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Abstract

Natural genetic material may help identify genetic abnormalities and provide insight into the workings of
gene expression systems. Disorders associated with chromosomal abnormalities include single nucleotide
polymorphisms (SNPs), minor insertions and deletions, and significant chromosomal aberrations. In order
to analyse DNA sequences, one of the most important components of biological study, various techniques
have been used. Thus, DNA analysis and computing have benefited greatly from a variety of mathematical
and algorithmic advances. Sequencing systems are constructed on a quantitative framework, and their
workings include cost minimization, deployment, and sensitivity analysis for various parameters. In order
to analyse various diseases using DNA, this study will look into the role of DNA sequencing and how it is
represented in graphs.

Keywords: DNA graphs; DNA sequencing; DNA library; genetic diseases; graph theory

I. INTRODUCTION

All living things receive genetic information from DNA, a molecule. Its double helix structure is made up
of two lengthy polynucleotide chains that are joined by covalent bonds. Deoxyribose, a sugar with five
carbons, is the backbone of each of these chains and is joined to phosphate groups and bases that contain
nitrogen. Adenine (A), thymine (T), guanine (G), or cytosine (C) are possible candidates for the
nitrogenous base (C). A and T are constant partners, and G and C DNA sequence study is crucial for
understanding cell structures and activities and solving biological mysteries since genomic DNA often
plays a large role in determining individuals and species [1].

Molecular cloning, breeding, identifying diseases and genetic abnormalities, comparative and evolutionary
study, and other uses of DNA sequencing technology may benefit scientists and medical professionals.
Therefore, the ideal DNA sequencing method should be speedy, precise, easy to use, and affordable. In the
past 30 years, DNA sequencing techniques and applications have evolved significantly, and today they are
used to define genome ages using vast volumes of genomic data. There are several study topics and
applications as a result. For the evaluation of next-generation sequencing systems (NGS), including
pyrosequencing, genome analyzer and high-throughput sequencing, and SOLID sequencing, it is crucial to
understand the development history of sequencing technology. Additionally, it aids in contrasting the
technology's benefits and drawbacks and outlining the range of applications. Additionally, the capacity to
assess personal genome machines (PGM) and third-generation technologies and their applications is crucial
to understanding the history of sequencing development. The majority of the data and conclusions are
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derived from independent users with extensive hands-on experience using the standard NGS tools from
BGI (the Beijing Genomics Institute).

Il. THE HISTORY OF DNA SEQUENCING

Friedrich Miescher made the initial discovery of deoxyribonucleic acid (DNA) in the year 1869. Using a
location-specific primer extension strategy developed by Ray Wu at Cornell University in 1970, the first
technique for identifying DNA sequences was used. By using RNA to degrade the virus's RNA, isolate
oligonucleotides, and then separate them using electrophoresis and chromatography, Walter Fiers became
the first person to sequence the DNA of a full gene (the gene encoding the coat protein of the
bacteriophage MS2) in 1972. In 1977, Fredrick Sanger created the first DNA sequencing technique using
radio labelled partially digested fragments, known as the "chain termination method," after continuing to
develop an alternate DNA sequencing technique. In 1980, he received the Nobel Prizes additionally in
1977, Maxam and Gilbert presented a technique for DNA sequencing that relied on chemically altering
DNA. At Applied Biosystems, Inc. (ABI), Leroy Hood and Michael Hunkapiller achieved success in
automating the Sanger sequencing procedure in 1987. DNA sequencing has advanced to new levels and
eventually reached the next generation as a result of ongoing inventive efforts.

I11. DNA LIBRARY

One way to think of a DNA library is as a collection of DNA sequences. Like a book or any other kind of
data library, a DNA library can be used to store and make information available. The data carrier in a
similar kind of library is a DNA chain. These chains typically reflect real genetic information discovered
through biochemical research. DNA can provide details on gene expression activities or help identify
hereditary diseases. However, some applications demand DNA chains with unique properties that are
rarely found in naturally occurring DNA molecules. Adleman [1] created DNA computing in 1994 as an
example of one such use. The Hamiltonian route problem was solved by encoding graph vertices as
randomly generated DNA chains of length | and arcs as a concatenation of two chains: one supplemental to
the last 1/2 nucleotides of the preceding vertex and one extra to the first 1/2 nucleotides of the succeeding
vertex. Vertices and arcs would hybridise in a perfect world, but random chain construction might prevent
this from happening in the graph in question. An strategy for creating DNA libraries made of chains with a
low inclination for hybridization is presented in the research. This type of library can therefore be used in
the future to encode a group of vertices. This method has important mathematical implications. A
generalised de Bruijn sequence [2] does not have complementarity as a result. First draughts of the method
based on de Bruijn graphs were reported in [8] and [9], respectively. The strategy is based on graph theory,
specifically on enlarged de Bruijn graphs called lexical graphs. Lexical graphs were first introduced in
[10], and independently related concepts were discovered in [11,12]. They were referred to as alphabet
overlap digraphs in [12] and word graphs in [13]. A de Bruijn graph is Eulerian cycles are correlated to de
Bruijn sequences [2]. A lexical sequence, which is an enlarged de Bruijn sequence, corresponds to each
Eulerian cycle in a lexical graph. The term "lexical sequences" refers to the presentation of De Bruijn
sequences with multiple shifts in [9] and separately in [14]. De Bruijn sequences with numerous shifts were
created in reference [14] in order to solve the Frobenius issue in a free monoid [15]. De Bruijn graphs with
a connection to the DNA are subgraphs of labelled graphs, as explained in [4].
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IV. DNA GRAPHS FOR DNA SEQUENCING

The DNA graphs fall within the category of labelled digraphs and were created using the methods
described in Lysov et al. The Hamiltonian route problem can be solved polynomially for the labelled
digraphs because one of their characteristics is that they are directed line graphs. In order to do this, a
directed line graph is first transformed into its original graph, and then an Eulerian route is looked for in the
original graph. A directed line graph G and its beginning (directed) graph H must adhere to the following
rules: An arc (X, y) occurs in G if and only if the terminal endpoint of arc x in H is also the beginning
endpoint of arc y in H. The vertices of G correspond to the arcs of H. A Hamiltonian track in G requires an
Eulerian route in H, which is both a necessary and sufficient condition (not valid for undirected graphs).
The initial graph for a DNA graph is a Pevzner graph for the same spectrum. Labeled digraphs called De
Bruijn graphs are constructed using all possible labels for a given measurement throughout a specific
alphabet.

V. LITERATURE REVIEW

Let's look at a quick overview of DNA sequencing history. In 1977, Frederick Sanger developed DNA
sequencing using a chain-termination method (often referred to as Sanger sequencing). Walter Gilbert,
however, created a different technique in 1978 that involved chemically altering DNA and then cleaving it
at specific nucleotides. Sanger sequencing was chosen as the predominant method in the "first generation”
of commercial and laboratory sequencing applications due to its low radioactive nature and high efficiency
[2]. At the time, DNA sequencing required the use of radioactive chemicals and was labor-intensive [3].
The first automated sequencing machine (the AB370) was released by Applied Biosystems in 1987. It used
capillary electrophoresis to speed up and enhance sequencing accuracy. The AB370 was capable of
simultaneously detecting 96 bases at a daily rate of 500 K bases and 600 bases per reading.

Since 1995, the most recent model, the AB3730 xI, has had a daily base generation rate of 2.88 million and
a base reading range of up to 900 bases. The "Human Genome Project” [HGP] was completed in 2001 [4]
thanks primarily to automatic sequencing devices, Sanger sequencing technology, and related software
based on capillary sequencing machines, which first debuted in 1998. This work contributed to the
development of a potent new sequencing device that could boost efficiency and speed while reducing
labour requirements and expenses. The X-prize has improved next-generation sequencing (NGS)
technologies as well [5]. NGS technologies differ from the Sanger method in terms of decreased cost,
massively parallel processing, and high throughput. NGS increases accessibility to genome sequences, but
biological explanations and subsequent data analysis continue to be a barrier to understanding genomes.

The problem of formalising graph data models for genomic information representation was recently
covered by Rusinova and Stroganov [6]. They want to employ the proposed model in a graph database for
applications in comparative genomics. It is possible to compare genomes in a variety of ways, and the
theory-based graph model aims to capture both the probabilistic and the definitive aspects of the process.

Weighted directed graph modelling, adjacency matrix generation, and representative vector translation
theories were established by Karunasena and Wijesiri [7]. These vectors' similarity was determined using
distance metrics like Euclidean, Cosine, and Correlation. They used molecular similarity coefficients as
distance measurements and kept this method as the underlying method to determine whether this method
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applies to any DNA fragments in the genomes under consideration. The results of the typical vector and
graph spectrums are contrasted. The new method was tested on the mitochondrial DNA of humans,
gorillas, and orangutans. The result remained the same even when DNA fragments had more nucleotides.

To protect our communication from outsiders, we currently employ a one-time pad including cryptography.
The four nitrogenous bases A (adenine), T (thymidine), C (cytosine), and G are combined in a distinct way
(guanine). An improved DNA structure that will be used with approaches for one-time graph labelling.
Here, the DNA code and a binary value are both used to encrypt our message, and the result is a binary
code. The decimal representation of the binary value is then changed. The last level of the encrypted
message is displayed as a cypher graph using the OTP key. which employ our cutting-edge labelling
processes for products. In this case, we use a private key to encrypt and decrypt the message.

A type of DNA damage known as a double-strand DNA break (DSB) can result in atypical chromosomal
rearrangement. The expenses and technical difficulties of recent high-throughput experiment-based
technologies are quite expensive. In order to forecast DSBs, they developed a graph neural network-based
technique called GraphDSB, which makes use of data on chromosome shape and DNA sequence
properties. They also introduced Jumping Knowledge architecture and many efficient structural encoding
techniques to enhance the model's capacity for expressiveness. The investigations on datasets from the
chronic myeloid leukaemia cell line and normal human epidermal keratinocytes (NHEK) confirm the role
of structural information in the prediction of DSBs. (K562) and the ablation investigations provide
additional evidence of the usefulness of the planned elements in the suggested GraphDSB structure.
Finally, they demonstrated the significant contributions of the 5-mer DNA sequence features and the two
chromatin interaction modes by using GNNEXxplainer to analyse the impact of node properties and
topology to DSBs prediction.

The de Bruijn graph has also developed into a widely used graph model for biological data since it was
first introduced in the late 1990s. In addition to genome assembly (Zerbino and Birney, 2008; Bankevich et
al., 2012; Peng et al., 2012), variant discovery (Alipanahi et al., 2020b; Igbal et al., 2012), and storage of
assembled genomes, it has also been utilised for other applications (Chikhi et al., 2016). Because of this,
there are more than a dozen techniques for quickly and efficiently creating and displaying the de Bruijn
graph and its variations. [18]

DNA rearrangement is a common biological process that occurs at both the developmental and
evolutionary levels. The rearrangement process can be explicitly modelled by four-regular graphs, as
shown above, but numerous models have taken into account the abstract operations required. They
discussed how double occurrence words and four-regular graphs could be used to explain DNA
rearrangements. These concepts are demonstrated by the DNA recombination processes that occur during
rearrangement in a well-researched ciliate species. The total number of molecules that are produced as well
as any intermediate molecules can be tallied as terms in graph polynomials, which are closely connected to
the well-known Tutte polynomial. [19]

Not everyone is aware of the underlying computational methodologies given the pervasiveness of next-
generation sequencing in contemporary biological, genetic, pharmacological, and medical research. Even
fewer scientists are aware of the history of the models used today to describe DNA assembly. They
discussed the features and relationships between an original graph model that was employed in DNA
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sequencing by hybridization. Additionally, they described how these graph models changed over time to
accommodate the features of next-generation sequencing. We also show a useful comparison of graphs
based on overlap and breakdown that represent these altered models and depict state-of-the-art DNA de
novo assembly techniques. Even though there is fierce rivalry, certain assemblers outperform others, and

significant variations in how hardware resources are used can be seen. Finally, they highlight the key

developments in sequencing and provide predictions about how these may affect computational models in
the future. [20].

Table 1: Summary of Graphs and recent developments in DNA sequencing.

Year | Author Title Contributions
2022 | B. Deepa, and | An enhanced DNA structure for Improved One-Time Pad DNA
V. Maheswari | one-time pad together with | Structure
[16] graph labelling techniques
Used Graph Labelling Techniques
2022 | XU Wang et | Graph Neural Networks for Analysis of Graph Neural Networks
al. [17] Double-Strand DNA  Breaks
Prediction Prediction model of DNA Double-
Strand Breakage
2021 |J Alanko et|Buffering Updates Enables Effective Dynamic de Bruijn Graphs
al. [18] Efficient Dynamic de Bruijn
Graphs Made Possible by Buffering Updates
2019 [ Robert Graphs Associated With DNA DNA Rearrangement Polynomials
Brijder et al. | Rearrangements and  Their
[19] Polynomials Discussion on related Graphs
2018 | Jacek Graph algorithms for DNA Graph algorithms for DNA sequencing
Blazewicz et | sequencing-origins, current

al. [20]

models and the future

Studied on existing models, and
predicted a model using graphs
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VI. CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS

This review article examines the graph-theoretic method of DNA sequencing. Studies are also conducted to
examine disorders caused by DNA sequencing issues. In this work, de-Bruijn graphs, overlap graphs, DNA
libraries, and DNA graphs in DNA sequencing were examined. Additionally, various DNA sequencing
methods were discussed in relation to various disorders. Defects in DNA sequencing can be visualised
using a variety of graphing tools. The majority of situations in DNAgraph modelling happen haphazardly
and uncertainly. Regarding overlapping or repeated areas, De-Bruijn graphs are not entirely clear. Thus, the
fuzziness inherent in DNA sequencing will aid in a proper analysis of the traits. Based on the results of this
investigation, the hazy and ambiguous areas surrounding diseases caused by DNA patterns can be targeted.
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