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DNA is a promising data storage medium due to its high density, stability, and longevity [1].
Typical DNA storage schemes do not allow in-memory computation, and instead computation
requires DNA sequencing, in silico computation, followed by synthesis of new DNA. In
contrast to this slow and expensive loop, our SIMD||DNA model [2] achieves massively
parallel in-memory computation on DNA data storage. In the SIMD||DNA paradigm, a single
register storing a binary string is represented by a multi-stranded DNA complex attached to a
magnetic bead. Information is encoded in the patterns of nicks and exposed single-stranded
regions. An instruction (a set of DNA strands) applied to registers manipulates the
information by updating the strand compositions and binding patterns of the registers. To
engineer SIMD||DNA in practice, we constructed the registers using the M13 plasmid. We
introduced mismatches to the SIMD||DNA design for a secondary encoding, making it
compatible with sequencing-based readout. Like a computer's memory, multiplexed
information stored in SIMD||DNA paradigm can be randomly accessed. Experimental results
on 4-bit registers show computation for parallel binary counting and elementary cellular
automaton Rule 110 computation. Scaling up the computational power, we show that the
registers can be stored and reused after a given set of computations by conducting multiple
rounds of computation. This is so far the largest strand displacement system using
naturally-occurring DNA sequences with 244 distinct strand displacement steps.

Fig. (A) Traditional DNA data storage versus the SIMD||DNA data storage. SIMD||DNA allows (B)
parallel, in-memory computation and (C) random-access memory. (D) Results for the binary counting
program performed on 16 registers in parallel show that all inputs were incremented in parallel. (E)

Results for sequential computation for the Rule 110 program.
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