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Abstract: The external preservation of information enables reliable inheritance of human thoughts, playing
important roles in the progress of human civilization. Starting from tying knots in ropes to storing data in magnetic
and optical media, these technologies have documented and will continue to record the splendid civilization.
However, driven by the global digitalization, the global data volume is growing rapidly and challenging the
storage capability of existing storage technologies. DNA, as the natural carrier of genetic information, is believed
to be a potential candidate to deal with the data storage challenge due to the revealed high density, long-term
duration and low maintaining cost features. In this review, we first describe the fundamental principles and
technical processes of DNA information storage. The pivotal position of DNA information storage bridging the

biological and digital world is also pointed out. Then, according to the different characteristics of data writing and
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reading, we categorize these technologies into three storage modes, termed as "DNA hard drive", "DNA compact
disc" and "DNA tape", by analogy with the popular storage media correspondingly. "DNA hard drive" mode shows
the potential in the volume enlargement of the existing information storage system using oligonucleotide pools.
"DNA compact disc" mode provides direct in vivo processing on DNA data storage enabling massive data
distribution at low cost. "DNA tape" mode provides intracellular information recoding solutions, which may
promote the future developments of cellular computing and communication. The up-to-date progress of these three
modes is also summarized. We then discuss the main obstacles and potential technical routes towards practical
applications of DNA information storage. We envision a cheaper, faster DNA information storage technology, and
its appropriate integration with information storage systems in the future. Finally, we conclude that DNA
information storage is a cutting-edge interdisciplinary technology and hope this review can bring more focus and

research efforts from various fields to DNA information storage.
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Fig. 1 The basic principle, technical work flow and storage
modes of DNA information storage

(The basic principle is the conversion of digital information between
binary code stream, quaternary base sequence and actual DNA fragment.
The technical work flow includes Information encoding, data writing,
media storage and reliable reading. Storage modes include "DNA hard
drive", "DNA CD", "DNA tape" and others)
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[34]

(There are four major steps in this algorithm: Step 1—Construct the de Bruijn graph using the sequencing results; Step 2—Eliminate the noisy k-mers by

removing the low coverage k-mers; Step 3—Greedy path search with the simplified de Bruijn graph to reveal all possible paths associated with specific

indexes; Step 4—Select the correct paths, i.e. the correct strands, based on the embedded EC codes)
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[(a) Encoding data into DNA. The original files were converted into 89 standard data blocks and then divided into sub-blocks after error correction
coding. Each 192-nt sub-block was transcoded into a 96-nt DNA sequence, and then the sub-block index, block index, and primers are added to form
an oligonucleotide structure. (b) Data retrieval from sequencing reads. After PCR and 2™-generation sequencing of synthesized oligo pool, data
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files were finally recovered]
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Fig.7 Fusion of DNA information storage and information storage system

(Synthetic DNA enriches the modern data storage media including SSD, HDD, CD, tape. The introduced new property by DNA requires not only suited

low-level techniques including synthesis, amplification and sequencing, but also reliability guarantee schemes such as error correction codes, erasure

correction, redundancy eliminating schemes, etc. New application paradigms also should be explored to dig out this new medium. The new medium

changes all the elements in the 7 levels of OSI reference model and reforms the classic storage hierarchical architecture)
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