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Encoding digital data in DNA

The “direct” way: convert long bit string to base 4

101000111001000111100111110001011001010010111101...

\ 4

220321013213301121102331

\ 4

GGATGCACTGCTTACCGCCAGTTC

w N = O
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Direct mapping isn’'t good enough

The direct mapping approach isn’t appropriate for two reasons:

1. Repeated letters are bad:

Use base 3 and “rotate” mapping.

2. Synthetic DNA sequences have limited length:
P[Attach] = 99%

C-OOOOOQ@ - ww - mn

97% 96.1% 95.1% 94.2% 36.6% 13.4%



Breaking up data into chunks

ATGTT
ATGTT
ATGTT

File identifiers
(“primers”)

Payload
chunks

GGAT GCAC AAAA CATCC
TGCT TACC AAAC CATCC
GCCA GTTC AAAG CATCC

Addresses within
__—the file
1of N |é

i
By ~ 10 bytes per
DNA strand.
i
Many strands per
30ofN file.




Errors in writing/reading DNA

G G A T G C A

Insertions e e ° ° 0 @ G °
Deletions e e 0 G @ °
Substitutions e e ° ° e e °

Aggregate error rates ~1%



Adding redundant information

Key identifiers Payload Addresses within
(“primers”) chunks the value

ATGTT GGAT GCAC AAAA CATCC
ATGTT TGCT TACC AAAC CATCC
ATGTT GCCA GTTC AAAG CATCC

Redundant DNA strands.

ATGTT TCGC TACG CAAC CATCC Many possibilities: Reed
Solomon, LDPC, etc

ATGTT TGCA ATTC CAAG CATCC



Random access?




File identifi
Random access! e denfers
ATGTT GGAT GCAC ACTA CATCC
CCACT TGCT TACC GATC GATAC

ATGTT GCCA GTTC AGCG TATCT

TACAA ATAGA
Strands with Almost all
3 different PCR Samp|e strands have
primers desired primer
Selectively
amplify
strands
based on

their primer
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— Durable storage by nature

~—
Half-life of DNA in bone: ~521 years. .s,. e

The half-life of DNA in bone: measuring decay kinetics in 158
dated fossils
Morten E. Allentoft, Matthew Collins, David Harker, James Haile, Charlotte L. Oskam,

Marie L. Hale, Paula F. Campos, Jose A. Samaniego, M. Thomas P. Gilbert, Eske Willerslev,
Guojie Zhang, R. Paul Scofield, Richard N. Holdaway, Michael Bunce

DNA syntheticfossils survive:

ETH:zurich
1 week 70°C
2,000 years 10°C

2,000,000 years -18°C
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ATP powered
'supercomputer”?

Parallel computation with molecular-motor-propelled
agents in nanofabricated networks
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Or an ATP battery?

NATURE COMMUNICATIONS | ARTICLE o =

A high-energy-density sugar biobattery basedona  10x energy density of li-ion batteries
synthetic enzymatic pathway

Zhiguang Zhu, Tsz Kin Tam, Fangfang Sun, Chun You & Y. -H. Percival Zhang




Molecular-Level Self-Assembly
and Reconfiguration

DNA origami

[Caltech, Duke]



Gu et al. Single molecule sensing by nanopores and

nanopore devices. 2009, Analyst.
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Inevitable to go to the molecular/atomic
level.

Biology has “invented” many useful parts,
not just ideas.

Biotech is quickly developing many useful
tools/methods.

Silicon + Biotech has immense
opportunities!



