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Introductions. The discovery of the DNA double helix by James Watson and
Francis Crick was a real breakthrough that changed the way humanity understood
heredity and life in general. The structure of DNA not only revealed the mechanisms
of genetic information transmission, but also made it possible to understand how
nature works at the deepest level [1].

DNA research is of great practical importance. Today, for example, thanks to
technologies such as CRISPR-Cas9, we can change the genetic code, opening up new
opportunities for treating diseases and creating organisms with specified properties.
Genetics is becoming the basis for many industries, helping to solve the most
pressing problems of humanity [2, 6].

DNA research is constantly moving medical science forward, opening up new
opportunities.

Aim: to study the stages of discovery of the DNA double helix structure,
functions and its role in the preservation of genetic information.

Materials and methods. This study uses two theoretical methods: descriptive
and historical. The descriptive method allows us to outline the main characteristics of
DNA. The historical method is used to trace the stages of DNA structure discovery
and to explore the origins of their implementation in medicine. In addition, this
method allows us to determine how CRISPR-Cas9 has transformed approaches to
genetic research, which has influenced the transformation of the possibility of
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therapeutic use in medicine to correct hereditary diseases. The integration of both
methods provides a holistic approach to analyzing sources on the selected topic.

Results and discussion. The discovery of the DNA structure in 1953 was one
of the greatest achievements of the twentieth century. James Watson and Francis
Crick introduced the double helix model, which explained how genetic information is
stored and transmitted. Their breakthrough was made possible by scientific
knowledge, mathematical calculations, and especially by the X-ray diffraction data
obtained by Rosalind Franklin, although her contribution remained in the shadows for
a long time. Her “Photograph 51” played a key role in the discovery of the DNA
structure, which became the basis for building the model. Today, the scientific
community honors her achievements, recognizing their critical importance. This
model showed that DNA consists of two chains connected by hydrogen bonds
between nitrogenous bases (adenine, thymine, guanine, and cytosine), which form a
stable structure [7, 8].

Creating the double helix model was an extremely creative process. Watson
and Crick used cardboard models to visualize the molecule. The advice of American
scientist Jerry Donoghue helped them to correctly determine the spatial arrangement
of the atoms. This allowed them to discover that the nitrogenous bases are perfectly
complementary. This approach not only confirmed the Chargeff rule but also became
the basis for explaining DNA replication [4].

Knowledge about the structure of DNA gave rise to innovations. Jennifer
Doudna and her colleagues built on these discoveries to develop CRISPR-Cas9
technology, a tool that uses complementarity mechanisms to edit the genome. The
system, based on the adaptive immunity of bacteria, allows for precise genetic
changes through the use of RNA instructions. What is particularly interesting is that
CRISPR-Cas9 can be reprogrammed for any DNA site, which greatly simplifies
research in medicine and biotechnology. The possibilities of therapeutic use for the
correction of hereditary diseases are also being explored [3, 4].

CRISPR-Cas9 has not only transformed approaches to genetic research, but has

also sparked ethical debates. According to Doudna, this technology raises important
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questions for society: whether it is appropriate to use it for human enhancement and
how to avoid potential social inequality due to genetic modifications [4].

A double helix consists of two antiparallel polynucleotide chains, each of
which is made up of nucleotides [5].

Nucleotides consist of three main components: deoxyribose, a phosphate
group, and a nitrogenous base (adenine, guanine, cytosine, thymine).

Nitrogenous bases are connected by hydrogen bonds according to the principle
of complementarity - adenine with thymine (two hydrogen bonds), guanine with
cytosine (three hydrogen bonds). This principle ensures structural stability and
replication accuracy [5].

DNA performs several basic functions:

1. Preservation of genetic information. The sequence of nucleotides in DNA
acts as a code containing instructions for all biological processes. This information is
written in genes and is extremely stable due to the double helix structure and precise
mutation protection mechanisms, in particular through the CRISPR system, which
allows bacteria to protect themselves from viruses and modify their own genome in
response to threats.

2. Transmission of hereditary information. DNA replication allows you to copy
genetic information, ensuring its accurate transfer from one cell to another during
division, as well as from parents to offspring. Thanks to the mechanisms of nitrogen
base complementarity, this transfer occurs with high accuracy. CRISPR-Cas9,
described by Jennifer Dowdna and Emmanuelle Charpentier, is an example of a
technology that allows targeted DNA editing, creating opportunities for correcting
genetic defects.

3. Coding of proteins. Through transcription and translation, DNA converts the
genetic code into mRNA, which further controls the synthesis of proteins. This
process ensures the functioning of cells and organisms. Tools such as CRISPR
already allow not only to study these mechanisms but also to modify them to create
new therapies and biotechnologies.

DNA provides long-term information storage due to its chemical stability and
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repair mechanisms that correct damage or errors. The principle of complementarity
allows the DNA molecule to be precisely copied, which reduces the risk of mutations
and ensures the stability of hereditary information [5].

Modern technologies, such as CRISPR-Cas9, are a vivid example of the
practical application of knowledge about the structure and function of DNA. CRISPR
uses the principle of complementarity to precisely edit genetic material. This
technology has opened up new opportunities in the treatment of genetic diseases [9].

Thanks to genome sequencing, it is possible to study the genetic nature of
organisms, identifying rare mutations that cause diseases.

CRISPR-Cas9 technology allows not only to edit genes, but also to introduce
“genetic scissors” that can treat genetic diseases, such as sickle cell anemia [4].

In medicine, DNA is the basis of personalized therapy: by analyzing DNA, it is
possible to predict the risks of cancer or heart disease and choose the optimal
treatment.

Conclusions. The study of DNA, its structure and functions is the foundation
of modern medical science, providing insight into the mechanisms of heredity,
genome stability and evolution. The study of DNA has led to innovations such as
CRISPR-Cas9, which allows for precise genome editing, opening up opportunities
for disease treatment and personalized medicine. The application of this knowledge is
transforming medicine, although ethical challenges are being raised about its use. The
study of DNA remains a key factor for the development of medical science and the
improvement of human life.
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