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ABSTRACT

The extraction of DNA is a fundamental process in molecular biology, underpinning a wide range of
applications from genetic research to forensic science and medical diagnostics. This review aims to
explore the latest advancements in DNA extraction techniques, highlighting their principles,
applications, and suitability for various types of biological samples. Traditional DNA extraction
methods, such as phenol-chloroform and ethanol precipitation, have served as the backbone of
DNA isolation for decades. However, these techniques often involve hazardous chemicals and can
be time-consuming. Recent advancements have focused on developing safer, faster, and more
efficient methods, with a focus on automation and scalability. Innovations such as magnetic bead-
based extraction, silica column purification, and specialized kits have greatly simplified the process,
allowing for high-throughput applications in clinical and research settings. In addition to these
technical improvements, new approaches have emerged to address specific challenges, such as
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extraction technology,

extracting DNA from degraded or trace samples, as seen in forensic investigations, or isolating cell-
free DNA for non-invasive prenatal testing and cancer diagnostics. Moreover, microfluidic devices
and lab-on-a-chip technologies are transforming the landscape by enabling DNA extraction from
minute samples with minimal reagent consumption. This review discusses the principles underlying
these advanced techniques, their benefits and limitations, and the specific contexts in which they
excel. It also considers future trends, including further automation, integration with sequencing
platforms, and the potential for point-of-care applications. By examining the current state of DNA
this review aims to provide
comprehensive guide to the best methods for their specific needs.

researchers and practitioners with a

Keywords: DNA extraction; purification; cancer diagnostics; microfluidic devices; automation;

sequencing.
1. INTRODUCTION

DNA extraction is a fundamental process in
molecular biology, serving as the initial step in
countless scientific investigations [1]. The
journey began in 1869 when Swiss physician
Friedrich Miescher, while researching proteins in
leukocytes, accidentally isolated a new
substance from the cell nucleus, which he called
"nuclein." This substance, later identified as
DNA, displayed unique properties distinct from
proteins [2]. Since then, the extraction and study
of DNA have become crucial in various scientific
fields. The information encoded in DNA is stored
as a linear sequence of polynucleotides, with
each strand comprising a unique order of
nucleotides [3]. This sequence serves as a
blueprint for biological processes, as it is
transcribed into mMRNA and translated into amino
acids, ultimately determining the structure and
function of proteins. DNA exists in different
forms, with the most common being the right-
handed double helix known as B-form DNA. It
can also adopt the A-form, which s
involved in RNA-DNA and RNA-RNA
interactions, and Z-DNA, a left-handed double
helix. Although DNA is typically double-
stranded, some viruses contain single-strand
DNA [4].

DNA extraction is essential for a wide range of
applications in molecular biology, including
polymerase chain reaction (PCR), quantitative
PCR (gPCR), DNA sequencing, and Southern
blotting. It also plays a pivotal role in creating
genomic libraries and facilitating various
analyses such as random amplification of
polymorphic DNA, restriction fragment length
polymorphism, short tandem repeat
polymorphism, and single nucleotide
polymorphism [5]. In the field of medicine, DNA
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extraction is used to diagnose genetic diseases,
identify carrier status, and study
pharmacogenomics. It is also invaluable in
forensic science for DNA fingerprinting, enabling
the identification of suspects and establishing
paternity [4,6]. Given the diversity of applications,
DNA extraction methods must ensure the
quantity and quality of extracted DNA meet the
needs of downstream processes. Critical factors
to consider include extraction time, cost, yield,
laboratory equipment, and specific protocol
requirements [7]. This review explores various
DNA extraction techniques, highlighting their
principles, advantages, and limitations. At the
core, DNA extraction involves three key steps:
disrupting the cytoplasmic and nuclear
membranes, separating and purifying DNA from
other cellular components, and concentrating
and further purifying the DNA for use in research
and diagnostic applications.

2. METHODS OF DNA EXTRACTION

DNA extraction is a crucial step in molecular
biology and genetic research, serving as the
foundation for subsequent analyses such as
PCR, sequencing, and cloning. Several methods
are commonly used to isolate DNA, each with its
unigue approach and applicable scenarios [3, 8].
The most traditional method involves the use of
phenol-chloroform extraction, which separates
nucleic acids from proteins and other cellular
debris through a phase separation process. This
method, while effective, involves the use of
hazardous chemicals and can be time-
consuming [5]. Ethanol precipitation, often
combined with phenol-chloroform, allows for the
recovery of DNA in a more purified form by
precipitating it out of  solution  with
ethanol or isopropanol, a conventional extraction

(Figl).
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Fig. 1. DNA extraction methods (Conventional)

In contrast, newer methods like silica column- applications [8-9]. These modern techniques
based extraction and magnetic bead-based are designed to improve yield and
techniques offer safer and faster alternatives. purity while minimizing the use of hazardous
Silica columns, which rely on the principle that chemicals, making them well-suited for
DNA binds to silica in the presence of high salt clinical and research laboratories. Fig 2
concentrations, are widely used in commercial illustrates the workflow of a typical silica
DNA extraction Kkits for their simplicity and column-based extraction, highlighting
efficiency. Magnetic bead-based extraction the key steps: cell lysis, DNA binding,
uses magnetic beads coated with DNA- washing, and elution, emphasizing the
binding molecules, allowing for a straightforward  streamlined nature of modern DNA extraction
and automated process, ideal for high-throughput  techniques.
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Fig. 2. Silica spin column based nucleic acid purification
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DNA extraction is a foundational process in
molecular biology, with a variety of methods
available to isolate DNA from different sources
[10]. These methods can be broadly classified
into several categories, each employing unique
principles for breaking cells and purifying DNA.
The flow chart below outlines the key methods
used for DNA extraction, illustrating the diverse
approaches:

2.1 Chemical DNA Extraction Methods

This approach relies on chemical agents to lyse
cells and release DNA. It is typically used when a
gentle process is required to preserve the
integrity of the DNA.

2.2 Physical DNA Extraction Methods

Physical methods use mechanical forces to
break cell membranes and release DNA.
Techniques such as bead beating and sonication
fall into this category.

2.3 Inorganic DNA Extraction Methods

These methods use non-organic chemicals to
extract DNA. The salting-out method, for
example, employs high salt concentrations to
precipitate proteins, allowing DNA to remain in
solution.

2.4 Organic DNA Extraction Methods

This category includes the phenol-chloroform
DNA extraction method, a traditional technique
that uses organic solvents to separate nucleic
acids from proteins. This method is effective but
requires careful handling due to toxic chemicals.

2.5 Silica Matrices Extraction Method

A more modern approach, silica matrices use
silica columns to bind DNA in the presence of
high salt concentrations. This technique is
popular due to its simplicity and safety, as it
avoids the use of hazardous organic solvents
[11].

2.6 Proteinase K DNA Extraction Methods

This method involves the enzyme Proteinase K
to digest proteins, facilitating the release of DNA.
It is often combined with other methods to
improve purity [12].

2.7 Magnetic Bead DNA Extraction

Magnetic
magnetic

bead-based extraction employs
beads coated with DNA-binding
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molecules. This method is suitable for
automation and high-throughput applications,
allowing for quick and efficient DNA
isolation.

2.8 Paper DNA Extraction

In this method, DNA is bound to a paper matrix
for transport and storage, later eluted for further
processing. This approach is used for fieldwork
and sample collection in remote areas.

These diverse methods offer various advantages
depending on the application, sample type, and
scale of operation. Fig 3 provides a visual
representation of these DNA extraction methods,
showing the pathways and connections among
them, offering a clear perspective on the broad
spectrum of techniques available for DNA
extraction.

To extract DNA from homogenized tissue, begin
by transferring the sample into a polypropylene
tube, which provides a stable environment for
further processing. For every 100 mg of tissue,
add 500 pl of CTAB buffer, ensuring the sample
is fully mixed by vortexing [13]. After thorough
mixing, place the tube in a 60°C water bath for
30 minutes, which helps to lyse the cells and
release the DNA into solution. Following this
initial processing, centrifuge the mixture for 5
minutes at 14,000 x g to separate the cellular
debris from the DNA-containing supernatant.
Transfer the supernatant to a new tube, then add
5 ul of RNase solution and incubate at 37°C for
20 minutes. This step removes contaminating
RNA, ensuring the purity of the DNA. To further
purify the DNA, add an equal volume of alcohol
to the supernatant, vortex for 5 seconds, and
then centrifuge for 1 minute at 14,000 x g to
separate the phases. Carefully transfer the upper
agueous phase to a new tube, repeating this step
until the upper phase is clear. For DNA
precipitation, transfer the clear supernatant to a
new tube and add 0.7 volumes of cold
isopropanol. Incubate this at -20°C for 15
minutes to precipitate the DNA. Afterward,
centrifuge at 14,000 x g for 10 minutes to form a
DNA pellet, then carefully decant the ethanol and
use a speed vacuum to remove any remaining
alcohol without overdrying the DNA [14]. Finally,
dissolve the DNA pellet in 20 pl of TE buffer,
warming if necessary to ensure complete
dissolution. This process yields high-quality DNA
suitable  for  further  molecular  biology
applications, such as PCR, sequencing, or
cloning [15].
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Fig. 3. Different methods of DNA extraction, showing the pathways and connections

3. PHYSICAL DNA EXTRACTION

Chromatography-based DNA extraction
encompasses several techniques designed to
purify DNA from various biological samples. This
approach uses physical properties such as size,
charge, or specific binding affinities to separate
DNA from other cellular components [16]. The
three primary methods are size exclusion
chromatography, ion-exchange chromatography,
and affinity chromatography.

Size Exclusion Chromatography (SEC): relies
on the physical size and shape of molecules for
separation. The process involves a gel-filtration
mechanism, where an aqueous solution carries
the DNA-containing sample through a column
packed with porous beads. As the sample moves
through the column, smaller molecules enter the
beads' pores, while larger ones, including DNA,
are excluded and pass through the matrix more
quickly. This method is particularly useful for
sensitive substances, as it avoids drastic pH
changes and high metal ion concentrations [17].
SEC is a gentle technique that preserves the
integrity of the DNA.

lon-Exchange Chromatography (IEC):
separates molecules based on their charge. In
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this method, the DNA binds to a positively
charged di-ethyl aminoethyl (DEAE) cellulose
resin, retaining it in the column while other
cellular components, like proteins,
carbohydrates, metabolites, and RNA, are
washed out with medium salt buffers. This
method provides high-quality DNA similar to that
obtained with more complex techniques, such as
CsCl-gradient centrifugation [18]. The advantage
of IEC lies in its simplicity and ease of use,
making it a popular choice for DNA purification.

Affinity Chromatography: involves the use of
specific substances that have a high binding
affinity for DNA. This method resembles IEC but
with modifications to accommodate the unique
binding interactions between DNA and other
substances, such as oligo(dt) or other DNA-
binding groups. Affinity chromatography is
commonly used to isolate specific types of
nucleic acids, such as mRNA [19]. The use of
specific ligands allows for targeted DNA
extraction, often resulting in a higher yield and
purity of the desired nucleic acid.

EtBr-CsCl Gradient Centrifugation Methods:
Developed in 1957 by Matthew Meselson,
Franklin W. Stahl, and Jerome Vinograd, the
EtBr-CsCl gradient centrifugation method has
been a crucial technique in DNA extraction. This
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process begins with DNA being mixed with
cesium chloride, followed by ultracentrifugation at
speeds of 10,000 to 12,000 rpm for about 10
hours. The high-speed centrifugation creates a
gradient, where substances separate based on
their densities. DNA's density varies depending
on its supercoiling and intercalation with ethidium
bromide (EtBr) [20]. Ethidium bromide acts as an
intercalating agent, preferentially incorporating
into non-supercoiled DNA, causing these
molecules to accumulate at lower densities [21].
The resulting bands of DNA can be visualized
under ultraviolet light, allowing researchers to
isolate the desired DNA. Despite its effectiveness
in extracting DNA from bacteria, this method
requires a substantial amount of material and is
relatively complex and time-consuming due to
the need for high-speed ultracentrifugation and
the use of potentially hazardous chemicals like
EtBr and CsCl [22,20].

Cetyltrimethyl ammonium Bromide (CTAB)
Extraction: The CTAB extraction method,

discovered by Doyle et al. in 1990, is another
widely used technique for extracting DNA,
particularly from plants and bacteria that contain
high levels of polysaccharides. In this method,
DNA-containing samples are mixed with a 2%
solution of CTAB at an alkaline pH, creating a
buffer with low ionic strength. This buffer helps to
separate DNA from acidic polysaccharides and
other cellular components. A high-concentration
salt solution is then used to further isolate DNA
by forming a precipitate with CTAB (Fig 4). This
method is especially useful for plant DNA
extraction, as it effectively removes polyphenols
and polysaccharides that can interfere with DNA
isolation [23]. However, CTAB extraction can be
more time-consuming and involves toxic organic
solvents like phenol and chloroform, raising
safety concerns. Nonetheless, the use of CTAB
and related additives, such as
polyvinylpyrrolidone, plays a key role in the
purification of DNA from plant tissues, offering a
reliable solution for DNA extraction despite its
limitations [24].

Plant samples can be prepared by
grinding with a mortar pestle, and

cryogenically grinding after chilling
in liquid nitrogen.
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Fig. 4. CTAB buffer procedure for extraction of DNA
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Phenol-chloroform extraction is a chemical
method for isolating DNA, discovered by Barker
in 1998. It involves breaking the cell wall, a
process known as cell lysis, to release DNA into
a solution [21] [25]. The method employs a
combination of grinding and lysis buffer to disrupt
cell membranes and remove contaminants. To
assist in this process, detergents are used to
dissolve lipids, and protease enzymes to remove
proteins. Sodium dodecyl sulfate (SDS) plays a
crucial role in cell lysis, but it does not break the
nuclear membrane. The extraction method relies
on several key components. Ethylene diamine
tetraacetic acid (EDTA) acts as a chelating agent
to bind divalent cations like magnesium (Mg2+),
which are cofactors for DNase enzymes that
degrade DNA. Proteinase K is used to digest
proteins, including proteolytic enzymes, and is
especially active against denatured proteins [26].
Phenol and chloroform are employed to separate
proteins and other contaminants from DNA, while
Tris-EDTA (TE) buffer is used for DNA storage,
with Tris acting as a buffering agent to maintain a
stable pH [22].

The extraction process begins with cell lysis,
where SDS and proteinase K are used to break
down cell membranes and digest proteins. The
released DNA is then separated by using phenol-
chloroform extraction, which helps to remove
proteinaceous material. The organic phase
contains contaminants like proteins and lipids,
while the aqueous phase contains the DNA. The
DNA is then precipitated from the aqueous layer
by adding ice-cold 95% ethanol and salt [27].
The precipitated DNA is washed with 70%
ethanol to remove any residual impurities, dried
in a vacuum, and finally resuspended in TE
buffer for storage and further use. The SDS-
Proteinase K method, developed by Ebeling et
al. in 1974, is an organic DNA extraction method
initially used to extract DNA from the fungus
Engyodontium album. This method relies on
sodium dodecyl sulfate (SDS), a powerful
detergent that disrupts cellular and nuclear
membranes, combined with Proteinase K, an
enzyme that digests proteins [28]. The process
begins with lysis of the cells using SDS to break
open the membranes, followed by Proteinase K
to break down proteins and release DNA into the
solution [29]. This method has proven effective in
extracting high-quality DNA for various molecular
biology applications.

The Salting-Out method, described by Miller,
Dykes, and Polesky in 1988, offers a non-toxic
alternative to DNA extraction. Unlike other
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methods that use organic solvents, Salting-Out
relies on high salt concentrations to separate
proteins and other contaminants from DNA [30].
The process involves lysing the cells and then
adding high concentrations of salt, which causes
proteins to precipitate while leaving the DNA in
solution [31]. The DNA can then be precipitated
from the solution by adding ethanol or
isopropanol. This method is considered safer and
more environmentally friendly because it does
not use toxic chemicals like phenol or chloroform,
and it can yield large amounts of DNA suitable
for various downstream applications. Disruption
of cytoplasmic and nuclear membranes is the
first step in DNA extraction, crucial for releasing
DNA from the nucleus [24]. This process involves
breaking the cells mechanically to access the
DNA within them. To achieve this, tissues are
typically cut into small pieces and subjected to
physical disruption using blenders, mortar and
pestle, or other mechanical tools. Given that
plant cells have rigid cell walls, the disruption
process is particularly significant for them. For
softer cell walls, detergents and enzymes like
Proteinase K can be used to separate cellular
proteins from the DNA. After the DNA is released
from the nucleus, it is mixed with other cell
components, necessitating further separation
and purification. Alcohol is added to precipitate
DNA from the aqueous solution because DNA is
insoluble in alcohol. The alcohol used is typically
isopropanol or ethanol [32].

Following disruption and initial separation, the
focus shifts to purification of DNA from other
cellular components. The goal is to clean the
DNA from unwanted materials such as proteins,
lipids, and saccharides. The purified DNA is then
dissolved in water or a buffer for easy storage
and handling [33] [25, 27]. The process includes
several critical steps, such as creating the lysate,
clearing the lysate, binding, purification, and
washing. Lysate creation involves the physical,
chemical, or enzymatic breakdown of cells to
release DNA. Physical methods involve grinding
and freezing, while chemical methods use
detergents like SDS and chaotropic agents like
guanidine salts. The enzymatic method uses
specific enzymes, such as Proteinase K, to break
down cellular components [34]. Lysate clearing is
essential to remove cellular debris through
centrifugation or filtration. The purification matrix
and washing steps focus on removing
contaminants while binding DNA to specific
matrices, such as silica, cellulose, or ion-
exchange columns, which allow for selective
binding of nucleic acids [31]. The final washing
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step typically uses alcohol to remove residual
salts and proteins, ensuring the DNA is clean and
ready for downstream applications [35].

4. CHROMATOGRAPHY-BASED
EXTRACTION METHODS

Chromatography-based DNA extraction methods
are versatile techniques used to isolate DNA
from a variety of biological materials. These

DNA

methods leverage the principles of
chromatography to separate DNA from other
cellular components based on different

properties such as size, charge, and specific
interactions. The primary types of
chromatography-based DNA extraction include
size exclusion chromatography (SEC), ion-
exchange chromatography (IEC), and affinity
chromatography (AC) [36].

4.1 Size  Exclusion  Chromatography
(SEC)
Size exclusion chromatography separates

molecules based on their size and shape. In
SEC, an aqueous solution is used to transport a
sample through a column filled with porous
beads made of polyacrylamide, dextran, or
agarose. Smaller molecules, like mRNA and
proteins, enter the beads through small pores,
while larger DNA molecules are excluded due to
their size, allowing them to move through the
column more quickly [37]. This characteristic
makes SEC suitable for isolating DNA from other
smaller biomolecules. SEC is also ideal for
substances that are sensitive to changes in pH
and metal ion concentrations.

4.2 lon-Exchange Chromatography (IEC)

lon-exchange chromatography relies on the
principle that DNA is negatively charged due to
its phosphate backbone. The column contains an
anion-exchange resin with positively charged
groups, such as diethylaminoethyl (DEAE)
cellulose, which selectively binds DNA. Other
cellular components, like proteins, lipids,
carbohydrates, and RNA, are eluted using
medium-salt buffers, while DNA is retained in the
column [38]. To recover the DNA, the pH is
lowered, or high-salt buffers are used to displace
it from the resin. IEC is a relatively
straightforward method that yields high-quality
DNA.

4.3 Affinity Chromatography (AC)

Affinity ~ chromatography  exploits  specific
interactions to isolate nucleic acids. It involves
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using substances like oligo(dT) that bind
selectively to nucleic acids, allowing for their
separation from other cellular components. While
AC is commonly used for mRNA isolation, it can
also be adapted for DNA extraction. This method
is time-efficient and provides a good yield of
nucleic acids. Each of these chromatography-
based DNA extraction methods offers unique
advantages depending on the application and
the type of biological material [39]. They
contribute to a more refined approach to DNA
extraction, enabling researchers to obtain high-
quality DNA for a wide range of applications in
genomics, forensics, diagnostics, and more.

5. APPLICATIONS OF ADVANCED
EXTRACTION TECHNIQUES

Advances in DNA extraction techniques have
opened the door to a wide range of applications
across various fields, offering more efficient,
reliable, and versatile methods for obtaining high-
guality DNA. Here are some key applications
where these advanced techniques have made a
significant impact:

Medical Diagnostics: DNA extraction is
fundamental in medical diagnostics, allowing for
accurate detection of genetic mutations,
pathogens, and other biomarkers. Techniques
such as polymerase chain reaction (PCR) and
quantitative PCR (gPCR) rely on high-quality
DNA to diagnose diseases, including cancer,
infectious diseases, and genetic disorders [40].
Rapid and efficient DNA extraction methods have
made it easier to conduct these tests quickly and
accurately.

Forensic Science: In forensic investigations,
DNA extraction from evidence such as hair,
blood, or tissue samples is critical for identifying
suspects and solving crimes. Advances in
extraction techniques enable successful DNA
retrieval from degraded or limited samples,
providing reliable results that can stand up in
court [41]. This has revolutionized the field of
forensic science, leading to more accurate
convictions and exonerations.

Agricultural Biotechnology: DNA extraction
plays a pivotal role in agricultural biotechnology,
where researchers identify and manipulate genes
to improve crop traits like yield, resistance to
pests and diseases, and tolerance to
environmental stresses. These advances support
the development of genetically modified
organisms (GMOs) and gene editing
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technologies such as CRISPR, leading to more
sustainable and resilient agricultural practices.

Environmental Monitoring:  Environmental
scientists use DNA extraction techniques to
monitor biodiversity, track endangered species,
and study ecosystems. Environmental DNA
(eDNA) allows researchers to detect the
presence of organisms in various environments
without direct observation, providing valuable
data for conservation efforts and ecosystem
management [42].

Research and Genomics: In the field of
genomics, DNA extraction is the first step in
analyzing genomes and understanding genetic
information. Advances in extraction methods
have facilitated large-scale genomic projects,
such as genome-wide association studies
(GWAS), which explore the genetic basis of
complex traits and diseases [43]. This has also
enabled personalized medicine, where genetic

information guides individualized treatment
plans.
Archaeogenetics and Paleogenomics:

Advanced DNA extraction techniques have made
it possible to study ancient DNA from
archaeological remains, offering insights into
human evolution, migration patterns, and ancient
diseases [44]. The ability to extract and analyze
DNA from ancient samples has significantly
contributed to our understanding of human
history and evolution.

Veterinary and Animal Sciences: DNA
extraction techniques are used in veterinary
medicine to diagnose animal diseases and in
animal breeding programs to identify desirable
genetic traits. This supports the development of
healthier and more productive livestock and
companion animals [45].

These applications highlight the diverse impact of
advances in DNA extraction techniques. From
medical diagnostics and forensic science to
agricultural biotechnology and environmental
monitoring, these techniques have transformed

research and practical applications, driving
innovation across multiple domains.
6. ADVANTAGES OF MODERN

EXTRACTION METHODS

Advances in DNA extraction techniques have
revolutionized molecular biology and genomics,
providing researchers with efficient and reliable
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methods to isolate DNA from a variety of
samples. The following are some key
advantages of these modern extraction methods:

6.1 Higher Yield and Purity

New DNA extraction techniques are designed to
maximize yield while ensuring high purity [46].
This is especially crucial in applications like next-
generation sequencing, where DNA quality
significantly affects results.

6.2 Faster Processing Times

Contemporary DNA  extraction kits and
automated systems have dramatically reduced
the time required to isolate DNA [47]. This
efficiency allows researchers to process more
samples in less time, accelerating research
projects and diagnostics.

6.3 Versatility Across Sample Types

Advanced techniques are capable of extracting
DNA from a wide range of sample types,
including blood, saliva, plant tissues, microbial
cultures, and even challenging sources like
ancient bones or degraded samples [48]. This
versatility has broadened the scope of
applications in genetics, forensics, and paleo
genomics.

6.4 Reduced Contamination Risk

New DNA extraction methods incorporate
contamination controls to minimize the risk of
cross-contamination between samples [49]. This
is especially important in clinical and forensic
settings where sample integrity is critical.

6.5 Scalability and Automation

Modern DNA extraction technologies offer
scalable solutions that can handle small-scale
lab needs to large-scale high-throughput
processing [50]. Automation has further
enhanced the scalability, reducing manual labour
and increasing accuracy.

6.6 Cost-Effectiveness

Advances in extraction technology have reduced
costs, making high-quality DNA extraction more
accessible. This affordability has facilitated wider
adoption of molecular techniques in various
fields, from research to clinical diagnostics.
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6.7 Integration with Downstream
Applications

DNA extracted using modern techniques is

compatible with a variety of downstream

applications, such as PCR, gPCR, and DNA
sequencing [51]. This seamless integration
allows for a wide range of analyses from a single
extraction.

These advantages demonstrate the impact of
advances in DNA extraction techniques on
research and clinical practice. By improving yield,
speed, versatility, and reliability, modern methods
are enabling breakthroughs in fields like
genomics, forensic science, personalized
medicine, and beyond.

7. CONCLUSION

The rapid evolution of DNA extraction techniques
has had a transformative impact on molecular
biology, genetics, and biotechnology. This
comprehensive review explored the key
advancements in DNA extraction, ranging from
traditional manual methods to sophisticated
automated systems. These developments have
not only improved the efficiency and reliability of
DNA extraction but have also expanded the
scope of applications across various fields.
Advances in DNA extraction have led to methods
that deliver higher yields and purer samples,
facilitating applications in medical diagnostics,
forensic science, agricultural biotechnology,
environmental monitoring, and more. Techniques
such as magnetic bead-based extraction,
column-based chromatography, and automated
systems have streamlined the process, allowing
for faster and more accurate DNA isolation. This
progress has paved the way for high-throughput
applications and large-scale genomics projects
that were previously unimaginable. These
advancements have also contributed to reduced
contamination risks, increased versatility with
various sample types, and greater scalability.
The ability to extract DNA from challenging
samples, such as ancient bones or degraded
biological material, has opened new research
avenues in archaeogenetics and paleogenomics.
Despite  these  significant  achievements,
challenges remain, particularly in balancing cost,
efficiency, and quality. The need for standardized
protocols and rigorous quality control is crucial to
ensure the reliability of DNA extraction methods.
Additionally, the integration of emerging
technologies, like artificial intelligence and
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machine learning, may further enhance the
precision and customization of DNA extraction in
the future. The advancements in DNA extraction
techniques have not only revolutionized our
approach to molecular biology but have also had
a profound impact on many other scientific
domains. As research continues to push the
boundaries of what is possible, these extraction
methods will play a pivotal role in shaping the
future of science and technology. Ongoing
innovation and interdisciplinary collaboration will
be key to addressing current challenges and
unlocking new opportunities in DNA-based
research and applications.
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