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Abstract 

 

Our main motivation question is "Is there any relation between the non-coding region and useless error-

correcting codes?". Then we focused CDS and non-CDS areas instead of exon and intron, because CDS 

involves in process of synthesis a protein and is involved by exons. We get the data of the genes from 

NCBI [21]. In this study, we introduce the method Fi-noncds that is used for determining the non-CDS 

region by using error-correcting codes. We obtained that the error-correction codes that can't correct any 

codes named zero error-correcting code, placed in non-CDS areas, densely. This result shows that non-

CDS regions (non-coding areas in DNA) match zero error-correcting codes (useless error-correcting 

code). Frame lengths 7,8,9 and 10,11,12,13 and 14 were tested by the method. Optimal result for selected 

genes (TRAV1-1, TRAV1-2, TRAV2, TRAV7, WRKY33, HY5, GR-RBP2) is frame length 8, 𝑛 = 7, 

𝑘 = 2, 𝑑𝑛𝑎𝑁𝑜 = 1. Moreover, optimal results of the algorithm Fi-noncds matched the best sequence 

length 8 as in [1]. 
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1. Introduction 
 

DNA codes was introduced by L. Adleman 1994 [6]. After this pioneer paper, studies of 

algebraic structures for DNA strings started. Some of these mathematical structures are 

dependent on one DNA base [5,14]. This means that one DNA base correspond one element of 

algebraic structure. For example, let algebraic structure be 𝑍4 = {0,1,2,3} and correspondences 

for DNA bases are 0 → A, 1 → T, 2 → G, 3 → C. Studies that use more than one DNA base for 

one algebraic element was started by Oztas and Siap [4]. There are some studies for DNA codes 

by using DNA 𝑘-bases over finite field and rings [7,11,12,18]. However, these studies are not 
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implemented in real DNA strings. These studies aim to solve DNA reversibility problem that 

introduces in [4], over algebraic structures and obtaining algebraic codes that can be 

corresponded to reversible DNA codes.  

 

Otherwise, [8,10] studied focus on creation a error-correction code or codeword by using DNA 

strings. [10] a procedure was developed to determine whether such an error-correcting code is 

present in the base sequence. In [8] real DNA string of gene TRAV7 corresponded to a 

codeword over $Z_4$ with one error.  This paper is an important example of relation between 

real DNA string an error-correction codes. This study was extended in [19]. 

 

In [13], Rosen presents a channel model for genome replication by inspiring from 

communication channel model. Further, an algorithm is given to investigate whether or not 

there is an underlying linear block code structure in DNA by partitioning DNA sequences with 

frame offsets.   

 

In eukaryotic genes, a part of gene named CDS (coding DNA sequence) that involves in process 

of synthesis a protein. The remaining parts of the gene named as non-CDS and not used in DNA 

strings for the process of the synthesis a proteins. CDSs (coding DNA sequences) are located 

inside exon regions in genes. The region left over from the exons is called the intron. 

 

Relation between Introns-exons and error-correcting codes are studied in [2, 3, 17]. Regions of 

introns and exons are defined as check-bits (redundancy) and information bits of error-

correcting codes, respectively in [2,3]. In [17], there is a method for finding intron and exon 

areas by using error-correction codes, but it has unstable algorithm, limited calculations, and 

results. Then, we consider CDS and non-CDS area instead of exon and intron areas because of 

CDSs are involved in protein synthesis. 

 

In this study, relation between CDS and non-CDS and error-correcting codes are studied to 

determine the region of non-CDS that different from [2,3]. we introduce the algorithm Fi-

noncds that used for determining the non-CDS region by using error-correcting codes. We 

obtained that zero error-correcting code, placed in non-CDS areas, densely. This result shows 

that useless codes place in useless areas in genes. Moreover, the result shows that there is a new 

relation between genes and mathematical structures.  

 

In the section that follows; in Section 2, the background is given about error-correcting codes 

that are used in the introduced algorithm. We introduce an algorithm to determine regions of 

non-CDS in Section [3]. In Seciton [4], results of application the method for selected genes 

TRAV1-1, TRAV1-2, TRAV2, TRAV7, WRKY33, HY5, GR-RBP2. 

 

2. Background 
 

In this study, error-correcting codes are used to determine the non-CDS area in genes.  Then 

some background in information is given in this section. 

 

A subspace of a vector space over a field 𝐹𝑞
𝑛 is a linear code of length 𝑛. Generator matrix is 

the base of the linear code and span the subspace. Hamming distance is number of different 

components between two vectors (in linear codes, vectors in a code are called codewords). 

Minimum Hamming distance of code is minimum hamming distance between any two of its 

codewords. The Hamming weight of a codeword is the number of components that are different 

from the zero. Minimum distance values exclude the distance zero. Finding the error correction 
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capability of codes is defined that if 𝑑 is odd then 𝑑 = 2𝑡 + 1 (or if 𝑑 is even, 𝑑 = 2𝑡 + 1) 

where Minimum Hamming distance is 𝑑 and error correction capability of code is 𝑡. For 

example, let  𝑑 be 3 then 3 = 2𝑡 + 1 and 𝑡 = 1. It means that the code has minimum distance 

3 and corrects 1 error in a codeword. If 𝑑 < 3 then the code cannot correct any codeword.  

Then, we named "zero error-correction code" (zero-ecc) when 𝑡 = 0 or 𝑑 < 3. Zero-ecc are 

useless codes in coding theory. They can't correct any error in codes. 

 

A linear code 𝐶 of length 𝑛, dimension 𝑘 over 𝐹𝑞
𝑛 (i.e., number of codewords is 𝐶 = 𝑞𝑘) and 

minimum Hamming distance 𝑑 is expressed, in terms of its parameters, with [𝑛, 𝑘, 𝑑]-code.  

For example, let 𝐶 = {0000, 1100, 0011, 1111} is a subspace of the vector space 𝐹2
4. Therefore 

𝐶 is a linear code of length 4 over 𝐹2 because it has a generator matrix as  

 

𝐺 = [
1 1 0 0
0 0 1 1

]                                                                                                                          (1) 

 

A generator matrix of a linear code $C$ is a matrix whose rows form a basis for 𝐶. The 

dimension of 𝐶 is 2 (𝑘 = 2) that is the number of rows of generator matrix. Hamming weight 

of all codewords are 𝑤𝐻(0000) = 0, 𝑤𝐻(1100) = 2, 𝑤𝐻(0011) = 2, 𝑤𝐻(1111) = 4. In a 

linear code, minimum Hamming weight (except zero) is also equal to the Minimum Hamming 

distance of the linear code (𝑑(𝐶) = min{𝑤𝐻(𝑐)|  𝑐 ∈ 𝐶}. Thus, 𝑑(𝐶) = 2 and 𝐶 is a [5,2,2]-
code. 

 

In linear code, we will use minimum weight of code because of minimum hamming weight is 

equal to minimum hamming distance of code and this gives the error-correction capability.  

 

The error-correction capability of a code is closely related to the parameters [𝑛, 𝑘, 𝑑]. To 

enhance the error-correcting capability, we need to improve the distance when the length (𝑛) 

and dimension (𝑘) are fixed. 

 

In [9], for fixed length 𝑛 and dimension 𝑘, the maximum possible Hamming distance 𝑑 for a 

linear code is given. Linear codes with these parameters are called optimal codes, in other 

words they have the maximum error-correction capability for given 𝑛 and 𝑘.  

 

In this study, the algebraic structure 𝐹4 is used. In 𝐹4 =  {0, 1, α, α2}  is used and summation 

is defined under modulo 2 and multiplication is operated by the rule α2 = α + 1. 

 

Example 2.1. Let 𝐺 be a generator matrix for linear code 𝐶1 of length 4 . 
 

𝐺 = [
1 𝛼 0 0
𝛼 0 0 𝛼

]                                                                                                                               (2) 

 

Codewords are generated by 𝐺 as follows. 

𝑥(1, 𝛼, 0, 0) + 𝑦(𝛼, 0, 0, 𝛼) where 𝑥, 𝑦 ∈  𝐹4. All codewords and weights are shown in  

Table 1. In here, the code 𝐶1 is a [4,2,2] −code.   
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Table 1. Codewords and weights of the code 𝐶1. 

 

𝒙 𝒚 codeword 

 

weight 

0 0 0000 0 

1 0 1𝛼00 2 

α 0 αα200 2 

 α2 0 α2100 2 

0 1 𝛼00𝛼 2 

1 1 α2α0α 3 

α 1 0𝛼20 𝛼 3 

 α2 1 110 𝛼 3 

0 α α200α2 2 

1 α 𝛼𝛼0𝛼2 3 

α α 1α20α2 3 

 α2 α 010α2 2 

0  α2 1001 2 

1  α2 0α01 2 

α  α2 α2α201 3 

 α2  α2 α101 3 

 

 

3. The method Fi-noncds 
 

Exons include coding DNA sequence (CDS) and 3' and 5' untranslated regions. Exons combine 

in Process of protein creation. In this process, coding DNA sequence (CDS) areas that are 

located inside in exon, are translated to form proteins. Introns are non-coding sections of a gene 

and they is not read throughout the protein synthesis process.  The intron in human DNA 

constitutes approximately %97 of the whole DNA [15]. We will consider non-CDS areas for 

zero-ecc. Non-CDS (non-coding areas) areas include introns and 3' and 5' untranslated regions. 

Identifying region of intron-exon and especially CDS in gene research are important problems. 

For this purpose, a CDS database was created at NCBI [16]. 

 

The absence of a non-CDS area in the structure of the region involved in protein or enzyme 

synthesis suggests a low error-correction rate in the non-CDS area. From this point of view, in 

this paper, the method named Fi-noncds is introduced by the authors.  

 

The method satisfies to determine the non-CDS area of a gene by using error-correcting codes. 

Error-correction code (Ecc) was not used for determining non-CDS areas in the literature. 

However, there some studies about a relation between error correcting codes and and DNA 

strings [2, 19].  

 

In [1], 8 DNA sequences for the determination of the binding site [20] for the separation of 

DNA chains were more common than sequences in the  6 − 13  range on the Arabidopsis 

Thaliana plant. In this study, it has been revealed that, with the algebraic method and prediction 

algorithm used, similar to the [1] study, DNA fragments of 8 are also important in determining 

the non-coded regions. In 8 and [1, 19], genes Trav7 and Arabidopsis Thaliana were considered 

and then therefore we consider these genes.  

 

To constitute a mathematical representation of DNA sequences, we associate the 4 nucleotides 

(𝐴, 𝑇, 𝐺, 𝐶) with elements of the Galois Field of order 4 i.e., 𝐹4 = { 0,1, 𝛼, 𝛼2}.  There are 24 
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possible correspondences can be made.  We focus on the choice of 0, since it affects the 

minimum distance of the corresponding code. Hence, we have 4 non-isometric labels. 

 

          𝑳𝒂𝒃𝒆𝒍 𝟏                     𝑳𝒂𝒃𝒆𝒍 𝟐                 𝑳𝒂𝒃𝒆𝒍 𝟑                 𝑳𝒂𝒃𝒆𝒍 𝟒  

[
𝐴 𝑇 𝐺 𝐶

𝛼2 𝛼 1 0
]     [

𝐴 𝑇 𝐺 𝐶
𝛼2 𝛼 0 1

]  [
𝐴 𝑇 𝐺 𝐶
0 1 𝛼 𝛼2]     [

𝐴 𝑇 𝐺 𝐶
𝛼2 0 1 𝛼

]        (3) 

 

In Algorithm 1, we consider the 𝑘 <  𝑛. Then 2𝑘 <  𝑛𝑓 + 1 because of 𝑛 =  𝑛𝑓 − 𝑘 + 1. Each 

frame has a starting point (SP) which is the order of the first nucleotide of this frame in the 

gene. End point (EP) of a frame is the order of the last nucleotide of this frame in the gene. 

 

 
 

The method Fi-noncds illustrated in Figure 1 works as follows:  

 

 String of a gene is converted to the algebraic field 𝐹4  according to a chosen label from 

the non-isometric label list (3). 

 Chose the frame and generate the code. 

 Hamming distance and error-correction capabilities are found and they are inserted to 

the lists INDEXD and INDEX, respectively. 

 Result of the lists satisfies the estimation of non-CDS areas. 

 

The number of zero-ecc is determined and the rate at which they are in the non-CDS area is 

determined. This ratio gives the estimation percentage for non-CDS area. 

 

In Example 3.1, a generation matrix that is generated by using a chosen frame is presented. 

When we get the lists INDEXD and INDEX, we also classified these linear codes according to 

their properties, i.e., MDS, self-dual, self-orthogonal, cyclic, and optimal codes. These 

properties are also important in ECC. Relevant result by using MDS code end other properties 

is still an open problem. 

 

Example 3.1 The frame of length 7 of Trav7-3 (T cell receptor alpha variable 7-3 [Mus 

musculus (house mouse)]) gene with SP=28 and EP=34 is 𝐺𝑇𝐶𝐶𝑇𝐺𝑇. According to Label 1, 

let the dimension 𝑘 = 3 and then find the corresponding vectors of length 𝑛 = 5. 
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Hence the generator matrix is obtained as follows. 

𝐺 = [
1 𝛼 0 0 𝛼
𝛼
0

0
0

0
𝛼

𝛼
1

1
𝛼

].                                                                                                                      (4) 

 

The linear code  𝐶 generated by 𝐺 has parameters [5,3,3] which is an optimal code. Moreover, 

𝐶 is a cyclic MDS code. 

 

 
Figure 1. Illustration of the Fi-noncds  
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4. Test results 
 

In this section, The method Fi-noncds are tested by using TRAV1-1 (NCBI Gene ID: 28693), 

TRAV1-2 (NCBI Gene ID: 28692), TRAV2 (NCBI Gene ID: 28691), TRAV7  (NCBI Gene 

ID: 28686) of Human genes; genes WRKY33 (NCBI Gene ID: 818429), HY5 (NCBI Gene ID: 

830996), GR-RBP2 (NCBI Gene ID: 827019) of Arabidopsis thaliana. 

 

In this study, the main window length is 7,8,9 and 10,11,12,13 and 14. Optimal results are 

obtained where 𝑛 = 7, 𝑘 = 2 and 𝑑𝑛𝑎𝑁𝑜 = 1 (DNA Label) for the tested genes, area of CDS, 

non-CDS areas. Moreover in [1], sequence length is 8 that have important role in binding site. 

Also, in this study, best results are obtained where sliding window (main window or main 

sequence length) is 8 and 𝑛 = 7, 𝑘 = 2  as mentioned below.  

 

The result is given as Table 2. The result shows that the error-correcting codes that cannot do 

any correction (zero-ecc) are densely placed in non-CDS area.  These means, non-coding areas 

densely include algebraically non-coding useless codes. Figure 2,3,4,5,6,7,8 show the 

placement of non-CDS and zero-ecc results in the genes. (Higher green lines are CDS areas. 

The lower green line is the non-CDS area.  Red points show where the code appeared in DNA 

string and the code has what error-correction rate.) 

 

Table 2. The table shows that the zero-ecc rates and numbers in CDS and in non-CDS areas. 

 

Gene name n k dnano Sum of zero-ecc In non-

CDS 

Rate in 

Non-

CDS 

In CDS Rate in 

CDS 

TRAV2 7 2 1 24 22 91.67 2 8.33 

HY5 7 2 1 100 86 86 14 14 

GR-RBP2 7 2 1 116 97 83.62 19 16.38 

WRKY33 7 2 1 118 83 70.34 35 29.66 

TRAV1-1 7 2 1 36 25 69.44 11 30.55 

TRAV7 7 2 1 19 12 63.16 7 36.84 

TRAV1-2 7 2 1 15 15 57.69 11 42.31 

 

sum of zero-ecc: Number of codes that can't do any correction and they have 𝑑 < 3.  in non-

CDS: Number of the codes that have 𝑑 < 3 and placed in non-CDS area. rate in Non-CDS: rate 

of to be in non-CDS area of zero-ecc. in CDS: Number of the codes that have 𝑑 < 3 and placed 

in CDS area. rate in CDS: rate of to be in CDS area of zero-ecc. 

 

5. Conclusion 
 

In this study, the method Fi-noncds is introduced that can estimate the rate and regions that are 

non-CDS by using error-correction codes. The method for estimating the identified non-CDS, 

the accuracy for a certain percent non-CDS, and revealing data overlapping the results of [1].  

According to the result, non-CDS areas have a relation between useless zero-ecc in 

mathematics.  

 

In here, optimal result is obtained by using the parameter as sliding frame length =8, n=7, 𝑘 =
2 and 𝑑𝑛𝑎𝑁𝑜 =  1.  As a result of calculations, some result was better than these parameters 

for only some of the genes in this paper. Some of the results were unacceptable according to a 
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different parameter. Therefore, the improvement of the method Fi-noncds for more genes and 

parameters is an open problem. 

 

 
Figure 2. TRAV2 

 

 

 
Figure 3.  HY5 
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Figure 4.  GR-RBP2 

 

 

 
Figure 5.  WRKY33 
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Figure 6.  TRAV1-1 

 

 

 
Figure 7.  TRAV7 
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Figure 8.  TRAV1-2 
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