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DNA is the information storage medium for life
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Using synthetic DNA for data storage
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DNA molecules for digital data

Extremely dense : Extremely durable
1 exabyte in 1 in3 : Half life > 500 years

Readers never become obsolete!

(no migration :)

And consumes very little power at rest.
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Comparing storage density
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The ultimate storage hierarchy

Access Time Capacity  Durability

Flash S-ms TBs ~5 yrs

HDD 10s ms 100s TBs  ~5yrs
Tape minutes PBs ~10s yrs
DNA-based Archival hours ZBs ~100s yrs

Our goal: build an integrated DNA storage system.
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DNA molecules

Four nucleotides:

DNA strand (oligonucleotide) is a
linear sequence of these nucleotides

Two strands can bind to each other
if they are complementary:

$E6b 644

C, Gare A, Tare
complementary complementary
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DNA data storage at 30,000 feet

write path
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DNA data storage at 30,000 feet
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Encoding digital data in DNA

101000111001000111100111110001011001010010111101..... 0 @
v 1 ©
220321013213301121102331
} 2 (o)
GGATGCACTGCTTACCGCcCcAGTTC 3 @

Repeated letters are bad: Use base 3 and “rotate” mapping.

Synthetic DNA sequences have limited length: Break it up

P[Attach] = 99%

OO OD@O® - wm - =

97% 96.1% 95.1% 94.2% 36.6% 13.4%
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Breaking up data into chunks (~150nts)

CGAT GCACTGCTGACGGCTAGCTC

ATGTT AAAA CATCC 10fN
ATGTT AAAC CATCC U
ATGTT AAAG CATCC o
File identifiers Addresses i
(“primers”) within the file

~ 20 bytes per DNA strand. Many strands per file.
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Errors in writing/reading DNA

G G A T G cC A

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

Encode redundant data in
Aggregate error rates ~1% - ,qqitional DNA strands.

Many possibilities: parity,
Reed Solomon, LDPC, ...
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DNA data storage at 30,000 feet

write path , read path
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DNA Synthesis

Manufacturing DNA strands

GACACCT  (a){a)(c){(a){c){c){(

Normally used for life sciences and medicine
Millions of copies of each sequence

Can make many different sequences in parallel
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DNA Storage “Library”

write path , read path
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DNA data storage at 30,000 feet

write path , read path
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Random access?
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Random access!

File identifiers
(“primers”)

ATGTT GGATGCACACTA CATCC
CCACT TGCTTACC GATC GATAC

PCR
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ATGTT GCCAGTTCAGCGTATCT

Sample

MISL UW MSR




DNA Sequencing

Reading DNA strands

Oz20:0:0:0:050 GACACCT

Normally used for genome sequencing

Reads many copies of millions of DNA strands at a time

Currently much higher throughput than synthesis
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DNA data storage at 30,000 feet

write path , read path
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Decoding back to digital data

ATGTT GGAT GCAC AAAACATCC

o ATGTT TGCT TACC AAAC CATGC f;f
,s ATGTT GCCA GTTC ACAGCATCC f:;:/

ATGTT GGAT GCAC AAGACATCC

ATGTT TGCT TACC CAACCATCC
ATGTT GCCA GTTC AAAGCATCC

ATGTT GGAT GCAC AAGACATCC 4{/'

ATGTT TGCT TACC CAACCATCC
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ATGTT GCCA GTTC AAAGCATCC

v

Clustering reads
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Reassemble data
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Results

ZOOMB aS Of !JUIy,1 6 last year: 1MB
1.5 B nucleotides
10M DNA strands
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CROP TRUST

SECURING OUR FOOD, FOREVER
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THIS TOO SHALL PASS RUBE
GOLDBERG = DNA

This Too Shall Pass Rube Goldberg is not just a video anymore! Huge
Thanks to Microsoft Research and the University of Washington. Read
all about it here.
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10MBs/week = 100GBs/second




DNA manipulation productivity is growing

And cost is decreasing...
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O Molecular Information

MISL Systems Lab

Microsoft:

Research

Computer architects, coding theorists, molecular biologists, fluidics,
algorithms, ...
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