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ABSTRACT 
 
The genetic code may be generated using the Residue Number System (RNS). This achievement 

demonstrates the viability of protein synthesis. The genetic codes occupy RNS digits and enable sequence 

comparison as well as further analysis of biological flaws known as mutations.  In this research work two 

mRNA reading frames (strings) are considered as strings of RNS digits. Triplets of these residue number 

digits constitutes an amino acids and chains of these triplets make up polypeptides, proteins. These digits 
are compared and single digits errors introduced, these errors mimic biological errors (mutations). The 

types of errors (mutations) that are manifested between the two reading frames, original and mutant, are 

detected and reported.  
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1. INTRODUCTION 
 

The human system or biological systems are not spared of errors, mutations, and their inherent 
catastrophic nature just as digital systems. It has been determined that 1 in 10,000 bases are 

incorrect, the rate of mutation is significantly improved to 1 in 1,000,000 bases after 

proofreading[1].Hence, the need to better understand these errors by exploring mathematical and 

computerized approach in sensing and adapting to them.Natural selection is based on the idea that 
while mutations might lead to some diseases, like cancer, they can also improve a species' 

acclimatization to its environment[2]. Understanding life requires the understanding of proteins. 

They are the most prevalent organic molecules in living things and the most significant 
biochemical active ingredients are proteins; virtually none of the metabolic processes necessary 

for life would occur without it[3].  The gene responsible for producing each protein determines 

its specific sequence. Amino acids are the monomers (or basic units) of a protein that are 
arranged in a linear sequence[4]. Genomics and bioinformatics are revolutionizing health care 

systems through personalized and customized medicine. Unearthing a fast and better genomi 

sequencing approach is much desired hence the scouting of approaches that will allow quick 

sequencing of patient’s genome and easy detection of potential harmful mutations[5, p. 25]. This 
will aid in early diagnosis and effective treatment of diseases. There have been intense works on 

the development of comparison methods to compare protein structure. The most important 

findings of proteins are not from theories but the comparison of sequences and observation of 
structures. The fundamental goal of comparison methods is to compute some quantitative 
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measure of similarities or difference and compare protein of an unknown sequence structure and 
that of a known structure. The binary number system is the traditional method used in 

implementing these comparisons and computations because it is the most widely used system in 

modern computing [6]. This research work seeks to generate sequence of amino acids (proteins) 

as triplets of residue number system digits and compare these strings of amino acid chains to 
extrapolate findings on similarities and differences (mutation) [7]. The RNS-genetic code is the 

Rosetta stone that aid in decoding these strings of RNS-digits.  

 
Residue Number System was rediscovered in the 1950’s and interesting findings were made to 

support its implementation in fast arithmetic and fault tolerant computing. Researchers later 

focused on division algorithms, sign representation and efficient converters, which are some of 
the major hindrance to the realization of RNS-based application processors[8]. Some progress has 

been made and  lately the interest have been on the application of RNS to other fields of study, 

notably; Bioinformatics, Forensics, Fast Fourier transforms and error control coding[9], [10][11], 

[12]. The mRNA strands can be represented as a string of residue number digits and triplets of 
these digits constitute amino acids, chains of these amino acids constitute proteins. This presents 

an easier number system, quaternary, alternative to comparing strings of mRNA frames or 

proteins and offer a better digital architecture. If the nucleotide sequence of the gene's coding 
region changes, new amino acids might be added to the expanding polypeptide chain, changing 

the structure and function of the protein [5]. The amino acid sequence of the protein encoded by a 

gene may change when a mutation occurs in a protein-coding region. The genetic code is 
degenerate, thus not every DNA mutation significantly alters the sequence of proteins. 

Synonymous substitution is the name given to a mutation that does not change an amino acid. 

while a non-synonymous substitution is one that actually results in an amino acid change[13], 

Nonsynonymous changes can also be categorised as nonsense mutations, which happen when a 
stop codon is inserted in the middle of the sequence, and missense mutations, which happen when 

one amino acid is changed by another[14]. 

 

2. DEOXYRIBONUCLEIC ACID (DNA) AND RIBONUCLEIC ACID (RNA) 
 

DNA is a molecule that houses the genetic instructions necessary for all known living species to 

grow, develop, function, and reproduce. [15]. One of the two antiparallel strands of DNA runs 

from sugars at position 5 to sugars at position 3 and vice versa. DNA essentially serves as a 
database for biological information; when the two strands separate, this data is duplicated. 

Smaller monomer units called nucleotides make up the two strands. The four nucleobases that 

contain nitrogen and make up each nucleotide are cytosine (C), guanine (G), adenine (A), and 
thymine (T)[16]. Deoxyribose, a kind of sugar, and a phosphate group make up these 

nucleobases. The parental molecules' two strands separate (replicate) to form RNA, with each 

acting as a template for a fresh complementary strand [17]. The two main differences between 
RNA and DNA are that the former is single-stranded and the latter employs uracil (U) rather than 

thymine (T) as its base. There are three types of RNA involved in protein synthesis: messenger 

RNA (mRNA), transfer RNA (tRNA), and ribosomal RNA (rRNA).An RNA strand that is 

translated from a protein-coding region of DNA is known as a messenger RNA. mRNA acts as a 
blueprint for the production of proteins during translation. The basic base-pairs goes with the 

Chargaff’s rule[18], [19].Mutagens can cause DNA damage, or the damage might occur naturally 

as a result of regular biological processes that alter the DNA sequence. Some of these damages 
can be rectified, while others may persist despite remedial efforts. These mutations that occur can 

cause abnormal replication of cells – cancer or can produce organisms with highly adaptable 

features – the drive for natural selection. 
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3. THE RNS-GENETIC CODE 
 
The RNS-Genetic code is designed with the concept of RNS and number trees. When a forest of 

RNS is constructed with appropriate roots, nodes, and leaves – the design uniquely categorizes 

the residue number system digits into blocks of data that is exploited to generate the genetic code. 

If the moduli sets of RNS are chosen such that there are at least three (3) moduli sets  - m1, m2 
and m3 and their dynamic range greater than or equal to 64 thus m1 x m2 x m3 ≥ 64 and each of 

m1, m2 and m3 greater than or equal to four (4). A forest or blocks of residue numbers can be 

constructed such that with appropriate truncation and digit-base assignment; the genetic code or 
amino acid table can be constructed from the block (tree) of residue digits. The number of roots 

of the tree is determined by the first moduli set m1, the number of nodes representing the second 

moduli set, m2 and the leaf nodes conclude the codon formation as the third moduli set m3. Since 
there are four nitrogenous bases each modulus is truncated to 4 digits, thus 0, 1, 2 and 3.  The 

RNS-Genetic code table is completed with each residue digits assigned appropriate nitrogenous 

bases –thus Thymine (T) is assigned residue digit zero (0), Cytosine (C) to residue digit one (1), 

Adenine (A)  is consigned residue digit two (2) and Guanine (G) to residue digit three (3). In the 
case of an RNA-genetic code Thymine (T) is replaced with Uracil (U) and assigned residue digit 

zero (0).  

 
Table 1: The RNS based genetic based genetic code 

 

RNS –GENETIC CODE 

0 0 0 0 1 0 0 2 0 0 3 0  UUU UCU UAU UGU 

0 0 1 0 1 1 0 2 1 0 3 1   UUC UCC UAC UGC 

0 0 2 0 1 2 0 2 2 0 3 2  UUA UCA UAA UGA 

0 0 3 0 1 3 0 2 3 0 3 3   UUG UCG UAG UGG 

1 0 0 1 1 0 1 2 0 1 3 0  CUU CCU CAU CGU 

1 0 1  1 1 1 1 2 1 1 3 1   CUC CCC CAC CGC 

1 0 2 1 1 2 1 2 2 1 3 2  CUA CCA CAA CGA 

1 0 3 1 1 3 1 2 3 1 3 3  CUG CCG CAG CGG 

2 0 0  2 1 0  2 2 0  2 3 0  AUU ACU AAU AGU 

2 0 1 2 1 1  2 2 1 2 3 1  AUC ACC AAC AGC 

2 0 2 2 1 2 2 2 2 2 3 2  AUA ACA AAA AGA 

2 0 3 2 1 3 2 2 3 2 3 3  AUG ACG AAG AGG 

3 0 0  3 1 0 3 2 0 3 3 0  GUU GCU GAU GGU 

3 0 1 3 1 1 3 2 1 3 3 1  GUC GCC GAC GGC 

3 0 2 3 1 2 3 2 2 3 3 2  GUA GCA GAA GGA 

 

4. AMINO ACIDS AND PROTEINS 
 

Proteins' basic units are amino acids. They join to create polypeptides, which are longer chains 

polymer, or peptides, which are shorter chains. [20]. These polymers are linear and unbranched 
since each amino acid in the chain is connected to the two amino acids immediately adjacent to 

it.In order to create proteins, a ribosome must add one amino acid at a time to a building protein 

chain. This process is known as translation[21]. Reading the genetic code from the mRNA 

template, which is an RNA copy of one of the organism's genes, determines the order of amino 
acids that are added.Just twenty (20) of the twenty-two (22) proteinogenic or natural amino 

acids—which make up the monomer units of proteins—are encoded by the universal genetic 

code. These amino acids are spontaneously incorporated into polypeptides. When the carboxyl 
group of one amino acid is joined with the amino group of another amino acid, proteins are 



International Journal on Bioinformatics & Biosciences (IJBB) Vol 13, No.2, June 2023 

4 

produced. The nucleotides in the gene that codes for a particular protein determine the precise 
amino acid sequence and makeup of that protein. How the amino acids in a protein chain are 

arranged is determined by an appropriate sequence of genetic triplets. Three adjacent nitrogenous 

bases that are arranged in a block along a DNA or RNA filament are known as a triplet 

(codon).Every protein contains a specific triplet sequence that codes for the amino acid sequence 
(a 3n-multiplet is a term used to describe such a sequence of n triplets).An example of the 

sequence of amino acid sequence is shown in figure 1 

 

 
 

Figure 1: Amino-acid sequence [22] 

 

5. PROTEIN SYNTHESIS 
 

The DNA nucleotide sequence, which is particular to each person, contains instructions for the 
synthesis of every protein. The two processes of synthesising proteins are transcription and 

translation [23]. The DNA provides instructions for the formation of a messenger RNA (mRNA) 

molecule during transcription, and the mRNA also provides instructions for the formation of a 
polypeptide chain during translation. Triplets of nucleotides are arranged in long sequences called 

genes. For each of the 20 amino acids used to form proteins, a different arrangement or DNA 

triplet is used to encode it. An mRNA codon is created during transcription by a DNA triplet, and 

an amino acid is created during translation by a codon. When RNA polymerase connects to a 
gene's promoter region, it begins to make mRNA molecules until it encounters a termination 

sequence or "mark" in the gene.RNA is synthesized according to a base paring rule – Chargaff’s 

rule[19]. A representation of DNA base and its RNS representation based on the moduli sets can 
be seen in Figure 2. 

 

 
 

Figure 2: Residue Number System representation of the Central Dogma of Molecular Biology 

 
The translation process is initiated with a start codon, (AUG) also known as methionine. As more 

amino acids are added to the expanding chain, the polypeptide chain expands. The mRNA 

molecule is terminated by a stop codon. Methionine will always be represented by residue digits 
[2 0 3] irrespective of the moduli sets chosen for the genetic code and this applies to all residue 

digits representing each amino acid. The growing string of polypeptides is represented as a 

growing string of residue digits, and these digits are the same for any of the amino acids 

irrespective of the moduli set chosen. The stop codons [TAA, TAG and TGA] that signal for the 

DNA A T G C A G T T C A C T C T A T T G G A A C T G T T C T C T G G A T C G

moduli m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3

moduli_digits 2 0 3 1 2 3 0 0 1 2 1 0 1 0 2 0 0 3 3 2 2 1 0 3 0 0 1 0 1 0 3 3 2 0 1 3

mRNA A U G C A G U U C A C U C U A U U G G A A C U G U U C U C U G G A U C G

moduli m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3 m1 m2 m3

moduli_digits 2 0 3 1 2 3 0 0 1 2 1 0 1 0 2 0 0 3 3 2 2 1 0 3 0 0 1 0 1 0 3 3 2 0 1 3

Amino_Acid Ser Gly Ser

TRANSLATION

TRANSCRIPTION

Met Glu Phe Thr Lue Lue Glut Lue Phe



International Journal on Bioinformatics & Biosciences (IJBB) Vol 13, No.2, June 2023 

5 

end of a protein formation also have unique residue representations as [022, 023, and 032] 
respectively. These string of residue digits representing a protein can be resolved into its 

constituent amino-acids considering triplet of digits and the RNS-Genetic code as a look-up table. 

Also this can allow for different strings of proteins to be compared and spots of variance, 

mutations, and the type of variations identified. 
 

6. DNA SEQUENCING 
 

DNA sequencing is the process of determining the exact placement of nucleotides within a DNA 
molecule. Adenine (A), Guanine (G), Cytosine (C), and Thymine (T) are the four bases, and any 

technique or technology for figuring out their order is covered (T)[24].  Research and discoveries 

in biological and medical fields have greatly advanced, thanks to rapid DNA sequencing 
techniques [25]. There have been intense works on the development of comparison methods to 

compare protein structure. The most important findings of proteins are not from theories but the 

comparison of sequences and observation of structures. Hence the intense interest in the 

development of comparison methods to compare protein structures. This is pushing for more 
novel approaches to aid in discovering fundamental similarities among proteins and the 

constancy and adaptability of these proteins structure under greater degree of deviations. The 

fundamental goal of any comparison method is to compute some quantitative measure of 
similarities or difference and compare protein of an unknown sequence structure and that of a 

known structure. Since it is the system that is utilized the most in contemporary computing, the 

majority of these tasks (comparisons and computations) rely on the binary number system. This 

research work therefore propose an RNS approach to sequence comparison and the detection of 
sequence errors (mutations) in a polypeptide or protein chain. The sequence of amino acids 

(proteins) are generated as triplets of residue number system digits, this is further used to 

compare these strings of amino acid chains to extrapolate findings on similarities and differences 
(mutation)[26]. 

 

7. ERRORS IN LIVING ORGANISMS – MUTATIONS 
 
Basically, a gene mutation is a change in the DNA's nucleotide sequence.[2].A single nucleotide 

pair or larger gene regions on a chromosome may be altered by this change. Mutations change the 

genetic code, leading to genetic variety and the possibility of disease or resistance, such as the 

production of antibodies [7]. Mutations are brought on by incorrect DNA replication or by 
mutagens. Silent mutations are those that have no effect; missense mutations and nonsense 

mutations, on the other hand, can range from having little to no effect to having a significant 

impact. There are two types of gene alterations that can take place: base-pair insertions or 
deletions, indels, and point mutations. Silent, missense, and nonsense mutations are the three 

types of point mutations.[27].A transition is a mutation that happens between two purines or 

pyrimidines, whereas a transversion is a mutation that happens when a purine is transformed into 
a pyrimidine or vice versa[28].Synonymous substitution is a type of mutation that does not result 

in an amino acid change and is categorized as a silent mutation. Nonsynonymous substitutions 

modify the amino acid and are classified as missense mutations (in which one amino acid is 

swapped out for another) or nonsense mutations (in which a stop codon is added into the middle 
of the sequence)[29]. Aside substitutions; insertions and deletions can also occur-indels. Thus 

base pairs are added or deleted from the original gene sequence, resulting in indels. These 

mutations are hazardous because they change the template (mRNA) that the amino acids are read 
from. As a result, a stop codon may be coded for either too early or too late in the translation 

process. The resulting proteins will either be rather short or very lengthy, and they will almost 

always be defective. 
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8. EFFECTS OF MUTATIONS 
 
The genetic differences we observe between people are caused by modifications to the DNA's 

nucleotide sequence. Genetic changes at the molecular level can be linked to several kinds of 

alterations. Mutations can range from having no effect through to having small effect or a large 

effect. Sickle cell anaemia, an inherited condition that damages red blood cells, is connected to a 
single amino acid alteration in humans. [30]. The sequence of one of the polypeptide chains that 

makes up hemoglobin, the protein that carries oxygen in the blood, has been slightly altered. As a 

result, glutamic acid, which is typically the chain's sixth amino acid, has been replaced with 
valine. The substitution of valine for glutamic acid in the amino acid chain results in the 

formation of long filaments of haemoglobin, which transforms the normally disc-shaped red 

blood cells into abnormal crescent shapes. Hence, only 2 amino acids separate a normal 
haemoglobin molecule from a sickle cell molecule out of the approximately 600 amino acids. The 

types of chloroplasts within leaf cells can explain the phenotypic of leaves in plants[31]. The 

presence of normal chloroplast, which produces green pigment, accounts for the green phenotype. 

A gene in the chloroplast DNA that controls the synthesis of green pigment is mutated, leading to 
the white phenotype. 

 

9. RESIDUE NUMBER SYSTEM(RNS) 
 
Recently, a lot of scientific interest has been focused on the peculiar non-weighted number 

system known as the Residue Number System. The main goal of contemporary research in this 

topic is to design new and more efficient RNS-based building blocks that increase the 

performance of digital signal processing (DSP) applications. The fundamental idea behind the 
RNS is to uniquely represent big integers using a collection of smaller residues, leading to carry-

free, fast, and parallel arithmetic [6]. This system uses the modulus operation as its foundation, 

with modulo serving as the divider and residue serving as the final product of the division 
process[8]. The research community is quite interested in RNS, and lately one of the key areas of 

study has been the use of RNS in other disciplines to increase processing speed and decrease the 

digital implementation footprint.RNS has found niche applications in bioinformatics, error 
detection, error correction, and fault tolerance and some arithmetic-intensive digital signal 

processing (DSP). Since the nature of biological errors mimics those of digital errors we seek to 

apply RNS in biological error (mutation) detection and correction by comparing polypeptide 

chains. Some work have been done on the application of RNS to Smith Waterman algorithm or 
accelerator [10]. Similar to how the index of a binary number system determines the range of data 

representation and the number of digits that may be expressed, the number of moduli sets in the 

case of RNS does the same.23 = 8; Thus the number of bits that can represent this in the binary 
number system is three (3) and the range of digits is 8; 

 

2𝑛 => 23 = 8 

 ℎ𝑒𝑛𝑐𝑒 0 → 2𝑛 − 1;  0 → 7   
𝑡ℎ𝑢𝑠 0 → 111 
 

In the case of RNS, given that the moduli sets (m1, m2 and m3) are (2, 3, and 5) respectively then 
the number of digits that can be represented are;  

 
(𝑚1 × 𝑚2 × 𝑚3) = 𝑀; => (2 × 3 × 5) = 30; 
ℎ𝑒𝑛𝑐𝑒 0 → 𝑀 − 1; 0 → 29; 
000 → (𝑚1 − 1, 𝑚2 − 1, 𝑚3 − 1) 

𝑡ℎ𝑢𝑠 000 → 124. 
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RNS is a concatenation of digits from all moduli sets represented – thus for two (2) moduli sets; 
m1 and m2, two (2) digits are required and for three (3) moduli sets; m1, m2 and m3, three (3)  

digits are required and for four (4) moduli sets; m1, m2, m3 and m4, four digit concatenations is 

required and so on. Since DNA has four (4) bases we chose a quaternary RNS system where 

higher modulus (˃ 3) of each moduli concatenation is truncated. Also an amino-acid is made of 
triplets of bases and as such a three (3) moduli set system is chosen – so that each three (3) digit 

concatenation is an amino-acid, this can be decoded by the RNS-genetic code. 

 

10. RNS DATA CONVERSION 
 

One of the major issues in efficient RNS systems design is data conversion. The main types of 

conversion are; forward conversion and reverse conversion. Forward conversion is the 
transformation of a weighted binary number to the residue representation, and reverse conversion 

is the transformation of a residue represented number to its corresponding weighted binary 

number. The reverse conversion is the most challenging part of most architectures[32]. Reverse 

conversion is accomplished using the Chinese Remainder Theorem (CRT), Mixed-Radix 
Conversion (MRC),the New Chinese Remainder Theorems (New CRTs)  and other 

methods[33][34]. Both the CRT and MRC have their issues; the CRT requires huge modulo M 

operations (where M is the dynamic range of the number system), whereas the MRC is slow due 
to its sequential nature. If RNS conversion process can be fast, then RNS would equally compete 

as one of the number systems of choice for many modern day digital applications. 

 

11. METHODOLOGY 
 
The main objective is to successfully compare two polypeptides or proteins and report on the 

similarity or otherwise between the two strings. The successful generation of the genetic code 

with RNS, RNS-genetic code, is the Rosetta stone for the successfully resolution of residue 
number digits to amino-acids and then proteins. A three(3) moduli RNS is chosen such that a 

concatenation of the three (3) digits of each modulus constitutes an amino-acid (codon). The 

growing chain of sequence of bases that make up a polypeptide or protein is seen as a growing 
chain of RNS digits. The RNS-genetic code generated, serves as Rosetta stone to resolve each 

codon (triplet of bases) to its RNS-digits and further convert these RNS-digits to their decimal 

values. Each codon has a unique decimal value based on the moduli sets chosen but its RNS-

digits are the same irrespective of the moduli set chosen. Methionine has RNS-digits [2 0 3] 
irrespective of the moduli sets chosen. With this feature, two or more polypeptides or chains of 

amino acids (proteins) can be compared. A comparison of the two strings, reference string and 

compared string of polypeptide or proteins allows for various analysis – the types of errors 
(mutations) in the compared string can be observed and reported. Suppose we seek to perform a 

pairwise comparison of polypeptide or protein X and Y, where X is the reference string and Y is 

the compared string. The strings X and Y can be presented as a string of RNS digits where every 
set of three (3) digits in the string represent a codon or an amino acid. Each triplet (codon) has a 

unique decimal value based on the moduli sets chosen and the same RNS-digits irrespective of 

the moduli sets chosen. An erroneous codon in the compared string (Y) results in a difference in 

the bases (residue-digits) and the decimal value at this location. Since each triplet in the chain 
corresponds to one and only one particular amino-acid in the RNS-genetic code. The similarity 

point produces a zero (0) syndrome when the two strings are compared and the erroneous point(s) 

produce a non-zero syndrome. The non-zero values signifies a variance in the amino-acid at this 
location and hence an error (mutation). The algorithm designed detects the type of error 

(mutation) as silent, missense or nonsense and reports it as such. 
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11.1. Design Flow – Algorithm 
 

 
 

 

 

CompareAminoAcid(reference, compared) 

Input: 2 aminoacid strings ( reference string and compared) 

Output: Error indicator 

1 error_0  ← No Error 

2 error_1  ← Deletion Error 

3 error_2  ← Insertion Error 

4 error_3  ← Misense Error 

5 error_4  ← Silence Error 

6 error_5  ← Nonsense Error 

7 stopCodon  ← UUA,UGA,UAG 

8 referenceLength  ← length of the Reference Protein 

9 comparedLength  ← length of the Compared Protein 

10 codonCount  ← referenceLength / 3 

11 if ( comparedLength<referenceLength) 

12   errorCode  ← error_1 

13 if (comparedLength>referenceLength) 

14   errorCode  ← error_2 

15 if (comparedLength = referenceLength) 

16   count  ← 0 

17   for i  ← 0 to codonCount - 1 

18     referenceCodon  ← Substring(reference, count, 3) 

19     comparedCodon  ← Substring(compared, count, 3) 

20     referenceCodonValue  ← CodonValue(referenceCodon) 

21     comparedCodonValue  ← CodonValue(comparedCodon) 

22     if (comparedCodon = stopCodon) 

23       if (count < (comparedLenth - 3)) 

24         errorCode ← error_5 

25     if ( comparedCodonValue != 

referenceCodonValue) 

    

26       comparedCodonName ← CodonName(comparedCodon) 

27       referenceCodonName ← CodonName(referenceCodon) 

28       if (comparedCodonName != referenceCodonName) 

29         errorCode ← error_3 

30       if (comparedCodonName = referenceCodonName) 

31         errorCode ← error_4 

32     if (comparedCodonValue = referenceCodonValue) 

33       errorCode ← error_0 

34     count ← count + 1 

35 return errorCode 
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12. RESULTS AND DISCUSSION OF RESULTS 
 

 
 

Figure 3: Reference and Compared Sequence of Amino Acids – RNA 

 

 
 

Figure 4: Reference and Compared Sequence of Amino Acids – RNS 

 

 
 

Figure 5: Error Syndrome Detection   Figure 6: Type and Location of mutation 

 
The Java software developed allow for generation of the genetic code and pairwise comparison of 

two polypeptides. The protein chain can be entered in RNS digits – Figure 4. The RNS digits 

protein chain can further be converted to the known DNA or RNA bases as seen in Figures 3. The 
reference string and the compared strings are analysed and the syndrome determined. The codon 

or set of residue digits have unique decimal values based on the moduli set chosen, these values 

assist in determining the syndrome at each compared location. If the syndrome is a non-zero then 
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an error is recorded and if it’s a zero, then there is no error. The error location is highlighted in 
the entries of the reference and compared strings and also the comparison (syndrome detection) 

form as seen in figures 4 and 5. The type and location of the errors is presented in figure 6. The 

errors (mutations) reported in this work are those of substitution, deletion and insertion. 

 

13. OBSERVATIONS 
 

The reading frame or mRNA chain in figures 3, and 4 are presented in the form of DNA, or RNA 

bases and as RNS digits respectively.  A summary of how the syndrome is calculated and how 
errors in RNS representation of the reading frame (mRNA) is shown in figures 5. The error 

location is highlighted indicating the non-zero syndrome value(s). Figure 6 gives a summary of 

the error analysis performed and the type of error detected. In this case a substitution error was 
observed, and as a result a serine (ser) with triplets UCU has become a proline (pro) with triplets 

CCU, this indicates a missense error. The additional information presented are that the error is as 

a result of a change in the residue digit of the first modulus of the amino acid and the suggested 

correction to this error is to replace the C in residue digit one  (1) of the serine (CCU) with a U.  
 

14. CONCLUSION 
 

In this paper, we proposed an Open Reading Frame (ORF) as a string of residue number digits. A 
global sequence comparison using residue number system is performed. We further considered 

single digit or base errors, mutations, in pairwise globally compared sequences. Different analysis 

are performed by deleting, substituting and inserting residue digits (bases). The errors that are 

manifested are seen as mutations and are classified based on the mutation type – silence, 
missense and nonsense errors.  

 

15. RECOMMENDATIONS AND FUTURE DIRECTION 
 
This research work can be further applied to the concept sequence alignment by allowing gap 

penalties and including scoring matrix. A hardware implementation can also be performed to 

compare some other digital performance parameters such as; digital footprint, timing diagrams 
and logic gate size with already existing models. 
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