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Abstract 

The present review highlights some of the very important contributions to non-alignment ways of 
comparing biological sequences, which may be genome sequences of nucleotides, protein sequences 
of amino acids, or sequences of protein secondary structures. The discussion centers around speciϐic 
methods applicable to the comparison of three types of sequences. The methods of comparison of 
genome sequences are based on three pairs of biological groups of nucleotides; the same for protein 
sequences are based on either physio-chemical property values of amino acids or on classiϐied 
groups of amino acids of different cardinalities obtained from the physio-chemical properties; the 
same for sequences of secondary structures of proteins are based on their sequential expressions 
of structure elements of cardinality three and four. Comparison is made in the time domain and 
also in the frequency domain. Different taxa of known phylogeny are considered for comparison. 
It tries to ϐind out the speciϐic method of comparison, which can show the exact phylogeny of the 
taxa. If a new sequence appears in the database, it becomes essential to know its phylogeny. For this 
purpose, a phylogenetic tree is drawn on the sequences of the known taxa together with this new 
sequence using the best possible method. If the species having this new sequence belongs to the 
old taxa, there is nothing to worry about. Otherwise, the species with the new sequence has to be 
studied separately. This is the general reason for the construction of a phylogenetic tree in any form 
of biological sequence comparison.

Introduction 

There are two types of methods of biological sequence 
comparison- one is alignment-based and the other one is 
alignment-free. The former type is now rarely used for its 
time complexity. Non-alignment (alignment-free) method of 
comparison of biological sequences means comparison based 
on the corresponding sequences of represented numerical 
values. Therefore the primary thing in the non-alignment 
method is the numerical representation of the sequence. This 
may be arbitrary or speciϐic to the type of biological sequence, 
which is used for comparison. 

For genome sequences, the representations may be real-
valued (one or more dimensional), may be binary or non-
binary, maybe complex-valued, and may even be quaternion-
valued. Real-valued representations are considered in [1-19]; 
complex-valued representation is considered in [20-22]. The 
quaternion-valued representation is found in [23]. But in all 
these cases, the representations are found to be arbitrary. 
Out of them, one binary four-dimensional representation of 
nucleotides is found to be very useful. It is applied in genome 

sequence comparison in the frequency domain under the 
use of one-dimensional FFT and ICD methods of selection 
of descriptors [24]. It is also used in getting four component 
sequences corresponding to a given genome sequence and 
deϐining the descriptors given by different moment vectors of 
different degrees in the frequency domain [25,26]. However, 
descriptors given by such moment vectors have some 
limitations. It is found that the results of the comparison 
of genome sequences are sequence-speciϐic. For some 
sequences moment vectors of certain degrees work well, 
but for other sequences, they fail to give correct results. The 
four-dimensional binary representation is also used for the 
representation of genomes on a unit 12-dimensional hypercube 
resulting in a comparison of genome sequences under the NTV 
metric deϐined therein [27,28]. The above 12-dimensional 
representation is found to have some shortcomings. These are 
removed in the similar 4×4=16 dimensional representation 
of genomes and their comparisons [29]. Recently, such a 
16-dimensional representation of genome sequences has been 
used in obtaining a suitable form of metric divergence to apply 
in the comparison of genome sequences successfully [30].To 
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talk about the speciϐic methods, which are applicable to the 
comparison of genome sequences only, it may be mentioned 
that four bases A, C, G, and T of primary DNA sequences may 
be classiϐied in two different ways (Table 1).

Some of the representations based on chemical properties 
and strength of Hydrogen bonds are made in [31-36]. All these 
representations are found to be degenerate; they are not ϐit for 
geometric representations. The degeneracy is ϐirst removed 
in the representation of [37]. A graph-theoretic comparison 
based on the Bio-chemical properties of nucleotides is used 
in [38]. 

For Protein Sequence comparison, there are two types 
of representations-one being extensions of representations 
of nucleotides, the other one being speciϐic to properties of 
amino acids.

Some such extensions are the 20-dimensional binary 
representation of amino acids, which are used in protein 
sequence comparison. It is ϐirst used in obtaining theoretical 
classiϐication of amino in a group of cardinality six [39]. Based 
on such binary representation of amino acids, representation 
of protein sequences on a 20×20 dimensional unit hypercube 
is obtained and protein sequence comparison is carried out 
effectively by using a modiϐied form of NTV metric [40]. 
Next, the extended binary representation is used for protein 
sequence comparison in the frequency domain under one-
dimensional FFT and modiϐied ICD method [41]. The twenty-
dimensional binary representation of amino acids has also 
been used recently in getting moment vectors in the frequency 
domain to use as descriptors of protein sequence comparison 
[42]. These descriptors are not sequence-speciϐic as in the case 
of genome sequences. These descriptors are newly deϐined 
and are called minimal moment vectors. These are different 
from the standard moment vectors and the central moment 
vectors, which are used for genome sequence comparison. It 
has been possible to compare protein sequences efϐiciently 
using such minimal moment vectors of only degree two. 

The second type of representation has two parts – one 
based on the physio-chemical property values of amino 
acids and the other based on classiϐied groups of amino 
acids of different cardinalities based on the physio-chemical 
properties of the amino acids (Tables 2,3).

There are lots of papers on protein sequence comparison 
based on property values of amino acids, the number 
ranging from two to twelve [43-54]. Even complex-valued 
representation based on a pair of property values of amino 
acids is also known [55] and it is used successfully in 
protein sequence comparison [56]. But protein sequence 

comparison based on a single property value of amino acids is 
a very recent one [57]. This deals with meaningful non-binary 
representations, which are by no means arbitrary. Another 
very recent contribution to the non-binary representation 
of protein sequences is an interesting one [58]. It enables to 
giving of a non-binary representation of protein sequences 
on a 20×20 dimensional unit hypercube. Protein sequence 
comparison is successfully implemented by the modiϐied NTV 
metric mentioned earlier. 

For protein sequence comparison based on classiϐied 
groups, the following groups (Tables 4-9) are used:

Diff erent classifi ed groups of amino acids

The sequence comparison based on four classiϐied groups 
of amino acids is found in [59], and the same for ϐive classiϐied 
groups is found in [60]. The methods are different in the two 
cases. A uniϐied method is developed in [61], which works for 
four, ϐive, and six group classiϐications. 

For the purpose of comparison of Protein secondary 
structure sequences, it may be noted that Protein Secondary 
structure elements (SSE) of greatest interest include α-helices 
and β-strands. They are represented as H and E respectively. 
There is another kind of SSE called Coils and they are denoted 
by the letter C. A secondary structure sequence is a symbolic 
string comprising of the above three kinds of letters H, E, and 
C similar to .20 different letters representing amino acids 
in protein sequences. Recurrences of consecutive H in the 
symbolic representation of SSE mean those positions of the 
sequences previously occupied by different amino acids are 
now forming a single helix. The same is true for consecutive 
E and consecutive C. In the 1D summary (sequential form), 
SSE is represented graphically as α-helices depicted as waves 
and β-strands shown by wide arrowheads respectively. The 
remaining positions of strings of SSE are represented by C 
(coils) and they are shown simply by straight lines. Levitt and 
Chothia [62] ϐirst proposed the concept of structural classes 
of proteins in 1976. The proteins were grouped into one 
of the four classes, all-α, all-β, α + β, and α/β. The all-α and 
all-β proteins are deϐined to be composed of almost entirely 
α-helices and β-strands, almost in the sense of excluding 
the coils present in between. The α + β proteins consist of 
α-helices and β-strands, where α regions and β regions are 
largely separated and the β-strands are often anti-parallel; 
α/β proteins consist of alternative mixtures of α-helices 
and β-strands, where the β-strands are often parallel. These 
assignments basically characterize the overall secondary 
structures of proteins even in the up-to-date databases, and 
thus they have been generally accepted and widely used in the 
literature. Since 1976, the problem of protein classiϐication 
has been tackled by many groups of researchers [63–69]. 
In most of the cases, the selection criterion is based on the 
helix/strand contents of proteins. The protein secondary 
structure sequence appears in PDB as a sequence of three 

Table 1: Classiϐication of nucleotides.
Chemical Properties Strength of the Hydrogen Bond

 I. Purine group R = (A, G) and Pyrimidine group 
Y = (C, T). 

 II. Amino group M = (A, C) and Keto group K = (G, T). 

Weak H–bonds W = (A, T) and
Strong H–bonds S = (G, C).
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Table 2: Physical properties of Amino acids.
Sl.No Amino acids Relative Dis. RD Sidechain Mass Speci ic Volume Residue Volume Residue Wt Mole Vol

1 Alanine A 0.2227 15 0.64 43.5 71.08 31
2 Cysteine C 1.0000 47 0.74 60.6 103.14 55
3 Methionine M 0.1882 75 0.70 77.1 131.191 105
4 Proline P 0.2513 41 0.63 60.8 97.12 32.5
5 Valine V 0.1119 43 0.76 81 99.13 84
6 Phenylalanine F 0.2370 91 0.86 91.3 147.17 132
7 Isoleucine I 0.1569 57 0.90 107.5 113.16 111
8 Leucine L 0.1872 57 0.90 107.5 113.16 111
9 Tryptophan W 0.4496 130 0.75 105.1 186.21 170

10 Tyrosine Y 0.1686 107 0.77 121.3 163.18 136
11 Aspartic acid D 0.3924 59 0.71 123.6 115.09 54
12 Lysine K 0.1739 72 0.68 144.1 128.17 119
13 Asparagine N 0.2513 58 0.62 78 114.1 56
14 Arginine R 0.0366 100 0.66 90.4 156.19 124
15 Serine S 0.2815 31 0.60 74.1 87.08 32
16 Glutamic acid E 0.1819 73 0.67 93.9 129.12 83
17 Glycine G 0.3229 1 0.82 108.5 57.05 3
18 Histidine H 0.0201 81 0.70 111.5 137.14 96
19 Gluatmine Q 0.0366 72 0.67 99.3 128.13 85
20 Threonine T 0.0000 45 - 72.5 101.11 61

Table 3: Chemical Properties of Amino acids.
Sl. No Amino acids pKa- COOH17 pKa- NH+17

3 Hydropathy Index h Hydro-phobicity Hydro-Phillicity Isoelectric Point Pi Polar requirement
1 Alanine A 2.34 9.69 1.8 -0.7 1.8 6.01 7.0
2 Cysteine C 1.71 10.78 2.5 1.8 -4.5 5.07 4.8
3 Methionine M 2.28 9.21 1.9 -0.7 -3.5 5.74 5.3
4 Proline P 1.99 10.60 -1.6 -0.8 -3.5 6.48 6.6
5 Valine V 2.32 9.62 4.2 -1.6 2.5 5.97 5.6
6 Phenylalanine F 1.83 9.13 2.8 -4.2 -3.5 5.48 5.0
7 Isoleucine I 2.36 9.68 4.5 3.8 -3.5 6.02 4.9
8 Leucine L 2.36 9.60 3.8 4.5 -3.5 5.98 4.9
9 Tryptophan W 2.38 9.39 -0.9 1.9 -0.4 5.89 5.2

10 Tyrosine Y 2.20 9.11 -1.3 2.8 3.2 5.66 20.5
11 Aspartic acid D 2.09 9.82 -3.5 -1.3 4.5 2.77 13.0
12 Lysine K 2.18 8.95 -3.9 -0.09 3.9 9.74 10.1
13 Asparagine N 2.02 8.80 -3.5 -3.5 1.9 5.41 10.0
14 Arginine R 2.17 9.04 -4.5 -3.5 2.8 10.76 9.1
15 Serine S 2.21 9.15 -0.8 -3.5 -1.6 5.68 7.5
16 Glutamic acid E 2.19 9.67 -3.5 -3.5 -0.8 3.22 12.5
17 Glycine G 2.34 9.60 -0.4 -3.9 -0.7 5.97 7.9
18 Histidine H 1.82 9.17 -3.2 -4.5 -0.9 7.59 8.4
19 Glutamine Q 2.17 9.13 -3.5 -3.2 -1.3 5.65 8.6
20 Threonine T 2.63 10.43 -0.7 2.5 4.2 5.87 6.6

Table 4: Three-group classiϐication of amino acids.
Characteristic Amino Acids
Dextrorotatory E, A, I, K, V
Levorotatory N, C, H, L, M, F, P, S
Irrotational G, Y, R, D, Q

Table 5: Four-group classiϐication of amino acids (detailed HP model).
Characteristic Amino Acids

Hydrophobic (H) (non-polar) A, I, L, M, F, P, W, V
Negative polar class D, E

Uncharged polar class N, C, Q, G, S, T, Y
Positive polar class R, H, K

Table 6: Four-group classiϐication of amino acids (HC Model).
Hydropathy characteristic Abbreviation Amino Acids

Strongly Hydrophilic POL R, N, D, Q, E, K, H
Strongly Hydrophobic HPO L, I, V, A, M, F

Weakly Hydrophilic or weakly Hydrophobic 
(Ambiguous) Ambi S, T, Y, W

Special None C, G, P

Table 7: Five-group classiϐication of amino acids.
Representative residues Amino acids

I C, M, F, I, L, V, W, Y
A Α, Τ, Η
G G, P
E D, E
K S, N, Q, R, K

letters H, E, and C. On closed observation, it is also possible 
to observe up and down helices and strands. So in addition 
to geometric representations of helix and strand by wave 
and wide arrows respectively, there is another form of the 
geometric representation of SSE, called TOPS (topology of 
protein structure) diagram; this is one of the most popular 
protein structure topological descriptors. TOPS considers 
sequences of the secondary structure elements (SSEs), along 
with relationships like spatial adjacency within the fold and 
approximate orientation, neglecting details like lengths and 
structures of loops, and the lengths of the secondary structure 
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elements themselves. Some of the attempts to obtain 
such TOPS representation are given in [70-74]. In 1977, 
Stemberg and Thornton [70] presented the TOPS cartoons, 
which were originally drawn manually. This gives graphical 
representations of SSEs. Flores, et al. [71]. TOPS diagrams 
provide a concise way of describing the structural topology 
of protein. This includes their sequences of SSE together with 
some information about α-helices and β-strands, which are 
represented respectively by triangles and circles. Secondary 
structure elements are considered to have a direction of ‘up’ 
(out of the plane of the diagram) or ‘down’ (into the plane of 
the diagram). As each SSE in a TOPS diagram is associated 
with direction up or down, so in all four letters are needed to 
express the TOPS string; they are {h, H, e, E}, where E stands 
for ‘up’ strand, e for ‘down’ strand, H for ‘up’ helix, and h 
for ‘down’ helix. In [74] a computer system is developed to 
compare protein SSE represented by the TOPS diagram. It 
may be noted that the comparison of proteins based on their 
representations as sequences of four secondary structures 
follows the same line as that of genome sequences. The reason 
is that symbolically there is no difference in the two cases. 
Genomes are sequences of four nucleotides whereas proteins 
are sequences of four secondary structures. Therefore most 
of the attempts at protein structure comparison consider 
sequences of four secondary structures H, h, E, and e. In 
[75] the authors compared similarities/ dissimilarities of 
the SSE of protein by using a universal similarity metric. 
They used different types of data sets – (i) Random data set 
of 40 proteins (ii) Chew–Kedem dataset of 36 proteins [76] 
(iii) Skolnick dataset of 39 proteins [77] and (iv) Leluk–
Konieczny–Roterman dataset [78]. Structural similarity 
between proteins in four different datasets was investigated 
under the USM (universal symmetric metric). The sample 
represented alpha, beta, alpha-beta, tim-barrel, globins, and 
serpine protein types. The use of the proposed metric shows a 
correct measurement of the similarity and classiϐication of the 
proteins in the four datasets. Gilbert, et al. [79,80] explored 
the alignment-free comparison of the topology of protein 
structure diagrams. In [81] the authors compared TOPs strings 
based on LZ complexity; the same method was used earlier 

in connection with a comparison of DNA sequences [82]. The 
results of [81] when compared with those of [80] are found to 
be better in some cases. Alignment-free LZ complexity method 
is also compared with the alignment-based Clustal W method. 
It is found that the results of Clustal W are not satisfactory in 
some cases. In [83] the authors used information discrepancy 
measures to compare protein secondary structures. In [84] 
the authors tried to study the comparison of SSE based on 
TOPS representation using the ϐirst difference and second 
difference of the three-dimensional represented values. It is 
a new attempt. However, the results were not satisfactory. In 
[85] the authors applied a novel method of comparison of SSE 
from a data set comprising 20 different structures belonging 
to standard four classes and were able to show that the 
classiϐication was justiϐied theoretically. They also considered 
36 protein structures from the Chew–Kedem database and 
their method was successful in classifying the structures very 
well. But both the data sets when analyzed by the ClustalW 
method show incorrect classiϐication in some cases. 

So far as the comparison of SSE expressed by three 
structures H, E, and C is concerned, possibly there are very 
few attempts to date. In [86] transition probability matrix and 
structural characteristic vectors of proteins are constructed. 
The phylogenetic trees of 20 proteins from four different 
classes α,β,α+ ,α/β and TOPS strings of the 36 protein chains 
in the Chew–Kedem dataset are constructed. The result 
shows that this new approach to measuring the similarities 
between protein secondary structures is computationally 
efϐicient. As the above four classes have nothing to do with 
the phylogeny classes of the Taxa, the above 20 proteins 
having three structures are to be further examined for their 
phylogeny classes under methods suitable for the purpose. 
There is another interesting area of research. A comparison is 
made on the degree of prediction of the secondary structure 
sequences of PDB with the same sequence obtained by 
some other methods. 2D graphical representation of SSE is 
considered based on triplets H, E, and C [87]. First, a truncated 
portion of 2pgdI is taken from PDB. This is the reality 
secondary structure sequence of the protein 2pgdI. Next 
similar truncated sequences corresponding to the predicted 
secondary structure sequences by the NN prediction method 
of Rost and Sander [88] and the PHD method of Kneller, et 
al. [68] are taken up one by one. From the 2D represented 
curves, M/M matrices are formed in all cases and ϐinally, 
their leading eigenvalues are taken as descriptors. Now 
lesser is the difference between the two leading eigenvalues, 
and better is the similarity between the two sequences. It 
is found that the similarity between the Reality (the reality 
secondary structure sequence) and the PHD (the secondary 
structure sequence predicted by the PHD method) is better 
than the one between the Reality and the NN prediction (the 
secondary structure sequence predicted by the NN prediction 
method). Taking the reality secondary structure sequence as 
the reference, it may be concluded that, the PHD prediction 

Table 9: Six-group classiϐication of amino acids (Theoretical).
SI Amino acids Representative residues
1 I I
2 L, R L
3 V, A, G, P, T A
4 F, C, Y, Q, N, H, E, D, K E
5 M, W M
6 S S

Table 8: Six-group classiϐication of amino acids (Biological).
Characteristic Amino Acids

Side chain is aliphatic G, A, V, L, I
Side chain is an organic acid D, E
Side chain contains a sulfur C, M

Side chain is an alcohol S, T, Y
Side chain is aromatic F, W, Y

Side chain is an organic base R, K, H
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method gives better results than the NN prediction method. 
A graphic representation of SSE given by triplets H, E, and 
C is also considered in [89]. This graphic representation is 
called the S curve. The S curve is the unique representation 
of a given secondary structure sequence in the sense that the 
sequence and the S curve can be uniquely determined from 
each other. Therefore, the S curve contains all the information 
that the secondary structure sequence contains. In this paper 
three sequences of oxo-acid-lyase 1csc are compared, one 
corresponds to the reality sequence given by PDB, one is 
predicted by the NN prediction method of [88] and the last 
one is predicted by the PHD prediction method of [68]. The 
comparison is made visually from their corresponding S 
curves. Again the same conclusion is reached that the PHD 
prediction method is better than the NN prediction method. 

Discussion
For comparison of general Biological sequences, the 

method of analysis is performed in the time domain and also 
in the frequency domain. Apart from general methods of 
comparison, there are methods speciϐic to genome sequences, 
as the nucleotides possess some Bio-chemical properties. 
Similar methods speciϐic to protein sequences exist, as 
the amino acids have some interesting physio-chemical 
properties. For sequences of protein secondary structures, 
there are no speciϐic methods. In fact, such sequences may 
be considered as sequences of three or ϐive different symbols 
characterized by three or ϐive secondary structures. They are 
not comparable with the 4-letter representation of genome 
sequences and the 20-letter representation of protein 
sequences. Separate methodologies are to be developed for 
comparison of sequences of protein secondary structures. 
However, for TOP’s representation of secondary structures, 
methods of comparison of genome sequences are equally 
applicable as it considers only four letters just like four 
nucleotides A, G, C, and T. 

Future scope

Comparison of genome sequences under di- nucleotide 
and tri-nucleotide representation may be an interesting area 
of research. This is not fully explored. The application of FFT 
in genome and protein sequences may be further studied. This 
might give some new results. Protein structure comparison 
using three types of secondary structures H, E, and C may 
be an important issue. A protein structure comparison using 
ϐive elements H, h, E, e, and C may be an interesting one. The 
application of FFT in sequences of secondary structures is a 
new area of research. This may be studied further in detail. 

Conclusion
Method of comparison of Biological sequences is an 

ongoing area of research. Such methods of comparison for 
sequences of protein secondary structures are less compared 
to those applicable for genome and protein sequences.
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