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Introduction

In an era where corporate and social media digital data is growing exponentially, the search for
more efficient data storage solutions takes an urgent tone. In 2023, it is estimated that 328.77 million
terabytes of data are created each day. The growth of digital data is being driven by a number of factors,
including the increasing use of connected devices, the growth of social media, and the rise of cloud
computing. Connected devices, such as smartphones, tablets, and wearables, are generating more data
than ever before. Social media platforms are generating massive amounts of data from user activity,
such as posts, likes, and shares. And cloud computing is making it easier and more affordable for
businesses to store and process large amounts of data.



The growth of digital data is having a profound impact on our society. It is changing the way we
live, work, and communicate. It is also creating new challenges, such as data privacy and security. Here
are some additional statistics about the growth of digital data:

e The average person generates 1.7MB of data per second.
e 90% of the world's data was created in the last two years.
e The average enterprise generates 100 terabytes of data per year

The growth of digital data is a trend that is not going away. It is important to be aware of this
trend and to understand the implications it has for our society. The vast majority of this data is
generated by businesses and consumers. Businesses generate data through their operations, such as
customer transactions, supply chain management, and product development. Consumers generate data
through their online activities, such as social media, online shopping, and streaming media.

Magnetic hard drives continue to be the most cost effective technology to store all of this
information, with an estimated mean lifetime of 4-6 years. Wear, corrosion, thermal demagnetization
and even cosmic rays contribute to data degradation. It is estimated that by 2030 the cost of replacing
failing magnetic hard drives will be upwards of $75 B per year.

One of the most exciting frontiers in this domain is the use of DNA, the building block of life, as a
storage medium. Imagine a world where the entire compendium of human knowledge could be
encoded within the strands of DNA, preserving it for generations to come. This article delves into the
potential of DNA as a data storage medium, exploring its unique characteristics, current advancements,
challenges, and the implications for the future.

1. DNA as a Storage Medium

DNA possesses remarkable properties that make it an intriguing candidate for data storage.
With its incredibly high data storage capacity, DNA far surpasses traditional storage devices in terms of
density. A single gram of DNA can theoretically store approximately 215 petabytes of data, making it an
ideal solution for the exponential growth of digital information. Furthermore, DNA exhibits
extraordinary longevity, with the potential to preserve data for thousands of years under suitable
conditions.

The current state-of-the-art magnetic hard drives use magnetic particles that are about 10 nm in
size, the size of a single bit of information. This is approaching the theoretical limits for magnetic
domain sizes, which allows for a data density of around 1.34 terabits per square inch. In contrast,
the theoretical maximum encoding density of DNA is 2 bits per nucleotide. Since each nucleotide is
about 0.7 nm in size it is possible to store over 14 times more information in the space a single magnetic
domain occupies.

However, DNA can form long single or double strands and be packed in 3 dimensions quite
efficiently, making it possible to store a significant amount of information in a small space, just a few



cubic nanometers in size. How much information can be stored? If we use the theoretical density of 2
bits per nucleotide, then we would need about 150 billion nucleotides of DNA to store all the data
generated by humans in a single year. Theoretically, since a human cell contains approximately 3 billion
nucleotides, all this information can be stored in the cells of a single liver.

More remarkably, when properly stored, DNA can last  for tens of thousands of years. For instance,
sufficient DNA was extracted from a sample of a Neanderthal finger bone specimen to fully sequence
its DNA 10 times over. The specimen was found in Denisova Cave in Siberia, Russia, and is
estimated to be around 76,200-51,600 years old. This is a testament to both  the long lasting nature
of DNA, a very stable molecule, as well as the power of modern day DNA sequencing. Similar technology
to create/print brand new DNA is not currently available.

Encoding and decoding digital information into DNA involves transforming the binary code of
digital data into the four-letter alphabet of DNA bases: A, T, C, and G. Sophisticated techniques and
algorithms are utilized to convert and store data within DNA molecules. Recent advancements have
focused on improving encoding methods, error correction techniques, and ensuring the accuracy and
reliability of the stored information.

While DNA storage offers numerous advantages, including its durability, resistance to
obsolescence, and scalability, it also presents challenges. Cost is a significant consideration, with current
DNA synthesis being expensive when considering the amount of DNA needed to be ‘printed’ to store the
millions of terabytes of new information each year. The speed of writing data from DNA, the nature of
the encoding and error correction algorithms, as well as the practical implementation of DNA packaging
and storage systems, are areas that require further refinement. Nonetheless the capacity and potential
of DNA as the future storage of digital information is unrivaled.

2. Nanopec’s Role in DNA Storage

Nanopec is an emerging company that has made significant contributions to the field of DNA
synthesis. Founded by a team of scientists and engineers with expertise in nanotechnology and
molecular biology, Nanopec focuses on developing cutting-edge technologies and solutions for DNA
synthesis automation.

One area in which Nanopec has made notable advancements is in the production of nano-
structured materials for high-quality DNA synthesis at high volumetric densities. DNA synthesis is a
critical step in the process of encoding digital data into DNA, and Nanopec has developed innovative
methods to efficiently and accurately synthesize DNA at scale. Their expertise in nanotechnology
enables them to manipulate materials such as ceramic films where DNA molecules can be synthesized
and stored with precision inside nano-size pores, ensuring the reliability and integrity of the encoded
information.

Nanopec's research and development efforts aim  to enhance the speed, accuracy, and cost-
effectiveness of DNA synthesis technologies. Initially intended to accelerate  the discovery of bio-



pharmaceuticals, the same DNA synthesis technologies could make DNA digital storage accessible and
practical in real-world applications in the near future.

Furthermore, Nanopec has been involved in collaborations and partnerships with other industry
leaders, research institutions, and academic organizations. By fostering these collaborative efforts,
Nanopec aims to leverage collective expertise and drive innovation in the field of DNA storage.
Collaborations enable knowledge sharing, interdisciplinary research, and the exploration of new
frontiers in DNA-based data storage. As such, Nanopec has published various patents on specific
elements of its DNA synthesis automation platform.

Nanopec also actively engages in raising awareness about the potential of synthetic DNA in
synthetic biology. By advocating for the benefits of DNA synthesis automation Nanopec’s impact on
information preservation will play a crucial role in advancing the field and encouraging broader
adoption.

In conclusion, Nanopec has emerged as a key player in the field of DNA storage. Through their
expertise in nanotechnology, DNA synthesis, and collaborations, they have contributed to the
development of technologies and solutions that enhance the efficiency, scalability, and practicality of
DNA-based data storage. As the field continues to evolve, Nanopec's contributions are instrumental in
unlocking the full potential of DNA as a revolutionary storage medium.

3. Advancements and Key Players

Several organizations are at the forefront of DNA storage research, propelling the field forward
with their groundbreaking contributions. Microsoft, through its Microsoft Research division, has made
significant investments in DNA storage research. Collaborating with experts in molecular biology,
Microsoft has achieved remarkable milestones, demonstrating the feasibility of encoding and decoding
data into DNA. Their efforts have paved the way for advancements in error correction, encoding
efficiency, and decoding techniques.

Twist Bioscience, a biotechnology company specializing in synthetic DNA production, plays a pivotal role
in DNA-based storage research. They have developed innovative methods for synthesizing DNA at scale,
making it more accessible and cost-effective for data storage applications. Twist Bioscience has
partnered with industry leaders, including Microsoft, to advance the development of DNA storage
technologies.

[llumina, a leader in DNA sequencing technologies, contributes to DNA storage research by
enabling the retrieval of stored data from DNA molecules. lllumina's expertise in DNA sequencing plays a
crucial role in the readout process required to access the information encoded in DNA. Collaborations
between Illumina and other research organizations focus on improving sequencing methods and
enhancing the speed and accuracy of data retrieval from DNA storage systems.

Catalog Technologies is dedicated to developing DNA-based information storage solutions. They
focus on scalable DNA synthesis technologies and novel approaches to encoding and decoding digital
data into DNA. Catalog Technologies aims to make DNA storage commercially viable and widely
accessible, addressing critical challenges such as cost, scalability, and practical implementation.



Collaborations between academia and industry are also instrumental in advancing DNA storage
research. Universities and research institutions globally conduct studies on DNA as a storage medium
and collaborate with industry partners to accelerate innovation. These collaborative efforts foster
interdisciplinary research and knowledge sharing, propelling the field forward.

4. Future Perspectives and Implications

While significant progress has been made, there are still challenges to overcome to realize the
full potential of DNA as a data storage medium. Cost remains a primary concern, as current DNA
synthesis processes are slow, hard to scale and expensive. Researchers and industry leaders are actively
exploring ways to reduce costs through advancements in DNA synthesis technologies and automation.

Improving the speed of reading and writing data from DNA is crucial for practical
implementation, but advancements in error correction algorithms and encoding methods are also
necessary to ensure the accuracy and integrity of stored data.

The applications and implications of DNA storage are vast. In the realm of archival preservation,
DNA offers an exceptional solution for safeguarding cultural heritage, historical records, and important
scientific data. The ability to store vast amounts of information in a stable and long-lasting format opens
up new possibilities for preserving and accessing knowledge for future generations. In one such
scenario one day it might be possible, albeit not always welcome, to store all visual and audio
information around each human being in real time, at millisecond speeds for later retrieval (“relive it”).

Various industries can benefit from DNA storage, especially those dealing with massive data
volumes, such as genomics, healthcare, and large-scale scientific research. DNA-based storage systems
have the potential to revolutionize data management and analysis in these fields, enabling faster and
more efficient processing of information.

Ethical considerations surrounding DNA storage are vital. Privacy and security concerns arise
when storing personal or sensitive data in DNA molecules. Ensuring responsible use and establishing
safeguards against unauthorized access or misuse of DNA-stored information are paramount.
Additionally, questions of equitable access and the democratization of DNA storage technologies must
be addressed to prevent exacerbating existing information inequalities.

In conclusion, the potential of DNA as a data storage medium holds great promise. Advances in
DNA synthesis, encoding techniques, and collaborative research efforts are driving the field forward.
While challenges remain, such as cost and practical implementation, the transformative impact of DNA
storage on preserving human knowledge and redefining data storage capabilities cannot be
understated. The future of DNA storage is filled with possibilities, and as we unlock its potential, we
move closer to a world where the secrets of humanity are encoded within the very fabric of life itself.
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Figure adapted from Ceze, Nivala, and Strauss 2019, Nature Reviews Genetics

5. Conclusion

The remarkable potential of DNA as a data storage medium has captivated researchers and
industry leaders alike. Its unparalleled capacity, density, and longevity offer a tantalizing solution to the
growing challenges of data storage and preservation. Through the pioneering efforts of companies like
Microsoft, Twist Bioscience, lllumina, and Catalog Technologies, significant advancements have been
made in DNA storage research, pushing the boundaries of what was once considered science fiction.

While challenges remain, including cost, speed, and practical implementation, the collective
efforts of academia, industry, and collaborative research partnerships are driving the field forward. The
future of DNA storage holds immense promise for preserving our collective knowledge, cultural
heritage, and critical data for generations to come. As advancements continue, it is crucial to navigate
ethical considerations, ensuring responsible use and equitable access to this transformative technology.

In a world increasingly reliant on digital information, DNA storage offers a groundbreaking path
forward, opening doors to new possibilities and reshaping the future of data storage and preservation.
With ongoing research and technological advancements, we stand on the cusp of an era where the
blueprint of life becomes the foundation for safeguarding and harnessing human knowledge.



