of 
amino acids, we presented a novel 2D graphical representation of protein sequences which is 
called an H-L curve. The representations are mathematically proven to be no circuit (i. e., 
without any degeneracy), and associated with protein sequences in a one-to-one manner. In 
addition, our graphical curves allow more conveniently a visual inspection of protein 
sequences alignment. We illustrated our approach on two examples. 
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1. Introduction 
 

Huge quantities of biology data such as DNA, RNA and protein sequences are rapidly 

generated everyday with development of the biology technologies. It is absolutely impossible 

for bio-scientists to deal with amounts of raw data only by conventional experimental 

approaches. Graphical representation offers a single visual way of analyzing the similarities 

and dissimilarities among various primary sequences, initiated by Hamori and Ruskin[1,2], 

and by Gates[3,4] over 20 years ago. Following their pioneering work, many authors have 

presented different representations of DNA sequences based on 2D, 3D, even higher 

dimension space or others in recent years. Some examples are available in the Refs. [5-15]. 

Most of the representations are applied to similarity analysis [5-12], and sequences alignment 

[13-15]. In contrast to DNA, the graphical representations of protein sequences emerged very 

lately, whose first arrival [16] was 20 years later than that of DNA. The reason for leading to 

this is the increased complexity of biological strings built on a 20-letter alphabet (representing 

the 20 natural amino acids) in comparison with strings build from only four letters 

(representing DNA or RNA )[17]. Hence, we have 20! different combinations, other than 4! 

possibilities, which at most mean 24 alternatives, or half in the case of symmetry. So far, most 

of the existing graphical representations of protein sequences are divided into four 

classifications---the first [16] based on the underlying codons, the second [18-22] based on 

88�  tables of codons, the third [23] based on an  arbitrary alphabetic, and the fourth [24]  

which assigned 20 amino acids to the 20 directions. In this contribution we will describe a 

dynamic construction of 2D graphical representation of protein sequences which is not 

sensitive to arbitrary assignments of amino acid used to represent protein sequences, but 

based on physico-chemical properties of amino acids.  

 

2.   2D graphical representation of protein sequences 

2.1  The assignment of 20 kinds of amino acid to 20 vectors 

Randi�[25] utilized the apK  value listed in Table 1 (taken from the Ref. [26]) for terminal 

amino acid groups �
3NH and COOH  which determines the activity of enzymes and are 
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therefore of major importance in biochemistry to construct the 2-D map of amino acids. In the 

contribution, according to apK  values, as shown in Fig. 1, we assign 20 kinds of amino acid 

to 20 different two-component vectors respectively, in which first components are equal to 1, 

and second components are different from one another, ranging from -2 to 2 at 0.2 unit 

distance intervals. The ordering of assignment of amino acids to vectors is determined mainly 

by the apK  ( �
3NH ) values and secondarily by the apK  (COOH ) value. For example, the 

apK  ( �
3NH ) value of the amino acid, Cyteine is the largest among the sets of apK  ( �

3NH ) 

values of 20 amino acids, so a vector (1, 2.0) is assigned to the amino acids, C. Similarly, that 

of Aspargine ,N is the smallest ,and then a vector (1,-2.0) to N. apK  ( �
3NH ) values of 

Leucine, L and Glycine, G are equal ,but the apK  (COOH )value of L is bigger than that of 

G, so a vector(1,0.4) corresponds to L and (1,0.2) to G. The detailed assignment is shown in 

Fig. 1. Obviously, the assignment is only associated with the apK  ( �
3NH ) values and the 

apK  (COOH ) values, and avoids the arbitrariness in the Ref. [23]. Therefore, the graphical 

representations based on the assignment help in differentiating the physico-chemical 

properties from DNA sequences, and then understanding different biochemical functions of 

DNA sequences. 

 

2.2  Method to construct the H-L graph 

Each amino acid of a protein sequence has a walk sequentially in 2D-space as one of the 

above twenty vectors, so that we obtain a curve uniquely corresponding to the protein 

sequence, which we call an H-L curve. We describe the process below using a model example. 

Let us consider an amino acid sequence s=CYDGNWVVFIKPEQT. The method for 

constructing its curve is shown in Fig. 2. The first vector of the sequence corresponding to the 

first amino acid, C starts from the origin of the coordinate system(0,0) denoted as ‘start’ in the 

Fig. 2.  Then, next vector in turn starts at the end of previous vector up to the last vector of 

the protein sequence. Finally, we obtain an H-L curve uniquely in Fig. 2. The strategy of 

walking for vectors is similar with the original method of plot DNA sequence as a walk in 
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2D-space using four orthogonal directions that represent the four bases was introduced in 

Refs. [4,27,28].  

Table 1. The acid dissociation constants of side chains of amino acid (taken from the 

Refs. [25-26]). 

3-Letter 
code 1-Letter code apK (COOH ) apK ( �

3NH )

Small hydrophilic
Glycine Gly G 2.34 9.60 
Alanine Ala A 2.34 9.69 
Threonine Thr T 2.63 10.43 

Ser 9.15 
Pro 10.60 

Small hydrophibic
Val 9.62 
Leu 9.60 
Ile 
Met 

Phe 
Try 
Trp 

Asp 
Glu 
Asn 
Gln 

Lys 
Arg 
His 

Cys 
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Fig. 1.The assignment of 20 different vectors to 20 kinds of amino acid 

Fig. 2.The method for constructing the H-L curve of the amino acid sequence 
s=CYDGNWVVFIKPEQT. 

 

In Fig. 3, we illustrated the H-L curves of Human and Orangutan HLA class I 

histocompatibility antigens, A-1 alpha chains, whose Primary accession numbers in 

Swiss-Prot are P30443 and P16211 respectively and whose Entry name are 1A01_HUMAN 

and 1A01_PONPY respectively. These long-range distinct patterns can be recognized visually, 

which reflect the differences between sequences. 
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2.3 The properties of H-L curves 

Property 1. There is not any circuit in our 2-D graphical representation. 

Proof.  We assume that there exists a circuit in Fig. 4 with n vectors ,1a  2a , na,�  

corresponding to one of 20 kinds of amino acid respectively. It stands to reason that the 

equation as follows holds: 

)0,0(021 ����� naaa �  .                  (1) 

 then 
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where ),1( ii ya � , ni ,,2,1 �� . Therefore, n=0. That is to say, it is sure that there is no circuit 

in our representation. 

 
Fig. 3.Two H-L curves of amino acid sequences from Human and Orangutan 

respectively. 
 

Property 2.The protein sequences correspond to the graphical H-L curves in a one to one 

manner. 

Proof. It is easily proven that a protein sequence allow us to construct a unique graphical 

curve by the method introduced in section 2.2. On the contrary, given a graphical H-L curve, 

we deduce doubtless a unique sequence of amino acid from the ordering vector sequence from 
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the H-L curve in terms of the assignment listed in Table 1. Therefore, the H-L curves are 

associated with the protein sequences one to one. 

The property 2 show us that there is no loss of information accompanying the H-L curve 

of graphical representation of the primary structure of a protein sequence and consequently 

the 2-D graphical representation of a protein sequence allow the sequence reconstruction .So 

each of the H-L curve can be taken as a graphical ‘signature’ of the corresponding sequence. 

Property 3.The starting coordinate and the ending coordinate of the kth vector corresponding 

to the kth amino acid of a protein sequence are computed respectively by the formula as 

follows: 
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where ),1( ii ya � and )),(),(()( kSkSkS yx�  )),(),(()( kEkEkE yx�  for 

an arbitrary integer k, , nk ��1  ( n is the length of  the protein sequence). 

Proof. ( Mathematical Induction) It goes without saying that )0,0()1( �S  and 1)1( aE � , 

so S(1) and E(1) are true. Assume that, for an arbitrary k, S(k) and E(k) are also true, i.e. 
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assumption. According to the method of constructing the curve, we have S(k+1)=E(k) and 

E(k+1)=S(k+1)+ 1�ka , namely,                       
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which exactly mean that S(k+1) and E(k+1) hold. Therefore, S(k) and  E(k) are true for all 

integers k equal to or greater than 1 and equal to or lesser than n. 

 

Fig. 4.  A circuit with n vectors. 
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3.  Graphical alignment 

3 1  graphical alignment 

Sequence alignment is one of the crucial sequence-comparison operations in bioinformatics 

and genetic research [13]. An alignment of two sequences s1 and s2 is obtained by insertion 

of chosen gaps, either into or at the ends of s1 and s2, and then placing the two resulting 

sequences one over the other so that every letter in either sequence is opposite a letter or a gap 

in the other sequence [13]. The longer aligning sequences are, the more difficultly it performs. 

What’s more, the particular alignment program doesn’t produce the best alignment result, as 

seen in Ref. [13]. However, even a superficial view of the graphical representation shown in 

Fig. 4 clearly reveals on one hand a considerable overall similarity among sequences and on 

the other hand the existence of local differences in their primary structure. Obviously, 

graphical representation enables more easily visual inspection of sequences  than their 

representation by strings over the DNA alphabet{A, T, G, C} or the amino acid alphabet {A, 

G, T, }. So in recent years, the novel graphical 

alignments of sequences have been presented in Refs. [13,23,25]. Randi�[13] proposed 

graphical alignment of DNA ,which is performed by simple subtracting the corresponding 

numerical sequences and looking at spots having zero difference. The alignments based on 

graphical representations were adopted for protein sequences in Ref. [23,25]. The advantage 

is that it allows visual inspection of alignment, performs very easily.  In the following, we 

introduced the theory of graphical alignment, and then illustrated our approach on two 

examples. 

3.2  Theories of graphical alignment 

The necessary and sufficient conditions of matching for the kth amino acids of two 

protein sequences are that the two kth vectors respectively from the corresponding graphs 

have the same directions and lengths. 

Proof.  (Sufficiency) Assume that ka  and kb  are respectively the two kth vectors of 

graphical representations of the kth amino acids ka  and kb  of two protein sequences a and 
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b. If ka  runs parallel to kb  and the lengths of ka  is equal to that of kb , according to the 

assignment of 20 kinds of amino acid to 20 vectors listed in Table 1, we draw a conclusion 

that the kth amino acids of two protein sequences match. 

(Necessary) Assume also that ka  and kb  are respectively the two kth vectors of graphical 

representations of the kth amino acids ka and kb  of two protein sequences a and b. If ka  

doesn’t run parallel to kb  or the lengths of ka  isn’t  equal to that of kb , no matter which 

kinds of amino acids two vectors are assigned to ,we always conclude that the kth amino acids 

between two sequences don’t match. 

Corollary 1  Suppose that A and B are respectively starting and end dots of the kth vector of 

graphical curves of the protein sequence a, and that C and D  the protein sequence b. The 

quadrangle ACDB being a parallelogram is a sufficient and necessary condition for the kth 

amino acids of two protein sequences matching . 

Corollary 2  Suppose that Ai and Bi are respectively starting and end dots of the kth vector 

of graphical representations of the protein sequence Si (i=1,2,…,N) ,where N is the number of 

sequences. All quadrangles AiAi+1Bi+1Bi being parallelograms is a sufficient and necessary 

condition for the kth amino acids of N protein sequences matching.  

 

3.3  Illustration 

Now, according to Corollary 1 and Corollary 2, we can quickly observe similarities among the 

protein sequences, which amino acids match and which amino acids mismatch using 

graphical H-L curves of protein sequences. Take two amino acid sequences taken from Ref. 

[25] for example: 

Protein I: WTFESRNDPAKDPVILWLNGGPGCSSLTGL 

Protein II:WFFESRNDPANDPIILWLNGGPGCSSFTGL. Their corresponding graphical 

curves are shown respectively in Fig. 5. Obviously, Fig. 5 directly shows more information of 

alignment without further processing, compared with Fig. 2 in Ref. [25]. On seeing Fig. 5, 

one can observe the facts that amino acids at the sites 2,11,14 and 27 mismatch, and that those 
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at the other sites match. The result is uniform with that in Ref. [25].  What’ more, it is more 

convenient to make multiple sequences alignment by our method than by that in Ref. [25]. 

For example, three amino acid sequences are respectively as follows: 

Protein I: PNTAHHRNCCWWTYSKIFFC, 

Protein II:PNTHHRRCCCWWTYLKIFFC, 

Protein III:PNTNHRVCCCWWYYNKIDFC. 

Their corresponding curves are shown in Fig. 6.  Utilizing our graphical alignment theory, 

one can obviously judge whether the amino acids at corresponding sites match or not. In Fig. 

6, we can conclude by parallelogram that amino acids at the sites 4,6,7,8,13,15 and 18 among 

three amino acid sequences match ,and  those at the other sites mismatch.    

   There are significant differences between our approach described here and those of Refs. 

[13,23,25], even though the alignment result may appear similar. First, the graphical 

alignments in the Refs.[13,23,25] were performed by the coordinate of dots assigned to each 

amino acid , while in this work we use vectors assigned to each amino acid to make graphical 

alignment for the first time. Second, Fig. 2 in Ref. [25] appeared uninformative and cannot be 

used to make alignment without further processing, while our graphical representations 

directly show the alignment information, and hence is more simple and efficient. Third, our 

approach is in particular suitable for making multiple sequences alignment as shown in Fig. 6. 

That is to say, the more sequences there are, the more efficient alignment there are. 

 

4. Conclusion 

In the paper, we assign 20 different vectors to 20 kinds of amino acid, according to the apK  

( �
3NH ) values and the apK  ( COOH ) value of amino acids.  We construct the 2-D 

graphical representations of protein sequences by the method introduced in Refs. [4,27]. Our 

graphical representations have no circuit and correspond to protein sequences one to one, 

which advantage allows visual inspection of sequence data, helping in recognizing major 

similarities among different protein sequences. In addition, it also facilitates the quantitative 

comparison among different protein sequences, which is being studied. 
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Fig.5. H-L curves of Protein I and Protein II in the first example. 

 

Fig. 6. H-L curves of Protein I, Protein II and Protein III in the second example. 
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