How feasible iIs DNA as a long-term
digital storage system?
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155 petabytes ~38 million

requests to EMBL-EBI websites
of storage capacity in our data centres every day

EMBL-EBI delivered Requests from

140 million 3.3 million

. . , unigue hosts to the
jobs to its users in 2017 EMBL-EBI websites, each month

EBI is a major data
provider to the life
sclences research
community
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Databases at EBI
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High-throughput
DNA seqguence
writers
(DNA synthesis)




High-throughput
DNA sequence
readers
(DNA sequencing)




T C A G
T TTT Phe F TCT Ser S TAT Tyr Y | TGT Cys C
TTC TCC TAC TGC
TTA  Leu L TCA TAA STOP TGA STOP
TTG TCG TAG TGG Trp W
C CIT Leu L CCT Pro P CAT His H | CGT Arg R
CTC CCC CAC CGC
CTA CCA CAA GIn Q | CGA
CTG CCG CAG CGG
A ATT Ile I ACT Thr T AAT Asn N | AGT Ser S
ATC ACC AAC AGC
ATA ACA AAA Lys K | AGA Arg R
ATG  Met M | ACG AAG AGG
G GTT Val \% GCT Ala A GAT Asp D | GGT Gly G
GTC GCC GAC GGC
GTA GCA GAA Glu E | GGA
GTG GCG GAG GGG

the Genetic code of life...

Amino acid code

- A - Alanine G - Glycine M - Methionine S - Serine
CO e S O r p rO e I l l S C - Cysteine H - Histidine N - Asparagine T - Threonine
E RN
) D - Aspartic acid | - Isoleucine P - Proline V - Valine

E - Glutamic acid K - Lysine Q - Glutamine W - Tryptophan

but not mpBS or pdfs

EMBL-EBI







binary/text file
= 1@0@1@0001@1@1110011110000001@0110@0100011011@01-

| ... [ o fd [lovely and more temperate. .. -

base-3-encoded

INNNNYY 1V S SR S (SR PGS L7 [ U e 0 0 U 5

DNA-encoded

alternate fragments
25 bp have file information
-~ reverse complemented

DNA fragments

DNA-encoded indexing
information added
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1 MB of computer files = almost invisible dust of DNA






MOLECULAR STRUCTURE OF MOLECULAR STRUCTURE OF
NUCLEIC ACIDS NUCLEIC ACIDS

A Structure for Deoxyribose Mucleic Acid A Structure for Deoxyribose MNucleic Acid
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What has happened since?



"NAM” (Nucleic Acid Memory) research established

EMBL-EBI
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University of Washington
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6 areas where progress is being made:

phosphoramidite synthesis continuing to improve (accuracy, speed, cost);
enzymatic synthesis companies appearing regularly (various companies)

new data encoding techniques reduce the amount of DNA needed (multiple teams)

DNA random access memory (RAM — University of lllinois)

first ‘table-top’ end-to-end device prototype exists (University of Washington/Microsoft)

can data encoding permit ‘computing in DNA'? (image search — University of Washington/Microsoft)

integration of information in DNA into materials (ETH Zirich)




Why use DNA for storing information?



Why use DNA for storing information?

First. why not to use DNA for storing




Why use DNA for storing information?
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h DNA lasts for a
s ) very long time

Sequencing the nuclear genome of the extinct woolly
mammoth
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Recalibrating Equus evolution using the genome
sequence of an early Middle Plelstocene horse
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DNA lasts for a
very long time
IN easy-to-create conditions
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With DNA It Is easy to make
many copies of your data
— exponentially!
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