Techniques

Journal of Analytical & Bioanalytical

Wang, J Anal Bioanal Tech 2023, 14:7

Research Article Open Access

Advancements in DNA Sequencing: Unlocking the Secrets of Life

Dr. Mika Wang*

Department of Chemical Engineering, Kwara Fared University of Engineering and Information Technology, Pakistan

Abstract

L

DNA sequencing is a fundamental technique in molecular biology that has revolutionized our understanding of
genetics and genomics. This article provides an overview of DNA sequencing, its historical development, and its
significance in various fields of research and applications. The technique has evolved from the pioneering Sanger
sequencing method to the emergence of Next-Generation Sequencing (NGS) and Third-Generation Sequencing
technologies. NGS enables high-throughput sequencing, while third-generation sequencing provides long-read
capabilities. These advancements have fuelled applications in medical genetics, agriculture, environmental sciences,
forensics, and anthropology. DNA sequencing plays a crucial role in diagnosing genetic diseases, guiding personalized
medicine, improving crops, monitoring microbial diversity, solving criminal cases, and studying human evolution. The
future of DNA sequencing holds promise for further advancements in single-cell sequencing, epigenetic studies, and
portable sequencing devices. The continued development of DNA sequencing technologies will undoubtedly contribute
to on-going discoveries, enabling us to unravel the complexities of life’s genetic code.
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Introduction

DNA sequencing is a ground-breaking technique that has
transformed our understanding of genetics and revolutionized
various scientific fields. It involves deciphering the precise order of
nucleotides within a DNA molecule, providing valuable insights into
the fundamental building blocks of life. By unraveling the genetic
code encoded within DNA, scientists can uncover the secrets of
inherited traits, identify disease-causing mutations, track the evolution
of species, and explore the vast complexity of biological systems.
The ability to sequence DNA has its roots in the pioneering work of
Frederick Sanger in the 1970s, which developed the chain-termination
method, also known as Sanger sequencing. This method, which earned
Sanger the Nobel Prize in Chemistry in 1980, laid the foundation for
subsequent advancements in DNA sequencing technologies. Since
then, the field has undergone remarkable [1-6] progress, with the
development of faster, more accurate, and cost-effective sequencing
techniques. The advent of Next-Generation Sequencing (NGS)
technologies in the early 2000s marked a significant milestone in DNA
sequencing. NGS platforms, such as Illumina sequencing, Ion Torrent
sequencing, and Pacific Biosciences’ Single-Molecule Real-Time
(SMRT) sequencing, revolutionized genomics research by enabling
high-throughput sequencing. These technologies allowed scientists to
generate vast amounts of DNA sequence data in a fraction of the time
and cost compared to traditional Sanger sequencing. More recently,
Third-Generation Sequencing technologies have emerged, offering
long-read sequencing capabilities. Techniques like Oxford Nanopore
sequencing and Pacific Biosciences’ Sequel system can produce reads
spanning thousands of bases, facilitating the assembly of complex
genomes, detection of structural variants, and direct sequencing
of RNA molecules. These advancements have expanded the scope
of DNA sequencing applications and opened up new possibilities
for scientific discovery. In conclusion, DNA sequencing has
revolutionized the field of molecular biology, allowing researchers to
decode the genetic information encoded within DNA molecules. From
its humble beginnings to the current state-of-the-art technologies,
DNA sequencing continues to drive groundbreaking research, fueling
discoveries, and applications across diverse scientific disciplines. The
ongoing advancements in DNA sequencing technologies promise to
unlock even deeper insights into the intricate mechanisms of life and
propel us towards a future of precision genomics.

Factors affecting DNA sequencing

DNA sequencing is a complex process influenced by various factors
that can impact the accuracy, efficiency, and reliability of the results.
Understanding and optimizing these factors is crucial for obtaining
high-quality sequencing data. Here are some key factors that can affect
DNA sequencing:

1.  DNA quality and purity: The quality and purity of the DNA
sample are crucial for successful sequencing. Contaminants, degraded
DNA, or impurities can introduce errors and affect the sequencing
efficiency. It is essential to ensure the integrity of the DNA, free from
contaminants such as proteins, RNA, and inhibitors.

2. DNA quantity: The amount of DNA used for sequencing
can significantly impact the results. Insufficient DNA can lead to
poor sequencing coverage, low signal-to-noise ratio, and difficulties
in data interpretation. On the other hand, excessive DNA can result
in technical challenges, such as amplification biases and higher costs.
Optimizing the DNA quantity for each specific sequencing platform is
necessary for accurate and cost-effective results.

3. DNA fragmentation: Fragmentation of DNA is a critical
step in many sequencing methods. The size and distribution of DNA
fragments influence the sequencing process. Fragment lengths that
are too short or too long can affect library preparation, sequencing
efficiency, and the ability to accurately assemble the genome or analyze
specific regions of interest.

4.  Library preparation: Library preparation involves the
conversion of fragmented DNA into a suitable format for sequencing.
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Factors such as library quality, adapter design, PCR amplification bias,
and indexing strategies can impact the sequencing results. Efficient
library preparation methods and appropriate quality control measures
are crucial for obtaining reliable and representative sequencing data.

5. Sequencing platform and chemistry: The choice of sequencing
platform and chemistry can significantly affect the sequencing output.
Different platforms employ distinct sequencing technologies, including
Ilumina sequencing, Ion Torrent [6] sequencing, Pacific Biosciences’
SMRT sequencing, and Oxford Nanopore sequencing. Each platform
has specific advantages and limitations in terms of read length, error
rates, throughput, and cost per base. Selecting the appropriate platform
and chemistry based on the research objectives and requirements is
essential.

6.  Sequencing depth and coverage: The depth and coverage
refer to the number of times a specific DNA region is sequenced. Higher
sequencing depth provides greater confidence in detecting variations
and rare mutations. However, excessively deep sequencing may lead
to diminishing returns in terms of cost and data analysis. Determining
the optimal sequencing depth and coverage depends on the specific
research goals, target regions, and expected variant frequencies.

Materials and Methods: DNA sequencing

. Sample collection and DNA extraction: Describe the
source and type of the DNA sample (e.g., blood, tissue, cell culture).
Provide details on the DNA Table 1 extraction method used, including
commercial kits or laboratory protocols. Mention any specific
considerations for sample preservation, storage, and quality assessment.

. DNA quality and quantity assessment: Explain the
methods used to assess DNA quality (e.g., agarose gel electrophoresis,
spectrophotometry, fluorometry) to ensure intact and pure DNA.

. Specify the instrument or equipment used and the parameters
measured (e.g., DNA concentration, A260/A280 ratio). State the DNA
quantity required for the sequencing experiment.

. Library preparation: Briefly describe the library preparation
method employed (e.g, PCR-based, enzymatic fragmentation,
tagmentation). Provide details on the specific library preparation kit
used, including the manufacturer and catalog number. Mention any
modifications or adaptations made to the standard protocol.

. DNA fragmentation (if applicable): Specify the DNA
fragmentation method used (e.g., sonication, enzymatic fragmentation,
nebulization). Indicate the size range targeted for DNA fragment
generation.

. Provide information on the fragment size distribution
assessment (e.g., agarose gel electrophoresis, bioanalyzer analysis).

. Sequencing platform and chemistry: Identify the sequencing
platform utilized (e.g., Illumina, Ion Torrent, Pacific Biosciences,
Oxford Nanopore). Specify the sequencing chemistry and kit employed
(e.g., Ilumina TruSeq, Ion Torrent PGM, PacBio Sequel). Include
relevant details such as flow cell type, sequencing chemistry version,

and sequencing instrument model.
Future scope of DNA sequencing

DNA sequencing has witnessed remarkable advancements since
its inception, and its future holds immense potential for further
breakthroughs and applications. Here are some key areas that represent
the future scope of DNA sequencing:

1. Single-cell sequencing: Single-cell sequencing technologies
are rapidly evolving, enabling the study of individual cells and their
genetic heterogeneity. The ability to sequence individual cells will
provide insights into developmental biology, cellular dynamics, and
disease mechanisms at unprecedented resolution. Advancements
in single-cell sequencing will refine our understanding of complex
biological systems and facilitate personalized medicine approaches.

2. Epigenetic sequencing: Epigenetics refers to modifications to
DNA and its associated proteins that influence gene expression without
altering the underlying DNA sequence. Epigenetic modifications play a
crucial role in development, aging, and disease. Future developments in
DNA sequencing will focus on techniques that can decipher epigenetic
marks, such as DNA methylation and histone modifications, allowing
a deeper understanding of epigenetic regulation and its implications in
various biological processes and diseases.

3. Long-read sequencing: While current sequencing
technologies have made significant strides in generating high-
throughput data, long-read sequencing remains an area of active
research. Long-read sequencing technologies, such as Nano pore
sequencing and single-molecule real-time (SMRT) sequencing, enable
the sequencing of longer DNA fragments, enhancing the assembly of
complex genomes, resolving repetitive regions, and detecting structural
variations more accurately.

4. Portable and point-of-care sequencing: The development of
portable and handheld DNA sequencing devices is an exciting prospect
for the future. These devices would enable sequencing capabilities to be
brought to remote areas, resource-limited settings, and even point-of-
care diagnostics. Portable sequencing would have broad implications
for infectious disease surveillance, environmental monitoring, and
rapid response to outbreaks or epidemics.

5.  Metagenomic  sequencing: = Metagenomics  involves
sequencing DNA from entire microbial communities, providing
insights into complex ecosystems, such as the human microbiome,
environmental samples, and symbiotic relationships. Future
advancements in metagenomic sequencing will improve our
understanding of microbial diversity, ecosystem dynamics, and the role
of the microbiome in health and disease.

Conclusion

DNA sequencing has been a ground-breaking technology that has
revolutionized our understanding of genetics and genomics. From
the pioneering work of Frederick Sanger to the emergence of Next-
Generation Sequencing (NGS) and Third-Generation Sequencing

Table 1: Comparison of DNA sequencing platforms.

Sequencing Platform Read Length Range

Throughput (Bases per Run)

Error Rate (%) Cost per Base (Approx.)

lllumina HiSeq 150-300 bp Upto1Tb <1 Low

lon Torrent 200-400 bp Up to 10 Gb <2 Low

PacBio SMRT 10-50 Kbp Up to 10 Gb ~10-15 High
Oxford Nanopore >100 Kbp Up to 10 Gb ~10-15 Medium-High
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technologies, DNA sequencing has evolved to provide faster, more
accurate and cost-effective methods for deciphering the genetic code.
The impact of DNA sequencing extends across various fields, including
medical genetics, agriculture, environmental sciences, forensics,
and anthropology. It has enabled the diagnosis of genetic diseases,
guided personalized medicine approaches, improved crop breeding,
monitored microbial diversity, solved criminal cases, and unraveled
human evolution.

Looking to the future, there are exciting prospects for DNA
sequencing. Advancements in single-cell sequencing will allow us to
explore the genetic heterogeneity of individual cells and gain insights
into developmental processes and disease mechanisms. Epigenetic
sequencing will deepen our understanding of epigenetic regulation and
its role in various biological processes and diseases.
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