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EDITORIAL

Storage of Data in DNA

Anwar ul Haque

Ours is super communication age. All over the
world enormous amount of data is being generated
every second from every phone, every computer,
every device in every office, home, school, college,
university, hospital, shop, industry, institution and
moving vehicle etc. This gigantic and titanic volume
of information has almost depleted our data storing
capacity on internet. Scientists are therefore trying
very hard to find out alternate and more spacious
capacity.

Luckily, we have found the solution in DNA (or
RNA) that is essential element of nuclei in all living
earthly creatures! DNA, as everyone knows has
many exceptional characteristics apart from it being
ubiquitous, its language is amazingly simple with
only 4 alphabets and its words contain only 3
alphabets. It has distinctively accurate replication
system; it can also be artificially synthesized and can
be inserted in living cells, its amazingly tough and
hardy can survive thousands of years!

Perhaps for these reasons among many other known
and unknown; Allah has made the wisest and the
most efficient system of storing and retrieving
information data in every cell of every earthly
creature, may that be virus, bacteria, fungus, algae,
parasite, insect, fish, bird, animal, and plant! Life is
dependent on such super-efficient mechanism of
storing, retrieving and flawless utilization of this
information.

Beginning mid twentieth century, the knowledge of
genetics has been enormously and rapidly growing
leap and bound. Not only our understanding of
DNA, RNA, and chromosomes but also our ability
to manipulate these structures, their testing and
their artificial synthesizing have been tremendously
increased.

Therefore, it was almost natural to have an idea of
utilizing this enormous capacity to store our own
generated data in natural as well as in synthetic
DNA. Eric Baum in 1995, floated the idea that huge
amount of data can be stored in a tiny amount of
DNA due to its ultra-high density.! This led to DNA
computing into the dominion of memory
technology.

Soon, several methods for encoding data in DNA
were explored which will optimally store the data!
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As DNA is very hardy structure, data can be easily
kept safely for thousands of years.

DNA digital data storage is made possible through
encoding and decoding binary data to and from
synthesized strands of DNA; for example by 2019,
all 16 GB of text from Wikipedia's English version
had been encoded into synthetic DNA. >4 In 2021, a
custom DNA data writer had been developed that
was capable of writing data into DNA at 18 Mbps.
For encoding information into DNA several
relatively simple methods are available which
basically involve translating each letter into a
corresponding "codon", consisting of a unique small
sequence of nucleotides in a “lookup tables”
(Reference tables).>¢ To encode arbitrary data in
DNA, the data is first converted into ternary (base 3)
data rather than binary (base 2) data. Each digit (or
"trit") is then converted into a nucleotide using a
lookup table.”

The genetic code within cell can also be used to store
information by engineering cells with "molecular
recorders" to allow the storage and retrieval of
information stored in the cell's genetic material.8 In
2007, a device was created at the University of
Arizona using addressing molecules to encode
mismatch sites within a DNA strand. These
mismatches were then able to be read out by
performing a restriction digest, thereby recovering
the data.’

Eurecom and Imperial Collegein January 2019,
demonstrated the ability to store structured data in
synthetic DNA. They showed how to encode
structured and relational data in synthetic DNA and
how to perform data processing on the DNA.10
5.5 petabits data can be stored in each cubic
millimeter of DNA. DNA thus can also be another
type of storage medium such as hard drives and
magnetic tapes.

In 2013, researchers from  the European
Bioinformatics Institute (EBI) described the storage,
retrieval, and reproduction of over five million bits
of data. All the DNA files reproduced the
information between 99.99% and 100% accuracy.
The main innovations in this research were the use
of an error-correcting encoding scheme to ensure the
extremely low data-loss rate, as well as the idea of
encoding the data in a series of overlapping
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short oligonucleotides identifiable through a
sequence-based indexing scheme. Also, the
sequences of the individual strands of DNA
overlapped in such a way that each region of data
was repeated four times to avoid errors. Two of
these four strands were constructed backwards, also
with the goal of eliminating errors.

ETH Zurich highlighted the long stability of DNA
encoded data in 2015. 11

Yaniv Erlich and Dina Zielinski of Columbia
University and the New York Genome Centerin
2017 proposed “DNA Fountain” method to store
data at a density of 215 petabytes per gram of DNA.
Shankland S reported packing of all 16GB of Wikipedia
will last much longer than any current technology.
Robert F Service reported that entire world” data can
be stored in one room."?

We had hypothesized for the first time that our spoken,
writing and listening activity is primarily based on DNA
of brain neurons rather than in synapses. We believe that
as we read, write, or speak, the action is carried out at
DNA in our neurons in continuous super hyperactivity
at neuronal DNA. This seems also relates with permanent
or transient storage of data at neuronal DNA that is
known as memory.In Alzheimer disease loss or defective
memory most likely primarily results from damage to the
neurons.3

Obviously, these genes are kept silent in other cells to
which some regard them as waste or garbage in rather
arrogant manner. However, Quran clearly says that on
the Day of Judgment our organs e.g., skin will speak
“And they say unto their skins: Why testify ye
against us? They say: Allah hath given us speech
Who giveth speech to all things, and Who created
you at the first, and unto Whom ye are returned.”’#
At present the DNA storage procedure is quite
costly estimated per megabyte $12,400 to encode
data and $220 for retrieval. However, it is hoped that
with the exponential decrease in DNA synthesis and
sequencing costs, as well emerging new technologies
if it continues, should make the technology cost-
effective for the long-term data storage in near
future.’
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