DNJA

What 1s the efficient frontier between error correction and
DNA sequence length for encoding a 64x64-picture?

We aim to bridge the gap between digital and biological storage media. Milenkovic and Pan [4] highlight that no single coding scheme can simultaneously
Our goal is to transform a digital picture into data that can be stored in DNA and to optimize storage density, robustness to synthesizing and decoding errors, and
develop the reverse process, i.e. reconstructing the picture from the stored DNA biological compatibility, leading to the widespread adoption of hybrid encoding
sequence. strategies.

Specifically, we seek to encode .jpg-files into DNA-sequences including error- Anpther Important contr!bution Is the Character.ization of the DNA storage chann_el,
correction algorithms and a focus on efficiency, sustainability and cost. which model§ the C_ombme_d effects of synthesis errors, Stra_nd dr.opouts, PCR_b|as,
As a last step we want to realize our methods in a laboratory and benchmark the and sequencing noise. This body of work emphasizes that insertion and deletion
results in the field. errors are the dominant challenge in practical systems and motivates the use of
synchronization-aware codes and redundancy at the strand level.
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e.g. DNA-based Data Storage

Key idea:
Never the same base twice in a row — the +1 offset in the rotation makes repetitions like AAAA structurally impossible.
[ ) Base order: A =0, C=1, G=2, T = 3 (starting position: A)
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storage density but are sensitive to synchronization errors.

| DNAsequencing - DNA synthesis [1] e Classical error-correcting codes (e.g. Reed—Solomon, BCH, LDPC) are effective
against substitutions and erasures but require additional mechanisms to handle
indels.

e Constrained coding ensures that generated DNA sequences satisfy biological

While the fundamental feasibility of this process has already been demonstrated, constraints such as balanced GC content and limited homopolymer runs.

notably e.g. by Goldman et al. (2013) [2], with the first robust recovery achieved by o o | |
Grass et al. (2015) [3], we are planning to move beyond a mere reproduction. We * Synchronization and marker-based codes explicitly address insertion and
want to systematically evaluate and stress-test these established workflows by deletion errors by maintaining sequence alignment.

Implementing different error-correcting codes and encoding strategies.
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[3] Grass et al. Robust Chemical Preservation of Digital Information on DNA in Silica with Error-
Correcting Codes, 2015.
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