DNA Writing Improvements
for Data Storage




Data

generated
per capita
IS growing

Summary Report:Technology Working Group
Meeting on future DNA synthesis technologies
(September 14,2017, Arlington,VA)
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DNA offers advantages of extended lifetime and

stability

Hard Drive
Magnetic Tape

DNA

Data Retention Time
Up to§5 Year§:>
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DNA has significant storage capacity

e Constraints of media are m Information Density

obstacles for increasing

: : .
storage density Hard Disk 10 Terabits / cm

* Innovations improving DRAM 10 Terabits / cm?
traclitional media increase “lash Memory 10 Petabits / cm?
cos

DNA 10 Exabits / cm?3



Time to Transfer One Petabyte Worldwide
DNA
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Seattle -> New York
57 days @ 1770 mbps

portability *

Seattle -> Tokyo
82 days @ 1134 mbps

o K Q‘.

Seattle -> Sao Paulo
158 days @ 586 mbps
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DNA is exciting but still limited by cost and
speed

* 200MB of digital information
* 13,000,000 DNA molecules Scaling up.DNA data storage and random
access retrieval
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DNA is an exciting alternative but still limited
by cost and speed

* 200MB of digital information
* 13,000,000 DNA molecules Scaling up.DNA data storage and random
access retrieval
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Can phosphoramidite chemistry speeds be
increased and cost reduced!?

TWIST

Agilent Teéhnologies

0 GenScript
Make Reseach Easy

Current technology is still at least 4
orders of magnitude too slow and costly

> 1 Million Oligos - 9,600 Genes



Can enzymatic synthesis be developed to be
faster and cheaper?

DNA primer

TdT-dNTP Bictechnologies ASSEMBLIES

...

Ansa /XN ‘ MOLECULAR

+1nt To next
cycle

1. Extension

2. Deprotection

q D DNA SCRIPT
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PF>i nUC eICS NextGen DNA Synthesis

Cleavage reagent
(e.g., DTT/BME,
365-405 nm,

TdT-DNA complex
peptidase)
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Palluk, et.al. Nature Biotechnology 2018

Development is still needed to produce
oligos using enzymatic synthesis



Permutation scheme to generate entropy
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Next step is developing an end-to-end workflow
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The Road Not Taken

Two roads diverged in a yellow wood,
And sorry I could not travel both

And be one traveler, long I stood

And looked down one as far as | could
To where it bent in the undergrowth;

NEW YORK TIMES BESTSELLER

DOUGLAS Encoding capacity:

(bits / day)
Generating 500 Billion
DNA constructs
per day!

Then took the other, as just as fair,

And having perhaps the better claim,
Because it was grassy and wanted wear;
Though as for that the passing there
Had worn them really about the same,

And both that morning equally lay
In leaves no step had trodden black.
Oh, I kept the first for another day!
Yet knowing how way leads on to way,

I doubted if I should ever come back.
1 shall be telling this with a sigh
Somewhere ages and ages hence:

Two roads diverged in a wood, and |—
I took the one less traveled by,
And that has made all the difference. P
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Infinite Data Archives



