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ABSTRACT

The present review highlights the very purpose of comparing genome and protein sequences and examines critically
the different types of methodologies involved in the process leading to the final results of comparison.
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NUCLEOTIDES AND THEIR CLASSIFICATIONS

Genomes are sequences of 4 nucleotides: (A-adenine; C-cytosine;
G- guanine; T- thymine). They are polynucleotide chains. Two
genome sequences differ in the number and relative positions of
nucleotides in the chain. They may also differ in their lengths.

Classification of nucleotides on the basis of Bio-chemical
properties

Based on their bio-chemical properties, the 4 nucleotides are
classified in three distinct groups R/Y) [Purine-Pyrimidine],
(M/K) [Amino-Keto] and (W/S) [Weak-Strong H-Bonds], where
R=(A, G)and Y = (C, T), M=(A, C) and K=(G, T), W=(A, T)
and S=(C, Q).

AMINO ACIDS AND THEIR CLASSIFICATIONS

Protein’s primary structures are sequences of 20 peptides (amino
acids), which are given by Alanine(A), Cysteine(C), Aspartic

acid(D), Glutamic acid(E), Phenylalanine(F), Glycine(G),
Histidine(H), Isoleucine(I), Lysine(K), Leucine(L),
Methionine(M), Asparagine(N), Proline(P), Glutamine(Q),

Arginine(R), Serine(S), Tyrosine(T), Valine(V), Tryptophan(W)
and Threonine(Y). When a protein’s primary structure is taken
up as a sequence of amino acids, it is understood that only the
backbone

consideration. It is a polypeptide chain. As sequences, Protein’s

structures of the amino acids are taken into
primary structures differ externally due to the number and
relative position of the peptides in the chain. They may also

differ in their lengths.

CLASSIFICATION OF AMINO ACIDS ON THE BASIS OF
PHYSIO-CHEMICAL PROPERTIES

Primary Classification of Amino acids

(i) Nonpolar: Alanine (Ala), Glycine (Gly), Isoleucine (Lle),
Methonine (Met), Tryptophan (Trp), Phenylalanine (Phe),
Proline (Pro), Valine (Val)

In America, about 75% of computer users who worked for long
hours at the computer had complaints of visual symptoms. This
is expected to be worse in developing countries where fewer
people are aware and take treatment, but the majority is less
aware and ignorant about the condition.

In Africa, limited studies on CVS have been carried out in spite
that computer use has attained a significant increased especially
as technology is advanced.

In Ethiopia, the prevalence of CVS ranges from 69.5% to
73.9% . Consequently, many organizations can facilitate and
manage their businesses using a computer.

It reduces the quality of life of computer users.Therefore,
adjusting ergonomics is very important. Therefore, as the
number of postgraduate students are increasing, studying CVS
among them is indispensable.

(i) Polar: Cysteine (Cys),Serine (Ser),Threonine (Thr), Aspargine
(Asn),Glutamine (Gln)

(iii) Polar Basic (Positively Charged): Histidine (His), Lysine
(Lys), Arginine (Arg)

(iv)  Polar Acidic
(Asp), Glutamate (Glu)

(Negatively  Charged): Aspartate
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(B) Special classifications of amino acids used in protein
sequence comparison

(i)(a) 3 group Classification [1]: Dextrorotatory E, A, I, K, V ;
Levorotatory N, C, H, L, M, F, P, S;

Irrotational G, Y, R, D, Q

(b) 3 group Classification [2]: Strongly Hydrophilic R, D, E, N,
Q, K, H ; Strongly Hydrophobic L, I, V, A, M, F; others S, T, Y,
W, C, G, P [ derived from (ii)(a)]

(a) 4 group Classification [2]: Strongly Hydrophilic (POL) R, D,
E, N, Q, 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

(b) 4 group Classification [ 3]: Hydrophobic (H) Non-polar A, 1,
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

5 group Classification [4]: I=C, M, E L L,V, W, Y; A=A, T,
H;G=G,P;E=D,E;K=S,N,Q, R,

(@) 6 group Biological Classification based on side chain
conditions : Side chain is aliphatic G, A, V, L, [; Side chain is an
organic acid D, E, N, Q; Side chain contains a sulphur M, C;
Side chain is an alcohol S, T, Y; Side chain is an organic base R,
K, H; Side chain is aromatic F, W, P

(iv) (b) 6 group Theoretical Classification [ 5): =; L=LR; A =
VA G, PLT,E=FC,Y,Q N HE D K,M=MWS=S.

Objective of Genome and Protein Sequence comparison

(a) To find proper clustering of genome/protein sequences by
similarity/ dissimilarity analysis.

(b) To obtain from the clusters proper phylogeny of family of
species to know their family history.

MOTIVATION OF GENOME AND PROTEIN SEQUENCE
COMPARISON

As the data base of both Genome and Protein sequences is
increasing rapidly; it becomes necessary to identify similarity
and dissimilarity of the sequences in order to cluster them
properly. Once clustering is done, it becomes clear whether data
base contains a new sequence or not. At the same time, the
phylogeny of the family of species has to be known from the
clusters in order to know their family history. That is why
phylogenetic trees are constructed from large number of
sequences. It may be noted that if a new sequence is found to be
similar to a known sequence, then it suggests that we need not
study the second sequence separately, as there is no difference in
their properties. But if the two sequences are found to be
dissimilar, then it is a real problem. We are to study the new
sequence separately, as the two sequences have different
properties. Now from the phylogenetic tree, it may be checked to
which cluster it is closest. This will give some hints about its
properties from the properties of the sequences of the cluster it
is closest to. This is the general scenario for comparison of
genome as well as protein sequences. For protein sequence
comparison, the problem is something more. As properties of
proteins depend only on their tertiary structures, so apparently
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protein’s primary structure comparison may not be of any use in
this context. In fact, if we show that two proteins are similar in
their primary structures, then it cannot be concluded that they
are similar in their tertiary structures. So their properties may be
different. Hence similarity of primary structures of two proteins
is not useful. But dissimilarity of primary sequences of two
proteins is very meaningful; it ensures that the two proteins also
differ in their tertiary structures and therefore they differ in
their properties too. Thus in this case, it is necessary to study
the new protein separately.

METHODOLOGIES IN GENOME AND PROTEIN SEQUENCE
COMPARISON

For comparison of both types of sequences there are two types of
methods: Alignment based and alignment free. Alignment-based
approaches generally give excellent results when the sequences
under study are closely related so that the sequences can be
reliably aligned, but when the sequences are divergent, a reliable
alignment cannot be obtained and hence the applications of
sequence alignment become limited. Another limitation of
alignment-based approaches is that it has more computational
complexity, and it is more time-consuming. Therefore alignment
free methods are of current use.

Basics of alignment free methods for genome and
protein sequence comparison

¢ To obtain Numerical Representation (crisp, probabilistic,
fuzzy) in different dimensions

¢ To obtain proper Descriptors for comparison

¢ To choose proper Distance Measures of comparison

¢ To obtain Distance matrix [similarity/dissimilarity matrix]

¢ To obtain cluster and phylogeny of species from the Distance
Matrix by UPGMA software

NUMERICAL, GRAPHICAL AND GRAPH THEORETICAL
REPRESENTATION

There is a distinction between numerical representation and
graphical representation. Numerical representation means
association of one dimensional, two dimensional or higher
dimensional points of Euclidean space or even complex
numbers to each of the 4 nucleotides in a genome sequence and
to each of the 20 amino acids in a protein sequence. In case of
complex representation it is to be associated with points on the
Complex Argond plane. But graphical representations are those
numerical representations, by which the whole sequence may be
plotted on a two dimensional or on a three dimensional curve.
Necessarily the representations must be non-degenerate in the
sense that corresponding to each element of the sequence,
which may be a nucleotide in a genome sequence or an amino
acid in a protein sequence, there is just one single two
dimensional point or a three dimensional point. Graphical
representations are also called geometrical representations.
Graph theoretic representations are those, where a graph can be
drawn out of the given points of representations. In this sense,
those representations, which are only numerical, may help in
graph theoretic representations.
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REPRESENTATIONS FOR GENOME SEQUENCES, THEIR
DESCRIPTORS AND DISTANCE MEASURES

Graphical representations

graphical representations are 2D

representations given in [6-8]. These are basically random walk

Examples of some

of points moving along or parallel to coordinate axes. Later on
these are modified in [9-12], where all the nucleotides are
plotted not along the axes but always along a vector lying in one
or more quadrants of the Euclidian plane. Other similar
representations with slight modifications are found in [13-16].

But all such geometrical representations are not always non-
degenerate. To illustrate some degenerate representations, we
consider 2D representations given [17-20]. In each of the
representations, the coordinates reflect the difference between
the cumulative occurrence numbers of some bases, which cause
degeneracy in the curves. So, this is improved in the sense that
now the summation of the cumulative occurrence numbers of
some bases in the subsequence from the first base to the ith base
in the sequence is considered [21]. As summation is involved in
place of difference, so it is claimed that the representation is
non-degenerate. But, the authors obtain counter example to
show that even this representation is also degenerate [22]. In this
paper, they  obtain  corresponding  non-degenerate
representations under wuse of frequencies as the third
coordinates. This is the first time the use of frequencies is found

to make the graphical representation a non-degenerate one.

Anyway for such graphical representations, there are two types of
descriptors- one is called geometrical descriptor, the other one is
called matrix form of descriptor. In the former case, the
descriptors are obtained directly from the data points of the
curve. But in matrix form of descriptors, first of all some
matrices are formed from the data points of the curve and then
different forms of descriptors are obtained from the matrices
themselves. Two dimensional geometrical descriptors are given
in [21]. Three dimensional geometrical descriptors are developed
[22]. In this case the distance measure used is the standard
Euclidean measure. Matrix form of descriptors are of types
D/D, L/L, M/M , J/] [23-29]. It is found that for all three
dimensional matrix forms of descriptors, J/] is the most
satisfactory one. In all these cases the distance measure is usually
Euclidean. But sometimes Pearson’s correlation coefficient is
also used as the distance measure.

Representations, which are only numerical

(i) Realnumber Representations are those where the four
nucleotides bases are assigned four different real numbers

arbitrarily [30].

(ii) Complex representation are those where the representation
of four nucleotides in the four quadrants of the complex plane
is obtained by assigning the complex numbers 1+il, 141, -1+il,
-1-il. Naturally two nucleotides are mirror image of real axis or
the mirror image of the imaginary axis [31-33].

(iii) Quaternion Representation is that, where the method of
complex representation is extended to Quaternion [34]. This is
also called the hyper-complex numbers representation of DNA
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sequences by using Quaternion of the form a+ ib+ jc+ kd where

i2+j2+ k2=1, i. j=0; j. k=0; k. i=0.

(ivy 4D Binary representation is the one, where the 4
nucleotides T, C, A, G are represented by (1,0,0,0), (0,1,0,0),
(0,0,1,0) and (0,0,0,1) respectively [35]. These are four vertices of

a 4-dimensional hypercube. This is a crisp representation.

Obviously for such representations geometrical forms of
descriptors or matrix form of descriptors are not applicable. For
4D Binary transformation, the descriptors are obtained in from
the frequency domain [36]. First of all the series under
comparison are made equal by adding required number of
zeroes. All these series are now taken as time series and by
application of Fourier transform they are shifted in the
frequency domain. There is no problem of additional zeroes, as
zeroes have no contribution in the Fourier transformation. Now
the descriptors are obtained by the method of Inter Coefficient
Distance (ICD). The distance measure is Euclidean.

Obviously the method is applicable to sequences of equal and
unequal lengths.

Another comparison of genome sequences based on 4D Binary
transformation is found in paper [37]. Here also descriptors are
found in the frequency domain. But the descriptors are now 12
dimensional moment vectors consisting of first order, second
order and third order moments. The advantage is that it is
applicable to genome sequences of equal and unequal lengths.

For complex representation this is a bit difficult problem, as we
are to consider Fourier transform of a complex time series,
which is not the standard one. In fact, for genome sequences
such attempts are not made.

Some other representations for the whole genome
sequences:

Condensed matrix representation of a genome sequence is the
one where the whole genome sequence can be reduced to a 4 x
4 real matrix [38]. The descriptors are the respective 4 x 4 matrix
to which it is reduced. The distance measure is Euclidean. The
advantage is that it is applicable to comparison of genome
sequences of equal and unequal lengths.

Fuzzy Representation is the one where each genome sequence
can be represented by a 12 dimensional fuzzy vector with
components lying on a 12 dimensional unit hypercube [38-40].
The idea comes from that of 4D representation [35]. Obviously
due to 4D Binary representation a codon is always represented
at one of the corners of 12 dimensional unit hypercube. It is a
crisp representation. In fact, when a nucleotide in a genome
sequence is represented as (1, O, 0, 0), it is meant that the
nucleotide is fully recognized as T. It is not C, not A or G.
Similar meaning may be given against binary representations of
C, A, G also. But due to chemical nature of the nucleotides,
sometimes a component of a genome sequence may not be
completely understood. There is a gradation in the
understanding. For example for the codon XAU of DNA, where
X=(0.1,0.2,03,0400 1,0, 1,0, 0, 0), the first letter X is
unknown and corresponds to T to extent 0.1, C to extent 0.2, A

to extent 0.3 and G to extend 0.4. Now 0.1, 0.2, 0.3, 0.4 are the



Bhattacharya DK

membership values whose sum is 1. So XAU is a fuzzy vector.
Hence in such cases, crisp representation of codon in 112 fails. It
is a fuzzy representation. It is noted that any genome sequence
can be reduced to a fuzzy vector of 12 components only. The
descriptors for genome sequences are the corresponding fuzzy
vectors. Obviously the method is applicable to sequences of any
length, equal or unequal. The distance measure is the known
NTV metric. But other metrics are defined based on the NTV
metric. Further three examples of genome sequences are cited,
where all such metrics behave similarly [40]. As the number of
such examples are only three, so question is raised , whether
such similar behavior of the metrics is general [41]. In this paper
counter examples are created to show that the behavior is not
true, in general. This led to the introduction of Intutionistic
Fuzzy Polynucleotide space in [42]. It is shown that under the
Intutionistic distance measure, the results may be shown to be
general.

Probalistic representation is based on a 2D numerical
representation of A, G, C and T by 2D points (1, 0.8), (1, 0.6),
(1, 0.4) and (1, 0.2) respectively [43]. Under this representation,
for sequence of length n, this representation is used to define a
probability vector,
X =V
(Py:Pysen P) =
—n{n-1)y
5 (n-1)y,

where (xi, yi) represents the position of the ith nucleotide in the
DNA graphical curve, represents the choice of y-coordinate
value at the ith nucleotide in the DNA geometrical curve. These
probability vectors are used as the descriptors. As the length of
the descriptor depends on the length of the sequence, so it is
not applicable to sequences of unequal lengths. Again it could
not be proved that.

»Zpi:]"

=1

So (pl, p2,..,pn) is not a probability vector at all. This is the
drawback in the representation. Again the distance measure
used is the symmetric form of Kull-back Leibller divergence
measure. [t may be remarked that this cannot be taken as a
distance measure, in the proper sense of the term, as it fails to
satisfy the property of triangular Inequality. So this is another
drawback of the paper.

Chaos Game representations are those where the representation
is made by the application of the rule of Chaos game [44].

k-mer representations

lemer representations are called di-nucleotide, tri-nucleotide
representations, where k = 2 and 3 respectively. K'mer means we
consider k number of consecutive nucleotides at a time starting
from the first position in the sequence, then from the second
position, then from third position and so on. As a result, for
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sequence of length n, (nk+1) number of such kmers is
generated. Now the question arises how to assign real numbers
to such ktuples of nucleotides. In particular, for di-nucleotide
representation such distinct pair of nucleotides are 42 = 16 in
number, for tri-nucleotide representations such triplets of
nucleotides are 43 = 64 in number. Different types of di and tri
nucleotide representations are found in the literature. But all
such representations are simply numerical representations, and
not geometrical representations. The reason is that for a
sequence of length 100, number of di-nucleotides are 99 in
number, but the only 16 values are at hand, which correspond

to 16

di-nucleotide pair. Obviously the curve consists of 16 distinct
points. Genome sequence comparison based on di- nucleotide
representations are found in paper [4547]. Similar
representations for tri-nucleotide representations are available in
paper [48,49]. Very recently use of trinucleotide based
representation for comparing genome sequences is taken up in
[50]. In this case, each of the genome sequences is expressed as a
64x10real matrix, which is used as the descriptor. The distance
measure is Euclidean. The results are also satisfactory. This is
the only paper, where tri-nucleotide based degenerate
representation is made non-degenerate by taking frequencies of
the trinucleotides as the additional component. kmer
representations are also considered in different papers. Results
of comparison show that they differ owing to the choice of k
and also choice of distance measure. Recently it is shown that all
kemers can be well described by a probability vector of the same
size, which may be taken as the descriptor [51]. By choice of k =
3 and distance measure as the information based similarity
index, all genome sequences can be successfully classified.

Symbolic dynamic representation: In this case rule of symbolic
dynamics is used in DNA sequence representation [52]. This
method can visualize DNA sequences in three-dimensional
coordinates with no loss of information in the transfer of data
from a DNA sequence to its mathematical representation. It is
used in the examination of similarities/dissimilarities among the
coding sequences of the first exon of B -globin gene of different
species.

REPRESENTATIONS FOR PROTEIN SEQUENCES, THEIR
DESCRIPTORS AND DISTANCE MEASURES

Extensions of existing methods for genome sequences

(i) In the book chapter, the method of symbolic dynamics is
extended from comparison of DNA sequences to protein
sequences [53].

(i) In the paper, 4 x 4 condensed matrix representation of
genome sequences is extended to 20 x 20 condensed matrix
representation of protein sequences [38,54]. The descriptors are
the 20 x 20 matrix of the respective sequences. The distance
measure is the alley index of matrices.

(iii) In this paper, 4D Binary representation of nucleotides is
generalized to a 20D Binary representation of amino acids. The
numerical sequences are made equal by addition of zeroes [55].
Then they are transformed to frequency domain by applying
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Fourier transform. Addition of zeroes has no effect on the
Fourier transform of the series. Then by applying ICD method
in frequency domain, descriptors are obtained. Finally under
Euclidean distance measures the protein sequences are
compared. The method is equally applicable to sequences of
equal and unequal lengths.

(iv) In the present paper, the concept of 12 component
applied to extend the
representation of an amino acid by a to 240 component vector.

representations of codons is
For those amino acids, which are expressed by a single codon,
the representation is a crisp representation [56]. But those
amino acids, which are expressed by multi-codons, the
representation is a fuzzy representation. It is shown that each
amino acid can be represented by a 240 component vector, of
which 12 components have nonzero fuzzy values, rest are all
zeroes. Based on lengths of respective 240 components, 20
amino acids under such representations are compared under
usual Euclidean measures. Based on similarity of amino acids, it
is shown that amino acids can be classified into six distinct
groups. This is a pioneering work giving theoretical classified
groups of amino acids of cardinality six.

(v) Probabilistic representation of DNA sequences [43] has been
extended to probabilistic representation of protein sequences in
[57]. But the same drawbacks are also present in this paper(43].

(vi) Extension of K-mer Method: So far as the extension of k-mer
method in protein sequence comparison is concerned, it is
noted that for protein sequences, the problem of kmer
representation is something difficult. In fact, for protein
sequences, such distinct pair of amino acids are 202 = 400 in
number, where as for distinct triplet of amino acids, these are
203 = 8000 in number. For higher values of k, number of such
kmers of amino acids is very large. So such method of
representation is avoided for protein sequence comparison.

Representation based on physio-chemical properties of
amino acids

(i) Based on two properties Volume and Polarity, a multiple
sequence alignment program MAFFT was developed in But no
attempt was made for the use of FFT in protein sequence
comparison [58].

(i) In paper, the complex representation based on the properties
of hydrophobicity and residue volume is given. But no protein
sequence comparison based on this representation is considered

[59].

(iii) In paper, the complex representation of amino acids based
on the properties of hydrophilicity and residue volumes is used
[60]. The representation is not the same as the earlier one. In
this paper the represented sequence is transferred to the
frequency domain by Fourier transform. But the transformation
is something special, as the original sequence under
consideration is a complex sequence, not a real one. Anyway
ICD method for such a transformation is modified accordingly
and with suitable descriptor protein sequence is carried out

using Euclidean norm as the distance measure.

] Genet Syndr Gene Ther, Vol.11 Iss.2 No:1000329

OPEN 8 ACCESS Freely available online

Interestingly, the protein sequences are compared for both types
of representations given in [59] and [60]. It is found that in the
later case, the result is better. It proves that the property of hydro
phillicity (polarity) is a better choice for protein sequence
comparison.

(iv) Another property based representation and its use in protein
sequence comparison is found in paper[61]. For analysis of
protein sequences, they consider representations of amino acids
under nine different properties. These are mW, hl, pkl, pk2, pl,
S, cN,F(%) and vR.

3. Representations based on classified groups of amino acids
with different cardinalities

Representations and comparison of protein sequences under
different classified groups are considered in the following papers
following different methods: These are given in paper
corresponding to the representations i(a), ii(a), ii(b) and (iii)
respectively [62-65].

In paper all the above methods of comparisons under different
classifications of groups have been unified to a single method,
which gives satisfactory, results in all the cases [66].

(d) Representation based on pair of classified groups of amino
acids

Protein Sequence comparison on the basis of pair of classified
groups of amino acids is found in paper. The 2D representation
is really interesting [67]. But the limitations are that one of the
classified group is not correct and that the methodology is not
rigorous, it is nothing but a trial and error policy.

CONCLUSION

The method of comparison of Genome and protein sequences is
still an ongoing process.
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