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Article Info ABSTRACT

. . Cellular Automaton (CA) is usually used to model the spatio-temporal
Article history: evolution of dynamical systems. In this work, a special class of the same
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! dogma of molecular biology in an intelligible format, including transcription
and translation. Results suggest that our irrational-integral-imaginary (i3)

encoding approach forms not only a satisfactory basis for a mathematical
model of translation of mMRNA to protein but also that of transcription from
Cellular Automaton ssDNA (single stranded DNA) to mRNA (messenger RNA).
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1. INTRODUCTION

Computer scientists, engineers, and biologists apply combined efforts to generate biologically
meaningful information associated with DNA. The genetic code forms the basis for protein synthesis machinery
in an organism through the translation of DNA. DNA (from genes) is modeled as a 4-state, one-dimensional
Cellular Automaton (CA) with radius 'r" and proteins as a 20-state, one-dimensional CA with radius 'R'. CAis a
spatially explicit form of finite state automata (FSA). Finite automata are a family of mathematical constructs
that are defined by a finite set of states, an output alphabet, and the rules that take the automaton from its current
state to next state [1]. There are several evidences where principle of finite automaton has been utilized for
various biological applications such as systems biology simulation [2], recognition of restriction endonucleases
for a given DNA sequence [3], exact string matching [4] and protein structure classification [5]. Based upon the
theory of coherent electronic states in nucleotide chains proposed by Achimowicz et al. [6], we arrive at an
optimum codon length well in agreement (as a numerical approximation to) with the same. Conventionally,
three nucleotides per codon have been assumed. However, Achimowicz et al. [6] have published the concept of
coherent electronic states as applied to the process of transcription which yields an optimum value of the

— 1
number of nucleotide bases per codon to be the fundamental constant e, where e:ZFI =2.718.
n=0
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It has also been remarkably showed using the application of one-dimensional cellular automaton theory
that one can achieve a highly reasonable approximation very well in agreement with the above breakthrough
result[7, 8]. This indeed happens to be a breakthrough result because it correlates well, to a highly reasonable
level of numerical approximation, the respective outcomes of calculus (continuous mathematics approach [6])
and cellular automaton theory (discrete mathematics approach [7, 8]).

Let a, c denote the first, and third nucleotide state variables (A — 0, C > 1, G —> 2 and T — 3)
respectively [10] of the 64 codons (using 0-based numbering scheme — cf. http://rosalind.info/glossary/0-based-
numbering/) and b denote the column state variable (1, 2, 3, 4) of any of the four nucleotide bases occupying the
second (central) position of the codon (using 1-based numbering scheme — cf. http://rosalind.info/glossary/1-
based-numbering/), and d denote the computed state variable of the respective translated amino-acid, obtaining
which is detailed below.

At time ‘ty’outer totalistic cellular automaton is given by d such as
d:f(b,a+c)...(1),
where f is a function of b and (a+c), and (a+c) is the ‘outer-total’.

In other words, the updated value of the central cell ‘b’ (at time ‘t;”) depends upon the old value of the
central cell (at time 'ty") and the 'outer-total' (a+c), both of which are logically independent [9].

2. RESEARCH METHOD

In the genetic code table, we observed that with the two exceptions of 'serine’ and 'stop codons', each
with a codon degeneracy of 2+4 and 1+2 respectively, the middle nucleotide ‘b’ is always retained across all
the other possible codon degeneracies, for the rest of the 19 of 20 amino-acids.

We now define d as:
d = ((a+c)— (b% 1)** where % stands for the modulo operator.
d*= (a+c)- (b% 1), then
d'-(a+c)+ (b%1) =0 ..2,

It may be noted that (b % 1) = 0 in all the four possible cases of the column state variables since 1
being the “Multiplicative Identity” leaves a remainder of 0 irrespective of whatever natural number it divides;
hence the dual exceptions of 'serine' and 'stop codons' being distributed across two different columns (2,4) and
(3,4) respectively; counted from left-to-right in the standard genetic code system table — cf.
http://en.wikipedia.org/wiki/DNA_codon_table) is handled evidently.

This is a bi-quadratic equation so the total possible values of ‘d’ will be four for a single value of ‘a’,
‘¢’ and ‘b’. Here ‘a’ and ‘¢’ are the input states and each input state in genetic code table takes the values
(A|C|GIT). ‘b’ as already mentioned is the column state variable denoting which particular column (1|2|3|4) the
central nucleotide belongs to in the genetic code table , irrespective of whichever of the four possible
nucleotides is actually present in the central position as only one of the four nucleotide character is present in
each column in central position. This essentially proves that the central nucleotide is effectively nil-contributory
to (locked in position with respect to second/ middle column of each of the 64 codons). This prompts us to pose
the question, whether the effective codon length is just two, characterized by the first and third nucleotides alone
— for a given set of synonymous codons, ranging from 1 to 6.

3. RESULTS AND ANALYSIS
We adopt the alphanumeric convention A — 0, C —» 1, G — 2 and T — 3 in the ssDNA prior to
transcription [10]. Hence the input states ‘@’ and ‘C’ can assume values from 0 to 3, for the employed 28-state

Outer-Totalistic CA. Performing operation d*— (a +¢c) + (b % 1) = 0 from equation (2) on each
distinct Outer-Total (since (b % 1) = 0 and does not affect the value of d), we obtained the following 7x4 matrix
of possible values of ‘d’ corresponding to the unique 7 of the 16 possible Outer-Totals of ‘@’ and ‘C’ as
illustrated below:

1JCB Vol. 3, No. 1, April 2014, 27 - 30 http://www.ijcb.in
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Table 1. Value of outer parameters a, ¢, and their outer totals.
*Distinct OTs are in the range of 0 to 6, and are 7 in number.

a ¢ Distinct d*=(atc)— (b % 1)
oT

0 0 0 +0 -0 +0i -0i

1 0 1 +1 -1 +1i -1i

2 0 2 (+2)1/4 _(2)ll4 (+2)1/4i _(2)1/4i
3 0 3 (+3)1/4 _(3)1/4 (+3)1/4i _(3)1/4i
3 1 4 (+4)1/4 _(4)1/4 (+4)1/4i _(4)1/4i
3 2 5 (+5)1/4 _(5)1/4 (+5)1/4i _(5)1/4i
3 3 6 (+6)1/4 _(6)1/4 (+6)1/4i _(6)1/4i

Where i stands for the imaginary number (square root of (-1) by mathematical definition).

e The obtained values for 'd" in table 2 follow a certain pattern, partitioned as below:

o Integral values (-0, +0, +1, -1) (ssDNA—mRNA transcribed U, A, C, G bases).

e  Purely Imaginary values (+/- 0i, +/- 1i) — (start (f-Met), stop (Opal), stop (Ochre) and stop (Amber)
codons respectively).

¢ Real irrational values (10 Essential Amino-acids) [11] corresponding to rows 3-7 columns 4-5 (table 2).

e Imaginary irrational values (10 Non-essential Amino-acids) [12] corresponding to rows 3-7 columns 6-
7 (table 2).

Table 2. 28 values for the 7x4 matrix of possible values of
‘d’ corresponding to 7 of the 16 unique Outer-Totals of ‘a’
and ‘c’ as illustrated in table 1.

a c Outer-Total a c Outer-Total
(QT) (OT)
0 0 0 0 2 2
1 0 1 1 2 3
2 0 2 2 2 4
3 0 3 3 2 5
0 1 1 0 3 3
1 1 2 1 3 4
2 1 3 2 3 5
3 1 4 3 3 6

IJCB Vol. 3, No. 1, April 2014, 27 - 30 http://www.ijcb.in
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A distinction has been made here between f-Met (N-Formylmethionine) which is a proteinogenic
amino acid derived from methionine, and Met by itself which belongs to the original class of essential amino-
acids.

4. CONCLUSION

Outer-totalistic cellular automaton concept used here is essentially augmented by a multi-valued
function which bridges the gap between 4 DNA bases and 28 outputs (4 bases including Uracil for mRNA and
20 standard amino acids plus 1 start and 3 stop codons). Additionally, our mathematical model correlates these
20 amino-acids as outputs of translation into essential and non-essential amino-acids [11,12]. It is believed that
the results obtained for the approximation would provide new directions to the modeling and simulation of
central dogma of molecular biology that can be extended as a future work to aspects such as “reverse
transcription” and also for “post-translational modifications”. We anticipate that our generalized approach for
genetic code modeling would help to better understand the structural, functional and evolutionary aspects of
genetic material and its various biological forms.
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