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Proposed workflow

Based on the work of Melpomeni et al.[1]

Block DCT based encoding into a DNA sequence

DNA: sequence of nucleotides A, T, C and G :
AACTCAGCATGCAGGG....

Formatted oligos synthesized into DNA molecules

DNA molecules sequenced to retrieve the oligos

Decoding the oligos to retreive the original image

JPEG thumbnails

Critical information

Thumbnail can be encoded seperately

Figure 1. JPEG proedure and the thumbnail

Data Compression

Thumbnail (DC coefficients): Compressive Autoencoder

AC coefficients : Goldman-based [3] Variable Length coding

Image reconstruction

Image retrieved by decoding and recombining the Thumbnail (DC coefficients) and
the AC coefficients and applying inverse DCT to it.

Figure 2. Original and Reconstructed image at 37.2 dB, compression rate: 33 bits/nt
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Compressive autoencoders

Based on Theis et al.[2]’s model

Trained to adapt to the DNA storage channel errors:

Reconstruct image from noised data

Model mathematical definition

Î = g(βDNA(αDNA(Q(f (I)) + ϵ)) (1)

f : encoding part of the autoencoder

g : decoding part of the autoencoder

Q : quantization (Q(z) = q ×
⌊
z
q +

1
2

⌋
)

fDNA : DNA encoding function

gDNA : DNA decoding function

ϵ : Noise generated by the DNA storage channel

Training process

Training Loss: L = ||I − Î||2 + λH(Q(Z))
||.||2 : Mean Squarred Error
Z : latent space (Z = f (I))
H : entropy H(Q(Z)) = −

∑n
i=1Pr{Q(zi)}log4Pr{Q(zi)}

λ : weight parameter

Optimizer: Adam

Training Dataset: Thumbnails of Flickr30k (∼30k images from social media)

Validation Dataset: Thumbnails of Kodak Image dataset (24 images)

DNA storage chanel noise model

Results

The compression in terms of performance is lower than
the jpegdna one

Achieving lower bit-rates is harder because of the size of
the compressed representation of the tumbnail

Better performance on noisy channels

More resistant to noise on the critical data managed by
the autoencoder

More adapted to a noisy channel like synthetic DNA
data storage

1.5% subsitution rate corresponds to the Nanopore
sequencing method’s substitution rate

JPEG DNA, no noise JPEG DNA, 1.5% substitution Noised thumbnail only

Our method, no noise Our method, 1.5% substitution Our method, noised thumbnail only
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