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Abstract

The paper first considers a new complex representation of amino acids of which the real parts and imaginary parts are taken respectively
from hydrophilic properties and residue volumes of amino acids. Then it applies complex Fourier transform on the represented sequence
of complex numbers to obtain the spectrum in the frequency domain. By using the method of ‘Inter coefficient distances’ on the spec-
trum obtained, it constructs phylogenetic trees of different Protein sequences. Finally on the basis of such phylogenetic trees pair wise
comparison is made for such Protein sequences. The paper also obtains pair wise comparison of the same protein sequences following
the same method but based on a known complex representation of amino acids, where the real and imaginary parts refer to hydrophobi-
city properties and residue volumes of the amino acids respectively. The results of the two methods are now compared with those of the
same sequences obtained earlier by other methods. It is found that both the methods are workable, further the new complex representa-
tion is better compared to the earlier one. This shows that the hydrophilic property (polarity) is a better choice than hydrophobic property
of amino acids especially in protein sequence comparison.
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1. Introduction

Digital signal processing based DNA sequence analysis considers
the mapping of DNA alphabets into digital signals. Perhaps the
most widely used mapping scheme for this purpose is the Voss
representation [1], however many other schemes have also been
introduced, such as the tetrahedron [2], Z-curve [3], complex [4],
[5], [6], quaternion [7], electron-ioninteraction potentials (EIIP)
[8], real-numbers [5], [9], [10]. Binary representation of genome
sequences refers to the Voss type of representation [1], where the
nucleotides A, T, C, G are represented by the 4-component vectors
1,0,0,0;0,1,0,0; 0,01,0 and 0,0,0,1 respectively. Based on
such representation of nucleotides, DFT based analysis of genome
sequences were made in [11] and [12]. Natural question is to see
whether such Voss type of representation is possible for amino
acid sequences and if so, whether DFT based analysis could also
be made for comparison of Protein sequences based on such bina-
ry representations. Such generalization of Voss type of representa-
tion has been made recently in [13]. Its usefulness has also been
shown in [14]. So it is to be seen whether it is possible to find
protein sequence comparison based on such Voss type of repre-
sentation of amino acids. Very recently the present author [15]
applied DFT based analysis on such representation of Protein
sequences to obtain their classifications. Next type of interesting
representation of DNA sequences is the complex one. In [6] the
author used the complex representation of the nucleotides by the
numbers 1, -1, +i, -i. A DNA sequence is investigated by using a

family of wavelets. The existence of a fractal shape, patterns and
symmetries are shown. In [16] the author considers 4 arbitrary
complex numbers given by 1 +i, 1 —i, -1 +i, -1 —i corresponding to
4 nucleotides A, T, C, G.DFT based analysis is not applied in
DNA sequence comparison under this complex representation. But
fractal analysis on the corresponding DNA walk is effective in this
case.In this connection it may be mentioned that in [17], the au-
thors used some complex representation of amino acids. The ami-
no acids were represented by 20 complex numbers, whose real
parts and imaginary parts were taken from the hydrophobicity
properties [18] and from residue volumes [19] of amino acids.
Again it is known that there is another important property of ami-
no acids, viz., hydrophilicity (polarity) property. So it is worth
considering a new complex representation of amino acids based
on their polarity property and residue volumes. It may be noted
that, complex representation of DNA sequences and that of Pro-
tein sequences differ significantly. The former is given by arbi-
trary complex numbers, but in the latter case, the complex num-
bers are derived from physio-chemical properties of amino acids.
Any way in [17] complex representation of amino acids was used
in connection with periodicity analysis of DNA sequences. First of
all, 3-mer arrangements were made to the DNA sequences to con-
vert them in sequences of amino acids. Then the above complex
representations of amino acids were applied to represent the DNA
sequences as a sequence of complex numbers. Lastly based on
such complex representations of DNA sequences, periodicity
analysis of DNA sequences was performed. But protein sequence
comparison was not performed based on such complex representa-
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tion of amino acids.So there is a possibility to use such complex
representation in Protein sequence comparison. Also it is logical to
carry on protein sequence comparison with the new type of com-
plex representation and to study relative advantage and disad-
vantage of protein sequence comparison based on the aforesaid
two types of complex representations of amino acids. The objec-
tive of the present paper is to investigate in this direction.

2. Methodology

2.1. Complex representation of amino acids under hy-
drophobicity and residue volumes [17]

Amino Acid Numerical Representation
Ala (A) 0.61 + 88.3i
Cys (C) 1.07 + 112.4i
Asp (D) 0.46 +110.8i
Glu (E) 0.47 + 140.5i
Phe (F) 2.02 + 189.0i
Gly (G) 0.07 + 60.0i
His (H) 0.61 + 152.6i
Ie (1) 2.22 + 168.5i
Lys (K) 1.15 + 175.6i
Leu (L) 1.53 + 168.5i
Met (M) 1.18 + 162.2i
Tyr (Y) 1.88 +193.0i
Trp (W) 2.65 + 227.0i
Val (V) 1.32 + 141.4i
Pro (P) 1.95+ 122.2i
Asn (N) 0.06 + 125.1i
GIn (Q) 148.7i

Arg (R) 0.60 + 181.2i
Ser (S) 0.05 + 88.7i
Thr(T) 0.05 118.2i

2.2. New complex representation of amino acids under
hydrophlliicity and residue volumes:

Amino Acid Numerical Representation
Ala (A) 1.8 +88.3i
Cys (C) -4.5+ 112.4i
Asp (D) -3.5+ 110.8i
Glu (E) -3.5+ 140.5i
Phe (F) 2.5+ 189.0i
Gly (G) -3.5+ 60.0i
His (H) -3.5+ 152.6i
lle (1) -0.4+ 168.5i
Lys (K) -3.2+ 175.6i
Leu (L) 4.5+ 168.5i
Met (M) 3.8+ 162.2i
Tyr (Y) -3.9+ 193.0i
Trp (W) 1.9+ 227.0i
Val (V) 2.8+ 141 4i
Pro (P) -1.6+ 122.2i
Asn (N) -0.8+ 125.1i
GIn (Q) -0.7 + 148.7i
Arg (R) -0.9 + 181.2i
Ser (S) -1.3+88.7i
Thr(T) 4.2+ 118.2i

2.3. Special features of complex fourier transform

The Complex DFT
The forward complex DFT, written in polar form, is given by:

R 2kznIN
X [k]= - S X[k

Both the time domain x [n], and the frequency domain X[k], are
arrays of complex numbers, with k and n running from 0 to N-1.

First, the real Fourier transform converts a real time domain sig-
nal, x [n], into two real frequency domain signals, ReX][K]
&ImX[k]. By using complex substitution, the frequency domain
can be represented by a single complex array, X[k]. In the com-

plex Fourier transform, both x [n] & X[Kk] are arrays of complex
numbers.

Second, the real Fourier transform only deals with positive fre-
quencies. That is, the frequency domain index, k, only runs from 0
to N/2. In comparison, the complex Fourier transform includes
both positive and negative frequencies. This means k runs from 0
to N-1. The frequencies between 0 and N/2 are positive, while the
frequencies between N/2 and N-lare negative. Remember, the
frequency spectrum of a discrete signal is periodic, making the
negative frequencies between N/2 and N-1 the same as between -
N/2 and 0. The samples at 0 and N/2 straddle the line between
positive and negative.

Third, in the real Fourier transform with substitution, a j was add-
ed to the sine wave terms, allowing the frequency spectrum to be
represented by complex numbers. To convert back to ordinary sine
and cosine waves, we can simply drop the j. This is the sloppiness
that comes when one thing only represents another thing. In com-
parison, the complex DFT is a formal mathematical equation with
j being an integral part. In this view, we cannot arbitrarily add or
remove a j any more than we can add or remove any other variable
in the equation.

Fourth, the real Fourier transform has a scaling factor of two in
front, while the complex Fourier transform does not.

2.4. Method of ‘inter coefficient distances’ under com-
plex fourier transform

First we remember the method of ‘Inter coefficient distances’
(ICD)as applied to real Fourier transform.
20 real values are associated with 20 amino acids of the protein
sequences and thereby a real valued sequence is obtained. Now
FFT is applied on this real sequence to get the corresponding spec-
trum. From this spectrum the amplitudes of the spectrum are cal-
culated. From the values of these amplitudes, a sequence of values
is calculated based on the absolute differences of the succeeding
term from the preceding one. Thus from the sequence of length n,
say, first of all (n/2) +1 = m+1, say, number of amplitudes of the
spectrum are determined and finally a sequence, ‘a’ consisting of
m number of amplitudes based on the differences is obtained. This
sequence ‘a’ is now normalized by dividing each element with
|| a|| and thus the final normalized sequence of length m is deter-
mined. This final sequence of real numbers of length m is taken as
the descriptor for sequence comparison.
For complex sequences the method is slightly different. When
represented sequence of complex numbers are subjected to com-
plex Fourier transform, both the time domain x [n], and the fre-
quency domain X[K], are arrays of complex numbers, with k and n
running from 0 to N-1. So now the N number of amplitudes of the
spectrum is obtained. Hence a sequence of real numbers ‘a’ of
length N-1 is obtained by taking the difference of each succeeding
term from the preceding one. Now this sequence is normalized by
dividing each term by || a” .This final sequence of real numbers of
length N-1 is taken as the descriptor for sequence comparison.
Methodology consists of precisely the following steps:
1) To give details of the data sets of different protein sequenc-
es.
2) To represent the given protein sequences as sequence of
complex numbers by using I1.
3) To apply the method of ‘Inter coefficient distances’ to get
the descriptor vectors.
4)  To obtain the distance matrices based on such descriptors.
5) To draw the corresponding phylogenetic trees based on rep-
resentation I1.
6) To represent the given protein sequences as sequences of
complex numbers by using .
7) To repeat steps 2 and 3 to get the corresponding phylogenet-
ic trees based on representation I.
8) To compare the phylogenetic trees obtained in steps 4 and 6.
9) To compare both the phylogenetic trees with phylogenetic
trees of the same protein sequences obtained earlier by other
methods.
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10) To discuss relative advantages and disadvantages of the
methods.

3. Results and discussion

In this paper two different complex representation is considered;
one using hydrophobicity and residue volumes [17] and the new
one is under hydrophilicity and residue volumes. The strength of
the new representation is verified from the results of comparison,
which are almost the same as their known biological similarity.
Phylogenetic tree obtained by the use of complex representation of
amino acids under hydrophobicity and residue volumes of ND4,
ND5 and ND6 are shown in figure 1, figure 3 and figure 5 respec-
tively. Phylogenetic tree obtained by New Complex representation
of amino acids under hydrophilicity and residue volumes of ND4,
ND5 and ND6 are shown in figure 2, figure 4 and figure 6 respec-
tively.

Opossum

1 1 1 ]
T T T 1
0.06 0.04 0.02 0.00

Fig. 1:Phylogenetic Tree Obtained by the Use of Complex Representation
of Amino Acids Under Hydrophobicity and Residue VVolumes of ND4.
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Fig. 2:Phylogenetic Tree Obtained by the Use of New Complex Represen-
tation of Amino Acids Under Hydrophilicity and Residue Volumes of
ND4.
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Fig. 3:Phylogenetic Tree Obtained by the Use of Complex Representation
of Amino Acids Under Hydrophobicity and Residue VVolumes of ND5.
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Fig. 4:Phylogenetic Tree Obtained by the Use of New Complex Represen-
tation of Amino Acids Under Hydrophilicity and Residue Volumes of
ND5.
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Fig. 5:Phylogenetic Tree Obtained by the Use of Complex Representation
of Amino Acids Under Hydrophobicity and Residue Volumes of ND6.
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Fig. 6:Phylogenetic Tree Obtained by the Use of Complex Representation
of Amino Acids Under Hydrophilicity and Residue VVolumes of ND6.

4. Conclusion

It has been observed that the Phylogenetic tree produced by the
new complex representation of amino acids under hydrophilicity
and residue volumes are more consistent and almost the same as
their known biological similarity. We can conclude that polarity is
the best physio-chemical property for representing amino acids
numerically for comparison of Protein Sequence.
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