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Introduction

DNA storage is an emerging technology that uses DNA molecules to store data. This type of storage system is much more compact than any other due to the data density of the DNA. Moreover the capability for longevity and for resistance to obsolescence of DNA is undeniable: DNA is a universal and fundamental data storage mechanism in biology. For these and other reasons, DNA used as a memory-storage material in nucleic acid memory products promises a viable and compelling alternative to electronic memory. The exponential decrease in DNA synthesis costs should make the technology cost-effective for long-term data storage within about ten years. 

Motivation and goals of our work

The objective of our work is to design coding schemes allowing information to be efficiently encoded on DNA molecules, and to be read back using very low cost sequencing devices based on nanopore technology. The first step of our work develops coding techniques targeting the nanopore constraints in order to reduce the error performance of the global storage system. The second part demonstrates the feasibility of the approach by (1) synthetizing DNA molecules encoded with the proposed coding schemes; (2) reading the information by sequencing the DNA molecules with a nanopore device; (3) applying error detection and error correction techniques to the output signal to retrieve the initial information.

The MinION technology

We consider the Oxford Nanopore MinION device as it is currently the portable solution that offers ultra-long reads and a very reasonable cost. The MinION weighs under 100 g and can be plugged into a PC or a laptop using a high-speed USB 3.0 cable. It uses biomolecular nanopores from which electrical signals are detected when DNA molecules go through them. By interpreting these signals, DNA molecules can be deciphered. However, the nanopore technology presents high error rates (~10-15%), and so does the MinION. The challenge of our project is to provide efficient base-caller tools for correcting errors inherent to that technology. Our approach takes advantage of the DNA storage principle that allows for coding techniques to ensure robust decoding.

  Several DNA-based storage systems have reported since 2012 [CHU12] [YON13] [GRA15] [ZHI16] [BOR16]. Companies such as Microsoft are leading research on this topic [MIC15] and have already announced their plan to use DNA storage in their data centers by 2020 [MIC17].
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