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Tech
Contributor

With over 12 years of experience in data engineering
and analytics, Swapnil specializes in the healthcare
domain. He has a proven track record of designing
and delivering scalable, high-performance data
platforms that enable healthcare organizations to
make confident, data-driven decisions. Swapnil
excels at optimizing complex data ecosystems,
qu pnil Bhosq |e leading high-performing teams, and driving
measurable business impact through strategic
initiatives. His work reflects a consistent commitment
to innovation, precision, and operational excellence.
Outside of work, Swapnil enjoys exploring new places
and tracking his adventures, finding travel a rewarding
way to balance analytical rigor with fresh experiences
and perspectives.

Senior Technology Lead

As global data creation accelerates beyond the
AbOUt capacity of conventional storage systems, scientists

t h are turning to one of nature’'s most efficient information
e carriers, DNA. This edition of NextByte explores how

M biolo and Al are converging to reshape the
write-up ... d :

foundations of data storage and computation. From
encoding bits into bases to decoding entire archives
with Al precision, DNA may hold the key to a scalable,
sustainable, and near-eternal future for data.
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Introduction

In a world where data multiplies faster than our ability to store
it, we're left asking a simple yet profound question: where will
it all go? Every photo uploaded, every sensor reading, and
every Al model trained adds to an ocean of data that our
current systems can barely contain.

The answer, it turns out, might be hidden in plain sight, i.e,
within DNA, nature’s most remarkable information system.
Researchers are now learning how to store digital data in the
same molecules that carry the code of life. A concept that
once lived only in theory is now becoming tangible. Companies
such as BioCompute Data, Catalog, and Twist Bioscience are
demonstrating that DNA can do what silicon cannot: store vast
amounts of information compactly, sustainably, and for
thousands of years.

This new frontier represents more than a technological
breakthrough; it reminds us that some of the most advanced
solutions can be found in nature itself. The fusion of biology
and artificial intelligence is not only redefining how we store
data but also how we understand the relationship between
nature and technology.
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How DNA
Data Storage
Works

At its essence, DNA data storage transforms
digital information, the familiar Os and 1s,
into the four nucleotides that make up
DNA: adenine (A), cytosine (C), guanine
(@), and thymine (T). By replacing binary
digits with biological letters, scientists are
unlocking an entirely new medium for
information storage.

Digital files are translated into a DNA
“alphabet” using an encoding algorithm.

+00~> A
+01=>C
10> G
cN->T

Synthesis

These nucleotide sequences are chemically
synthesized into physical DNA strands in
a laboratory.

The synthesized DNA molecules are then
stored in microvials or embedded on
glass chips. DNA can remain stable for
thousands of years without degradation,
making it a uniquely durable medium.

Retrieval (Decoding)

When data is needed, sequencing
machines read the DNA strands. Al-powered
algorithms then decode these sequences
and reconstruct the original files with
remarkable accuracy.

One gram of DNA could the
oretically store up to

of data, a density no
traditional medium can match.
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https://www.science.org/content/article/dna-printing-press-could-quickly-store-mountains-data

How Al
Transforms
The Process

Artificial intelligence is the key to making
DNA storage practical, scalable, and
error-free. In early experiments, reading
and reconstructing data from DNA could
take days or even weeks. Al has reduced
that timeline to minutes.

Neural
networks identify and repair sequencing
errors, reconstructing missing or damaged
segments.

Al models detect
repetitive or redundant data patterns,
enabling faster and more efficient encoding.

Machine learning algorithms
continuously refine how digital information
is packed into DNA strands, minimizing
synthesis costs and maximizing storage
efficiency.

With Al as the decoding engine, DNA data
storage is moving from concept to
real-world capability. What was once an
experimental novelty is rapidly evolving
into a new class of intelligent, bio-based
computation.

Why DNA Data Storage Matters

By 2025, global data generation was projected to exceed 180 zettabytes. Every byte of
that data needs to be stored somewhere, and our current infrastructure is struggling to
keep up. Traditional data centers consume vast amounts of physical space and electricity,
generating significant heat and carbon emissions. DNA offers a sustainable alternative:
a medium that’s millions of times denser, requires virtually no power to maintain, and

can last for millennia.

Aspect
Space Efficiency
Energy Consumption

Lifespan

Traditional Data Centers

DNA Storage

Heavy server demand 100 million times denser
High (cooling, power) Extremely low

Environmental Impact High CO, footprint Minimal

Scalability
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3-5 years for drives Thousands of years

Limited by infrastructure Virtually infinite
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https://www.forbes.com/councils/forbestechcouncil/2024/03/04/from-5mb-hard-drives-to-180-zettabytes-the-data-migration-challenge/?utm_source=chatgpt.com

Healticare & Genomics g Space Exploration

Al & Machine Mearrning Cultural Preservation

DNA Storage Media & Entertainment

Applications Across Industries

The applications of DNA-based storage are vast, spanning industries that rely heavily
on secure, long-term, and high-volume data management.

* Healthcare & Genomics: DNA could store patient genomes, clinical histories, and
biomedical research data in formats that last for generations, offering secure, sustainable
access to critical information.

* Al & Machine Learning: As Al models grow in size, storing model checkpoints and
training datasets in DNA could become a cost-effective archival solution.

* Cultural Preservation: Libraries, museums, and governments could archive priceless
digital artifacts from ancient manuscripts to modern films with DNA’s unmatched
longevity.

* Space Exploration: DNA chips are ultra-light and highly durable, making them ideal
for deep-space missions where conventional storage is impractical.

» Media & Entertainment: Studios could archive raw footage, visual effects libraries, and
production assets in DNA, preserving cultural content for centuries.

Each of these use cases points to one truth: DNA could become the universal archive of
human knowledge.
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The Challenges Ahead

Despite its promise, DNA storage still faces significant hurdles before it becomes mainstream.

ﬂ}ﬁ High Cost: Synthesizing and sequencing DNA remains expensive, though costs
!'@ are dropping with advancements in biotech and automation.

( Read/Write Speed: Current methods are not fast enough for frequent or

— real-time data access. DNA excels at cold storage, not active processing, yet.

E Standardization: The lack of universal protocols for encoding and decoding
9 DNA data makes integration across systems difficult.

. Security Risks: The rise of bio-cybersecurity introduces new challenges,
@ including the theoretical possibility of DNA-based malware.

The Road Ahead
Al x Biology x Computing

The worlds of computing and biology have already begun to intertwine. Today, Al models
not only analyze biological data but also write and modify information within living
systems. This fusion of synthetic biology, machine learning, and quantum computing is
shaping the emerging discipline of biological computation a field redefining what it
means to compute.

In this emerging field, DNA could become more than a storage medium. It could serve
as the substrate for computation itself, where logic, learning, and storage coexist within

molecular structures.

This convergence holds transformative potential: the possibility of computing within life
systems that think, learn, and evolve at the molecular level.
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- Key Takeaways

= 1'\32-

DNA is redefining how the world stores and
preserves information sustainably.

l DNA: The Next Data Revolution
®

and Bytes

Artificial intelligence transforms DNA from
a biological marvel into a practical storage

medium.

‘ DNA storage drastically
cuts energy use while
lasting for millennia.

4 Expanding Horizons Across
Industries
®

‘ From healthcare to space, DNA storage

is unlocking new frontiers for innovation.

2 Al: The Bridge Between Biology
®

A Greener Future
for Data

The fusion of Al and biology signals a
future where data truly lives.

5 Computing Beyond Silicon
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